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Foreword

Dr. Ken Olson’s textbook, Manual Physical Th erapy of the
Spine, is a welcome addition to the manual therapy litera-
ture. Ken’s strong clinical and academic backgrounds 

provide him with the requisite perspective to write a textbook 
that is both relevant and practical. Writing a textbook with a 
broad target audience in mind – physical therapist practitio-
ners, residents and students, physicians, and other manual ther-
apy practitioners – can be very challenging, but I believe Ken 
has easily met this challenge.

Chapters 1 through 3 are of primary interest to the physical 
therapy community. Understanding the history of and theories 
behind manual therapy – thrust joint manipulation in particu-
lar – is essential for the appropriate use of such techniques. 
Th e history of spinal manipulation clearly provides evidence 
supporting the claim that no single “modern” health care pro-
fession invented or owns this intervention. What makes the 
various invested professions unique are the underlying 
rationale and terminology associated with their use of these 
procedures.

Chapters 4 through 7 provide a fantastic array of examina-
tion and treatment techniques that are of interest to all manual 
therapy practitioners. Th e illustrations are clear and easy to 
follow. Learning a technique through drawings and photo-
graphs is not easy, but the superb fi gures in this textbook allow 
a novice practitioner to begin appreciating the nuances of ther-
apist hand placement, applied direction of force, and patient 
positioning, thus facilitating student and practitioner skill 
development and confi dence. Video clips on the accompanying 

DVD further facilitate instruction and learning of the 
manual examination and manipulation techniques. A great 
asset to students and clinicians, the video clips highlight patient 
and therapist position and force application throughout each 
demonstration.

Th e textbook provides a thorough theoretical grounding 
from the perspective of a physical therapist, making it essential 
background information for physical therapist students, resi-
dents, and fellows. Th e material is also of value to practitioners 
outside the physical therapy profession, because it promotes 
bett er understanding of where we as professions overlap 
and where we diverge. Dr. Olson’s thorough literature review 
promotes an evidence-based approach to utilization of manual 
therapy techniques. If this approach is adopted by all inter -
ested parties, then similarities between the various profes -
sions should increase and the diff erences over time should 
disappear.

Manual Physical Th erapy of the Spine provides readers with 
the perfect blend between theory and practice. Th e textbook is 
a rich teaching resource for physical therapist academic faculty 
and residency/fellowship instructors. For students, residents, 
and fellows, the textbook is invaluable not only during their 
educational experience but also beyond. Dr. Olson is to be 
commended and applauded for his eff orts to provide us with a 
textbook that is relevant to today’s practice and will remain so 
far into the future.

William G. Boissonnault, PT, DHSc, FAAOMPT
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Preface

T his textbook has integrated an impairment-based manual 
physical therapy approach with use of research evidence 
to support management of spinal and temporomandibu-

lar joint (TMJ) conditions. Th e textbook provides the neces-
sary background information and detailed instructional 
materials to allow full integration of manipulation and manual 
physical therapy examination and treatment procedures of the 
spine into physical therapist professional education and clini-
cal practice. Additionally, the textbook advocates for physical 
therapists, physicians, and other health professionals to follow 
the recommendations of high-quality clinical practice guide-
lines and systematic reviews for management of spinal and 
TMJ disorders and provides the necessary background and 
instructional information to assist in skill development to 
eff ectively implement the evidence-based treatment recom-
mendations related to manual therapy, manipulation, and ther-
apeutic exercise.

Th e primary audience for this textbook is physical therapy 
students and faculty in professional physical therapist educa-
tion programs. Th e secondary audience for this textbook is 
practicing physical therapists, chiropractors, and physicians 
who wish to keep up with what is being taught in professional 
physical therapist education programs. Additionally, persons 
in manual physical therapy residency, fellowship, and post-
professional degree programs in orthopaedic and manual phys-
ical therapy will fi nd this textbook to be a useful adjunct to 
other instructional materials.

Although physical therapists have been practicing man-
ipulation since the inception of the profession, all physical 
therapist professional degree programs in the United States 
must now demonstrate full integration of both thrust and 
nonthrust joint manipulation in the curriculum to maintain 
accreditation. Th e textbook and accompanying DVD pro -
vide physical therapist education faculty and students 
with detailed instructional materials to eff ectively instruct 
and learn manipulation. Th e textbook also provides the research 
evidence to successfully integrate the use of manual physical 
therapy procedures into the management of spinal and TMJ 
disorders.

Chapter 1 provides an introduction to the components of 
the textbook, presents the essential elements of an impairment-
based manual physical therapy approach, reviews the history of 
manipulation with the physical therapy profession, and intro-
duces the essential defi nitions and principles of evidence-based 
practice and manual physical therapy.

Chapter 2 provides a framework for completing a compre-
hensive spinal examination, including medical screen, patient 
interview, disability assessment, and tests and measures. In 
addition, evaluation of the examination fi ndings and principles 
involved in arriving at a diagnosis and plan of care are included. 
Th e tests and measures presented in this chapter are the 
basic examination procedures used to screen the spine or are 
techniques used across anatomical regions to complete a com-
prehensive spinal examination. Additional special tests and 
manual examination procedures, such as passive intervertebral 
motion tests, are presented in detail in subsequent chapters 
that focus on each anatomical region of the spine.

Chapter 3 includes the principles related to the practice 
of mobilization/manipulation. Th eories are described to 
explain the eff ects of manipulation, and the available re -
search to support each theory is presented. A brief overview 
of evidence to support the use of manipulation is presented; 
further detail regarding the evidence is provided in the 
chapters that cover anatomical regions. Potential adverse 
eff ects and contraindications to manipulation are discussed, 
and concepts of learning and teaching manipulation are also 
presented.

Chapters 4 through 7 provide a review of evidence to sup-
port the examination and treatment techniques presented in 
the chapter as well as the kinematics and functional anatomy 
of the anatomical areas to be covered in the chapter. Anatomi-
cal areas are organized as follows: lumbopelvic, thoracic 
and rib cage, cervical spine, and temporomandibular joint. 
Classifi cation of common conditions treated by physical 
therapists is presented in each chapter to assist with clinical 
decision making, and patient management principles are 
addressed for each condition. Detailed descriptions of exami-
nation and manual therapy treatment procedures are the pri-

ix
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mary emphasis of each chapter and the DVD. Common 
exercises to address each diagnostic classifi cation are also 
included in each chapter.

In addition to providing the necessary research evidence to 
support a manual physical therapy approach for management 
of spinal and TMJ disorders, the book provides detailed 
descriptions and multiple photographs of each examination 
and treatment procedure. Many of the manipulation tech-
niques also include alternative methods to match various clini-
cal situations.

Professional photographer Jim Womack took the photo-
graphs. Multiple angles are presented of many techniques on 
live and anatomical models to clearly illustrate hand and body 
placement. Arrows are also used with many techniques to illus-
trate direction of force application.

A professional media production team led by Gary Bargholz 
with Guy Simoneau, PT, PhD, fi lmed the DVD segments at 
Marquett e University, providing professional-quality clips. 

Th ree cameras were used to fi lm each examination and treat-
ment technique from frontal, lateral, and cranial views, to allow 
a unique three-dimensional perspective in order to appreciate 
each procedure. I provide oral step-by-step instruction of each 
procedure with the demonstrations. In the textbook an icon 

 is used to alert readers to procedures that are demonstrated 
on the DVD. Course instructors can use the DVD to present 
the techniques, and students can use the DVD to review most 
of the manual therapy procedures included in the textbook.

Th e textbook and DVD will be very useful additions to the 
permanent library of clinicians who practice manual therapy 
techniques to manage spinal disorders. Although the body of 
research evidence will continue to evolve over time, the tech-
nique descriptions and presentations will remain as valuable 
resources to reference when practitioners are presented with 
various spinal and TMJ disorders in the future.

 Kenneth A. Olson
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CHAPTER 1

Introduction

OVERVIEW

This chapter introduces the purpose of the textbook, describes the history of manipulation, defines 
common terminology used in the textbook, introduces evidence-based principles, and provides an 
explanation for use of the textbook and the accompanying DVD.

OBJECTIVES

■ Describe the purpose of the textbook and DVD

■ Explain the philosophy of treatment used in orthopaedic manual physical therapy

■ Describe the history of manipulation

■ Define common terminology used in orthopaedic manual physical therapy

■ Explain evidence-based principles for assessment of the reliability and validity of clinical 
examination procedures and clinical trials

■ Explain how to use this textbook and DVD

PURPOSE
Th e purpose of this textbook is to provide the necessary back-
ground information and detailed instructional materials to 
allow full integration of manipulation and manual physical 
therapy examination and treatment procedures of the spine 
into physical therapist professional education and clinical 
practice.

Th e primary audience for this textbook is physical therapy 
students and faculty in professional physical therapist educa-
tion programs. Th e secondary audience is practicing physical 
therapists, chiropractors, and osteopathic physicians who want 
to keep current with professional physical therapist education 
programs. In addition, this textbook is a useful adjunct to other 
instructional materials for manual physical therapy residency, 
fellowship, and postprofessional degree programs in orthopae-
dic and manual physical therapy.

Although physical therapists have been practicing manipu-
lation since the inception of the profession, as of January 2006, 
all physical therapist professional degree programs must dem-
onstrate full integration of both thrust and nonthrust joint 
manipulation in the curriculum to maintain accreditation.1,2

Th e intent of this textbook and DVD is to provide physical ther-
apist programs detailed instructional materials for more eff ec-
tive instruction of manipulation.

Prerequisites in the curriculum should include clinical 
tests and measures for musculoskeletal conditions, including 
manual muscle testing, muscle length testing, and goniometry. 
Knowledge of therapeutic exercise, anatomy, physiology, and 
functional anatomy and biomechanics should also precede 
instruction in manipulation. Each chapter provides a review 
of the evidence to support the examination and treatment 
techniques presented in the chapter and the kinematics and 
functional anatomy of the anatomic areas covered in the chap-
ter. Classifi cation of common conditions treated by physical 
therapists is presented in each chapter to assist with clinical 
decision making, and patient management principles are 
addressed for each condition. Detailed descriptions of exami-
nation and manual therapy treatment procedures are the pri-
mary emphasis of each chapter and the DVD. Common 
exercises to address each diagnostic classifi cation are also 
included in each chapter.
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HISTORY OF MANIPULATION

Manipulation in recorded history can be traced to the days of 
Hippocrates, the father of medicine (460-355 bc). Evidence is 
seen in ancient writings that Hippocrates used spinal traction 
methods. In the paper “On Sett ing Joints by Leverage,” Hip-
pocrates describes the techniques used to manipulate a dislo-
cated shoulder of a wrestler.3 Succussion was also practiced in 
the days of Hippocrates. Th e patient was strapped in an inverted 
position to a rack that was att ached to ropes and pulleys along 
the side of a building. Th e ropes were pulled to elevate the 
patient and the rack as much as 75 feet, at which time the ropes 
were released and the patient crashed to the ground to receive a 
distractive thrust as the rack impacted the ground.4 Six hun-
dred years later, Galen wrote extensively on manipulation pro-
cedures in medicine.3

Th e Middle Ages saw litt le advance in the practice of medi-
cine and manipulation because of the reliance on the church for 
most healing.3 In the Renaissance era, Ambrose Paré emerged. 
Paré was a famous French physician and surgeon in the 1500s3 
who used armor to stabilize the spine in patients with tuber-
culosis.4 His manipulation and traction techniques were sim-
ilar to those of Hippocrates, but he opposed the use of 
succussion.4

Th e bone sett ers fl ourished in Europe from the 1600s 
through the late 1800s. Friar Moulton in 1656 published the 
text Th e Complete Bone-Sett er. Th e book was later revised by 
Robert Turner.4 No formal training was required for bone set-
ters; the techniques were oft en learned from family members 
and passed down from one generation to the next. Th e clicking 
sounds that occurred with manipulation were thought to be the 
result of bones moving back into place.4

In 1871, Wharton Hood published the book On Bone-
Sett ing, which was the fi rst such book by an orthodox medical 
practitioner.5 Hood’s father had treated a bone sett er, Richard 
Hutt on. Hutt on was grateful for the medical care and off ered to 
teach Hood’s father about bone sett ing. Instead, Wharton 
Hood accepted the off er. Hood thought that the snapping 
sound with manipulation was the result of breaking joint adhe-
sions.5 Paget6 believed that orthodox medicine should consider 
the adoption of what was good and useful about bone sett ing 
but should avoid what was potentially dangerous and useless.

Osteopathy was founded by Andrew Still in 1874. In 1896, 
the fi rst school of osteopathy was formed in Kirksville, Mo.4 
Still developed osteopathy based on the “Rule of the Artery,” 
with the premise that the body has an innate ability to heal and 
that with spinal manipulation to correct the structural align-
ment of the spine, the blood can fl ow to various regions of the 
body to restore the body’s homeostasis and natural healing 
abilities. Still’s philosophy placed an emphasis on the relation-
ship of structure to function and used manipulation to improve 
the spinal structure to promote optimal health.7 Th e osteo-
pathic profession continues to include manipulation in the 
course curriculum but does not adhere to Still’s original treat-
ment philosophy. Many osteopathic physicians in the United 
States do not practice manipulation on a regular basis because 

they are focused on other specialty areas such as internal medi-
cine or emergency medicine. Osteopathy in many European 
countries remains primarily a manual therapy profession.

Chiropractic was founded in 1895 by Daniel David Palmer. 
One of the fi rst graduates of the Palmer School of Chiropractic 
in Davenport, Iowa, was Palmer’s son B.J. Palmer, who later 
ran the school and promoted the profession. D.D. Palmer 
was a storekeeper and a “magnetic healer.” According to leg -
end, in 1895, he used a manual adjustment directed to the 
fourth thoracic vertebra that resulted in the restoration of a 
man’s hearing.8 Th e original chiropractic philosophy is based 
on the “Th e Law of the Nerve” that states that adjustment of a 
subluxed vertebra removes impingement on the nerve and 
restores innervation and promotes healing of disease pro-
cesses.3 Th e “straight” chiropractors continue to adhere to 
Palmer’s original subluxation theories and use spinal adjust-
ments as the primary means of treatment. Th e “Mixers” incor-
porate other rehabilitative interventions into the treatment 
options, including physical modalities such as therapeutic 
ultrasound and exercise.

Physical therapy evolved from medicine to provide physical 
treatments such as manual physical therapy within the medical 
model. In 1899, the Chartered Society of Physiotherapy was 
founded in England.3 Physical therapists formed their fi rst 
professional association in the United States in 1921, originally 
named the American Women’s Physical Th erapeutic Associa-
tion.1 As the Association grew in the 1930s and men became 
physical therapists, the organization eventually changed its 
name to the American Physical Th erapy Association (APTA).1

Between 1921 and 1936, at least 21 articles and book reviews 
on manipulation were found in the physical therapy literature,9 
including the second edition of the book Massage and Th erapeu-
tic Exercise by the founder and fi rst President of the APTA, 
Mary McMillan. In a subsequent editorial,10 she wrote of the 
four branches of physiotherapy, which she identifi ed as “manip-
ulation of muscle and joints, therapeutic exercise, electrother-
apy, and hydrotherapy.”11 Titles of articles during this period 
were quite explicit regarding manipulation, such as “Th e Art of 
Mobilizing Joints”12 and “Manipulative Treatment of Lumbo-
sacral Derangement.”13 Th e articles used phrases such as “adhe-
sion  .  .  .  stretched or torn by this simple manipulation”14 and 
“manipulation of the spine and sacroiliac joint.”15 Th is usage 
helps to illustrate that manipulation has been part of physical 
therapy practice since the founding of the profession and 
through the 1930s.9

From 1940 to the mid 1970s, the word manipulation was not 
widely used in the American physical therapy literature.3 Th is 
omission may have been due in part to the American Medical 
Association’s Committ ee on Quackery that was formed in the 
1960s and was active for the next 30 years in an att empt to dis-
credit the chiropractic profession. Th e committ ee was forced to 
dissolve in 1990 because of the Wilk’s “restraint of trade” case 
that was upheld in the US Supreme Court.8 Because physical 
therapy remained within the mainstream medical model, 
the terms mobilization and articulation were used during this 
timeframe to separate physical therapy from chiropractic. 
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However, physical therapists continued to practice various 
forms of manipulation.

Th rough the mid 1900s, several prominent European physi-
cians infl uenced the practice of manipulation and the evolution 
of the physical therapist’s role as a manipulative therapist. In 
1949, James Mennell published the fi rst edition of his textbook 
titled the Science and Art of Joint Manipulation. Mennell adapted 
knowledge of joint mechanics in the practice of manipulation 
and coined the phrase “accessory motion”.16

James Cyriax published his classic Textbook of Orthopaedic 
Medicine in 1957. He made great contributions to orthopaedic 
medicine with the development of detailed systematic exami-
nation procedures for extremity disorders, including refi ne-
ment of isometric tissue tension signs, end feel assessment, and 
capsular patt erns.17 Cyriax att ributed most back pain to disor-
ders of the intervertebral disc and used aggressive general 
manipulation techniques that included strong manual traction 
forces to “reduce the disc.”17 Cyriax trained many physiothera-
pists, including Stanley Paris and Freddy Kaltenborn, to carry 
on the skills and techniques required to eff ectively use 
manipulation.

Alan Stoddard7 was a medical and osteopathic physician in 
England from the 1950s to the 1970s who used skillful specifi c 
manipulation technique and also mentored many physical 
therapists, including Paris and Kaltenborn. Th ese therapists 
both believed that the Cyriax approach to extremity conditions 
was excellent but preferred Stoddard’s specifi c manipulation 
techniques for the spine.18,19

John Mennell, the son of James Mennell, fi rst practiced 
medicine in England. In the 1960s, he immigrated to the 
United States, where he held many educational programs for 
physical therapists through the 1970s and 1980s to promote 
manipulation within the physical therapy profession. He pub-
lished several textbooks including Joint Pain, Foot Pain, and 
Back Pain and coined the phrase “joint play.”20 Mennell brought 
att ention to sources of back pain other than the intervertebral 
disc.

In the 1960s, several physical therapists emerged as interna-
tional leaders in the practice and instruction of manipulation. 
Physical therapist Freddy Kaltenborn, originally from Norway, 
developed what is now known as the Nordic approach. He pub-
lished his fi rst textbook on spinal manipulation in 1964 and 
was the fi rst to relate manipulation to arthrokinematics.18 His 
techniques were specifi c and perpetuated the importance of 
biomechanical principles such as the concave/convex and 
arthrokinematic rules. Kaltenborn also developed extensive 
long-term training programs for physical therapists to special-
ize in manual therapy fi rst in Norway and later throughout 
Europe.

Australian physical therapist Geoff rey Maitland published 
the fi rst edition of his book Vertebral Manipulation in 1964.21 
Maitland was also infl uenced by the work of Cyriax and Stod-
dard but further refi ned the importance of a detailed history 
and comprehensive physical examination. He also developed 
the concept of treatment of “reproducible signs” and inhibition 
of joint pain with use of gentle oscillatory techniques. Maitland 

developed the I-IV grading system to further describe oscilla-
tory manipulation techniques.21

Physical therapist Stanley Paris was originally from New 
Zealand. Early in his career, in 1961 and 1962, he was awarded 
a scholarship to study manipulation in Europe and the United 
States.9 He had the opportunity to study with Cyriax, Stod-
dard, and Kaltenborn during this time and in 1965 published 
the textbook Spinal Lesion.19 In the late 1960s, Paris immigrated 
to the United States, where he eventually completed his doc-
toral work in neuroanatomy of the lumbar spine and developed 
extensive educational programs for postprofessional physical 
therapy education in manual physical therapy and manipula-
tion that eventually resulted in the formation the University of 
St Augustine for Health Sciences in St Augustine, Florida. Paris 
also played key roles in formation of professional organizations 
in the United States, including the APTA Orthopaedic Section 
and the American Academy of Orthopaedic Manual Physical 
Th erapists (AAOMPT), two professional organizations that 
have played roles in advocating for inclusion of manipulation 
within the scope of physical therapy practice and that have pro-
moted education, practice, and research in manual physical 
therapy. Paris worked with physical therapists Maitland, 
Kaltenborn, and Gregory Grieve of the United Kingdom to 
form the International Federation of Manipulative Th erapists 
(IFOMT; Figure 1-1).

 Th e IFOMT was founded in 1974 and represents organized 
groups of manual/manipulative physical therapists around the 
world that have established stringent postgraduation special-
ization educational programs in manual/manipulative physical 
therapy. Th e Federation sets educational and clinical standards 
and is a subgroup of the World Confederation of Physical Th er-
apy (WCPT). One organization of each WCPT country can be 

FIGURE 1-1 Photograph was taken in 1974 in Montreal, Canada, 
at the successful formation of the International Federation of 
Orthopaedic Manipulative Therapists (IFOMT). Dr. Paris was 
Chair of the conference. The other three individuals were 
consultants to the process and had served in that capacity for 
6 years before this event. IFOMT later became a subsection of 
the World Confederation for Physical Therapy. From left: 
Geoffrey Maitland, Stanley Paris, Freddy Kaltenborn, and 
Gregory Grieve. (From Paris SV: Phys Ther 86(11):1541-1553, 
2006.)
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recognized by IFOMT to represent that country if the organi-
zation meets IFOMT criteria.

Th e Orthopaedic section of the APTA represents all aspects 
of musculoskeletal physical therapy and is open to all members 
of the APTA, including physical therapist assistants. Before 
formation of the AAOMPT, no organization in the United 
States could meet the IFOMT criteria because no recognized 
educational system in manual therapy upheld standards of 
training and examination in manual therapy for physical thera-
pists in the United States. However, by 1990, at least eight 
active manual therapy residency programs were operating 
independently within the United States.

In 1991, Freddy Kaltenborn invited representatives from 
these eight manual therapy residency programs to meet at Oak-
land University in Michigan to consider how the United States 
could develop educational standards in manual therapy and 
become a member organization of IFOMT.22 Th ese eight physi-
cal therapists, Stanley Paris, Mike Rogers, Michael Moore, 
Kornelia Kulig, Bjorn Swensen, Dick Erhard, Joe Farrell, and 
Ola Grimsby, became the founding members of the AAOMPT. 
Th e AAOMPT developed a standards document, bylaws, and a 
recognition process for residency programs. In 1992, the 
AAOMPT was accepted as the member organization to repre-
sent the United States in IFOMT.

Although prominent individuals such as Paris, Kaltenborn, 
and Maitland played a large role in development and advance-
ment of manipulation and manual therapy within the physical 
therapy profession over the last half of the twentieth century, 
the current practice and the future of the specialty area of 
orthopaedic manual physical therapy are driven by evidence-
based practice.22 A large growing body of research evidence 
supports and guides the practice of manipulation within the 
scope of physical therapy practice and for other manual 
practitioners.

ORTHOPAEDIC MANUAL PHYSICAL 
THERAPY TREATMENT PHILOSOPHY

Paris23 described a nine-point “Philosophy of Dysfunction” 
that summarizes the components of a traditional orthopaedic 
manual physical therapy (OMPT) treatment philosophy (Box 
1-1). Paris defi nes “dysfunction” as increases or decreases of 
motion from the expected normal or as the presence of aberrant 
movements.4 Th erefore, the primary focus of the orthopaedic 
manual physical therapist’s examination is the analysis of active 
and passive movement. If hypomobility is noted, joint mobili-
zation and stretching techniques are used; if hypermobility is 
noted, stabilization exercises, motor control, and postural cor-
rection are emphasized. If aberrant movements are noted, a 
motor retraining exercise approach is appropriate. If localiza-
tion of tissue reactivity and pain are noted, gentle oscillatory 
techniques as described by Maitland can be used to att empt to 
inhibit pain.21 To use Guide to Physical Th erapist Practice termi-
nology, this is an impairment-based approach, which is a foun-
dation of physical therapy.

BOX 1-1 Philosophy of Dysfunction as Described by Paris

I. That joint injury, including such conditions referred to 
as osteoarthritis, instability, and the aftereffects of 
sprains and strains, are dysfunctions rather than 
diseases.

II. That dysfunctions are manifest as either increases or 
decreases of motion from the expected normal or by 
the presence of aberrant movements. Thus, dysfunc-
tions are represented by abnormal movements.

III. That where the dysfunction is detected as limited 
motion (hypomobility), the treatment of choice is 
manipulation to joint structures, stretching to muscles 
and fascia and the promotion of activities that encour-
age a full range of movement.

IV. That when the dysfunction is manifest as increased 
movement (hypermobility), laxity or instability, the 
treatment of the joint in question is not manipulation 
but stabilization by instruction of correct posture, stabi-
lization exercises and correction of any limitations of 
movement in neighboring joints that may be contribut-
ing to the hypermobility.

V. That the primary cause of degenerative joint disease is 
joint dysfunction. Therefore, it may be concluded that 
its presence is due to the failure or lack of accessibility 
to physical therapy.

VI. That the physical therapist’s primary role is in the eval-
uation and treatment of dysfunction, whereas that of 
the physician is the diagnosis and treatment of disease. 
These are two separate but complementary roles in 
health care.

VII. That since dysfunction is the cause of pain, the primary 
goal of physical therapy should be to correct the dys-
function rather than the pain. When, however, the 
nature of the pain interferes with correcting the dys-
function, the pain will need to be addressed as part of 
the treatment program.

VIII. That the key to understanding dysfunction, and thus 
being able to evaluate and treat it, is understanding 
anatomy and biomechanics. It therefore behooves us in 
physical therapy to develop our knowledge and skills in 
these areas, so that we may safely assume leadership 
in the non-operative management of neuromusculo-
skeletal disorders.

IX. That it is the patients’ responsibility to restore, main-
tain, and enhance their health. In this context, the role 
of the physical therapist is to serve as an educator, to 
be an example to the patient, and to reinforce a healthy 
and productive lifestyle.

Adapted from Paris SV: Introduction to spinal evaluation and manipulation, 
Atlanta, 1986, Institute Press.

Manual physical therapy approaches place an emphasis on 
application of biomechanical principles in the examination 
and treatment of spinal disorders. Motion is analyzed with 
active and passive motion testing with visualization of the 
spinal mechanics; the motion is best described with standard-
ized biomechanical terminology. Passive forces are applied, 
with passive accessory intervertebral motion testing and 
mobilization/manipulation techniques, along planes of move-
ment parallel or perpendicular to the anatomic planes of the 
joint surfaces. Th erefore, knowledge of spinal anatomy and bio-
mechanics is a prerequisite to learning a manual physical ther-
apy approach for examination and treatment of the spine.
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Orthopaedic manual physical therapists use a process of 
clinical reasoning that includes continual assessment of the 
patient, followed by application of a trail of manual therapy 
treatment or exercise, followed by further assessment of the 
patient’s response to the treatment. Th is intimate relationship 
between examination, treatment, and reexamination provides 
useful clinical data for sound judgments regarding the patient’s 
response to treatment and the need to modify, progress, or 
maintain the applied interventions. Use of examination proce-
dures with proven reliability and validity further enhances the 
clinical decision-making process.

During the past several years, physical therapists have 
embraced the principles of evidence-based practice. When 
research evidence is available to guide clinical decisions, the 
physical therapist should follow the evidence-based practice 
guidelines. However, when research evidence is not clear, an 
impairment-based approach that includes a thorough evalua-
tion and sound clinical decision making should be used, with a 
focus on restoring function, reducing pain, and returning the 
patient to functional activities. Th is textbook att empts to incor-
porate the best of evidence-based practice with an orthopaedic 
manual physical therapy approach.

Th e evidence supports use of a classifi cation system to guide 
the treatment of patients with spinal disorders.24,25 Th e classifi -
cation system has been well developed for the lumbar spine, 
and similar principles can be used for other regions of the spine. 
Th e classifi cation system recognizes that patients with spinal 
disorders are a heterogeneous group. However, subgroups of 
patients can be identifi ed with common signs and symptoms 
that respond to interventions that can be provided by physical 
therapists, including manipulation, specifi c directional exer-
cises, stabilization exercises, and traction. A classifi cation of 
common disorders is described in great detail for each ana-
tomic region covered in this textbook.

So, for eff ective treatment of patients with spinal disorders, 
physical therapists complete a comprehensive physical exami-
nation that includes screening for red fl ags to ensure that physi-
cal therapy is appropriate to the patient’s condition. Th e 
examination includes procedures with proven reliability and 
validity, and the results of the examination are correlated with 
patient questionnaire information and the patient’s history to 
determine a diagnosis. Th e diagnosis places the patient in a 
classifi cation and includes a problem list of noted impairments 
that impact the patient’s condition. As treatment is imple-
mented, the patient’s condition is continually reassessed to 
determine the results of treatment and to determine whether 
modifi cations in diagnosis and treatment are necessary. Th e 
primary emphasis of the treatment is integration of manual 
therapy techniques and therapeutic exercise with principles of 
patient education to ultimately allow the patient to self-manage 
the condition.

Evidence-Based Practice
Evidence-based practice is defi ned as the integration of best 
research evidence with clinical expertise and patient values.26 
Th e research evidence considered in evidence-based practice is 

meant to be clinically relevant patient-centered research of the 
accuracy and precision of diagnostic tests, the power of prog-
nostic markers, and the effi  cacy and safety of therapeutic, reha-
bilitative, and preventive regimens.26 Clinical experience, the 
ability to use clinical skills and past experience, should also be 
incorporated into evidence-based practice to identify each 
patient’s health state and diagnosis, risks and benefi ts of poten-
tial interventions, and the patient’s values and expectations.26 
Patient values include the unique preferences, concerns, and 
expectations each patient brings to a clinical situation; these 
values must be integrated into clinical decisions if the therapist 
is to properly serve the patient.26

Evidence-based principles are incorporated throughout this 
textbook. When studies are identifi ed to illustrate the accuracy 
and precision of diagnostic tests, this information is reported in 
the “notes” section of the examination technique description; 
when clinical outcome studies that use a specifi c intervention 
are identifi ed, this information is included as well. Th e exami-
nation and treatment procedures included in this textbook have 
been chosen based on the research evidence to support their 
use, on my clinical experience, and on safety considerations. 
Th e decision to use the examination and treatment techniques 
presented in this textbook should be made based on the clini-
cian’s knowledge of the evidence, competence in application of 
the intervention, and clinical experience combined with the 
patient’s values and expectations. Although this textbook can 
establish a foundation for evidence-based practice for physical 
therapy management of spinal and temporomandibular disor-
ders, new evidence continues to emerge regarding the best 
diagnostic and treatment procedures. Th erefore, the practitio-
ner’s responsibility is to stay abreast of new developments in 
research fi ndings and to make appropriate changes in practice 
to refl ect these new fi ndings.

Many of the examination tests presented in this textbook 
have been tested for reliability and validity; this information is 
reported when available. Reliability is defi ned as the extent to 
which a measurement is consistent and free of error.27 If an 
examination test is reliable, it is reproducible and dependable 
to provide consistent responses in a given condition.27 Validity 
is the ability of a test to measure what it is intended to mea-
sure.27 Both reliability and validity are essential considerations 
in determination of what tests and measures to use in the clini-
cal examination of a patient.

Reliability is oft en reported as both interrater and intrarater 
reliability. Intrarater or intraexaminer reliability defi nes the 
stability or repeatability of data recorded by one individual 
across two or more trials.27 Interrater reliability defi nes the 
amount of variability between two or more examiners who 
measure the same group of subjects.27 For the statistical analy-
sis of interval or ratio data, the intraclass correlation coeffi  cient 
(ICC) is the preferred statistical index because it refl ects both 
correlation and agreement and determines the amount of vari-
ance between two or more repeated measures.27,28 For ordinal, 
nominal, or categorical data, percent agreement can be deter-
mined and the Kappa coeffi  cient (κ) statistic applied, which 
takes into account the eff ects of chance on the percent 
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agreement.27,29 Landis and Koch30 have established a general 
guideline for interpretation of Kappa scores (Table 1-1). 
Because the eff ect of chance is not aff ected by prevalence, the 
Kappa coeffi  cient can be defl ated if the prevalence of a particu-
lar outcome of the test or measure is either very high or very 
low.28 “Acceptable reliability” must be determined by the clini-
cian who uses the specifi c test or measure and should be based 
on which variable is tested, why a particular test is important, 
and on whom the test is to be used.31

Results of validity testing examination procedures are 
reported as sensitivity (Sens), specifi city (Spec), positive likeli-
hood ratio (+LR), and negative likelihood ratio (−LR). Sensi-
tivity is the test’s ability to obtain positive test results when the 
target condition is really present, or a true positive.27 Th e 2 × 2 
contingency table (Table 1-2) is used to calculate the sensitivity 
and specifi city. “SnNout” is a useful acronym to remember that 
tests with high sensitivity have few false negative results; there-
fore, a negative result rules out the condition.26 Specifi city is 
the test’s ability to obtain negative test results when the condi-
tion is really absent, or a true negative.27 “SpPin” is a useful 
acronym to remember that tests with high specifi city have few 
false positive results; therefore, a positive result rules in the 
condition.26

Likelihood ratios dictate the degree of the shift  from the 
pretest probability that a patient has or does not have a condi-
tion to the postt est probability. A positive likelihood ratio is 
equal to Sensitivity/(1 − Specifi city) and represents the amount 
of increase in odds favoring the condition if the test results are 
positive.28 Positive likelihood ratios of greater than 10 generate 
a large and oft en conclusive shift  in probability; ratios of 5 to 10 
generate moderate shift s in probability; and ratios of 2 to 5 gen-
erate small but sometimes important shift s in probability.32 A 
likelihood ratio nomogram can be used to draw a line from 
the pretest probability through the likelihood ratio score and 
continue in a straight line to end at the postt est probability 
(Figure 1-2).

A negative likelihood ratio is equal to (1 − Sensitivity)/
Specifi city and represents the decrease in odds favoring the 
condition if the test results are negative.28 Negative likelihood 
ratios of less than 0.1 generate large and oft en conclusive shift s 
in probability; ratios of 0.1 to 0.2 generate moderate shift s in 
probability; and ratios of 0.2 to 0.5 generate small but some-
times important shift s in probability.32

Clinical prediction rules (CPR) may be used to enhance the 
clinician’s accuracy in predicting a diagnosis or in determining 
appropriate treatment strategies.28 Th e rule is developed with 
applying an intervention to a group of patients and then identi-
fying common characteristics in the group of patients who 
responded favorably to the intervention through calculation of 

TABLE 1-1 Kappa Coefficient Interpretation

KAPPA STATISTIC STRENGTH OF AGREEMENT

<0.00 Poor

0.00-0.20 Slight

0.21-0.40 Fair

0.41-0.60 Moderate

0.61-0.80 Substantial

0.81-1.00 Almost perfect

Data from Landis JR, Koch GG: Biometrics 33:159-174, 1977.

TABLE 1-2 2 × 2 Contingency Table

DIAGNOSTIC TEST DISEASE NO DISEASE

Test positive True False

Positive A Positive B

Test negative False True

Negative C Negative D

Sensitivity Specificity

A/(A+C) D/(B+D)

Adapted from Sackett DL, Straus SE, Richardson WS, et al: Evidence-based 
medicine: how to practice and teach EBM, ed 2, Edinburgh, 2000, Churchill 
Livingstone.
Table is used to compare results of reference standard with results of test under 
investigation; used to calculate sensitivity and specificity.
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positive and negative likelihood ratios. Aft er the CPR is devel-
oped, it must be validated with an investigation of the accuracy 
of the CPR in a new group of patients with clinical tests or 
interventions performed by a diff erent group of clinicians other 
than those who developed the rule.28,33 Validation should also 
occur in multiple sett ings to enhance the rule’s generalizability, 
and an impact study should be completed to determine what 
impact the rule has had on changing clinical behaviors and to 
assess whether economic benefi ts have resulted.28,33 Clinical 
prediction rules have been developed to assist in guiding clini-
cal decision making for the use of spinal manipulation and sta-
bilization exercise programs for management of spinal disorders 
and are presented in subsequent chapters of this textbook.34-38

Th e highest level of evidence to support interventions is 
based on the recommendations of systematic reviews and clini-
cal practice guidelines, and clinicians should start their search 
to answer clinical management questions with identifi cation of 
applicable systematic reviews.26 A systematic review is a sum-
mary of the medical literature that uses explicit methods to sys-
tematically search, critically appraise, and synthesize the world 
literature on a specifi c issue.26 Th e quality of systematic reviews 
is dependent on the quality of the randomized controlled stud-
ies (RCT) that have been done to investigate the eff ectiveness 
of the interventions being studied. Sackett  et al26 describe the 
essential questions to ask when reviewing the validity of ran-
domized controlled trials: (1) Was the assignment of patients 
to treatment randomized? And was the randomization list con-
cealed? (2) Was follow-up of patients suffi  ciently long and com-
plete? (3) Were all patients analyzed in the groups to which 
they were randomized (even those who did not follow through 
on the prescribed treatment)? (4) Were patients and clinicians 
kept blind to treatment? (5) Were groups treated equally, apart 
from the experimental therapy? And (6) Were the groups simi-
lar at the start of the trial? If these questions are answered favor-
ably, the results of the RCT can be used to assist with clinical 
decision making as long as the patient under consideration fi ts 
within the parameters of the patient population studied in the 
RCT.

Lower levels of evidence such as case reports or case series 
are useful for developing a hypothesis of the eff ect of a treat-
ment approach, but a true cause and eff ect from the treatment 
used in the case reports and case series cannot be assumed 
without a control group. Oft en case series studies are used to 
support the need for an RCT and assist with development of 
the RCT methodology.

Th e literature is reviewed in each chapter related to the clas-
sifi cation categories for subgrouping disorders commonly 
treated by physical therapists. One goal of this textbook is to 
promote an increase in the number of physical therapists, phy-
sicians, and other health professionals who follow the recom-
mendations of high-quality clinical practice guidelines and 
systematic reviews for management of spinal disorders and to 
provide the necessary background and instructional informa-
tion to assist in skill development to eff ectively implement the 
treatment recommendations related to manual therapy and 
exercise.

HOW TO USE THIS BOOK AND DVD

Th is book and DVD can be used in a variety of ways. Th e text-
book has been organized by anatomic region as a useful and 
easy to use reference resource for students and clinicians. How-
ever, when this textbook is used as a resource to teach a course, 
students should be taught and tested on the principles and pro-
cedures of a detailed spinal examination and in the clinical 
decision making required to appropriately classify and diag-
nose spinal disorders before learning and being tested on the 
motor skills of spinal manipulation. Testing students on the 
examination procedures before teaching manipulation facili-
tates safe application of the treatment procedures. In addition, 
many of the passive intervertebral motion (PIVM) tests used in 
the spinal examination are converted to manipulation tech-
niques. Th erefore, the process of learning and being tested on 
these PIVM tests facilitates the motor skills required for proper 
performance of the manipulation techniques. Th e more profi -
cient students become in the examination procedures, the eas-
ier the manipulation techniques are to learn. Instructors may 
choose to teach and examine students on the examination of 
multiple regions of the spine before beginning instruction in 
manipulation techniques.

Th e DVD can be used to assist the instructor in demonstra-
tion of the examination and manipulation techniques. Th ree 
cameras were used to fi lm each technique, which provides 
unique angles of perspective and viewing that an individual 
viewing a demonstration in a large group of students cannot 
have. A live demonstration is still valuable, and the DVD may 
best be used for a second viewing or review of the technique 
during practice sessions. In addition, because all students will 
have their own DVD with the textbook, they can check on the 
proper performance of the technique during practice sessions.

  Definitions of Terms from the Guide to Physical 
Therapist Practice

Arthrokinematic: The accessory or joint play movements of 
a joint that cannot be performed voluntarily and that are 
defined by the structure and shape of the joint surfaces, 
without regard to the forces producing motion or result-
ing from motion.

Assessment: The measurement or quantification of a vari-
able or the placement of a value on something. Assess-
ment should not be confused with examination or 
evaluation.

Diagnosis: Diagnosis is both a process and a label. The diag-
nostic process includes integrating and evaluating the 
data that are obtained during the examination to describe 
the patient/client condition in terms that will guide the 
prognosis, the plan of care, and intervention strategies. 
Physical therapists use diagnostic labels that identify the 
impact of a condition on function at the level of the sys-
tem (especially the movement system) and at the level of 
the whole person.

Evaluation: A dynamic process in which the physical thera-
pist makes clinical judgments based on data gathered 
during the examination.

Continued
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  Definitions of Terms from the Guide to Physical 
Therapist Practice—cont’d

Examination: A comprehensive screening and specific 
testing process leading to diagnostic classification or, as 
appropriate, to a referral to another practitioner. The 
examination has three components: the patient/client 
history, the systems review, and tests and measures.

Functional limitation: The restriction of the ability to 
perform, at the level of the whole person, a physical 
action, task, or activity in an efficient, typically expected, 
or competent manner.

Impairment: A loss or abnormality of anatomical, 
physiological, mental, or psychological structure or 
function. Secondary impairment: Impairment that 
originates from other, preexisting impairments.

Intervention: The purposeful interaction of the physical 
therapist with the patient/client and, when appropriate, 
with other individuals involved in patient/client care, 
using various physical therapy procedures and 
techniques to produce changes in the condition.

Joint integrity: The intactness of the structure and shape of 
the joint, including its osteokinematic and 
arthrokinematic characteristics.

Joint mobility: The capacity of the joint to be moved 
passively, taking into account the structure and shape of 
the joint surface in addition to characteristics of the 
tissue surrounding the joint.

Manual therapy techniques: Skilled hand movements 
intended to improve tissue extensibility; increase range 
of motion; induce relaxation; mobilize or manipulate soft 
tissue and joints; modulate pain; and reduce soft tissue 
swelling, inflammation, or restriction.

Mobilization/manipulation: A manual therapy technique 
comprising a continuum of skilled passive movements to 
the joints and/or related soft tissues that are applied at 
varying speeds and amplitudes, including a small-
amplitude/high-velocity therapeutic movement.

Osteokinematics: Gross angular motions of the shafts of 
bones in sagittal, frontal, and transverse planes.

Passive accessory intervertebral motion (PAIVM) tests: A 
type of passive joint mobility assessment that uses 
passive joint play motions of the spine to induce spinal 
segment passive motion. The therapist judges the 
degree of passive mobility at the targeted spinal motion 
segment by sensing the amount of resistance to the 
passive joint play movement. Joint mobility, irritability, 
and end feel can be assessed with these procedures.

Passive intervertebral motion (PIVM) tests: A type of 
passive segmental joint mobility assessment of the spine 
that might include either passive accessory 
intervertebral motion tests or passive physiological 
intervertebral motion tests. The therapist will make 
judgments of segmental passive motion, end feel, and 
pain provocation (i.e., irritability) assessment based on 
these procedures.

Passive physiological intervertebral motion (PPIVM) tests: 

A type of passive joint mobility assessment that uses 
passive osteokinematic motions of the spine to induce 
spinal segment passive motion, which is palpated by the 
therapist to judge the degree of passive mobility at the 
targeted spinal motion segment.

Adapted from American Physical Therapy Association: Guide to physical 
therapist practice, Phys Ther 81:9-746, 2001, The Association.

  Additional Definitions of Manual 
Therapy Terminology

Accessory motion: Those motions that are available in a 
joint that may accompany the classical movements or be 
passively produced isolated from the classical 
movement. Accessory movements are essential to 
normal full range-of-motion and painless function.

Component motion: Motions that take place in a joint 
complex or related joint to facilitate a particular active 
motion.

Close-packed position: Position of maximum congruency of 
a joint that is locked, statically efficient for load bearing 
but dynamically dangerous.

Joint dysfunction: A state of altered mechanics, either an 
increase or decrease from the expected normal, or the 
presence of an aberrant motion.

Joint play: Movements not under voluntary control that 
occur only in response to an outside force.

Kinematics: The study of the geometry of motion 
independent of the kinetic influences that may be 
responsible for the motion. In biomechanics, the two 
divisions of kinematics are osteokinematics and 
arthrokinematics.

Loose-packed position: Position of a joint where the capsule 
and ligaments are their most slack, which is unlocked, 
statically inefficient for load bearing, and dynamically 
safe.

Data from Paris SV, Loubert PV: Foundations of clinical orthopaedics, 
St Augustine, Fla, 1990, Institute Press.
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CHAPTER 2

Spinal Examination and Diagnosis in 
Orthopaedic Manual Physical Therapy
CHAPTER OVERVIEW

The purpose of this chapter is to provide a framework for completion of a comprehensive spinal 
examination including systems medical screen, patient interview, disability assessment, and tests and 
measures. In addition, evaluation of the examination findings and principles involved in a diagnosis and 
plan of care are included. The tests and measures presented in this chapter are the basic examination 
procedures used in screening the spine or are techniques used across anatomic regions to complete 
comprehensive spinal examination. Additional special tests and manual examination procedures such as 
passive intervertebral motion tests are presented in detail in subsequent chapters that focus on each 
anatomic region of the spine.

OBJECTIVES

■ Describe the components of a comprehensive spinal examination

■ Perform a medical screen as part of a spinal examination

■ Describe common red flags and yellow flags that must be evaluated as part of a comprehensive spinal 
examination

■ Explain the components of a patient interview and provide interpretation of common responses to 
interview questions

■ Use and interpret relevant questionnaires for pain, function, and disability

■ Perform common tests and measures used in a spinal examination

■ Explain the reliability and validity of common tests and measures used in a spinal examination

■ Describe the process used in the evaluation of clinical findings, diagnosis, and treatment planning 
for common spinal disorders utilizing the current best evidence with an impairment-based 
approach

DIAGNOSIS IN PHYSICAL 
THERAPY PRACTICE
Physical therapist diagnostic classifi cations are based on clus-
ters of patient signs and symptoms to guide treatment deci-
sions. Because physical therapist interventions are designed for 
correction of physical impairments such as hypomobility or 
instability, the physical therapy diagnostic classifi cations are 
based on impairments that can be treated with physical therapy 
interventions. Other physical therapy diagnostic classifi cations 
may describe symptom location and behavior if these are the 
primary focus of the physical therapy interventions.

Medical diagnostic classifi cations focus on identifi cation of 
disease and are determined by physicians. Although the physi-

cal therapist does not make a medical diagnosis, the physical 
therapist must determine whether the patient’s condition is 
appropriate for physical therapy or whether the patient should 
be immediately referred for further medical diagnostic assess-
ment. Th e physical therapist may also identify signs of condi-
tions that warrant further medical consultation but that may 
not be severe or progressive in nature so that physical therapy 
can still proceed while the patient seeks further medical assess-
ment. Th e patient may also have medical conditions that have 
been diagnosed and are being appropriately managed. In this 
situation, physical therapy can proceed, but the condition 
should be monitored or taken into consideration as physical 
therapy treatment is implemented.
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MEDICAL SCREEN
Medical screening is the evaluation of patient examination data 
for the decision of whether a patient referral to a medical practi-
tioner is warranted.1 Box 2-1 and Table 2-1 list common red 
fl ags for which patients must be screened before initiation of 
physical therapy. With any signs or symptoms characteristic of 
red fl ags, patients should be referred to the appropriate medical 
practitioner for further diagnostic tests. Some comprehensive 
resources can assist in training clinicians to screen for medical 
conditions that need to be further assessed by a physician.1,2 
Conditions such as gastrointestinal (GI) disease, psychosocial 
issues, or cardiovascular disease are cause for caution. If these 
conditions have not been diagnosed and treated by a physician, 
a referral is warranted. If these conditions are being medically 
managed, the physical therapist can proceed with the evalua-
tion and treatment while continuing to monitor these condi-
tions. Life-threatening conditions such as malignant disease 
are important conditions for identifi cation; if suspected, these 
conditions warrant an immediate referral to the appropriate 
physician.

Th e results of a systematic review for assessment of the accu-
racy of clinical features and tests used to screen for malignant 
disease in patients with low back pain found the prevalence rate 
of malignant disease ranged from 0.1% to 3.5%.3 A history of 
cancer (positive likelihood ratio [+LR] = 23.7), an elevated 
erythrocyte sedimentation rate (ESR; +LR = 18.0), a reduced 
hematocrit level (+LR = 18.2), and overall clinician judgment 
(+LR = 12.1) increased the probability of identifi cation of 
a malignant disease.3 A combination of age of 50 years or 
more, history of cancer, unexplained weight loss, and no im -
provement aft er 1 month of conservative treatment showed a 
sensitivity of 100% for identifi cation of malignant disease.3 
Malignant disease is rare as a cause of low back pain, and the 
most useful features and tests are a history of cancer, an 
elevated ESR, a reduced hematocrit level, and clinician 
judgment.3

A medical intake form is an essential component of a com-
prehensive initial patient examination. See Figure 2-1 for an 
example of a medical intake form. Symptoms of medical con-
ditions such as increased muscle tone and pain may mimic 
symptoms of musculoskeletal dysfunctions. In addition, iden-
tifi cation of risk factors for certain medical conditions impacts 
the precautions to and progression of physical therapy inter-
ventions. For instance, a patient with cardiovascular disease 
risk factors such as hypertension needs close monitoring as 
therapeutic exercise programs are initiated and progressed. 
However, if the patient’s hypertension is managed with beta 

BOX 2-1 Red Flags for the Cervical Spine

Cervical Myelopathy
Sensory disturbance of hands
Muscle wasting of hand
Intrinsic muscles
Unsteady gait
Hoffmann’s reflex
Hyperreflexia
Bowel and bladder disturbances
Multisegmental weakness or sensory changes

Neoplastic Conditions
Age >50 years
History of cancer
Unexplained weight loss
Constant pain; no relief with bed rest
Night pain

Upper Cervical Ligamentous
Instability
Occipital headache and numbness
Severe limitation during neck AROM in all directions
Signs of cervical myelopathy

Inflammatory or Systemic Disease
Temperature >37°C
Blood pressure >160/95 mm Hg
Resting pulse >100 bpm
Resting respiration >25 bpm
Fatigue

Vertebral Artery Insufficiency
Drop attacks
Dizziness
Lightheadedness related to head movements
Dysphasia
Dysarthia
Diplopia
Cranial nerve signs

Adapted from Childs JD, Fritz JM, Piva SR, et al: JOSPT 34(11):686-700, 2004.
AROM, Active range of motion.

TABLE 2-1 Red Flags for Low Back Region

CONDITION RED FLAGS

Back-related tumor Age >50 y
History of cancer
Unexplained weight loss
Failure of conservative therapy

Back-related infection 
(spinal osteomyelitis)

Recent infection (e.g., urinary tract or 
skin)
Intravenous drug user/abuser
Concurrent immunosuppressive 
disorder

Cauda equine 
syndrome

Urine retention or incontinence
Fecal incontinence
Saddle anesthesia
Global or progressive weakness in 
lower extremities
Sensory deficits in feet (i.e., L4, L5, S1 
areas)
Ankle dorsiflexion, toe extension, and 
ankle plantarflexion weakness

Spinal fracture History of trauma (including minor 
falls or heavy lifts for individuals who 
have osteoporosis or are elderly)
Prolonged use of steroids
Age >70 y

From Boissonnault WG: Primary care for the physical therapist: examination and 
triage, Philadelphia, 2005, Saunders.
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To ensure you receive a complete and thorough evaluation, please provide us with important background information on the 
following form. All information is considered confidential and will be released only to your physician unless prior written authoriza-
tion is given. Thank you.

Name:

Occupation:

Are you seeing any of the following for your current condition? (Check box.)

 Physician (MD, DO)  Psychiatrist/psychologist  Attorney

 Dentist  Physical therapist  Chiropractor

Have you EVER been diagnosed as having any of the following conditions?

 Cancer. If YES, describe what kind:

Please list any surgeries or other conditions for which you have been hospitalized within the past few years, including the approxi-
mate date of the surgery or hospitalization:

Date Surgery/hospitalization

Please describe any injuries for which you have been treated (including fractures, dislocations, sprains) within the past few years 
and the approximate date of injury:

Date Injury

Have you recently noted:

Have you fallen within the past 12 months? Yes No

During the past month, have you often been bothered by feeling down, depressed, or hopeless? Yes No

During the past month, have you often been bothered by little interest or pleasure in doing things? Yes No

How much coffee or caffeine-containing beverages do you drink a day?

How many packs of cigarettes do you smoke a day?

If one drink equals one beer or glass of wine, how much alcohol do you drink in a week?

How are you able to sleep at night? Fine Moderate difficulty Only with medications

On the scale below, please circle the number that best represents the average level of pain you have experienced over the 
past 48 hours:

No pain         0   1   2   3   4   5   6   7   8   9   10         Worst pain imaginable

Heart problems

Pacemaker

Circulation problems

High blood pressure

Lung disease

Asthma

Diabetes

Rheumatoid arthritis

Other arthritic conditions

Osteoporosis

Kidney disease

Thyroid problems

Stroke

Prostate problems

Epilepsy/seizure disorders

Depression

Sexually transmitted diseases

Fibromyalgia

Chemical dependency
(i.e., alcoholism)

Anemia

Ulcers

Liver disease

Tuberculosis

Allergies

Latex allergy

Other:

FIGURE 2-1 Medical intake form.
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Aggravating factors: Identify up to three important activities that you are unable to do or are having 
difficulty with as a result of your problem. List them below:

1.

2.

3.

Body chart: Please mark your present symptoms on the body chart.

Please list any PRESCRIPTION medication you are currently taking (INCLUDING pills, injections, and/or skin patches):

Which of the following OVER-THE-COUNTER medications have you taken in the past week? (Check box.)

 Aspirin  Laxatives  Vitamins/supplements

 Tylenol  Antacids  Advil/Motrin/Ibuprofen

 Decongestants  Antihistamines  Other

How did you hear about Northern Rehab?

 Physician  Family/friend  Newspaper

 Yellow Pages  Website  Drive-by

Therapist Use

Form reviewed with patient?    Yes                       No

Date Therapist signature

Therapist Use
Unable 
to perform      0 1 2 3 4 5 6 7 8 9 10 Able to perform activity at same level as before 

Below for the 
therapist:

Rating:

Rating:

Rating:

AVG:

FIGURE 2-1, cont’d

blocker-therapy, which lowers heart rate and dampens or elimi-
nates the pulse response to exercise, the pulse rate is not an 
eff ective means for monitoring the patient’s response to exer-
cise.4 Instead, perception of the patient’s level of exertion needs 
to be used to monitor patients who exercise while undergoing 
beta blocker therapy. Likewise, a diagnosis of osteoporosis is a 

precaution to excessive strain through the skeletal system with 
strong stretching or manipulation procedures. However, skilled 
gentle manual therapy and soft  tissue techniques used with pre-
cautions to protect the skeletal system and gradual progressive 
loading of the skeletal system with a monitored exercise pro-
gram benefi t patients with osteoporosis.
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A complete list of medications that the patient is taking is 
also an important component of the medical screen. Th is infor-
mation can provide insights into the medical conditions for 
which the patient is undergoing treatment, and the therapist 
may fi nd that the combination of prescription and over-the-
counter medications is causing an overdosage situation that 
could result in medical complications. A common example 
is the use of antiinfl ammatory drugs. Boissonnault and 
Meek5 found that 79% of 2433 patients who were treated in 
a sample of outpatient physical therapy clinics reported use 
of antiinfl ammatory drugs during the week before the sur -
vey. Nearly 13% of these patients had two or more risk 
factors for development of GI disease, and 22% reported 
combined use of aspirin and another antiinfl ammatory 
drug.5 Th e risk factors for development of GI complications 
from nonsteroidal antiinfammatory drugs (NSAIDs) include 
advanced age (>61 years), history of peptic ulcer disease, use 
of other drugs known to damage or exacerbate damage to the 
GI tract, consumption of or high doses of multiple antiinfl am-
matory drugs or aspirin, and serious systemic illness such as 
rheumatoid arthritis.6

Th e physical therapist should review the medical intake 
form with the patient for follow-up questions regarding medi-
cal conditions and medications to obtain greater detail con-
cerning the nature of each condition. Th is review can also 
provide insight into the level of understanding the patient has 
of the medical conditions and medications. Th e physical thera-
pist can assist the physician in identifi cation of patient needs 
regarding further education on the medical management of the 
patient’s conditions; the physical therapist also can make refer-
rals for further consultation regarding identifi ed risk factors for 
medical complications that may inhibit the rehabilitation 
process.

Psychosocial issues or yellow fl ags as listed in Box 2-2 are 
indications that the rehabilitation approach should be modi-
fi ed.7 Fear avoidance beliefs associated with chronic low back 
pain have been shown to be eff ectively treated with an active 
exercise program monitored by a physical therapist combined 
with a behavior modifi cation program that provides positive 
reinforcement for functional goal att ainment.8 A gradual intro-
duction of activities that the patient fears in a monitored thera-
peutic environment has yielded favorable results in patients 
with chronic low back pain.8

Patients with chronic whiplash-associated disorder (WAD) 
with moderate to severe ongoing symptoms have been shown 
to have higher levels of unresolved postt raumatic stress and 
high levels of persistent fear of movement and reinjury.9 Height-
ened anxiety levels in patients aft er a whiplash injury have been 
associated with a greater likelihood of long-term pain and a 
poorer prognosis.9 When these factors are identifi ed in a pa -
tient with acute WAD, an early psychologic consultation is 
indicated.9

Heightened anxiety and fear avoidance beliefs should not 
prevent a physical therapist from providing interventions to 
address the physical impairments identifi ed with these patients 
but should elevate the clinician’s awareness that an active exer-

cise approach combined with pain management strategies 
should be incorporated into the treatment plan.

Depression can also impact the health status and the reha-
bilitation potential of patients. Th e medical intake form should 
include the following two questions to screen for depression:

During the past month, have you oft en been bothered by 
feeling down, depressed, or hopeless?  Yes  No

During the past month, have you oft en been bothered by lit-
tle interest or pleasure in doing things?  Yes  No

If the patient answers “yes” to these two questions, the 
follow-up “help” question should be asked:

Is this something with which you would like help?  
Yes  Yes, but not today  No

Arrol et al10 reported a sensitivity of 79% and a specifi city of 
94% for detection of major depression with the two screening 
questions with the “help” question, for a positive predictive 
value of 41% and a negative predictive value of 98.8%.10 If the 
patient answers “yes” to all three questions, the patient should 
be referred for further assessment and treatment of the depres-
sion as an adjunct to the physical therapy treatment. Major 
clinical depression has a lifetime prevalence rate of 10% to 25% 
for women and 5% to 12% for men.11 Up to 15% of people with 
major clinical depression commit suicide.11 In addition, depres-
sion is common in patients with chronic back and neck pain, 
and a multidisciplinary approach that includes counseling, 
medical management, and exercise is needed to successfully 
treat these conditions.

BOX 2-2  Clinical Yellow Flags That Indicate Heightened 
Fear Avoidance Beliefs

Attitudes and Beliefs
Belief that pain is harmful or disabling, which results in 

guarding and fear of movement
Belief that all pain must be abolished before return to 

activity
Expectation of increased pain with activity or work; lack of 

ability to predict capabilities
Catastrophizing; expecting the worst
Belief that pain is uncontrollable
Passive attitude toward rehabilitation

Behaviors
Use of extended rest
Reduced activity with significant withdrawal from daily 

activities
Avoidance of normal activity and progressive substitution of 

lifestyle away from productive activity
Reports of extremely high pain intensity
Excessive reliance on aids (braces, crutches, etc)
Sleep quality reduced after onset of pain
High intake of alcohol or other substances with an increase 

since onset of back pain
Smoking

Data from Childs JD, Fritz JM, Piva SR, et al: Proposal of a classification system 
for patients with neck pain, JOSPT 34(11):686-700, 2004; and Kendall NAS, Linton 
SJ, Main CJ: Guide to assessing psychosocial yellow flags in acute low back pain: 
risk factors for long-term disability and work loss, Wellington, New Zealand, 
2002, Accident Rehabilitation and Compensation Insurance Corporation of New 
Zealand and the National Health Committee.
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Disability and Psychosocial 
Impact Questionnaires
Disability, function, and pain indexes have been shown to be 
more responsive measures of response to treatment for spinal 
disorders than impairment measures.12 Disability index forms 
such as the Fear Avoidance Beliefs Questionnaire (FABQ ), the 
Modifi ed Oswestry Disability Index (ODI), and the Neck Dis-
ability Index (NDI) assist in quantifi cation of a patient’s per-
ception of disability, the psychosocial impact of the disability, 
and the prognosis for recovery and, at times, assist in classifi ca-
tion of the patient’s condition to guide treatment decisions. Th e 
Patient-Specifi c Functional Scale (PSFS) and the Numeric 
Pain Rating Scale (NPRS) can also assist in quantifi cation of a 
patient’s level of perceived functional limitations and pain per-
ception. Th ese instruments can be used to track outcomes and 
determine the level of success of a treatment approach for both 
clinical practice and research situations.

Waddell et al13 have stated that fear of pain and what we do 
about it may be more disabling than the pain itself. Individuals 
react to pain on a continuum from confrontation to avoidance. 
Confrontation is an adaptive response in which an individual 
views pain as a nuisance and has a strong motivation to return 
to normal levels of activity.14 An avoidance response may lead 
to a reduction in physical and social activities, excessive fear 
avoidance behaviors, prolonged disability, and adverse physical 
and psychologic consequences.14

Th e Fear Avoidance Beliefs Questionnaire (FABQ ) was 
developed and tested by Waddell and colleagues13 as a way to 
quantify a patient’s fear of physical activity, work, and risk of 
reinjury and their beliefs about the need to change behavior to 
avoid pain (Figure 2-2). Th e questionnaire consists of 16 state-
ments that the patient rates on a scale from 0 (completely dis-
agree) to 6 (completely agree). Th e FABQ work subscale is 
calculated with adding items 6, 7, 9, 11, 12, and 15. Th e FABQ 
physical activity subscale is calculated with adding items 2, 3, 4, 
and 5. Test-retest reliability when used with patients with 
chronic low back pain and sciatica had a Kappa score of 0.74; all 
results reached a 0.001 level of signifi cance.14 Th e Pearson 
product-moment correlation coeffi  cients for the two scales 
were 0.95 and 0.88.14 Th e FABQ was found to correlate with 
levels of psychologic distress, and the FABQ work subscale was 
strongly related to work loss from low back pain over a 1-year 
period, even with a control for pain intensity and location.14

Fear of movement and activity is suspected to be a primary 
factor in the transition from acute low back pain to chronic 
long-term disability associated with low back pain. Fritz14 found 
that fear avoidance beliefs were present in patients with acute 
low back pain and were a signifi cant predictor of disability and 
work status at a 4-week follow-up. In other words, Fritz14 found 
that patients with higher levels of fear of work (FABQW > 34; 
sensitivity = 55%; specifi city = 84%; +LR = 3.33; negative like-
lihood ratio [−LR] = 0.54) at the initial evaluation were less 
likely to return to full work status aft er 4 weeks of treatment for 
the low back pain condition. Higher scores on the FABQ are an 
indication to use an active exercise–based approach in which 

the feared activities are gradually introduced to the patient in a 
controlled environment to assist the patient in overcoming 
fears.15 Low scores for the work subscale (FABQW <19) 
have been associated with an improved likelihood to suc -
ceed with lumbopelvic spinal manipulation.16 Th erefore, the 
FABQ should be completed at the intake of all patients 
with low back pain–related conditions to assist in guiding treat-
ment decisions. Th e FABQ can also be used for patients with 
neck pain.17

Th e Modifi ed Oswestry Disability Index (ODI; Figure 2-3) 
is a region-specifi c disability scale for patients with low back 
pain (LBP). Th e modifi ed scale substitutes the Employment/
Homemaking category for the Sex Life category in the original 
scale.18,19 Th is ODI has been used in numerous LBP studies. Th e 
questionnaire consists of 10 items that address diff erent aspects 
of function and disability, each scored from 0 to 5, with higher 
values representing greater disability. Th e total score is obtained 
with a sum of the responses, which are then expressed as a per-
centage (range, 0 to 100%). For example, 25/50 = 50%. If all 
items are answered, the point total can be doubled to obtain the 
percentage score (i.e., 25 × 2 = 50%).

Th e purpose of the ODI is assessment of change of perceived 
disability over time, and the reliability over a 4-week period has 
been reported as quite good (intraclass correlation coeffi  cient 
[ICC] = 0.90; 95% confi dence interval [CI] = 0.78 to 0.96).14 
Validity and responsiveness are good for construct and con-
tent.14,20 Th e minimal clinically important diff erence (MCID) 
is 6 percentage points (sensitivity = 0.91; specifi city = 0.83) and 
is defi ned as the amount of change that best distinguishes 
between patients who have improved conditions and those 
whose conditions remain stable.14 Th e ODI is easy to adminis-
ter and easy to score. Th e ODI was developed primarily for 
patients with acute LBP, and the properties may diff er for 
patients with chronic LBP.

Th e Neck Disability Index (NDI; Figure 2-4) is a condition-
specifi c questionnaire that has been shown to be reliable and 
valid with patients with neck pain.21 Th is scale has been used in 
numerous neck pain studies and is structured and scored simi-
larly to the ODI. Th e questionnaire consists of 10 items that 
address diff erent aspects of function and disability, each scored 
from 0 to 5, with higher values representing greater disability. 
Th e total score is obtained with a sum of the responses, which 
are then expressed as a percentage (range, 0 to 100%). For 
example, 25/50 = 50%. If all items are answered, the point total 
can be doubled to obtain the percentage score (i.e., 25 × 2 = 
50%).

Th e NDI has also been tested for reliability and responsive-
ness for patients with cervical radiculopathy.17 Cleland et al17 
reported test-retest reliability as moderate, with an ICC of 0.68 
and a 95% CI of 0.30 to 0.90. Th e minimal detectable change 
for the NDI is 10.3 percentage points, and the minimal clini-
cally important change for the NDI was 7.0 percentage points. 
Cleland et al22 found that a Patient-Specifi c Functional Scale 
(PSFS) exhibited superior reliability, construct validity, and 
responsiveness in a cohort of patients with cervical radiculopa-
thy as compared with the NDI.
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Name: Date:

Here are some of the statements that other patients have made to us about their pain. For each 
statement please circle a number from 0 to 6 to describe how much physical activities such as
bending, lifting, walking, or driving affect or would affect your back pain.

 Completely  Completely
 disagree Unsure agree

  1. My pain was caused by physical activity. 0 1 2 3 4 5 6
  2. Physical activity makes my pain worse. 0 1 2 3 4 5 6
  3. Physical activity might harm my back. 0 1 2 3 4 5 6
  4. I should not do physical activities that
 (might) make my pain worse. 0 1 2 3 4 5 6
  5. I cannot do physical activities that
 (might) make my pain worse. 0 1 2 3 4 5 6

The following statements are about how your normal work affects or would affect your back pain.

  6. My pain was caused by my work or
 by an accident at work. 0 1 2 3 4 5 6
  7. My work aggravated my pain. 0 1 2 3 4 5 6
  8. I have a claim for compensation for my pain. 0 1 2 3 4 5 6
  9. My work is too heavy for me. 0 1 2 3 4 5 6
10. My work makes or would make my
 pain worse. 0 1 2 3 4 5 6
11. My work might harm my back. 0 1 2 3 4 5 6
12. I should not do my normal work with
 my present pain. 0 1 2 3 4 5 6
13. I cannot do my normal work with my
 present pain. 0 1 2 3 4 5 6
14. I cannot do my normal work until my
 pain is treated. 0 1 2 3 4 5 6
15. I do not think that I will be back to my
 normal work within 3 months. 0 1 2 3 4 5 6
16. I do not think that I will ever be able to
 go back to my normal work. 0 1 2 3 4 5 6

FIGURE 2-2 Fear Avoidance Beliefs Questionnaire.

Th e PSFS is a patient-specifi c outcome measure for investi-
gation of functional status with the patient asked to nominate 
activities (up to three) that are diffi  cult to perform because of 
their condition and then to rate the level of limitation for each 
activity on a 0 to 10 point scale. Th e ratings are averaged for the 
three activities. Th e PSFS has been shown to be valid and 
responsive to change for patients with several diff erent clinical 
conditions, including neck pain, knee pain, and low back 
pain.23-25 For patients with cervical radiculopathy, the test-
retest reliability was high for the PSFS with an ICC of 0.82 and 
a 95% CI of 0.54 to 0.93.17 Th e minimal detectable change for 
the PSFS was 2.1, and the minimal clinically important change 
was 2.0 on a 0 to 10 scale.17 Th e PSFS can be used for all patients, 

whereas the ODI is intended to be used with patients with lum-
bar conditions and the NDI is designed for patients with cervi-
cal spine and cervical radiculopathy conditions.

A pain drawing on a body chart is a helpful clinical assess-
ment tool. Th e patient is advised to complete a body chart as 
part of a medical screening form (see Figure 2-1), and the thera-
pist should also complete one as part of the initial interview. 
Patients may draw symptoms in anatomic areas on the body 
diagram that were not included in the initial medical diagnosis; 
these symptoms need to be further explored by the therapist to 
determine whether the symptoms are from a visceral or somatic 
structure and to determine whether the multiple pain com-
plaints are linked to the same underlying condition or are 
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Section 1: To be completed by patient

Name: Age: Date:

Occupation: Number of days of back pain:             (this episode)

Section 2: To be completed by patient

This questionnaire has been designed to give your therapist information as to how your back pain has affected your ability to manage in everyday life. Please 
answer every question by placing a mark on the line that best describes your condition today. We realize you may feel that two of the statements may describe 
your condition, but please mark only the line that most closely describes your current condition.

Pain intensity
 The pain is mild and comes and goes.
 The pain is mild and does not vary much.
 The pain is moderate and comes and goes.
 The pain is moderate and does not vary much.
 The pain is severe and comes and goes.
 The pain is severe and does not vary much.

Personal care (washing, dressing, etc.)
 I do not have to change the way I wash and dress myself to avoid pain.
 I do not normally change the way I wash or dress myself even though doing these tasks causes some pain.
 Washing and dressing increase my pain, but I can do these tasks without changing how I do them.
 Washing and dressing increase my pain, and I find it necessary to change the way I do these tasks.
 Because of my pain I am partially unable to wash and dress without help.
 Because of my pain I am completely unable to wash or dress without help.

Lifting
 I can lift heavy weights without increased pain.
 I can lift heavy weights, but doing so causes increased pain.
 Pain prevents me from lifting heavy weights off of the floor, but I can manage if they are conveniently positioned (e.g., on a table, etc.)
 Pain prevents me from lifting heavy weights off of the floor, but I can manage light to medium weights if they are conveniently positioned.
 I can lift only very light weights.
 I cannot lift or carry anything at all.

Walking
 I have no pain when walking.
 I have pain when walking, but I can still walk my required normal distances.
 Pain prevents me from walking long distances.
 Pain prevents me from walking intermediate distances.
 Pain prevents me from walking even short distances.
 Pain prevents me from walking at all.

Sitting
 Sitting does not cause me any pain.
 I can sit as long as I like provided that I have my choice of seating surfaces.
 Pain prevents me from sitting for more than 1 hour.
 Pain prevents me from sitting for more than a half hour.
 Pain prevents me from sitting for more than 10 minutes.
 Pain prevents me from sitting at all.

Standing
 I can stand as long as I want without increased pain.
 I can stand as long as I want, but my pain increases with time.
 Pain prevents me from standing for more than 1 hour.
 Pain prevents me from standing for more than a half hour.
 Pain prevents me from standing for more than 10 minutes.
 I avoid standing because it increases my pain right away.

Social life
 My social life is normal and does not increase my pain.
 My social life is normal, but it increases my level of pain.
 Pain prevents me from participating in more energetic activities (e.g., sports, dancing, etc.)
 Pain prevents me from going out very often.
 Pain has restricted my social life to my home.
 I have hardly any social life because of my pain.

Traveling
 I get no increased pain when traveling.
 I get some pain while traveling, but none of my usual forms of travel make the pain any worse.
 I get increased pain while traveling, but the pain does not cause me to seek alternative forms of travel.
 I get increased pain while traveling, and the pain causes me to seek alternative forms of travel.
 My pain restricts all forms of travel except that which is done while I am lying down.
 My pain restricts all forms of travel.

Employment/homemaking
 My normal job/homemaking activities do not cause pain.
 My normal job/homemaking activities increase my pain, but I can still perform all that is required of me.
 I can perform most of my job/homemaking duties, but pain prevents me from performing more physically stressful activities (e.g., lifting, vacuuming).
 Pain prevents me from doing anything but light duties.
 Pain prevents me from doing even light duties.
 Pain prevents me from performing any job or homemaking chores.

Section 3: To be completed by physical therapist/provider

Score:                    or                    % (SEM 11, MDC 16) Initial FU         weeks discharge

Number of treatment sessions: Gender:           Male          Female

Diagnosis/ICD-9 code:

Adapted from Hudson-Cook N, Tomes-Nicholson K, Breen A: A revised Oswestry disability questionnaire. In Roland M, Jenner J, editors: Back pain: new 
approaches to rehabilitation and education, New York, 1989, Manchester University Press. [Prepared May 1999]

FIGURE 2-3 Modified Oswestry Low Back Pain Disability Questionnaire.
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Name:

Date:

This questionnaire has been designed to give your therapist information as to how your neck pain has affected you in your everyday life activities. 
Please answer each section, marking only ONE box that best describes your status today.

Section 1 — Pain Intensity
 I have no pain at the moment.
 The pain is very mild at the moment.
 The pain is moderate at the moment.
 The pain is fairly severe at the moment.
 The pain is very severe at the moment.
 The pain is the worst imaginable at the moment.

Section 2 — Personal Care (washing, dressing, etc.)
 I can look after myself normally without causing extra pain.
 I can look after myself normally, but doing so causes me extra pain.
 It is painful to look after myself, and I am slow and careful.
 I need help every day in most aspects of self-care.
 I do not get dressed, wash with difficulty, and stay in bed.

Section 3 — Lifting
 I can lift heavy weights without extra pain.
 I can lift heavy weights, but doing so gives extra pain.
 Pain prevents me from lifting heavy weights off the floor, but I can manage light to medium weights if they are conveniently positioned.
 I can lift only very light weights.
 I cannot lift or carry anything at all.

Section 4 — Reading
 I can read as much as I want, with no pain in my neck.
 I can read as much as I want, with slight pain in my neck.
 I can read as much as I want, with moderate pain in my neck.
 I cannot read as much as I want because of moderate pain in my neck.
 I can hardly read at all because of severe pain in my neck.
 I cannot read at all.

Section 5 — Headache
 I have no headache at all.
 I have slight headaches, which come infrequently.
 I have moderate headaches, which come infrequently.
 I have moderate headaches, which come frequently.
 I have severe headaches, which come frequently.
 I have headaches almost all the time.

Section 6 — Concentration
 I can concentrate fully when I want, with no difficulty.
 I can concentrate fully when I want, with slight difficulty.
 I have a fair degree of difficulty in concentrating when I want to.
 I have a lot of difficulty in concentrating when I want to.
 I have a great deal of difficulty in concentrating when I want to.
 I cannot concentrate at all.

Section 7 — Work
 I can do as much as I want.
 I can only do my usual work but no more.
 I can do most of my usual work, but no more.
 I cannot do my usual work.
 I can hardly do any work at all.
 I cannot do any work at all.

Section 8 — Driving
 I can drive my car without any neck pain.
 I can drive my car as long as I want, with slight pain in my neck.
 I can drive my car as long as I want, with moderate pain in my neck.
 I cannot drive my car as long as I want because of moderate pain in my neck.
 I can hardly drive at all because of severe pain in my neck.
 I cannot drive my car at all.

Section 9 — Sleeping
 I have no trouble sleeping.
 My sleep is slightly disturbed (less than 1 hour sleep loss).
 My sleep is mildly disturbed (1-2 hours sleep loss).
 My sleep is moderately disturbed (2-3 hours sleep loss).
 My sleep is greatly disturbed (3-5 hours sleep loss).
 My sleep is completely disturbed (5-7 hours sleep loss).

Section 10 — Recreation
 I am able to engage in all my recreational activities, with no neck pain at all.
 I am able to engage in all my recreational activities, with some pain in my neck.
 I am able to engage in most but not all of my usual recreational activities because of pain in my neck.
 I am able to engage in a few of my usual recreational activities because of pain in my neck.
 I can hardly do any recreational activities because of pain in my neck.
 I cannot do any recreational activities at all.

FIGURE 2-4 Neck Disability Index.
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separate. In addition, patients may express extreme emotional 
reactions with their pain symptoms by drawing in pain mark-
ings across the entire body or by circling the entire body. In 
these cases, other questionnaires such as the FABQ should be 
completed by the patient to further quantify the psychosocial 
components of the patient’s symptoms, and a multidisciplinary 
approach that includes both active exercise physical therapy 
and psychologic counseling may be necessary for patient 
rehabilitation.

Th e 11-point Numeric Pain Rating Scale (NPRS) is a mea-
sure of pain in which patients rate pain ranging from 0 (no pain) 
to 10 (worst imaginable pain); this scale has been shown to 
have concurrent and predictive validity as a measure of pain 
intensity.26-28 Responsiveness refers to the ability of a measure 
to detect change accurately when it has occurred.29 Th e NPRS 
shows adequate responsiveness for use in both a clinical and a 
research sett ing. A two-point change on the NPRS represents a 
clinically meaningful change in a patient’s perceived level of 
pain that exceeds the bounds of measurement error.29

Patient Interview and History
Th e purpose of the initial patient interview is to develop a rap-
port with the patient, establish a chronology of events, screen 
for red fl ags, establish whether physical therapy is appropriate 
for the patient, develop a hypothesis regarding the cause of the 
patient’s symptoms, and begin to narrow down the appropriate 
impairment classifi cation or diagnosis for the patient. In the 
beginning of the interview, open-ended questions should be 
asked, such as, “When did you fi rst notice this problem?”; 
“Where did the pain start?”; and “Explain how this problem 
started.”

Next, the location and character of the symptoms should be 
determined. Th e therapist should use a body chart to mark 
interpretation of the pain location, to indicate the focal point of 
the pain, and to mark where the pain tends to spread. Notes can 
be made on the body chart regarding the nature of the symp-
toms, such as sharp pain, burning, numbness, or tingling.

Next, the symptom behavior is determined. Th e therapist 
should ask questions such as: “What makes your pain worse?” 
and “What makes you pain bett er?” Th e symptoms associated 
with common musculoskeletal conditions typically are intensi-
fi ed with certain positions or activities and are relieved with 
other positions and activities. If the patient is unable to identify 
positions or activities that aff ect the intensity and nature of the 
symptoms, either a strong psychosocial component exists with 
the pain symptoms or an underlying visceral condition may be 
causing the symptoms. On occasion, however, the patient is 
simply a poor historian. Th ese questions also assist with medi-
cal screening. For instance, if the patient has throbbing mid-
thoracic pain that intensifi es in frequency and intensity with 
exertion such as shoveling snow or climbing stairs, a cardiovas-
cular condition such as an aortic aneurysm may be suspected 
and should be further evaluated by a physician.

In response to these open-ended questions, more specifi c 
follow-up questions should be asked to further outline the 
symptom behavior as possible diagnostic hypothesis are con-

sidered. For instance, with lumbar spinal stenosis, lower 
extremity symptoms are commonly provoked with standing 
and walking and relieved with sitt ing. In contrast, lumbar 
radicular symptoms caused by a lumbar herniated disc are 
commonly provoked with standing and sitt ing. Specifi c follow-
up questioning to make this distinction can assist in develop-
ment of the diagnosis.

Another important question is: “How does your pain vary 
through the course of the day and night?” Most musculoskele-
tal conditions can be relieved with rest and the use of recum-
bent positions. If the pain wakes the patient at night, the 
therapist should inquire whether the patient can quickly return 
to sleep by changing positions or whether the pain is unremit-
ting regardless of position. Th e latt er answer is a red fl ag and 
warrants further medical investigation in most circumstances 
because malignant diseases can cause intense unremitt ing 
night pain. Generally speaking, most musculoskeletal-related 
pain should improve with rest. However, the patient may feel 
stiff  in the morning, and with activity, a reduction in stiff ness is 
commonly reported. Severe multiple joint morning stiff ness is 
common with rheumatoid arthritis. If the back pain intensifi es 
before meal time and is relieved aft er eating, a gastric ulcer may 
be suspected; or if shoulder girdle or thoracic pain is intensifi ed 
aft er a heavy meal, a gallbladder problem may be evident.

Determination of functional limitations and establishment 
of functional goals can assist with documentation and with 
measurement of progress. Development of a gauge of the level 
of normal functional activity and how these activities are lim-
ited by the current condition can assist in development of the 
treatment plan, especially regarding duration of treatment. For 
instance, if the patient wants to return to heavy work or vigor-
ous exercise and currently is very inactive because of a spinal 
condition, the duration of treatment might be longer than that 
of a patient who has lesser physical goals.

Inquiries about past treatments for the current condition 
may assist in development of a treatment plan as well. For 
instance, if a patient with LBP has received extensive chiro-
practic “adjustments” for back pain symptoms with minimal 
benefi t, a stabilization exercise program may be indicated, 
especially if signs and symptoms of instability are noted.

A neurologic screen can also start with the initial interview 
with the patient asked about any tingling, numbness, or loss of 
skin sensation. If peripheral symptoms are present, a full neu-
rologic examination is warranted, including deep tendon 
refl exes, sensation, and myotomal strength testing. In addition, 
saddle parasthesia or numbness is an indication of a central spi-
nal lesion that causes neurologic involvement of the S4 nerve. 
Presence of this symptom is a red fl ag and warrants further 
diagnostic testing such as magnetic resonance imaging (MRI) 
for assessment of the integrity of the cauda equina. Follow-up 
questions regarding bladder function are also indicated with 
the presence of saddle parasthesia or numbness.

Inquiry about history of similar conditions can provide 
insight into the underlying diagnosis. For instance, instability 
and discogenic conditions tend to recur, with intermitt ent 
fl are-ups reported over many years. Simple muscle and joint 
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sprains and strains are more likely to be a result of a fi rst-time 
episode of acute back pain.

Medical history can be explored with the patient asked an 
open-ended question such as, “Other than this problem, how is 
your overall health?” In addition, the medical intake form 
should be reviewed with the patient and follow-up questions 
should be asked for each condition and medication listed to 
gain further insight into the patient’s health status and to screen 
each system.

Lastly, the patient should be asked to establish functional 
therapy goals and asked one last open-ended question such as, 
“Is there anything else you would like to tell me before I begin 
the examination?” Th ese questions give the patient with 
another opportunity to provide pertinent medical history that 
may have been missed to this point.

TESTS AND MEASURES

Postural Inspection

Visual inspection of the patient from anterior, posterior, 
oblique, and lateral views can assist the therapist in determina-
tion of postural deviations that may contribute to spinal impair-
ments (Box 2-3). Th e anterior and posterior views can provide 
clues of asymmetries in leg length or pelvic height or scoliosis. 
Th e lateral view shows alterations in anterior to posterior curves 
and head, shoulder, and pelvic positions. Kendall’s plumb line 
assessment of posture can be used as a reference standard 
against which to describe deviations from ideal posture.30 Th e 
oblique views are also important for further analysis of spinal 
contour. Areas of excessive muscle tone and guarding may also 

BOX 2-3 Postural Inspection

Posterior view visual inspection

Posterior view visual inspection with noted lateral 
shift to left

Continued
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BOX 2-3 Postural Inspection—cont’d

Anterior view visual inspection Lateral view visual inspection
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BOX 2-3 Postural Inspection—cont’d

Posterior oblique view visual inspection Anterior oblique view visual inspection

Continued
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BOX 2-3 Postural Inspection—cont’d

Lateral view postural assessment: forward 
head posture. Visualize plum line standard 
that ideally runs vertically through lobe of 
the ear and middle lateral portion of 
acromion process of the shoulder. This 
subject has moderate level of forward 
head posture positioning.

be noted as signs of underlying instability or tissue irritation. 
Visual assessment should precede structural examination and 
palpation.

Structural Examination
Structural examination is an extension of the visual inspection 
but involves palpation of bony landmarks for assessment of 

alteration in symmetry or positioning of the bony structures of 
the spine and pelvis. Structural examination fi ndings have 
greater signifi cance in the diagnostic process if the fi ndings can 
be correlated with other positive examination fi ndings such as 
limitations in active and passive motion and positive pain prov-
ocation testing.
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Level of Mastoid Processes

 PATIENT POSITION Th e patient stands facing away from the therapist.

 THERAPIST POSITION Th e therapist stands directly behind the patient with eyes level with the patient’s occiput.

 PROCEDURE With palms kept parallel to fl oor and fi ngers fi rmly together, the therapist uses the index 
fi ngers to palpate the mastoid processes.

 NOTES Th e therapist should observe for symmetry in the position of the mastoid processes 
to assess for a sidebent position of the head that could indicate the presence of a possible 
craniovertebral dysfunction.

CHAPTER 2 Spinal Examination and Diagnosis in Orthopaedic Manual Physical Therapy 25
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Level of Shoulder Girdles and Scapulas

 PATIENT POSITION Th e patient stands facing away from the therapist.

 THERAPIST POSITION Th e therapist stands directly behind the patient with eyes level with the patient’s 
shoulders.

 PROCEDURE With palms kept parallel to fl oor and fi ngers fi rmly together, the therapist uses the pads of 
digits 2 to 5 to palpate the superior aspect of the shoulder girdle. Next, the thumbs are used 
to palpate the inferior angle of each scapula.

 NOTES Th e therapist should observe for asymmetry in the position of the shoulder girdles and 
scapulas that may be a sign of underlying thoracic spine scoliosis or muscle imbalances of 
the shoulder girdle such as a shortened upper trapezius or levator scapulae muscles and 
weak lower trapezius or serratus anterior muscles.
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Palpation of Iliac Crest Height in Standing

 PATIENT POSITION Th e patient stands facing away from the therapist.

 THERAPIST POSITION Th e therapist kneels directly behind the patient with eyes level with the patient’s iliac 
crest.

 PROCEDURE With palms kept parallel to the fl oor and fi ngers fi rmly together, the therapist uses the 
index fi ngers to palpate the superior aspect of iliac crests. Th e therapist should observe for 
symmetry in heights of iliac crests.

 NOTES Asymmetry may be an indication of either a leg length diff erence, a sacroiliac displace-
ment, a structural hip malformation (coxa vara, coxa valga), a hip injury (such a slipped 
capital epiphysis), or a structural malformation of an innominate bone. Flynn et al16 
reported interexaminer reliability with a Kappa value of 0.23.
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Palpation of Posterior Superior Iliac Spines in Standing

 PATIENT POSITION Th e patient stands facing away from the therapist.

 THERAPIST POSITION Th e therapist kneels directly behind the patient with eyes level with the patient’s posterior 
superior iliac spines (PSIS).

 PROCEDURE Th e therapist fi rst fi nds the sacral dimples and moves slight lateral and inferior to locate 
the PSIS on each side with each thumb. Th e thumbs are used to palpate the inferior aspect 
of the PSIS (palpate “up and under” PSIS). Th e therapist should observe for symmetry in 
heights of the PSIS.

 NOTES Asymmetry may be an indication of either a leg length diff erence, a sacroiliac displace-
ment, a structural hip malformation (coxa vara, coxa valga) or hip injury (such a slipped 
capital epiphysis), or a structural malformation of an innominate bone. Flynn et al16 
reported an interexaminer reliability of 0.13 in standing and of 0.23 in sitt ing in tests on 71 
patients with low back pain referred to physical therapy.
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Palpation of Greater Trochanter Height

 PATIENT POSITION Th e patient stands facing away from the therapist.

 THERAPIST POSITION Th e therapist kneels directly behind the patient with eyes level with the patient’s greater 
trochanters.

 PROCEDURE With palms kept parallel to the fl oor, the therapist uses the radial aspect of the index fi n-
gers to palpate the inferior edge of the greater trochanters (palpate “up and under” the 
greater trochanters). Th e therapist may need to ask the patient to sway side to side to help 
with accurate location of the greater trochanters. Th e therapist should observe for symme-
try in heights of the greater trochanters.

 NOTES Asymmetry may be an indication of a leg length discrepancy or a structural deviation in 
the shape of the greater trochanters. A leg length discrepancy of half an inch or greater has 
been positively correlated with a greater incidence rate of low back pain and should be 
addressed as part of the treatment program.31 Palpation of the height of the fi bular head 
and assessment of height of the medial arch of each foot can assist with determination of 
the portion of the lower extremity where the asymmetry originates.
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Palpation of Iliac Crest Height in Sitting

 PATIENT POSITION Th e patient sits with legs over the edge of the table and facing away from the therapist.

 THERAPIST POSITION Th e therapist kneels directly behind the patient with eyes level with the iliac crests.

 PROCEDURE With palms kept parallel to the fl oor and fi ngers fi rmly together, the therapist uses the 
index fi ngers to palpate the superior aspect of the iliac crests. Th e therapist should observe 
for symmetry in height of the iliac crests.

 NOTES Palpation of the pelvic structures with the patient sitt ing on a fi rm level surface can assist 
with diff erentiation of the cause of asymmetries noted in the standing structural examina-
tion. For example, if the iliac crest height is level in sitt ing but asymmetry is noted in stand-
ing, the cause is likely a lower extremity asymmetry rather than a pelvic dysfunction. 
However, if the same amount of pelvic height asymmetry is noted both in sitt ing and in 
standing, the cause is likely pelvic asymmetry rather than lower extremity structural 
asymmetry.
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Palpation of Posterior Sacroiliac Spine in Sitting

 PATIENT POSITION Th e patient sits with legs over the edge of the table and facing away from the therapist.

 THERAPIST POSITION Th e therapist kneels directly behind the patient with eyes level with the PSIS.

 PROCEDURE Th e therapist fi rst fi nds the sacral dimples and moves slight lateral and inferior to locate 
the PSIS on each side with each thumb. Th e therapist uses the thumbs to palpate the infe-
rior aspect of the PSIS (palpate “up and under” the PSIS). Th e therapist should observe for 
symmetry in heights of the PSIS.

 NOTES Palpation of the pelvic structures with the patient sitt ing on a fi rm level surface can assist 
with diff erentiation of the cause of symmetries noted in the standing structural examina-
tion. For example, if the PSIS height is level in sitt ing but asymmetry is noted in standing, 
the cause is likely lower extremity asymmetries rather than a pelvic dysfunction. However, 
if the same degree of PSIS asymmetry is noted both in sitt ing and in standing, the cause is 
likely pelvic asymmetry rather than lower extremity structural asymmetry or leg length 
diff erence.

Documentation of structural examination fi ndings can be quickly noted with marking the 
observed fi ndings on a body chart diagram (Figure 2-5). With writing or describing the 
fi ndings, consistency with description of the asymmetry by the side that is lower is best. 
For instance, the structural examination reveals a lowered iliac crest, PSIS, and greater 
trochanter palpated in the standing position.
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Active Range of Motion Examination

Th e purpose of the active range of motion (AROM) examina-
tion is to document the amount of motion impairment present 
at the time of the examination, to identify pain provocation 
with motion, and to develop a hypothesis on the cause of the 
pain and limited motion. Signs of spinal instability such as 
aberrant motion patt erns may also be noted with AROM exam-
ination. Identifi cation of regions of spinal stiff ness with the 
AROM examination can assist in locating and isolating 
hypomobile spinal segments that respond favorably to spinal 
manipulation. Th e AROM fi ndings are correlated with other 
examination fi ndings to determine the appropriate spinal 
disorder classifi cation to guide management of the patient’s 
condition.

FIGURE 2-5 Structural examination documentation. Spine 
diagram can be used to mark structural examination findings. 
Slash marks can be used to mark relative positions of bony 
landmarks, and spinal curvatures can be drawn in.
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Cervical Forward-Bending Active Range of Motion

Cervical forward bending measured with 
inclinometer

 PATIENT POSITION Th e patient stands (or sits), with good posture and arms relaxed at the sides.

 THERAPIST POSITION Th e therapist stands to the side and slightly behind the patient to clearly observe cervical 
motion.

 PROCEDURE Th e patient is instructed to slowly nod the head and forward bend the cervical spine. Th e 
motion should start in the upper cervical spine and continue down to approximately the 
level of T3. A straightening or reversal of the cervical lordosis should occur on forward 
bending. Th e chin should also be near the sternum. Motion can be measured with an incli-
nometer placed in a midsagitt al position on the top of the head.

 NOTES Whether or not the motion reproduces the patient’s symptoms should be noted. If a seg-
mental restriction is due to a unilateral facet restriction, forward bending may deviate to 
the ipsilateral side of the restriction. Piva et al32 used a gravity inclinometer to measure 
cervical forward bending on 30 subjects and found a mean of 60 degrees forward bending, 
with an ICC of 0.78 (0.59 : 0.89), a standard error of the mean (SEM) of 5.8 degrees, a 
minimal detectable change (MDC) of 16 degrees, and a Kappa value for symptom repro-
duction of 0.87 (0.81 : 0.94).
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Cervical Backward-Bending Active Range of Motion

 PATIENT POSITION Th e patient stands (or sits), with good posture and arms relaxed at the sides.

 THERAPIST POSITION Th e therapist stands to the side and slightly behind the patient to clearly observe the cervi-
cal motion.

 PROCEDURE Patient is instructed to slowly look up and backward bend the cervical spine as far as they 
can move comfortably. Motion can be measured with an inclinometer placed in a midsag-
itt al position on the top of the head.

 NOTES Whether or not the motion reproduces the patient’s symptoms is noted. If a segmental 
restriction caused by a facet restriction is present, backward bending may deviate to the 
contralateral side of the restriction. Patients are guarded in case they become dizzy during 
the backward-bending motion. Reproduction of neck pain may be from facet joint com-
pression/irritation, and a reproduction of referred symptoms into the arm could be from 
nerve root irritation or from a referral patt ern from structures of the cervical spine. Piva 
et al32 used a gravity inclinometer to test reliability on 30 subjects and found a mean of 48 
degrees of backward bending, an ICC of 0.86 (0.73 : 0.93), an SEM of 5.6 degrees, an MDC 
of 16 degrees, and a Kappa value for symptom reproduction of 0.65 (0.54 : 0.76).

Cervical backward bending measured with 
inclinometer
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Cervical Side-Bending (Lateral Flexion) Active Range of Motion Right and Left with 

Shoulder Girdle Supported

 PATIENT POSITION Th e patient stands, with good posture and arms relaxed at the sides.

 THERAPIST POSITION Th e therapist stands directly behind the patient.

 PROCEDURE Th e patient’s arms are supported at the elbows (with elbows fl exed to approximately 90 
degrees) to passively elevate the patient’s shoulders to place the cervical spine soft  tissues 
on slack. Th e patient is instructed to side bend the cervical spine by slowly dropping the 
head and neck toward the right shoulder.

 NOTES Th e therapist should observe for a smooth curve throughout the cervical spine. Any ful-
cruming throughout the spinal segments is noted. Th e therapist observes side bending to 
the left  with the arms supported. Th e amount of motion available in each direction is com-
pared. Th e fi ndings of this examination procedure are compared with the fi ndings of the 
side-bending AROM test with unsupported arms at the side. If the patient is able to achieve 
signifi cantly greater range of motion with the arms supported, the limitation is most likely 
the result of soft  tissue (i.e., myofascial) tightness. However, if the patient has the same 
limitation in the amount of range of motion, the limitation is most likely from facet 
restriction.
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Cervical Side-Bending (Lateral Flexion) Active Range of Motion Right and Left

Cervical spine lateral flexion measured with 
goniometer

Cervical spine lateral flexion measured with 
inclinometer
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 PATIENT POSITION Th e patient stands (or sits), with good posture and arms relaxed at the sides.

 THERAPIST POSITION Th e therapist stands directly behind the patient.

 PROCEDURE Th e patient is instructed to side bend (lateral fl exion) the cervical spine by slowly dropping 
the head and neck towards the right shoulder. Motion can be measured with a goniometer 
(C7 as fulcrum point) or an inclinometer (placed in the frontal plane on top of the head).

 NOTES Th e therapist should observe for a smooth curve throughout the cervical spine. Any ful-
cruming throughout the spinal segments should be noted. Th e amount of motion available 
in each direction is compared and noted if the motion reproduces the patient’s symptoms. 
Piva et al32 used a gravity inclinometer to measure cervical side bending on 30 subjects and 
found a mean AROM of 39 degrees left  lateral fl exion and of 41 degrees right lateral fl ex-
ion, with an ICC of 0.85 left  and 0.87 right, an SEM of 4.2 left  and 3.7 right, an MDC of 12 
left  and 10 right, and a Kappa value for pain reproduction of 0.28 left  and 0.75 right.

Cervical Side-Bending (Lateral Flexion) Active Range of Motion Right and Left—cont’d



www.manaraa.com

CHAPTER 2 Spinal Examination and Diagnosis in Orthopaedic Manual Physical Therapy38

Cervical Rotation Active Range of Motion Right and Left

Cervical spine rotation AROM measured with 
goniometer

 PATIENT POSITION Th e patient stands (or sits), with good posture and arms relaxed at the sides.

 THERAPIST POSITION Th e therapist stands directly behind the patient.

 PROCEDURE Th e patient is instructed to rotate the cervical spine by slowly turning the head and neck to 
look over the right shoulder. Motion can be measured with a goniometer with the moving 
arm lined up with the nose, the stationary arm facing straight ahead, and the fulcrum at 
the center crown of the cranium.

 NOTES Th e chin should near the plane of the shoulder with the end range of rotation. Th e proce-
dure is repeated with rotation to the left . Th e amount of motion available in both direc-
tions is compared and noted if the motion reproduces the patient’s symptoms and the 
location/nature of the symptoms.

Youdas, Carey, and Garrett 33 reported an intraclass correlation coeffi  cient (ICC) for mea-
surements of cervical spine AROM of 60 patients with a universal goniometer that ranged 
from 0.78 to 0.95 for intratester reliability. When the motion was measured with a cervical 
range of motion (CROM) inclinometer or universal goniometer, intertester reliability 
ranged from 0.54 to 0.92. For visual estimates of cervical AROM, ICC values for inter-
tester reliability ranged from 0.42 for fl exion/extension to 0.82 for rotation.
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Upper Thoracic Rotation with One Thumb at C7 and Another at T4

Cervical spine rotation AROM with palpation of 
upper thoracic rotation

 PATIENT POSITION Th e patient stands (or sits), with good posture and arms relaxed at the sides.

 THERAPIST POSITION Th e therapist stands directly behind the patient.

 PROCEDURE With testing of upper thoracic rotation, the therapist uses one thumb to palpate the apex of 
the patient’s C7 spinous process. Th e other thumb is used to palpate the apex of the patient’s 
T4 spinous process. Th e patient is instructed to rotate the upper thoracic spine by slowly 
turning the head and neck to look over the right shoulder. Th e therapist should observe for 
the C7 spinous process to move to the opposite side of the rotation with a slight upswing 
at the end of the movement. Th e procedure is repeated, with the thumb moved from C7 to 
T1 and then to T2.

 NOTES Whether or not the motion reproduces symptoms is noted, as are the location and nature 
of the symptoms. Th e thumb position is maintained to assess rotation in the opposite 
direction. Th e amount of motion available in each direction at each spinal segment is 
compared.
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Active Range of Motion Cervical Spine Rotation in Supine

Inclinometer placement for measurement of supine 
cervical spine rotation

Supine cervical rotation measured with inclinometer

 PATIENT POSITION Th e patient is supine with the head resting on a small to medium-sized pillow.

 THERAPIST POSITION Th e therapist stands at the head of the table.

 PROCEDURE Th e patient is instructed to rotate the cervical spine by slowly turning the head and neck to 
look over the right shoulder. A gravity inclinometer can be positioned on the forehead and 
used to measure the motion.

 NOTES Th e amount of motion available in both directions is compared. Whether or not the motion 
reproduces the patient’s symptoms is noted, as are the location and nature of the symp-
toms produced. If neck pain is reported on the ipsilateral side of the most restricted rota-
tion direction, cervical downglide restrictions are suspected on the symptomatic side. If 
neck pain is reported on the contralateral side of motion restriction, cervical upglide 
restrictions are suspected on the symptomatic side. Passive intervertebral motion (PIVM) 
testing must be completed to isolate the passive segmental mobility. Supine rotation test-
ing is a quick way to assess premanipulation and postmanipulation range of motion. Piva 
et al32 used a gravity inclinometer to test cervical spine rotation AROM in supine and 
reported an ICC of 0.86 (0.74 : 0.93) for right rotation and of 0.91 (0.82 : 0.96) for left  rota-
tion, a SEM of 4.8 degrees (right) and 4.1 degrees (left ), a minimal detectable change of 13 
degrees (right) and 11 degrees (left ), and a Kappa value of 0.76 (right) and 0.74 (left ) for 
symptom reproduction.



www.manaraa.com

CHAPTER 2 Spinal Examination and Diagnosis in Orthopaedic Manual Physical Therapy 41

Thoracolumbar Forward-Bending Active Range of Motion

Lumbar and thoracic forward-bending visual inspection

 PATIENT POSITION Th e patient stands, with good posture and arms relaxed at the sides.

 THERAPIST POSITION Th e therapist stands behind or just lateral to the patient with a clear view of the thoracic 
and lumbar spine.

 PROCEDURE Th e patient is instructed to forward bend the thoracic and lumbar spine by slowly forward 
bending the head and neck, then the shoulders, followed by the thoracic and lumbar spine. 
Th e patient is guarded during the examination to prevent loss of balance and falling for-
ward. Th e therapist should observe for a smooth forward curve in the thoracic spine and a 
straightening or reversal of the lordosis in the lumbar spine.

 NOTES Whether or not the motion reproduces the patient’s symptoms is noted. Th e therapist 
should observe and palpate for any shaking, juddering, or trick (i.e., aberrant) movements 
during the motion because these may indicate instability in the lumbar spine. Also, the 
presence of lateral deviation with forward bending is noted because this may be a sign of a 
facet joint restriction. Th e motion may be repeated up to 10 times to determine whether 
symptoms centralize or peripheralize with the active motion. Once a change in symptoms 
is noted, the repeated movements are discontinued for that test direction.
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Lumbar Forward-Bending Measurement

 PATIENT POSITION Th e patient stands with feet shoulder width apart, good posture, and arms relaxed at the 
sides. For the double inclinometer method, inclinometers are placed at midline of the 
spine in line with the PSIS and 15 cm above the baseline mark. Th e starting position angles 
of both inclinometers are zeroed. For the single inclinometer method, place the inclinom-
eter at the T12 spinous process.

 THERAPIST POSITION Th e therapist stands just lateral to the patient with a clear view of the thoracic and lumbar 
spine and inclinometers.

 PROCEDURE Th e patient is instructed to forward bend the thoracic and lumbar spine by slowly forward 
bending the head and neck, then the shoulders, followed by the thoracic and lumbar spine. 
Th e angle of both inclinometers at the end position is noted, and the degree of forward 
bending is calculated with subtracting the angle of the lower inclinometer (represents hip 
motion) from the upper inclinometer (represents total motion). For the single inclinome-
ter method, simply document the degree of forward bending from the start position.

 NOTES Nitchke et al34 found ICC levels for intertester reliability to be 0.35 and for intratester reli-
ability to be 0.52. Maher and Adams35 found a strong correlation between the inclinometer 
method of measuring lumbar forward-bending and backward-bending motion and radio-
graphic assessment. A single inclinometer method has also shown good reliability when 
performed with placing a single inclinometer at the T12 vertebra.36
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Thoracolumbar Backward-Bending Active Range of Motion

 PATIENT POSITION Th e patient stands, with good posture and arms folded across the chest.

 THERAPIST POSITION Th e therapist stands behind or just lateral to the patient with a clear view of the thoracic 
and lumbar spine.

 PROCEDURE Th e patient is instructed to backward bend the thoracic and lumbar spine by slowly lean-
ing backward as far as comfortable. Th e therapist should be sure to guard the patient dur-
ing the examination to prevent loss of balance and falling backward.

 NOTES Th e therapist should observe for symmetry in the motion and an increase in lumbar lordo-
sis. Whether the motion reproduces the patient’s symptoms is noted. Th e motion may be 
repeated up to 10 times to determine whether the symptoms centralize or peripheralize. 
Once a change in symptoms is noted (i.e., centralization or peripheralization), the repeated 
movements are discontinued for that test direction. Lumbar backward bending can be 
measured with either a single or double inclinometer method similar to that described for 
lumbar forward bending.
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Thoracolumbar Lateral Flexion Active Range of Motion

 PATIENT POSITION Th e patient stands, with good posture and arms relaxed at the sides.

 THERAPIST POSITION Th e therapist stands directly behind the patient.

 PROCEDURE Th e patient is instructed to side bend the thoracic and lumbar spine by slowly side bending 
the head and neck, then the shoulders, followed by the thoracic and lumbar spine to the 
right. Th e therapist should observe for a smooth curve throughout the thoracic and lumbar 
spine. Any fulcruming throughout the spinal segments is noted as is whether the motion 
reproduces the patient’s symptoms. Th e procedure is repeated with side bending to the 
left . Th e amount of motion available in each direction is compared.

 NOTES A fl at area may be an indication of muscle or joint tightness, and a fulcrum point in the 
range of motion may indicate greater mobility at that spinal level compared with the seg-
ments above and below the fulcrum point.

Lumbar and thoracic lateral flexion (side-bending) 
left

Lumbar and thoracic lateral flexion (side-bending) 
right
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Thoracolumbar Rotation

Lumbar and thoracic rotation left Lumbar and thoracic rotation right

 PATIENT POSITION Th e patient stands, with good posture and arms folded across the chest.

 THERAPIST POSITION Th e therapist stands directly behind the patient, gently stabilizing the patient’s pelvis.

 PROCEDURE Th e patient is instructed to rotate the thoracic and lumbar spine by slowly turning the 
head and neck to look over the right shoulder and by continuing to rotate the shoulders 
to include the thoracic and lumbar spine. Th e therapist should observe for side bending of 
the thoracic and lumbar spine to the left  (the opposite direction of the rotation). Whether 
the motion reproduces the patient’s symptoms is noted. Th e procedure is repeated with 
rotating to the right. Th e amount of motion available in each direction is compared.

 NOTES Overpressure through the pelvis can be provided by the therapist to determine the reactiv-
ity of the stretched tissues with this motion.
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Lumbar Extension–Side-Bending–Rotation Combined Motion

 PURPOSE Th e purpose of this motion is to assess the amount of motion and pain provocation with 
the combined motion of backward bending, side bending, and rotation.

 PATIENT POSITION Th e patient is standing.

 THERAPIST POSITION Th e therapist stands at the side opposite to the direction of side bending and rotation.

 HAND PLACEMENT Th e right hand is positioned with the arm across the patient’s chest holding the patient’s 
left  shoulder.

  Th e left  hand is positioned with the radial aspect of the second digit at the lower lumbar 
spine to create a fulcrum point for the motion.

 PROCEDURE Th e therapist guides the patient into lumbar extension, left  side bending, and left  rotation 
with the right arm as the left  hand creates a fulcrum point for the motion.

 NOTES In theory, pain provocation at the low back could result from loading the lumbar facet 
joints on the side of the combined motions, and leg pain could be provoked with loading 
and closing the lumbar neuroforamen. Haswell37 reported a Kappa value of 0.29 (0.06 to 
0.52) for intertester reliability in pain provocation with this combined motion test in 35 
patients with low back pain.
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Lumbar Side-Glide (Lateral Shift Correction)

 PURPOSE Th e purpose of this motion test is to assess the eff ects of a manual lateral shift  correction 
on the intensity and location of low back and leg pain.

 PATIENT POSITION Th e patient is standing.

 THERAPIST POSITION Th e therapist places the left  shoulder at the lateral aspect of the thorax on the side of the 
lateral shift  and overlaps the hands at the lateral aspect of the pelvis on the opposite side of 
the shoulders.

 PROCEDURE Th e therapist guides the patient into a lateral shift  correction with a force couple of later-
ally directed forces of the therapist’s left  shoulder toward the right and hands pulling the 
pelvis toward the left . Th e patient is monitored for the eff ect on symptoms, and the proce-
dure is repeated up to 10 times until determination of whether the correction has no eff ect, 
peripherizes symptoms, or centralizes symptoms.

 NOTES If the lateral shift  correction centralizes symptoms, the correction is repeated as part of the 
treatment program with other repeated movements that have a centralization eff ect on the 
patient’s symptoms. If symptoms peripheralize into the lower extremity with this maneu-
ver, further assessment is needed to determine whether other repeated movements, 
manipulation, exercise, or traction are required to aff ect the symptoms in a more positive 
way. Although a lateral shift  posture is commonly associated with the presence of a herni-
ated disc, other impairments such as spinal facet joint, pelvic, and myofascial system dys-
functions can cause a patient to assume this posture. A thorough analysis of the patient’s 
history and examination of the lumbopelvic structures is needed to develop a treatment 
plan of care to address the impairments that contribute to a lateral shift  posture.



www.manaraa.com

CHAPTER 2 Spinal Examination and Diagnosis in Orthopaedic Manual Physical Therapy48

Hook-Lying Lower Trunk Rotation

 PATIENT POSITION Th e patient is supine hook lying with knees fl exed to 90 degrees and feet fl at on the table.

 THERAPIST POSITION Th e therapist kneels at the foot end of the table.

 GONIOMETER ALIGNMENT Th e stationary arm is perpendicular to the table or parallel to a plumb line or straight edge 
on the wall at the head of the treatment table.

Th e axis point is 3 inches superior to the talus of the superior lower extremity with the bot-
tom edge of the 14-inch plastic goniometer resting on the talus.

Th e moving arm is parallel to the shaft  of the tibia, pointing to the tibial tuberosity.

 PROCEDURE Th e angle of the top leg to the stationary arm represents the degree of lower trunk rotation. 
Th e patient can be asked to perform the motion with three repetitions in each direction as 
a warm-up before the measurement is taken. As the patient moves the legs to the right, a 
left  rotation of the lumbar spine is produced.

 NOTES Olson and Goerhing38 tested the reliability of this goniometric measurement and found 
Pearson correlation coeffi  cients for intrarater reliability that ranged from 0.59 to 0.82 for 
right rotation (P < .001) and 0.76 to 0.82 for left  rotation (P < .001) and for interrater reli-
ability that ranged from 0.62 to 0.83 with right rotation (P < 0.001) and 0.75 to 0.77 for left  
rotation (P < 0.001). Asymmetry in lower trunk rotation is an impairment that can be 
treated with lumbar rotation manipulation techniques directed in the direction of the 
limitation.
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Documentation

When measured with a goniometer or inclinometer, active 
range of motion can be documented with writing the motion 
and the corresponding degree measurement. Active range of 
motion visual estimates are documented with stating the per-
centage of the expected range of motion that is observed. A 
chart with lines for each motion can also be used as a shorthand 
method of documentation, with the end of the stem represent-
ing 100% of expected motion (Figure 2-6).

PALPATION
Palpation is the process of examining the body by means 
of touch and is a fundamental physical therapist skill that 
provides information about bony landmark location, tissue 
temperature, texture, resilience, and motion.39 Palpation can 
be divided into palpation for tissue condition, palpation for 
bony landmark position, and palpation for passive interverte-
bral motion.

Palpation for Passive Intervertebral Motion
Physical therapists generally examine passive intervertebral 
joint motion (PIVM) as part of the examination of patients 
with spinal disorders. PIVM testing involves the process of pas-
sively inducing spinal segmental motion while simultaneously 
att empting to palpate and judge the amount and quality of 

motion. PIVM tests can also be used as pain provocation tests. 
Some authors separate PIVM tests into two subcategories: pas-
sive physiologic intervertebral motion testing (PPIVM) and 
passive accessory intervertebral motion testing (PAIVM).40 
Th e PPIVM tests involve induction and palpation of motion in 
the cardinal planes of movement such as forward bending, side 
bending, and rotation. PAIVM tests involve induction and 
judgment of joint play movements that require an outside force 
to produce the motion such as a posterior to anterior gliding 
motion of the spinal segment. In addition to being used as a 
passive motion assessment, PAIVM tests are more likely to be 
used for assessment of end feel and pain provocation. PPIVM 
tests are primarily used for assessment of segmental passive 
movements and at times end feel but less commonly for pain 
provocation.

Th e results of PIVM test mobility judgments can be graded 
and documented simply as hypomobile, normal, or hypermo-
bile for each motion direction and each spinal segment tested. 
Another common mobility scale fi rst published by Gonnella, 
Paris, and Kutner41 incorporates a 7-point (0 to 6) grading scale, 
with 0 mobility denoting a fused spinal segment and 6 mobility 
used to describe an unstable joint. A 3/6 on the mobility scale is 
used to denote a normal degree of mobility judgment for the 
individual tested. See Table 2-2 for further description of each 
category on the mobility scale.

Th e results of pain provocation assessments from PIVM 
tests are commonly described as the level of tissue or joint reac-
tivity.42 Table 2-3 outlines three levels of joint reactivity that 
are based on when the sequence of pain provocation is pro-
duced in relation to range of mobility assessment. For instance, 
a high level of reactivity is described as when pain provocation 
is reported before resistance to passive motion is detected. A 

FB

BB

RR

SBR

RL

SBL

FIGURE 2-6 Each line represents 100% of expected range of 
motion. Slash mark at corresponding length of the line can be 
made at the observed visual estimate of percent of expected 
motion in each direction tested. Three slash marks can be 
used when myofascial limitations are suspected of causing 
limitation in motion. “X” is used at point of limitation when 
pain provocation is reported with motion. Additional written 
notes of pain location with each motion can also be made. 
Deviations in motion direction or muscle shakiness can also 
be drawn on motion diagram.

TABLE 2-2 PIVM Grading System

GRADE DESCRIPTION TREATMENT

0 Ankylosis or no 
detectable movement

No treatment

1 Considerable limita-
tion in movement

Mobilization/manipulation

2 Slight limitation in 
movement

Mobilization/manipulation

3 Normal No treatment

4 Slight increase in 
motion

No treatment or stabilization 
exercises

5 Considerable increase 
in motion

Stabilization exercises and 
treatment of neighboring 
hypomobility

6 Unstable Stabilization exercises and 
treatment of neighboring 
hypomobility; external sup-
port; fusion

Adapted from Gonnella C, Paris SV, Kutner M: Phys Ther 62(4):436-444, 1982.
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moderate level of reactivity is described as when pain provoca-
tion is reported synchronous to detection of resistance to pas-
sive motion. A low level of reactivity is described as when pain 
provocation is reported aft er resistance to passive motion is 
detected. In other words, pain is reported only with overpres-
sure to passive motion.

In addition, PIVM tests can be used to make judgments on 
end feel, which is the quality of resistance that the clinician 
feels when passively taking a joint to the clinical limits of range. 
Th e type of end feel depends on the anatomic structure of the 
joint tested. Th e end feel can be judged as normal or abnormal 
for that joint. Th e spinal segments typically are restrained by 
capsular and ligamentous tissues. Th erefore, the end feel with 
performance of PAIVM tests for the spine tends to be a fi rm 
capsular or tissue stretch end feel. Box 2-4 outlines and 
describes normal and abnormal end feels. Olson et al43 found 
that the reliability of end feel testing was higher than the reli-
ability for mobility judgments with testing of PIVM for cranio-
vertebral side bending. Patla and Paris44 showed fair to good 
interrater reliability for testing end feel of the elbow joint with 
a Kappa value of 0.40 for testing end feel of elbow fl exion and a 
Kappa value of 0.73 for testing end feel of elbow extension. 
Most reliability studies on PIVM testing have focused on judg-
ments of mobility or pain provocation or both.

Manual physical therapists use the results of PIVM tests to 
guide which interventions will be used. Th erapists who use the 
examination of passive intervertebral joint motion as part of 
the comprehensive examination of spinal conditions are able to 
formulate intervention plans that achieve positive patient out-
comes.45-53 In addition, clinical prediction rules that predict 
patient success from lumbar manipulation and lumbar stabili-
zation exercise programs to treat low back pain include the 
results of posterior to anterior PAIVM tests in the set of criteria 
that comprise the rules,15,16 which validates the clinical utility 
of the PAIVM testing in clinical decision making to enhance 
treatment outcomes for patients with low back pain. However, 
when passive intervertebral joint motion testing has been stud-
ied in isolation, both interrater and intrarater reliability results 
have been poor.41,43,54-56

In clinical situations, therapists rarely use passive joint 
mobility examinations in isolation. Rather, they combine the 
results of passive mobility examinations with other examina-
tion procedures, such as patient history, observation, palpation 
for position and condition, active range of motion, and various 
other selected special tests. With use of the results of a cluster of 
examination procedures that have adequate reliability, rather 
than those of only a single examination procedure, the thera-
pist can determine the patient’s specifi c impairments and gen-
erate an intervention plan. Professional standards are not met 
with an intervention plan based on the results of only one 
examination procedure. However, most studies that have 
looked at rater reliability have studied specifi c examination 
procedures in isolation.41,43,54-56

Gonnella, Paris, and Kutner41 assessed passive interverte-
bral forward bending of levels T12 to S1 and found reasonably 
good intrarater reliability but poor interrater reliability. Th ey 
suggested that reliability might be increased by bett er clarify-
ing the patient position and determining whether the therapists 
were assessing range of motion or end feel during the 
examination.41

In the chiropractic literature, Nansel et al55 concluded that 
motion-based palpation showed poor reliability (z < .05; Kappa 
coeffi  cient, 0.013) and found that it may not be an internally 
valid predictor of vertebral joint dysfunction in otherwise 
healthy asymptomatic individuals.56 Strender, Lundin, and 
Nell56 looked at seven diff erent examination procedures 
of the cervical spine, some of which were PIVM tests, 
and showed poor interrater reliability (Kappa coeffi  cients for 
mobility testing were C0-C1 = 0.091; C1-C2 = 0.15; C2-C3 = 
0.057).

Maher and Adams35 studied the reliability of pain and stiff -
ness assessments with a posterior-anterior passive accessory 

TABLE 2-3 Reactivity*

LEVEL OF REACTIVITY DESCRIPTIONS

High reactivity Pain is reported before detection of resis-
tance to passive motion 

Moderate 
reactivity

Pain is reported synchronous to detection 
of resistance to passive motion

Low reactivity Pain is reported after detection of resis-
tance to passive motion (pain only with 
overpressure to passive motion)

Adapted from Paris SV: Introduction to spinal evaluation and manipulation, 
Atlanta, 1986, Institute Press.
*Level of reactivity is used to describe relationship of pain provocation as it 
relates to sense of tissue resistance during passive motion, accessory motion, or 
PIVM testing.

BOX 2-4 End Feel Classifications

Normal End Feel
Soft tissue approximation: Soft tissue presses against soft 

tissue at the end of mobility
Tissue stretch: Firm end feel that gives with overpressure at 

end of expected mobility
Bone to bone: Hard end feel at the end of mobility as a result 

of normal anatomic structure

Abnormal End Feel
Muscle guarding: Muscle holding or tension limiting the 

passive mobility
Hard capsular: A firm tissue stretch felt before expected pas-

sive mobility
Bone to bone: Hard end feel felt before expected passive 

mobility
Empty: Minimal resistance felt, but motion stopped because 

of severe pain
Springy block: A springy rebound to passive mobility from 

internal joint derangement

Data from Paris SV, Loubert PV: FCO foundations of clinical orthopaedics, 
Atlanta, 1990, Institute Press; McGee DJ: Orthopedic physical assessment, ed 4, 
Philadelphia, 2002, Saunders; and Cyriax J: Textbook of orthopaedic medicine: 
diagnosis of soft tissue lesions, vol 1, ed 8, London, 1982, Balliere Tindall.
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intervertebral motion (PAIVM) test of the lumbar spine and 
found poor reliability in determining stiff ness (ICC values of 
0.03 to 0.37) but good reliability in pain reproduction. Binkley, 
Stratford, and Gill54 studied lumbar posterior-anterior PAIVM 
testing and showed poor reliability (ICC R = 0.25) and sug-
gested that caution should be used with the results of this 
assessment in the absence of other data. Hicks et al57 studied 
interrater reliability in identifi cation of lumbar segmental insta-
bility. Again, the segmental mobility interrater reliability was 
poor (−0.02 to 0.26), and the interrater reliability for pain 
provocation was more acceptable (0.25 to 0.55).

Olson et al43 assessed interrater reliability of craniovertebral 
side bending in fi ve diff erent positions of 10 healthy subjects 
and found poor interrater (Kappa values of −0.03 to 0.18) and 
intrarater (Kappa values of −0.02 to 0.14) reliability in all posi-
tions. Interrater reliability of C1-C2 rotation, C2-C3 lateral 
fl exion, C7-T1 fl exion/extension, and fi rst rib spring test was 
assessed by Smedmark, Wallin, and Arvidsson.58 Th ese results 
were somewhat bett er, showing fair to moderate reliability 
(Kappa scores ranged from 0.28 to 0.43).58 Patients were used 
in this study, and eff orts were made to standardize the testing 
protocol.58

Jull, Bogduk, and Marsland59 were able to show excellent 
symptom reproduction with palpation and isolation of upper 
cervical facet joints, and validation of the palpation fi ndings 
was confi rmed (100% agreement) with pain relief produced 
with anesthetic nerve blocks to the targeted symptomatic 
joints.

In clinical situations, therapists rarely use passive joint 
mobility examinations in isolation. Rather, they combine the 
results of the assessment with the results of other examination 
procedures. Cibulka and Koldehoff 60 showed excellent interra-
ter reliability in assessment of the sacroiliac joint (Kappa value 
of 0.88) with use of a cluster of four examination procedures, 
with the requirement that three of the four have positive results 
to consider the patient to have a sacroiliac dysfunction. How-
ever, Pott er and Rothstein61 showed poor reliability when 
studying each of those same four examination procedures in 
isolation.

Th e design of Cibulka and Koldehoff ’s60 study more closely 
emulates how therapists actually assess patients in the clinic. 
Riddle et al62 att empted to reproduce Cibulka and Koldehoff ’s 
study of the sacroiliac joint examination procedures. Th ey used 
the same four clinical examination procedures; however, they 
used multiple pairs of testers and multiple clinical sites. In this 
study, the testers were given writt en instructions on the tech-
niques to be performed; whereas the study from Cibulka and 
Koldehoff  did not specify how the testers were trained.62 Riddle 
et al62 had less favorable results than did Cibulka and Koldehoff  
with Kappa scores ranging from 0.11 to 0.23. Th is contrast in 
the results of these two studies points to the need to standard-
ize examination and training programs to enhance the reliabil-
ity between testers.

Jarett  et al63 assessed the reliability of use of a cluster of four 
examination procedures to diagnose craniovertebral (CV) dys-
functions if three of four procedures had positive results. Th e 

four criteria included resting head position measured with a 
CROM inclinometer device, a patt ern of AROM restriction 
characteristic of CV dysfunction, asymmetric position of the 
C1 transverse process with palpation, and limitation of motion 
or abnormal end feel assessment with passive CV side-bending 
test. For the composite test results, the Kappa coeffi  cient for the 
symptomatic group was 0.524, with an 87% agreement between 
the two therapists. For the individual tests, the Kappa scores 
ranged from −0.047 (palpation of the transverse process of C1) 
to 0.516 (resting CROM position), with percent agreements 
ranging from 77% to 90%. Overall, this study showed higher 
Kappa values with use of a cluster of examination fi ndings (cat-
egorized as fair to moderate) to determine an impairment when 
compared with the Kappa values of the individual examination 
fi ndings (categorized as poor to moderate).63

In general, the interrater reliability of PIVM testing is poor, 
and at times, the intrarater reliability has reached a more accept-
able moderate level. See Table 2-4 for further review of individ-
ual reliability studies for PIVM testing. Use of palpation and 
PIVM testing for symptom reproduction has shown acceptable 
and, at times, very good levels of reliability. In addition, inclu-
sion of PIVM testing in a cluster of fi ndings to arrive at a diag-
nosis has shown more acceptable levels of reliability; and 
inclusion of posterior to anterior (PA) PAIVM test fi ndings in 
the clinical prediction rules for lumbar manipulation and stabi-
lization helps to further validate the clinical usefulness of these 
procedures.15,16

Th e clinical implications of this body of research on reliabil-
ity of PIVM testing are that PIVM tests that focus on mobility 
assessment should not be used in isolation to determine an 
impairment diagnosis or to guide treatment decisions. Instead, 
these examination procedures must be used as part of a cluster 
of fi ndings to arrive at a diagnosis; the other examination pro-
cedures should include symptom reproduction, AROM test-
ing, results of disability and fear avoidance questionnaires, and 
symptom location and behavior. In addition, the motor learn-
ing processes used by student therapists to master passive inter-
vertebal motion testing can enhance the ease of learning 
manipulation procedures. Student physical therapists are sug-
gested to develop competence and be tested on the manual 
examination skills such as PIVM testing before being taught 
spinal manipulation.64

Detailed illustrations and descriptions of passive interverte-
bral motion tests are included in Chapters 4, 5, and 6 for 
each region of the spine. When available, the reliability and 
validity of each test are included with the description of the 
technique. Box 2-5 outlines general performance recommen-
dations for clinicians to consider when performing passive 
intervertebral motion testing. Palpation for tissue condition 
and position procedures are included in this chapter because 
these procedures are oft en included as part of the general spinal 
examination.

Palpation for Tissue Condition
Th e layers of connective tissue of the back should be carefully 
palpated and assessed as part of the comprehensive spinal 
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examination. First, the therapist should start with inspection 
and palpation of the skin. Th e therapist needs to look for any 
skin lesions, scars, or areas of discoloration and ask the patient 
follow-up questions on the history of any signifi cant fi ndings. 
Th e skin is palpated for extensibility, temperature, and mois-
ture. Increased temperature is an indication of an infl amma-
tory process. Poor skin extensibility may be an indication 
of a connective tissue disorder or of a chronically stiff  back. 
Figure 2-7 provides a grid for documentation of PIVM fi ndings 
and also provides a body diagram and key for shorthand nota-
tion of palpation fi ndings.

BOX 2-5 PIVM Technique Considerations

1. Patient positioning
a. Relaxed and well supported
b. Spinal neutral position

2. Position of therapist
a. Good body mechanics with table at appropriate 

height
b. As close to patient as possible
c. Firm and professional contact

3. Performance of technique
a. Slow, rhythmic, relaxing movements
b. Relax palpating hand
c. Palpate for, do not create or block, movements
d. Consider starting away from restricted and painful 

segments

Adapted from Paris SV, Loubert PV: FCO foundations of clinical orthopaedics, 
Atlanta, 1990 Institute Press.

KEY

Comments:

X
tender

x
centered
pain

////
guarding

SEG

1
2
3
4
5
6
7
1
2
3
4
5
6
7
8
9
10
11
12
1
2
3
4
5

FB SBL SBR RL RR BB

0 Ankylosed
1 Considerable restriction
2 Slight restriction
3 Normal

4 Slight increase
5 Considerable increase
6 Unstable

FIGURE 2-7 Body chart can be used to document palpation findings, and grid can be used to document PIVM test findings.
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Skin Palpation for Temperature and Moisture

Skin temperature and moisture assessment with forearm Skin temperature and moisture assessment with dorsum 
of the hand

 PATIENT POSITION Th e patient is prone, with a pillow under the chest/trunk.

 THERAPIST POSITION Th e therapist stands next to the patient.

 PROCEDURE Starting in the cervical region, the therapist uses the dorsum of the hand or the volar aspect 
of the forearm to palpate the entire length of the spine for temperature and moisture. Both 
the right and left  sides of the back are palpated.

 NOTES Th e temperature of the back should be warm in the cervical region, slightly warmer in the 
thoracic region, and slightly cooler in the lumbar region. Th e therapist should observe for 
deviations from this patt ern and for diff erences between right and left  sides. Increases in 
temperature and moisture could be a sign of infl ammation, and decreases in temperature 
and moisture could be a sign of a chronic disorder.

Subcutaneous Tissue Assessment

Skin rolling
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 PATIENT POSITION Th e patient is prone with a pillow under the chest/trunk.

 THERAPIST POSITION Th e therapist stands next to the patient.

 PROCEDURE Th e therapist uses the thumb and index fi nger to gently pinch and lift  the skin just lateral 
to the spine. Th e skin between the thumb and index fi nger is gently “rolled” to assess for 
mobility. Th e entire length of the spine is assessed, with comparison of right and left  
sides.

 NOTES Th e skin and subcutaneous tissue should be soft  and easy to move. Th e therapist should 
note any tenderness, abnormal amounts of fat, fl uid, edema, or nodules. Th e skin and sub-
cutaneous tissues are typically more mobile around the lumbosacral junction, the cervi-
cal/thoracic junction, and the scapula. Skin extensibility can also be tested with the pads 
of the index and long fi ngers to move the skin in small x shapes along the lateral aspect of 
the spine.

Muscle Palpation

Palpation of specific spinal muscles of various depth “Muscle splay”

 PATIENT POSITION Th e patient is prone, with a pillow under the chest/trunk.

 THERAPIST POSITION Th e therapist stands next to the patient.

 PROCEDURE First, the therapist uses the pads of the index and long fi ngers to palpate the layers of mus-
cle tissue, with assessment for signs of muscle holding, tenderness, or edema. Next, the 
index/long fi ngers and thumbs are used to make a triangle and gently grasp the muscula-
ture just lateral to the spine. Th e therapist assesses how the musculature moves by alter-
nately “pushing” with the thumbs and “pulling” with the fi ngers. Th is technique is called 
“muscle splay.”

 NOTES Th e muscles should be soft  and easy to move. Th e therapist should note any areas of tender-
ness or muscle guarding. Th e right and left  sides are compared. See Box 2-6 for an outline 
of dysfunctional muscle holding states that can be identifi ed with palpation of tissue con-
dition and when found may be an indication to assess the anatomic region for additional 
impairments.

Subcutaneous Tissue Assessment—cont’d
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BOX 2-6 Dysfunctional Muscle Holding States

Muscle Spasm
Sudden involuntary muscle contraction
Observe twitching of the muscle

Involuntary Muscle Holding
Increased muscle tone caused by an underlying dysfunc-

tion (e.g., instability)
Disappears when adequately supported
Hypertonic but otherwise normal to touch

Chemical Muscle Holding
Increased tone remains in multiple positions
Increased muscle tone to touch that is nonelastic, thick-

ened, dense tissue
Limited range of motion and extensibility

Caused by sustained involuntary muscle holding
Retention of metabolites and tissue fluids cause fur-

ther nociception

Voluntary Muscle Holding
Increased muscle tone from pain or fear of pain
Voluntary movements are restrained

Adaptive Shortening
Normal tone
Limited range of motion from shortened muscle
Loss of sarcomeres
Can be caused by postural adaptation or sustained 

muscle holding states

Adapted from Paris SV, Loubert PV: FCO foundations of clinical orthopaedics, Atlanta, 1990, Institute Press.

Palpation of Supraspinous and Interspinous Ligaments

 PATIENT POSITION Th e patient is prone with a pillow under the chest/trunk.

 THERAPIST POSITION Th e therapist stands next to the patient.

 PROCEDURE To palpate the supraspinous ligament, the therapist uses the pad of the long fi nger and pal-
pates the interspinous space. Th e ligament should be springy and nontender.

To palpate the interspinous ligament, the therapist uses the pad of the long fi nger and pal-
pates just deep and lateral to the supraspinous ligament. Both right and left  sides of the lig-
ament are palpated. Th e ligament should be springy and nontender. Th e interspinous liga-
ments are short and strong and connect the adjoining spinous processes throughout the 
thoracic and lumbar spine.

 NOTES Ligaments should normally feel smooth and taut with a springy suppleness. If tenderness 
is reported, especially if combined with a feeling of swelling, the ligament is likely infl amed. 
If the ligament feels thickened, hard, and tight, hypomobility is likely at that spinal seg-
ment. Strender et al65 reported a Kappa value of 0.55 for intertester reliability for reproduc-
tion of tenderness between spinous processes of the lumbar vertebra in examination of 
patients with low back pain.
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Palpation for Position
For diagnosis of a positional fault of a vertebra, stiff ness must 
be noted with PIVM testing with an att empt to move the spinal 
segment out of the suspected faulty vertebral position. Joint 
stiff ness must be found at the spinal segment to warrant manip-
ulation to correct a positional fault. In theory, a positional fault 
of a spinal segment may occur when a vertebra is unable to 
return to its neutral or rest position. Paris42 describes three sus-
pected theoretic causes:

1. A vertebra may get caught on a rough surface of the 
joint.

2. An impacted meniscus may lock the facet joints.
3. Th e facet joints may stiff en in a position aft er an injury.
Although the three theories are physiologically possible, 

very litt le to no evidence is available to prove that positional 
faults exist, that positional faults can be reliably detected, or 
that positional faults can be corrected with manipulation tech-
niques. Th is is likely the result of the lack of a device that can 
detect and measure positional faults in a reliable and valid man-
ner combined with the fact that a great deal of normal anatomic 
variability may be misinterpreted as a positional fault.
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Pinch Test: Thoracic and Lumbar Spines

Pinch test for assessment of relative positions of spinous 
processes

 PATIENT POSITION Th e patient is prone with a pillow under the chest/trunk.

 THERAPIST POSITION Th e therapist stands next to the patient.

 PROCEDURE Th e therapist uses the pad of the long fi nger to palpate each interspinous space in the lum-
bar and thoracic spine. Palpation should begin in the lumbar spine and continue cranially. 
Any forward bent or backward bent positional faults are noted. Also, any swelling or ten-
derness is noted. Th e therapist uses the thumb and index fi nger to pinch adjacent spinous 
processes in the lumbar and thoracic spine. Any rotational positional faults are noted, as is 
any swelling or tenderness.

 NOTES Because anatomic variations in spinous process length and angulation are common, devia-
tions of relative positioning of the spinous processes of the thoracic and lumbar spine must 
be interpreted with caution.
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 PATIENT POSITION Th e patient is supine with the head on a pillow.

 THERAPIST POSITION Th e therapist stands at the head of the patient.

 PROCEDURE Th e therapist uses the pads of the long fi ngers to palpate the spine of the scapula and adja-
cent soft  tissues, noting any tenderness or muscle guarding. For palpation of the articular 
pillars and facet joints of the cervical spine, the spinous process of C2 is located with the 
pad of one long fi nger. With the pads of both long fi ngers, the therapist slides laterally 
around the neck until the middle fi ngers are directly inferior to the mastoid processes. 
From this position, the pads of the middle fi ngers are used to palpate the articular pillars 
and facet joints. Th e facet joints feel like small peaks and lie deep beneath the muscle tis-
sue. Th e articular pillars feel like small valleys between each facet joint. Each facet joint 
and articular pillar are palpated from C2-C3 to C6-C7.

 NOTES Any swelling or tenderness is noted, and right and left  sides are compared. Th e therapist 
notes any signs of tenderness, swelling, muscle holding, or tissue thickening. Th e patient’s 
head should remain on the pillow throughout the procedure. Patient relaxation is the key 
to palpation of the facet joints and articular pillars. Th is technique allows for palpation of 
tissue condition and vertebral position of the cervical spine. Deviations in vertebral posi-
tion are suspected with comparison of the relative position of the left  and right articular 
pillar of each vertebra as the head and neck rest in the neutral position.

Palpation of Articular Pillars and Facet Joints of the Cervical Spine

Finger placement for palpation of articular pillars and 
facet joints of cervical spine
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Palpate and Spring Test First Rib

 PATIENT POSITION Th e patient is supine with the head on a pillow.

 THERAPIST POSITION Th e therapist stands at the head of the patient.

 PROCEDURE Th e therapist uses the radial aspect of the index fi nger and metacarpophalangeal joint to 
palpate the fi rst rib. Th e fi rst rib is located in the space lateral to the C7 transverse process, 
posterior to the clavicle and anterior to the scapula. Th e position of the rib is noted. To 
spring test the fi rst rib, the therapist side bends the head and neck towards the side tested 
to place the scalene muscles on slack and then takes up the tissue slack and gives a slight 
spring to assess the mobility.

 NOTES Any stiff ness or tenderness is noted, and right and left  sides are compared. Th is evaluation 
can also be a pain provocation test. Th e spring test assesses the mobility of the fi rst costo-
vertebral, costotransverse, and sternocostal joints. Smedmark, Wallin, and Arvidsson58 
reported a Kappa of 0.35 with testing fi rst rib stiff ness in 61 subjects with nonspecifi c neck 
problems.
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BOX 2-7 Upper Quarter Neurologic Examination

Biceps deep tendon reflex test (C5-C6)

Brachioradialis deep tendon reflex test (C6)

Triceps deep tendon reflex test (C7-C8)

Neurologic Examination
Th e neurologic examination can be divided into tests for sensa-
tion, strength, and deep tendon refl ex. If positive fi ndings are 
noted, further diagnostic testing such as a nerve conduction 
study may be indicated to confi rm the fi ndings. See Boxes 2-7 
and 2-8 for illustrations of neurologic examination procedures. 
Sensation testing should include assessment of light touch and 
sharp/dull perception and should include testing of each dermo-
tomal area. See Figures 2-8 and 2-9 for illustrations of the com-
mon dermatomes. Strength tests can be graded on a 0 to 5 scale 
as described by Kendall, McCreary, and Provance30 and should 
include at least one muscle (i.e., myotome) that corresponds to 
the anatomic nerve roots in the region of the spine assessed. For 
instance, in the examination of the cervical spine, myotomal 
strength should be assessed for the cervical nerve roots; and for 
lumbar spine examination, the lumbar nerve root myotomes 
should be evaluated. See Tables 2-5 and 2-6 for details on nerve 
root levels and corresponding muscles for each level.

Deep tendon refl exes are graded 0 to 4, with a grade 2 con-
sidered normal, a grade 4 hypertonic, and a grade 0 absent, and 
should be tested if neurologic involvement is suspected. Boxes 
2-7 and 2-8 illustrate proper deep tendon testing (DTR) tech-
nique and provide the corresponding nerve root level for each 
DTR. Vroomen, de Krom, and Knott nerus66 reported reliabil-
ity for testing Achilles and patella deep tendon refl exes on 
patients with lumbar radiculopathy as Kappa values of 0.53 
and 0.42.

Lauder et al67 used the gold standard for diagnosis of nerve 
root involvement as the cause radiculopathy as needle electro-
diagnostic procedures that included a motor nerve conduction 
study, a sensory nerve conduction study, and a standard 10-
muscle electromyogram (EMG) and compared the diagnosis 
with the results of the history and examination fi ndings. Th e 
presence of numbness has a high sensitivity for cervical radicu-
lopathy (79%), and subjects with weakness or a reduced refl ex 
were two to fi ve times more likely to have abnormal results on 

Continued
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BOX 2-7 Upper Quarter Neurologic Examination—cont’d

Myotomal testing: manual muscle test Sensation testing

TABLE 2-5 Myotomes of Upper Limb

NERVE ROOT TEST ACTION MUSCLES*

C1-C2 Neck flexion Rectus lateralis, rectus capitis anterior, longus capitis, longus coli, longus cervicis, 
sternocleidomastoid

C3 Neck side flexion Longus capitis, longus cervicis, trapezius, scalenus medius

C4 Shoulder elevation Diaphragm, trapezious, levator scapulae, scalenus anterior, scalenus medius

C5 Shoulder abduction Rhomboid major and minor, deltoid, supraspinatus, infraspinatus, teres minor, biceps, scalenus 
anterior and medius

C6 Elbow flexion and 
wrist extension

Serratus anterior; latissimus dorsi; subscapularis; teres major; pectoralis major (clavicular head); 
biceps; coracobrachialis; brachialis; brachioradialis; supinator; extensor carpi radialis longus; 
scalenus antiori, medius, and posterior

C7 Elbow extension and 
wrist extension

Serratus anterior, latissimus dorsi, pectoralis major (sternal head), pectoralis minor, triceps, pro-
nator teres, flexor carpi radialis, flexor digitorum superficialis, extensor carpi radialis longus, 
extensor carpi radialis brevis, extensor digitorum, extensor digiti minimi, scalenus medius and 
posterior

C8 Thumb extension 
and ulnar deviation

Pectoralis major (sternal head), pectoralis minor, triceps, flexor digitorum superficialis, flexor 
digitorum profundus, flexor pollicis longus, pronator quadrates, flexor carpi ulnaris, abductor 
pollicis longus, extensor pollicis brevis, extensor indicis, abductor pollicis brevis, flexor pollicis 
brevis, opponens pollicis, scalenus medius and posterior

T1 Hand intrinsic Flexor digitorum profundus, intrinsic muscles of hand (except extensor pollicis brevis), flexor 
pollicis brevis, opponens pollicis

From Magee DJ: Orthopedic physical assessment, ed 4, Philadelphia, 2002, Saunders.
*Muscles listed may be supplied by additional nerve roots; only primary nerve root sources are listed.
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BOX 2-8 Lower Quarter Neurologic Examination

Sensation light touch testing

Myotomal strength testing

Achilles deep tendon reflex (L4)

Patella deep tendon reflex (S1)
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C1-2

C2

C1-2

C2

C3

C4

C5

C5

C6

C6

C7

C8

T1

FIGURE 2-8 Dermatones of cervical spine.



www.manaraa.com

CHAPTER 2 Spinal Examination and Diagnosis in Orthopaedic Manual Physical Therapy 65

TABLE 2-6 Myotomes of Lower Limb

NERVE ROOT TEST ACTION MUSCLES

L1-L2 Hip flexion Psoas, iliacus, sartorius, gracilis, pectineus, adductor longus, adductor brevis

L3 Knee extension Quadriceps; adductor longus, magnus, and brevis

L4 Ankle dorsiflexion Tibialis anterior, quadriceps, tensor fasciae latae, adductor magnus, obturator externus, tibialis 
posterior

L5 Toe extension Extensor hallucis longus, extensor digitorium longus, gluteous medius and minimus, obturator 
internus, semimembranosus, semitendinosus, peroneus tertius, popliteus

S1 Ankle plantar flexion
Ankle eversion
Hip extension
Knee flexion

Gastrocnemius, soleus, gluteus maximus, obturator internus, piriformis, biceps femoris, semiten-
dinosus, popliterus, peroneus longus and brevis, extensor digitorum brevis

S2 Knee flexion Biceps femoris, piriforms, soleus, gastrocnemius, flexor digitorum longus, flexor hallucis, intrin-
sic foot muscles

S3 Toe plantar flexion Intrinsic foot muscles (except abductor hallucis), flexor hallucis brevis, flexor digitorum brevis, 
extensor digitorum brevis

From Magee DJ: Orthopedic physical assessment, ed 4, Philadelphia, 2002, Saunders.

L1

L1

L3 L2 L5

S1

S1-2 L5

S1

L3
L4

L5 L4

L3
L2

FIGURE 2-9 Lumbar dermatones.

electrodiagnosis.67 Reduced refl exes combined with weakness 
are associated with subjects having a nine-fold increase in the 
likelihood of cervical radiculopathy, and subjects with a 
reduced biceps refl ex were 10 times more likely to have a cervi-
cal radiculopathy with needle EMG.67 For DTR testing, the 
biceps muscle sensitivity was 0.10, the specifi city was 0.99, the 
+LR was 10.0, and the −LR was 0.91. For DTR testing, the tri-
ceps muscle sensitivity was 0.10, the specifi city was 0.95, the 
+LR was 2.0, and the −LR was 0.95. For DTR, the brachioradi-
alis muscle sensitivity was 0.08, the specifi city was 0.99, the 
+LR was 8.0, and the −LR was 0.93.67 Neurodynamic tension 
tests are also considered part of the standard neurologic exami-

nation, and detailed descriptions are included in the lumbopel-
vic and cervical spine chapters.

EVALUATION OF EXAMINATION FINDINGS 
AND THE DIAGNOSIS

Clinical decision making in orthopaedic manual physical ther-
apy should be based on an evidence-based approach. Research 
evidence supports the eff ectiveness of treating spinal disorders 
by subgrouping patients based on identifi cation of key physical 
impairments, patient characteristics, and symptoms.68 Th e 
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treatment is based on the subgroup classifi cation that the 
patient fi ts into at the time of the examination, and the sub-
grouping may change through the course of the treatment 
duration based on reexamination fi ndings. With clinical situa-
tions in which the research evidence is not clear, use of an 
impairment–based approach is the foundation of physical ther-
apy treatment of musculoskeletal disorders.

An impairment-based approach can guide clinical decision 
making when specifi c physical impairments such as joint stiff -
ness, joint hypermobility, and muscle weakness or tightness are 
identifi ed through the clinical examination, and appropriate 
interventions are administered based on the examination fi nd-
ings. For instance, identifi cation of joint stiff ness or hypomo-
bility is an indication for spinal manipulation, and joint 
hypermobility and weakness are indications for spinal stabili-
zation exercises. Th e presence of muscle or myofascial tightness 
is an indication for soft  tissue mobilization techniques and 
stretching. In this way, a problem list can be generated, and a 
specifi c intervention for each impairment can be included in 
the plan of care. Th e overall management of the patient’s condi-
tion is based on identifi cation of clusters of signs and symptoms 
characteristic of a diagnosis or classifi cation. Clinical predic-
tion rules have been developed for several spine disorders and 
can assist in guidance in the classifi cation and identifi cation of 
the best possible interventions.16,17

Fritz, Whitman, and Childs69 showed a correlation between 
patients that were judged as having lumbar hypomobility with 
passive accessory intervertebral motion (PAIVM) testing to 
respond favorably to spinal manipulation. In other words, 
patients with lumbar stiff ness are more likely to respond favor-
ably to spinal manipulation. In addition, a strong correlation 
for a positive response to a spinal stabilization exercise program 
was correlated with hypermobility noted with posterior to 
anterior (PA) PAIVM testing of the lumbar spine. Th is correla-
tion helps to link an impairment-based approach with an 
evidence-based approach and validates the use of PA PAIVM 
testing as an important component of a physical therapist 
examination scheme to determine the most eff ective interven-
tion for spinal disorders.69

Typically, medical practitioners have based a diagnosis 
either on the patient’s symptoms (such as neck pain or low back 
pain) or on results of imaging studies such as degenerative disc 
disease or osteoarthritis of the neck. Both of these types of 
diagnoses are inadequate to guide clinical decision making in 
physical therapy. Th e location of symptoms is only one fi nding 
that must be correlated with the behavior of the symptoms with 
activity and other important clinical fi ndings such as move-
ment restrictions, joint restrictions, muscle length impair-
ments, and muscle recruitment patt erns. Th e location of the 
symptoms alone cannot be the sole guide for determination of 
the most eff ective intervention.

In a recent report, patients were given a symptom-based 
diagnosis at 64% of all visits to family physicians and emer-
gency departments (EDs).70 A symptom-based diagnosis was 
given at 91% of all ED visits for neck pain.70 When a physician 
cannot identify a serious pathology, the physician makes a diag-

nosis of sprain, strain, neck pain, or back pain 90% of the time, 
which is a symptom-based diagnosis that does nothing to guide 
the proper intervention.70 Th ese fi ndings suggest that classifi ca-
tion systems are needed to guide interventions for neck and 
back pain.

Likewise, the fi ndings on imaging studies such as MRI and 
radiographs are commonly provided as the primary diagnosis. 
Although degenerative changes found on imaging studies of 
the spine could be contributing factors to the patient’s set of 
signs and symptoms, they are unlikely to be the only factor. Th e 
presence or absence of degenerative changes in the spine can-
not be the sole fi nding to guide physical therapy interventions. 
A wide range of spinal pathology has been shown on MRI 
results of asymptomatic persons including degenerative 
changes, disk protrusions, disk herniations, free fragments, and 
annular tears.26,71-74

Most physical therapy interventions do not likely change 
the degenerative fi ndings seen on imaging studies, but oft en 
improvements in mobility, pain, and function can be att ained 
with physical therapy. Th e imaging fi ndings oft en are the same 
at the end of the duration of the physical therapy treatment 
even when signifi cant clinical improvements are noted. Th ere-
fore, the imaging fi ndings cannot be used to guide nonsurgical 
treatment in most cases.

Most evidence-based guidelines for treatment of spine con-
ditions suggest use of imaging only when a patient has a red 
fl ag, has a recent history of signifi cant trauma, or has not 
responded to at least 4 weeks of conservative management.75 In 
these circumstances, imaging is indicated and typically starts 
with plain radiographs. If the patient has neurologic signs, an 
MRI may be indicated.

Completion of a comprehensive physical examination to 
determine whether the symptom behavior and physical impair-
ments follow a typical musculoskeletal patt ern can greatly 
assist in the medical screening and diagnostic process. In the 
evaluation, the physical therapist must state the clinical impres-
sion that best classifi es or diagnoses the patient’s condition. 
Next, a problem list should be included that outlines the most 
signifi cant impairments that contribute to the perpetuation of 
the patient’s primary symptoms. Th e impairment-based classi-
fi cation system aff ords a great deal of guidance in clinical deci-
sion making in patients with spinal and temporomandibular 
disorders and is described in detail in Chapters 4 through 7.

PLAN OF CARE AND PROGNOSIS
Interventions must be identifi ed in the plan of care to address 
the impairments and to best manage the patient’s diagnosed 
condition. Th ese clinical decisions should be based fi rst on 
research evidence to support the interventions within the ther-
apist’s scope of practice and based on the therapist’s clinical 
knowledge and experience regarding how to best address the 
impairments and manage the patient’s condition. For each ana-
tomic area addressed in Chapters 4 through 7, the clinical 
research is presented to assist in the clinical decision making 
for each classifi cation.



www.manaraa.com

CHAPTER 2 Spinal Examination and Diagnosis in Orthopaedic Manual Physical Therapy 67

Th e decision regarding frequency and duration of treatment 
is also based on clinical experience and research evidence. Typ-
ically, 4 to 6 weeks is needed to make signifi cant progress in 
reducing the intensity of pain and severity of disability associ-
ated with many spinal conditions. An additional 4 to 6 weeks 
may be needed to fully restore strength and function. Th e dura-
tion of treatment and the prognosis are infl uenced by the gen-
eral health and the psychosocial status of the patient as much as 
by the diagnosis. For instance, a patient who smokes, is dia-
betic, or has cardiovascular risk factors tends to recover at a 
slower rate. Psychosocial factors such as elevated fear avoid-
ance beliefs, anxiety, and depression can impact the rehabilita-
tion process and delay return to work.76 Job satisfaction before 
injury can impact the likelihood of recovery from a spine injury 
and return to work.77 In addition, patient compliance with the 
therapist’s recommendations and the patient’s level of motiva-

tion to return to the prior level of function can impact the rate 
of recovery. All these factors must be considered as a prediction 
of duration of treatment and prognosis are made at the time of 
the initial examination.

In explanations of the fi ndings of the examination and treat-
ment plan to the patient with back or neck pain, eff orts should 
be made to off er reassurance of a favorable prognosis and to 
assure the patient that most back injuries are not serious. Th e 
impact of reassurance and patient education provided by a 
healthcare worker has been shown to eff ect positive outcomes 
in treatment of back pain.78 Spending time with the patient to 
answer questions, to reassure that conservative treatment can 
help improve the condition, and to explain the plan of care can 
assist in development of rapport with the patient and in creat-
ing a favorable treatment outcome.
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CHAPTER 3

Manipulation: Theory, Practice, 
and Education
CHAPTER OVERVIEW

The purpose of this chapter is to present principles related to the practice of mobilization/manipulation. 
Theories are described that attempt to explain the effects of manipulation. A brief overview of the 
evidence that supports the use of manipulation is presented, but further detail on the evidence is 
provided in the anatomic regional chapters. In addition, potential adverse effects and contraindications 
to manipulation are discussed. Concepts of learning and teaching manipulation are also presented.

OBJECTIVES

■ Describe the theories that explain the effects of manipulation

■ Present an overview of the evidence for the effectiveness of manipulation

■ Explain the likelihood of adverse effects and contraindications and precautions to manipulation

■ Describe the guiding principles of hand/body placement and handling skills for the performance of 
manipulation technique

■ Describe the components of effective motor learning principles that facilitate learning performance 
of manipulation

INTRODUCTION OF MANIPULATION
Th e Guide to Physical Th erapist Practice1 states that manipula-
tion is an interchangeable term with mobilization and defi nes 
mobilization/manipulation as a manual therapy technique 
comprising “a continuum of skilled passive movements to joints 
and/or related soft  tissues that are applied at varying speeds 
and amplitudes, including a small amplitude/high velocity 
therapeutic movement.”1 Th e American Physical Th erapy Asso-
ciation (APTA) Manipulation Education Committ ee further 
refi ned the defi nition of high-velocity thrust manipulation as 
“high velocity, low amplitude therapeutic movements within or 
at end range of motion.”2 Th ese defi nitions are used throughout 
this textbook.

An infi nite variety of manipulation procedures is possible 
throughout the spine. Slight variations in hand placement and 
patient positioning combined with variations in velocity, 
rhythm, and depth of force application can be made to meet the 
therapeutic goals of the manual therapy procedure. Th e tech-
niques included in this text have been chosen based on applica-
tion of biomechanical principles, their ability to be modifi ed to 
meet specifi c patient needs, the evidence to support the use of 

the techniques, and the clinical usefulness and safety of the 
techniques. Maitland3 has provided a framework for descrip-
tion of various grades of mobilization/manipulation based on 
the depth within the range of motion that the force is applied 
and the rate of oscillation application. Table 3-1 provides fur-
ther description of the grades of mobilization/manipulation. 
Figure 3-1 has useful diagrams to assist in understanding the 
application of various depths of force with each grade of manip-
ulation. Grades I and II are within the range that is free of resis-
tance, and grades III and IV are passive movements that move 
up to the point of resistance. Grades III+ and IV+ are passive 
movements that stretch into the resistance of a stiff  joint.

Paris4 has described a progressive oscillation manipulation 
force application that provides a useful way to sequentially 
gradually increase the force deeper into the range of allowable 
passive mobility. Once the end of the available range is reached, 
further end-range oscillations (i.e., grade III+ or IV+), sus-
tained stretch, or short amplitude, high-velocity thrust may be 
applied. Th e treatment eff ect of reducing pain and restoring 
mobility can be att ained with end-range oscillatory techniques, 
progressive oscillation, or small amplitude, high-velocity 
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thrust. Grade I and II mobilization/manipulation techniques 
tend to be used for neurophysiological eff ects of manipulation. 
Th e advantage of the thrust manipulation is that the patient is 
less able to actively guard against a thrust and the mechanical 
and neurophysiological eff ects of the manipulation can be 
maximized.

Isometric manipulation, or muscle energy technique 
(MET), is a form of manipulative treatment in which the 
patient actively uses muscles on request from the therapist as 
the therapist holds the patient’s joint in a precisely controlled 
position, in a specifi c direction, and against a specifi c counter-
force.5 Th e technique is carried out with gradually increasing 
tension and the technique application is similar to a hold 
relax stretch technique as described by Knott  and Voss,6 but 
increased emphasis on positioning focuses the forces at a tar-
geted joint. Th e joint is positioned at the point of a barrier to 
further movement. Th is position is held as the patient is asked 
to actively move out of the position but is held in the position 
by the therapist. Aft er the isometric contraction, the joint 
is moved actively or passively further into the desired range 
of motion. Isometric manipulations use the local muscles 
att ached at the motion segment to stretch the joint and refl ex-
ively inhibit the local muscle tone at the spinal segment to allow 
easier application of an end-range manipulation.

EVIDENCE FOR MANIPULATION
Th e highest level of evidence to support interventions is based 
on the recommendations of clinical practice guidelines, sys-
tematic reviews, and metaanalysis.7 Numerous clinical practice 
guidelines have recommended manipulation for the treatment 
of spinal disorders.8-10 Th e strongest support in the literature 

for thrust manipulation is for the treatment of acute low back 
pain. Box 3-1 provides a sampling of clinical practice guidelines 
that recommend manipulation for acute low back pain (LBP). 
Numerous clinical practice guidelines recommend the inclu-
sion of manipulation within the fi rst 4 to 6 weeks of acute low 
back pain without radiculopathy.8-10 Th e fi rst such guideline to 
recommend manipulation for acute LBP was the U.S. Agency 
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FIGURE 3-1 A, Depiction of range of movement. B, Grades in 
normal range with hard end feel. C, Grades in hypermobile 
joint. L, Pathologic limit of range (hard end feel). D, Grades in 
relation to hypermobile asymptomatic range. B, Range of 
movement beyond normal average range; N, normal 
hypermobile range. E, Grades in hypermoible range with 
slight limitation and hard end feel. F, Depiction of soft end 
feel. R, Beginning of resistance. G, Grades III and IV under 
soft end feel. H, Depiction of techniques taken into resistance 
in grades III and IV under soft end feel. I, Grade II movements 
are always resistance-free movements. From Maitland G, 
Hengeveld E, Banks K, et al: Maitland’s vertebral 
manipulation, ed 7, Edinburgh, 2005, Elsevier.

TABLE 3-1 Types of Mobilization/Manipulation Techniques

TYPE DESCRIPTION

Grade I oscillation Small amplitude movement performed 
near starting position of range

Grade II oscillation Large amplitude movement performed 
within range but not reaching limit of 
range; can occupy any part of range that 
is free of stiffness or muscle guarding

Grade III oscillation Large amplitude movement performed 
up to limit of range and moves into stiff-
ness or muscle guarding

Grade IV oscillation Small amplitude movement performed 
at limit of range stretching into stiffness 
or muscle guarding

High velocity thrust High velocity, low amplitude therapeutic 
movements within or at end range of 
motion

Isometric Where patient’s muscles are used to 
mobilize joint by performing isometric 
contraction against operator’s resistance
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for Health Care Policy and Research,8 which provided the high-
est ranking of evidence for manipulation for any intervention 
included in the review. Since that time, multiple clinical prac-
tice guidelines have arrived at the same conclusion.8-10

In regard to treatment of neck pain, the clinical practice 
guidelines tend to support a multimodular approach that com-
bines nonthrust or thrust manipulation with specifi c therapeu-
tic exercise programs.11 Greater evidence is found in the 
literature to support the use of manipulation and therapeutic 
exercise than any other intervention provided by physical ther-
apists. Th e evidence for manipulation is reviewed in greater 
detail in Chapters 4 to 7, which address each region of the spine 
and the temporomandibular joint (TMJ).

EFFECTS OF MANIPULATION
During the past 150 years, many theories have been developed 
and perpetuated that att empt to explain the eff ects of manipu-
lation. From the bone sett er explanation that the cracking 
sound associated with a manipulation is a “bone being put back 
into place” to the modern exploration of the hypoalgesic eff ects 
of manipulation, practitioners have att empted to establish the-
ories to explain the mechanism for the benefi cial eff ects of 
skilled passive movements to joints and surrounding soft  
tissues.

From a physical therapist’s perspective, the two primary 
indications for spinal manipulation are pain and hypomobility. 
Th erefore the two primary eff ects of spinal manipulation are 

improvement in mobility and reduction of pain. Paris12 has out-
lined the eff ects of manipulation into three main categories: 
mechanical, neurophysiological, and psychologic. Th is outline 
establishes a useful framework for exploration of the evidence 
to support the theoretic eff ects of manipulation. Th e physiol-
ogy and clinical signifi cance of an audible joint sound that 
sometimes occurs with a manipulation are also discussed.

Mechanical Effects
Th e mechanical eff ects of manipulation include the restoration 
of tissue extensibility and range of motion of hypomobile joints. 
Th e evidence to support the mechanical eff ects of manipula-
tion can be divided into studies that show that manipulation 
can increase range of motion and animal studies that examine 
how joints and connective tissues respond to immobilization, 
injury/repair, and mobilization/manipulation.

Many studies have shown improved range of motion aft er 
spinal mobilization/manipulation; the following are a sam-
pling of these studies. Nansel,13 who reported on a study of 24 
asymptomatic subjects with asymmetric neck side-bending 
motion, showed a signifi cant increase in cervical range of 
motion aft er thrust joint manipulation to the lower cervical 
spine compared with subjects who received placebo manipula-
tion. In another study of 16 subjects with chronic neck pain, 
subjects showed an improvement in cervical range of motion 
aft er a thrust joint manipulation to restricted C56 and C67 seg-
ments.14 In a randomized trial of 100 subjects with neck pain, 
one group received thrust manipulation and the other non-
thrust techniques to the cervical spine; both groups had similar 
improvements in range of motion.15

Th e eff ect of a single thoracic spine thrust manipulation was 
studied in 78 asymptomatic subjects who were randomly 
assigned to receive thrust manipulation to a restricted segment, 
mobility testing only, or no intervention. Th oracic manipula-
tion was associated with an increase in range of motion, but no 
improvements were noted in the two other groups.16 Sims-
Williams et al17 reported on 94 subjects who were randomly 
assigned to receive a lumbar manipulation or a placebo. Improve-
ments in range of motion were noted aft er the treatment, but no 
diff erences in range of motion were noted compared with the 
placebo group at a 1-year follow-up examination.

In theory, the mechanical eff ects of manipulation 
occur when techniques are used that apply adequate force 
to apply tensile loads to the connective tissues that comprise 
and surround the joint capsule and to stretch capsular 
adhesions that may have formed in response to the injury and 
repair process.

Connective tissues are made up of a framework of collagen 
and elastin fi bers, and the proportion of collagen and elastin 
fi bers varies from tissue to tissue depending on tissue func-
tion.18 If the tissue’s primary function is to transmit loads, such 
as tendons, or to restrain joint displacement, such as a ligament 
or joint capsule, the tissue framework is almost exclusively col-
lagen; but if a great degree of elasticity is needed, such as in the 
ligamentum fl avum, a greater percentage of the tissue is made 
up of elastin.18 Th ese connective tissue structures respond to a 

BOX 3-1  Clinical Practice Guidelines for Acute Low 
Back Pain

■ U.S. Agency for Health Care Policy and Research (1994): 
Manipulation can be helpful for patients with acute low 
back problems without radiculopathy when used within 
the first month of symptoms. (Strength of Evidence = B) 
(www.ahcpr.gov)

■ New Zealand Guidelines Group (1998): Manual loading of 
the spine with short or long leverage methods is safe and 
effective in the first 4 to 6 weeks of acute low back symp-
toms (strength of evidence = moderate). New Zealand 
Guidelines (www.nzgg.org.nz/library)

■ Department of Defense/Veterans Affairs (1999): When 
used within the first month of symptoms, manipulation 
can be helpful for patients with acute LBP without radicu-
lopathy. Strong theoretic arguments exist to couple 
manipulation with an active exercise and education 
regime. In addition, the panel believed strongly that 
manipulation should be considered as a method to speed 
reactivation of the patient. DOD/VA Guidelines (www.
cs.amedd.army.mil/qmo/lbpfr.htm)

■ Royal College of General Practitioners (1996 and 2001): 
Within the first 6 weeks of onset of acute or recurrent low 
back pain, manipulation provides better short-term 
improvement in pain and activity levels and higher 
patient satisfaction than the treatments with which it has 
been compared (strength of evidence = 3 out of a possi-
ble 4). Royal College of General Practitioners (www.rcgp.
org.uk)
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tensile load with various degrees of viscoelastic properties 
depending on the structural framework.

Woo et al19 have described the eff ects of prolonged immobi-
lization (9 weeks) as creation of a loss of extracellular molecules 
and water in the ground substance that leads to an increase in 
the number of collagen cross links, which creates inhibition of 
free-gliding collagen fi bers and resultant loss of range of motion. 
Forced passive motion restores range of motion of the immobi-
lized joint of an animal model with the greatest amount of force 
necessary with the fi rst cycle of passive range of motion.19 Woo 
et al19 explain that the fi rst cycle of passive motion disrupts the 
cross linkages between the collagen fi bers, which allows the 
fi bers to glide more freely with subsequent passive motion 
cycles.

Viscoelastic properties are illustrated with a stress/strain or 
load/elongation (Figure 3-2) curve that illustrates the eff ect on 
tissue elongation or strain that is created with a gradually 
increasing load or stress. Th e fi rst phase of the stress/strain 
curve is the toe region; this initial elongation in the tissue 
occurs with the application of a low load and is created by the 
straightening of the collagen crimp or waviness of the fi bers. 
Once the fi bers are straightened and oriented in the direction 
of the stress, an increase in load is needed to create a propor-
tional lengthening of the tissue. Th is second linear phase repre-
sents the elastic component of the tissue; if the load is released 
during this phase, the tissue returns to its original length. 
Th erefore, if a stretch is applied to a tissue with just enough 
force to elongate the tissue into the elastic phase, the tissue 
returns to its original length once the stretch is released with-
out producing a long-term increase in tissue length.

If the intensity of the load is gradually increased over time, 
microfailure of the collagen begins to occur, and when the load 

is removed, a proportional increase in tissue resting length 
remains.18 Th is third phase of the stress/strain curve is referred 
to as the plastic phase. Th e plastic phase must be reached with 
stretching/mobilizing to create a long-lasting increase in length 
of connective tissue. Th e viscoelastic property of hysteresis 
occurs when the tissue is stressed into the plastic phase. Hyster-
esis is characterized by a greater amount of energy being 
absorbed by the tissue during the loading than is dissipated 
during the unloading.20 Th is energy is likely absorbed by the 
connective tissues in the form of heat. Warren, Lehmann, and 
Koblanski21,22 have shown that heat can be used to decrease the 
amount of force needed to elongate collagen tissue. Th e heat 
production associated with hysteresis can be used to assist in 
tissue elongation.

With further increase in the strain over time, a progressive 
failure of collagen bundles occurs. Eventually, the tissue con-
tinues to elongate without needing an increased load,20 which is 
referred to as the creep phase. If the load is sustained past the 
creep phase, tensile mechanical failure or rupture of the tissue 
occurs.20 Th erefore, when a stretch/mobilization is applied to a 
tissue for the purpose of creating permanent elongation of that 
tissue, the load must be of suffi  cient intensity and duration to 
reach the plastic phase on the stress/strain curve but the failure 
point must be avoided if excessive tissue damage or rupture is 
to be prevented.

Th e stress/strain curve varies between tissues depending on 
the proportion of collagen and elastin in the tissue. A more elas-
tic tissue tends to elongate to a greater extent before microfail-
ure occurs, but complete failure occurs abruptly with a shorter 
plastic phase.23 If a tissue is stretched only within the elastic 
phase and the plastic phase is never reached, permanent elonga-
tion of the tissue does not occur. With repetition of the stretch-
ing in the elastic range of the tissue, the connective tissue 
progressively becomes stronger and more resistant to micro-
failure. Th is phenomenon was shown by Tipton et al,24 who 
found that dogs that received regular exercise needed a greater 
degree of force to create failure and rupture of the experimental 
group’s muscle tendon units as compared with a control group. 
However, Tipton et al24 also found that dogs that had been 
immobilized for 6 weeks had a signifi cantly weaker transitional 
zone in bone-tendon-bone and bone-ligament-bone prepara-
tions. Th e results of this study need to be considered in the 
stretching of connective tissues. On the basis of this animal 
research, caution must be taken to avoid rupture of previously 
immobilized tissues.

Precautions must be taken in att empts to stretch trauma-
tized connective tissues depending on the stage of infl amma-
tion and repair. Th e stages of repair of dense connective tissue 
include acute infl ammation, fi broplastic, and remodeling 
phases. Acute infl ammation lasts 2 to 14 days and is character-
ized by pain, redness, heat, swelling, and loss of function. A vas-
cular/chemical response occurs with vasodilation, exudate 
formation, and clott ing and a cellular response with phagocyto-
sis to clean the wound. Cummings, Crutchfi eld, and Barnes25 
recommend resting damaged tissues for the fi rst 24 to 48 hours 
aft er trauma to allow the repair process to begin and to avoid 
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FIGURE 3-2 Stress-strain curve of an excised ligament that has 
been stretched to a point of mechanical failure (disruption). 
The ligament is considered an elastic tissue. Zone A shows 
the nonlinear region. Zone B (elastic zone) shows the linear 
relationship between stress and strain, demonstrating the 
stiffness of the tissue. Zone C indicates the mechanical 
property of plasticity. Zones D and E demonstrate the points 
of progressive mechanical failure of the tissue. From 
Neumann DA: Kinesiology of the musculoskeletal system: 
foundations for physical rehabilitation, St Louis, 2002, Mosby.
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excessive infl ammation and bleeding. As the repair process 
continues, the wound is invaded by fi broblasts, which lay down 
collagen fi bers in a random arrangement.25 Th e new collagen 
fi bers are held together by weak hydrogen bonds during the 
fi rst 8 to 10 days, and the collagen can be easily stretched and 
molded during the fi rst 8 to 10 days.25

Th e fi broplastic phase begins at day 4 and lasts up to 21 days. 
As the wound matures, the hydrogen bonds are replaced by 
covalent bonding that strengthens the scar.25 Reepithelializa-
tion and fi broplasia with neovascularization occur during this 
phase with random strands of fi brin being laid down.26 Myofi -
broblasts also enter the wound site as early as 3 to 5 days aft er 
trauma and bond to collagen fi bers to create shrinkage of the 
wound.25,27

Th e fi nal phase of healing is the remodeling phase and 
includes consolidation (day 21 to day 60), with a change from 
cellular to more fi brous tissue, and fi nally, maturation (day 60 
to day 360), in which collagen fi bers are slowly aligned 
and strengthened, and the weak hydrogen bonds transition to 
stronger covalent bonds. Loading and stressing the connective 
tissue during the maturation phase aff ects the shape, strength, 
and pliability of the tissue. Th e collagen bundles organize 
along lines of stress, and the fi broblasts also orient to stress. 
Stress to the connective tissue stimulates glycoaminoglycan 
and proteoglycan production.26 However, too much stress 
pulls apart newly formed collagen bundles and causes acute 
infl ammation.

On the basis of this knowledge of the healing process of 
injured dense connective tissues, Box 3-2 outlines general clin-
ical guidelines to facilitate healing of the connective tissues. 
Excessive scar tissue formation and myofi broblastic activity are 
created by excessive infl ammation at the area surrounding the 
wound site; therefore, overstressing a healing wound site with 
an excessive amount of stretching or exercise could potentially 
create excessive infl ammation and adhesion formation of the 
adjacent connective tissues.25 Adhesions could cause a progres-
sive loss of motion for as long as 6 months to 1 year as the scar 
tissue matures.25 Mechanical principles such as an understand-
ing of the stress–strain curve can be applied clinically to stretch 
joint capsular adhesions.

Other theories to explain the mechanical eff ects of man-
ipulation that have less evidence for support include correc -

tion of a facet joint meniscoid entrapment and positional 
faults.

Acute facet joint locking is a condition with a sudden loss of 
joint mobility that is oft en caused by a nontraumatic event. Th e 
joints that tend to lock have meniscoids. Th e mechanism of the 
locking seems to involve either entrapment of a meniscoid in a 
groove formed in the articular cartilage or a piece of meniscus 
that may break loose and form a loose body, with the loose body 
creating the entrapment.28,29 Intracapsular meniscoid struc-
tures are present in spinal facet joints. Facet menisci are believed 
to be capable of becoming entrapped, or impinged, between the 
two facet surfaces, causing the joint surfaces to lock, which is 
associated with pain with movements that downglide and load 
the facet joint. Manipulation techniques that gap the joint or 
isometric manipulation techniques that theoretically pull the 
facet joint capsule laterally are believed to dislodge the impinge-
ment, and patients show immediate improvement in joint 
motion and reduction of pain with movement.28,29 No studies 
have specifi cally addressed the eff ect of spinal mobilization/
manipulation on meniscoid impingement.30 However, ana-
tomic plausibility of the meniscoid impingement or entrapment 
theory has been refuted by anatomists aft er a review of the lit-
erature on the topic.31,32

Although traditional chiropractic philosophy is based on 
detection and correction of spinal subluxations and realign-
ment of these spinal subluxations, no valid research has shown 
that subluxations/positional faults correlate with pain or are a 
cause of hypomobility in the spine.30 Spinal facet subluxations 
of less than 4.5 mm are not detectable with radiography. In 
comparison of premanipulation and postmanipulation radio-
graphic results, clinicians were not capable of detecting a 
change in vertebral position aft er a chiropractic spinal thrust 
joint manipulation. In another study by Tullberg et al,33 joint 
manipulation did not cause a detectable change in the relative 
position of the ilium on the sacrum, when measured with roent-
gen stereophotogrammetric analysis.

Th erefore, although the positional fault and meniscoid theo-
ries are somewhat plausible, no reliable valid measurement tool 
is sensitive enough to detect and measure the presence of these 
impairments in clinical practice. Th us, these conditions are 
considered theoretic.

Neurophysiological Effects of Manipulation
In live human subjects, active range of motion is infl uenced by 
many variables, including the eff ects of pain, fear of pain,34 and 
neuromotor control, in addition to joint capsule, connective 
tissue, and myofascial mobility. Th e ability to restore active 
range of motion of the spine aft er a manipulation could poten-
tially be aff ected by all of these factors. Th erefore the neuro-
physiological eff ects of manipulation likely provide the most 
feasible explanation for the benefi cial eff ects of manipulation. 
Th e neurophysiological eff ects of manipulation result in reduc-
tion of pain and infl uence muscle tone and motor control. Some 
of these eff ects occur both in the anatomic region where the 
manipulation has been performed and in other regions system-
ically. Before a sampling is provided of the research on the 

BOX 3-2  General Clinical Guidelines to Facilitate Healing 
of Dense Connective Tissues After Severe Injury 
or Surgery

■ Relative rest for the first 24 to 48 hours
■ Low load, high repetition exercise can stimulate healing
■ Only very gentle range of motion first 10 to 14 days 

(grade I and II mobilizations)
■ Four to 8 weeks is often needed before loading injured 

tissue to end range (grade III or IV)
■ Use pain as a guide because with increased pain is often 

increased inflammation
■ Continue to exercise and stretch for 1 year
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neurophysiological eff ects of manipulation on the sympathetic 
nervous system and motor system, an explanation of the 
involved neuroanatomy and physiology is necessary.

Th e tissues of the spine, including the skin, fascia, muscle, 
tendon, joints, ligaments, and intervertebral disc (outer annu-
lus), are well innervated and provide aff erent input to the cen-
tral nervous system.35 Extensive numbers of type I and II 
mechanoreceptors and free nerve endings (type IV receptors) 
have been noted in the cervical facet joints36 and in the muscle 
spindles of the cervical spine.37,38 Similar receptors are found in 
the thoracic and lumbar spine, but in fewer numbers and with a 
more inconsistent distribution than in the cervical spine.39 Th e 
type I mechanoreceptors provide aff erent input to the central 
nervous system regarding static joint position and increase 
their rate of fi ring in response to movement. Th e type II mecha-
noreceptors remain inactive as long as joints are immobile; 
when joints are moved actively or passively, they emit brief 
bursts of impulses.40 Th erefore, with joint movement caused by 
spinal manipulation, these receptors fi re and provide aff erent 
input to the central nervous system.

Th e aff erent nerves from the receptors terminate in the spi-
nal cord, synapsing in the laminae and ventral horn to signal 
both proprioceptive and nociceptive information.41 As spinal 
manipulation produces movement of the vertebral column and 
its associated structures, multiple receptors are infl uenced to 
generate aff erent input to the spinal cord. In the cervical spine, 
additional complex interactions occur with other systems, such 
as vestibular and optic systems, that may also activate in 
response to manipulation techniques.42 As a result, a neuroana-
tomic basis is seen through which a multifaceted neurophysio-
logical response may occur with manipulation.

Both animal and human studies have shown that a key locus 
of control for mediation of endogenous analgesia is the periaq-
ueductal grey area of the midbrain (PAG).43-45 Th e PAG plays an 
important integrative role for behavioral responses to pain, 
stress, and other stimuli by coordinating responses of a number 
of systems, including the nocioceptive system, autonomic ner-
vous system, and motor system.46-48 Animal studies have shown 
that when key regions of the PAG are stimulated, a sympathetic 
nervous system (fi ght or fl ight) response is evoked combined 
with a nonopioid form of analgesia.42 Type I and II mechanor-
eptors from joints and muscles project to the PAG.49 A series of 
studies is presented to show a postmanipulation sympathetic 
response (skin conductance) combined with analgesia (pres-
sure pain threshold) in symptomatic and asymptomatic sub-
jects, which provides strong evidence that the analgesic 
response to spinal manipulation is likely the result of the stimu-
lation of mechanoreptors that provide aff erent impulses to the 
central nervous system (CNS) to trigger descending pain 
inhibitory pathways originating from the periaqueductal grey 
area of the midbrain.50 Many of these studies use double-blind 
controls and placebo groups to compare the therapeutic eff ects 
of manipulation; the systemic and local hypoalgesic eff ects of 
manipulation are measured with the use of a mechanical pain 
threshold devise. A valid measure of hypoalgesia is an increase 
in mechanical pain pressure threshold. Skin conductance is 

monitored as a measure of sympathetic nervous system 
response to manipulation; when this response is increased, it is 
a measure of the sympathetic nervous system excitatory 
response of manipulation.

Sterling, Jull, and Wright 51 studied 30 subjects with cervical 
pain of insidious onset. Th ese subjects received an anterior 
glide grade III mobilization to the C5 facet on the painful side, 
a placebo condition that consisted of manual contacts, or a con-
trol condition that consisted of no physical contact between 
subject and clinician. Aft er the mobilization technique, sub-
jects had a signifi cant increase in pressure pain thresholds and 
a decrease in visual analog scores compared with the other two 
conditions.

Terrett  and Vernon52 studied 50 asymptomatic subjects who 
were randomly assigned to receive either nonthrust or thrust 
manipulation. A signifi cant elevation in pain tolerance to an 
experimentally induced electrical pain stimulus was found 
aft er the thrust manipulation compared with the nonthrust 
manipulation. Dhouldt et al53 randomly assigned 30 subjects 
with rheumatoid arthritis to receive 12 minutes of mobilization 
or rest. Mobilization consisted of grade I and II oscillations to 
T12 and L4. Th e subjects who received the mobilizations had 
an increase in pain threshold in the spine, knees, and ankles as 
compared with the group that received rest.53

Peterson, Vicenzino, and Wright54 evaluated the eff ect of 
grade III posteroanterior (PA) mobilization to the C5-C6 spi-
nal segment and showed an increase of skin conductance of 
60% from baseline during the treatment intervention versus a 
20% increase for the placebo group, with a signifi cant diff er-
ence between groups. Th is study showed that PA mobilization 
produces an initial immediate sympathoexcitatory eff ect that 
starts within 15 seconds aft er initiation of treatment.54

Additional studies have considered the infl uence of a cervi-
cal lateral glide manipulation technique55 and a cervical PA 
mobilization56 on mechanical pain thresholds in healthy pain-
free subjects. Mechanical pain thresholds were measured with 
a digital pressure algometer. In both studies, the manipulation 
was shown to produce a signifi cant increase in mechanical pain 
threshold, which indicates a relative hypoalgesic eff ect. Th e lat-
eral glide procedure produced a mean increase in mechanical 
pain threshold measured at the head of the radius of 25% and 
measured over the lateral articular pillar of the C5 level aft er 
the PA mobilization of 15%. In both cases, the treatment eff ect 
was greater than in the control and the placebo groups, both 
locally and regionally.

Vicenzino et al55 tested the interaction between changes in 
mechanical pain threshold and skin conductance during the 
cervical lateral gliding procedure and found a signifi cant corre-
lation between the time taken to achieve the maximum increase 
in peripheral skin conductance and the increase in mechanical 
pain thresholds. Th ose subjects who had the most rapid sympa-
thoexcitatory response also showed the greatest increase in 
pain threshold (relative hypoalgesia),55 which may explain why 
some individuals respond more dramatically to manipulation 
than others. Th e authors hypothesize that those individuals 
with more direct neural connections from the peripheral to the 
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PAG have the more rapid symphathoexcitatory response and 
the greater hypoalgesia eff ect with manipulation.55

Another proposed explanation of the analgesic eff ect of joint 
manipulation is stimulation of release of endogenous opioid 
peptides that bind to receptor sites in the nervous system and 
produce analgesia. One such opiate is beta-endorphin. Vernon 
et al57 measured the plasma levels of beta-endorphin at 5-minute 
intervals aft er thrust manipulation of the cervical spine 
of asymptomatic subjects. Th e fi ndings showed an increase 
in the plasma levels of beta-endorphin in the experimental group 
5 minutes aft er the thrust as compared with a control group that 
received a similar but less aggressive mobilization technique.57 
At 15 minutes aft er thrust manipulation, the beta-endorphin 
level was back to a baseline level.57 However, other investigators 
have performed similar studies and have been unable to mea-
sure diff erences in beta-endorphin levels aft er a spinal manipu-
lation as compared with control and sham treatment groups in 
both symptomatic and asymptomatic groups.58,59

For further investigation of the premise that endogenous 
opioids are involved in analgesia aft er spinal manipulation, 
Zusman, Edwards, and Donaghy60 compared the eff ects of a 
spinal manipulation on visual analog scale (VAS) pain scores 
for subjects who were given Naloxone or a saline solution con-
trol. Naloxone is an opioid antagonist and reverses the eff ect of 
endogenous opioids. Equal improvements in VAS pain scores 
were seen for both groups, which suggests that endogenous opi-
oids are not the physiologic mechanism of postmanipulation 
analgesia.60 Similar results were noted by Vicenzino et al61 in a 
similar study design that used Naloxone with the experimental 
group and found that aft er lateral glide cervical mobilization 
techniques, the hypoalgesia response was the same between 
the experimental, sham, and control groups.

Animal studies with rats and injections of various medica-
tions to either block or enhance the eff ects of neurotransmitt ers 
found that the hypoalgesic aff ects of manipulation likely in -
volve the descending pain inhibitory mechanisms that use 
serotonin and noradrenaline rather than opioid or gamma-
aminobutyric acid (GABA) receptors.62 Th ese studies taken 
together suggest very litt le evidence to support the involvement 
of the opioid system in manipulation-induced analgesia.

McGuiness, Vicenzino, and Wright63 showed a highly sig-
nifi cant increase in both respiratory rate and blood pressure 
aft er a grade III PA mobilization applied to the C5-C6 motion 
segment; the placebo group showed a slight decrease in these 
measures. Vicenzino et al64 measured factors related to the 
sympathetic nervous system (SNS) function, including heart 
rate and blood pressure, during application of a C5-C6 lateral 
glide nonthrust manipulation on 24 asymptomatic subjects 
and found a signifi cant increase in heart rate and blood pres-
sure of 14% compared with 1% to 2% in the placebo and control 
conditions. Th e respiratory rate increased 36%. Th ese studies 
further confi rm a sympathoexcitory response to manipulation 
procedures.

Th e eff ect of cervical lateral glide manipulation has also 
been evaluated in patients with lateral epicondylitis.65 Mea-
sures of mechanical pain threshold, pain-free grip pressure, 

range of shoulder abduction in upper limb neurodynamic 
(ULND) test 2b, and visual analog scale measures of pain and 
function were obtained before and aft er treatment and placebo 
and control interventions. Treatment resulted in signifi cant 
improvements in most measures obtained, which indicates that 
lateral glide cervical manipulation procedures produced a rela-
tive hypoalgesic eff ect of the lateral elbow region a few minutes 
aft er the treatment. Th e mean increase in mechanical pain 
threshold was approximately 26%, the mean increase in pain-
free grip pressure was 29%, and the mean increase in shoulder 
abduction with ULND 2b was 44%.65

In a retrospective analysis of 112 patients who underwent 
treatment for lateral epicondylalgia, Cleland, Whitman, and 
Fritz66 found that patients who received manual therapy to the 
cervical spine combined with local treatment for the lateral epi-
condylalgia were seen for signifi cantly fewer visits with positive 
outcomes as compared with the patients who only received 
local therapy for the lateral epicondylalgia.

Th ese studies support the concept that manual therapy pro-
cedures can produce a hypoalgesic eff ect both in healthy sub-
jects and in patients. Because this response is coupled with a 
sympathoexcitatory response and the hypoalgesic eff ect is both 
local and systemic, convincing support exists that the mecha-
nism for the neurophysiological eff ects of manipulation lies in 
the stimulation of descending pain inhibitory systems of the 
central nervous system projecting from the midbrain to the spi-
nal cord.

Several studies have investigated the eff ect of manipulation 
(usually thrust) on the motor system to determine whether spi-
nal manipulation can inhibit muscle tone, increase muscle tone, 
or enhance muscle performance. Th e fi ndings have been vari-
able. Th eoretically, muscle tone inhibition occurs with a strong 
end range stretch of a joint from fi ring type III joint mechano-
receptors, which create a refl exive inhibition of the local muscle 
tone of the muscles overlying the joint.

Th e eff ect of thrust manipulation of the thoracic and lumbar 
spine was studied on 34 subjects with joint hypomobility with 
and without musculoskeletal pain. Subjects were randomly 
assigned to either receive the thrust manipulation or no inter-
vention. Subjects who received the manipulation had on aver-
age a 20% reduction in paraspinal muscle activity as measured 
with electromyographic activity compared with control sub-
jects.67 Similar results have been reported in reduction of 
hamstring muscle activity in subjects with unilateral low back 
pain, with comparison before and aft er a lumbar thrust 
manipulation.68

Dishman, Cunningham, and Burke69 used electrodiagnos-
tic testing to compare the eff ects of spinal manipulation at the 
cervical and lumbar spines on the tibial nerve H-refl ex to inves-
tigate the relationship between potential cortical and segmen-
tally controlled responses to spinal manipulation. A clinician 
performed a unilateral manipulation at either L5-S1, C5-C6, or 
both levels. Th ey showed a small but signifi cant decrease in the 
size of the H-refl ex aft er the lumbar manipulation, but this 
eff ect only lasted 60 seconds aft er the manipulation and no 
eff ect was noted from the cervical manipulation.69 Th e authors 
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suggest a segmental rather than a global eff ect produced by spi-
nal manipulation on the motoneuron pool.69

Speculation also exists that spinal manipulation can increase 
muscle strength. In one study performed on 16 subjects with 
chronic neck pain, biceps muscle strength improved aft er a 
thrust joint manipulation to restricted C5-C6 and C6-C7 spi-
nal segments.14 An increase in lower trapezius strength occurred 
aft er a thoracic spine mobilization in a study of 40 asymptom-
atic subjects.70 Th ese subjects were randomly assigned to 
receive either grade IV or grade I anterior glide mobilizations 
to T6-T12. Subjects who received grade IV mobilization had a 
signifi cant increase in lower trapezius muscle strength com-
pared with subjects who received grade I mobilizations.70 Cle-
land et al71 were able to show a signifi cant increase in strength 
output (14%) of the lower trapezius muscle immediately aft er a 
thoracic spine thrust manipulation as compared with a control 
group, and the authors suggest that manipulation techniques 
may be benefi cial in reducing lower trapezius muscle inhibition 
commonly associated with many postural syndromes. Suter 
et al72 studied 18 subjects with knee pain and sacroiliac joint 
dysfunctions. Aft er correction of the sacroiliac joint dysfunc-
tion with a manipulation, a signifi cant increase in knee exten-
sion torque occurred on the symptomatic side.

Sterling, Jull, and Wright51 used nonthrust manipulation of 
the cervical spine in patients with neck pain to assess the eff ects 
on motor responses, sympathetic nervous system function, and 
analgesia. Th e eff ect of PA cervical technique on the craniocer-
vical fl exion test (see Chapter 6) was assessed. A decrease acti-
vation of superfi cial muscles of the cervical spine was reported 
with the craniocervical fl exion test and was interpreted as facil-
itation of the deep neck fl exor muscles.51 Th is result provides 
preliminary evidence that spinal manipulation can alter motor 
responses and facilitate muscle function that was previously 
inhibited because of pain or impairment.

Th e eff ect of spinal manipulation on the motor system is 
inconclusive. Some studies support both facilitation and inhi-
bition of the motor system aft er manipulation. Th e response 
may vary depending on the technique, the location and nature 
of the pain, and the muscles that are tested.42 A growing body 
of knowledge exists regarding the eff ects on the sympathetic 
nervous system in response to spinal manipulation and the 
hypoalgesic eff ects that accompany the sympathetic responses. 
However, absolutely no scientifi c validation supports the long-
held tenet of the chiropractic profession that spinal manipula-
tion alters autonomic nervous system outfl ow to the organs 
and viscera and that this rectifi es dysfunction of the end 
organs.42,73

Use of isometric manipulation, also known as muscle energy 
technique (MET), has been advocated for treatment of joint 
hypomobility conditions. Schenk, MacDiarmid, and Rous-
selle74 showed improvements in lumbar backward-bending 
range of motion in a group of 13 asymptomatic subjects aft er 
lumbar isometric manipulation techniques performed two 
times per week for 4 weeks as compared with a control group. 
Th e same researchers75 showed improvement in cervical range 
of motion in a group of asymptomatic subjects who received 

isometric manipulation to the cervical spine two times per 
week for 4 weeks compared with a control group.

Speculation exists that the isometric manipulation, similar 
to a hold relax stretch technique, causes the golgi tendon organ 
to fi re, which inhibits the antagonistic movement patt ern to 
allow a greater degree of movement into the agonist movement 
patt ern.20,76 Th e eff ect of isometric manipulation techniques is 
also explained by Sherrington’s principle of reciprocal innerva-
tion, which states that with an isometric contraction of the ago-
nistic muscles the antagonistic muscles are inhibited to allow 
greater freedom of movement into the agonistic movement pat-
tern.77 In addition to these possible explanations of the eff ects 
of an isometric manipulation, speculation exists that an iso-
metric contraction of the local muscles att ached to the targeted 
spinal facet joint (e.g., multifi dus muscle) applies a stretch to 
the joint capsule4 or corrects slight positional faults by either 
pulling directly on the joint capsule or moving the adjacent 
bone.78 Further research is needed to fully understand the 
mechanical and neurophysiological eff ects of isometric manip-
ulation techniques.

Psychological Effects
Very few studies have specifi cally addressed and measured the 
psychological eff ects of manipulation. However, many con-
trolled studies on the eff ects of manipulation have used a sham 
or placebo treatment that might include manual touch or posi-
tioning for a manipulation without actually imparting a manip-
ulative force. In these studies, slight improvements can oft en be 
measured in pain and disability levels for the subjects in the 
sham treatment groups. Th e placebo eff ect is estimated to be 
10% to 25% of the benefi t of the manipulation as a result of the 
psychological eff ects. Th e eff ect of touch and reassurance from 
a medical professional can have powerful eff ects on easing the 
patient’s fear and anxiety, which can translate into reduced pain 
and disability. Clinicians and researchers need to be aware of 
these eff ects as they assess the benefi t of manipulation, which is 
why high quality clinical research studies use sham treatment 
and control groups.

THE AUDIBLE JOINT “POP”
Th e physiology of an audible joint pop or crack phenomenon 
associated with a joint manipulation has been investigated in 
two principal studies: Roston and Haines79 and Unsworth, 
Dowson, and Wright.80 With application of increasing tension 
at the metacarpal-phalangeal joint of the third fi nger and moni-
toring of the amount of joint separation with intermitt ent 
radiographs, Roston and Haines79 were able to show that the 
amount of joint separation increases very gradually in a linear 
fashion as the tension on the joint is increased. However, when 
a critical amount of tension is reached to produce a joint “pop,” 
a sudden increase in the amount of joint separation is noted. 
Roston and Haines79 interpreted the space noted aft er the 
cracking as a “partial vacuum occupied by water vapor and 
blood gases under reduced pressure.” A joint that has been 
“cracked” is not capable of being recracked for approximately 
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20 minutes,79,80 which is referred to as the refractory period; the 
belief is that gas must be reabsorbed before the joint can be 
cracked again.79

Unsworth, Dowson, and Wright80 performed a similar study 
and described the formation of vapor-fi lled bubbles in the joint 
as a result of cavitation, which is the process of fl uid converted 
to gas from a critical reduction in pressure. In the case of the 
joint, the synovial fl uid is vaporized once negative 2.5 atmo-
spheric pressure is reached as a result of tension placed on the 
joint.80 Unsworth, Dowson, and Wright80 further explain the 
cracking phenomenon as the result of not just the formation of 
a gas bubbles in the joint cavity from negative pressure but the 
explosion of these gas bubbles to cause the noise. Th e gas bub-
bles seem to collapse instantly once formed as the bubbles come 
into contact with the remaining synovial fl uid, which is of a 
higher pressure. Unsworth, Dowson, and Wright80 also identi-
fi ed a sudden jump in joint separation just aft er the crack and 
noted that the reloading and noncracking joints have a more 
gradual separation but separate to the same distance.

Th e joint surfaces must be close to give the correct preload-
ing conditions for cavitation to occur, and Unsworth, Dowson, 
and Wright80 found that the joint separation takes 15 minutes 
to return to its precracking value. Th ey calculated that reab-
sorption of the gas, which is believed to be primarily carbon 
dioxide, may take 30 minutes.80 Th ese factors may help to 
explain the refractory period. Unsworth, Dowson, and Wright80 
noted that the joints that did not crack in the study had a resting 
joint separation 25% greater than the cracking joints. Th e joints 
that did not crack separated when under tension in a similar 
fashion as the cracking joints in their refractory period, and the 
common denominator seems to be the amount of joint separa-
tion before application of the load.

Flynn et al81 compared the immediate eff ects of a lumbopel-
vic manipulation for patients who were noted as having an 
audible joint sound with the manipulation and for those who 
did not. In comparison of the response between the two groups, 
Flynn et al81 reported no diff erence in outcomes (disability, 
pain, lumbar fl exion active range of motion [AROM]) between 
the group of patients who had an audible pop with the manipu-
lation and the group of those who did not. On the basis of Flynn 
et al’s81 study, the benefi cial eff ects of manipulation do not 
appear to be dependent on the production of a joint sound. 
Th erefore, creation of a joint sound should not be the primary 
goal of a manipulation technique. Other outcome measures are 
more important, including reduction in pain, reduction in per-
ceived disability, and improvement in mobility and function.

CLINICAL DECISION MAKING IN USE OF 
SPINAL MANIPULATION

An Impairment-Based Biomechanical Approach 
to Clinical Decision Making

Biomechanical approach is a term for an impairment-based 
approach of management of spinal disorders in which clinical 

decisions are based on the results of clinical tests and measures 
that analyze active and passive motion. Th e clinical decisions 
on the depth, location, and direction of manipulation proce-
dures are based on knowledge of spinal mechanics for interpre-
tation of these clinical fi ndings. Pain provocation and tissue 
reactivity are assessed in a similar manner, and this clinical 
information is factored into the decision of manipulation tech-
nique selection. For instance, if a joint is both stiff  (i.e., hypo-
mobile) and highly reactive, techniques are selected with 
adequate depth and force to stretch the joint, but less vigorous 
techniques (grades I and II) may precede the stretch manipula-
tion procedure to fi rst att empt to inhibit pain, especially if the 
patient refl exively holds against the manipulation forces. A 
thrust technique can oft en be successful in this situation 
because the speed of the technique can proceed the muscle 
guarding reaction, and if successful, pain reduction and muscle 
inhibition result at the targeted spinal segment. If a spinal seg-
ment is found to be hypermobile, it is treated with stabilization 
exercises, and perhaps grade III or IV manipulation techniques 
may be used at hypomobile regions above or below the hyper-
mobile spinal segment.

Cleland and Childs82 have recently challenged the validity 
of use of a biomechanical model as a basis for clinical decision 
making in manual physical therapy. Historically, a biomechani-
cal model has been the basis for most manual physical therapy 
clinical approaches, and the foundations of these approaches 
are what clinicians have used to show positive outcomes from 
manual therapy interventions applied in clinical trials.83-85 
Th erefore, one could argue that the biomechanical model works 
well clinically, but the rationale for the eff ectiveness is now 
being challenged.

One argument against the use of a biomechanical model 
relates to recent evidence with use of dynamic magnetic reso-
nance imaging (MRI) that accessory PA manipulation forces 
directed to the spine are less localized than originally thought. 
Kulig, Landel, and Powers86 assessed spinal dynamics with PA 
mobilization (grade IV force) techniques of the lumbar spine 
and showed that sagitt al plane motion occurs at all the lumbar 
spinal levels with this technique.

Th e results of the study from Kulig, Landel, and Powers86 
revealed a consistent patt ern of lumbar spine motion during PA 
mobilization procedures. Th e amount of motion was greatest at 
the targeted spinal segment where the PA force was applied, 
and the PA force produced motion directed toward extension. 
In addition, two patt erns of motion were observed at the non-
targeted segments. With force applied at L5, L4, or L3, all lum-
bar segments generally moved toward extension. With force 
applied at L2 or L1, the three most cranial lumbar segments 
(L1-L2, L2-L3, and L3-L4) moved toward extension, and the 
two most caudal segments (L4-L5 and L5-S1) moved toward 
fl exion. Th e magnitude of extension motion was greatest at the 
targeted segment.86

Although the dynamic MRI study illustrates that more than 
one spinal segment moves with PA force application, the pat-
tern of induced passive motion to the lumbar spine was unique 
with each targeted segmental application. As an assessment 
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tool, unique information is obtained with assessment of PA 
mobility at each spinal level and clinical decisions can still be 
based on this information. Further, if a particular spinal level is 
painful with PA force application, oscillatory techniques can be 
applied to adjacent spinal levels to induce some motion at the 
painful segment. Likewise, if mechanical eff ects are desired, 
the greatest extension movement can be applied by mobilizing 
at the targeted stiff  segment. If passive motion is contraindi-
cated at a spinal level, such as aft er a recent lumbar fusion, PA 
mobilization techniques should not be used at the adjacent spi-
nal segments. Th erefore, the manual physical therapist can use 
this knowledge to enhance the biomechanical approach but, at 
the same time, must understand that the ability to be segment 
specifi c with manual therapy assessment and treatment proce-
dures has limitations.

Th e forces applied to specifi c vertebrae create a motion at 
more spinal levels than just the targeted segment. At the same 
time, the patt ern and magnitude of motion is unique to local-
ization of force application. Clinically useful information can 
be att ained by applying forces at each vertebrae to assess mobil-
ity and reactivity. Th ese results must be interpreted as spinal 
region specifi c versus spinal segment specifi c. However, for doc-
umentation purposes and for the purpose of fi nding the loca-
tion to reapply the technique in the future, documentation of 
the segment where the force was applied is still acceptable. In 
the end, correlation of fi ndings is needed to determine the best 
intervention. Clinicians should never rely on the results of one 
assessment to make a clinical decision. In the case of PA passive 
accessory intervertebral motion (PAIVM) tests, this examina-
tion fi nding should be correlated with symptom behavior, 
AROM, tissue palpation, muscle strength/length testing, and 
other passive intervertebral motion (PIVM) tests.

A second argument against the use of a biomechanical model 
is the recent evidence that random selection of manipulation 
techniques may be just as eff ective as techniques selected 
based on a clinical assessment that incorporates a biomechani-
cal model.82 Chiradejnant et al87 completed a randomized con-
trolled trial to determine the immediate eff ects on pain level 
and active range of motion of patients with low back pain 
treated with a PA lumbar mobilization technique either at the 
therapist selected level or at a randomly selected level. Th e 
study found no diff erence in short-term outcomes between 
these two groups, and both groups reported improvements in 
pain level and lumbar range of motion. Further data analysis 
revealed bett er outcomes in patients who received the mobili-
zation technique to the lower lumbar levels compared with the 
upper lumbar levels. Th e results of this study confi rm that lum-
bar mobilization treatment has an immediate eff ect on relief of 
pain but also suggest that the specifi c technique used may not 
be important.87

Th e results of the study of Chiradejnant et al87 are not 
surprising aft er a review of the Kulig, Landel, and Powers86 
MRI study, but the results should not be extrapolated to 
hold true for all manipulation techniques of the spine. Th e 
results should only be interpreted for the PA mobilization tech-
nique, which has shown with MRI studies to move multiple 

levels, and the PA lumbar mobilization technique should 
be considered a general lumbar mobilization/manipulation 
technique.

Haas et al88 found a similar result in comparison with the 
short-term eff ects of cervical spine manipulations that were 
randomly selected versus those techniques that were selected 
due to results of cervical passive intervertebral motion (PIVM) 
testing. Both groups of patients showed same-day reduction in 
pain and stiff ness, but no diff erence in results could be att rib-
uted to the results of PIVM testing.88 Long-term eff ects of a 
random approach to manipulation technique selection have 
not been studied. Th e data suggest that pain modulation may 
not be limited to mechanisms associated with manipulation of 
joints with restricted motion. In addition, there is evidence of 
systemic and regional hypoalgesia resulting from a variety of 
spinal manipulation techniques, which is presented in greater 
detail in the neurophysiological eff ects of manipulation section 
of this chapter.

A third argument against the use of a biomechanical model 
is that evidence suggests that manipulation techniques are not 
segment specifi c.82 Studies have investigated the accuracy and 
precision of spinal thrust manipulation techniques as deter-
mined by location of cavitations. Ross, Bereznick, and McGill89 
investigated the accuracy of manipulation directed at the lum-
bar and thoracic spine with skin sensors for detection of the 
cavitation, and engineering principles were used to determine 
the distance of the cavitation from the targeted spinal segment. 
Th e results showed that thoracic spine manipulation was accu-
rate (i.e., cavitation occurred at the targeted segment) 53% of 
the time and that lumbar spine manipulation was accurate 46% 
of the time.89 Most of the manipulation resulted in multiple 
cavitations, which usually included the targeted segment, but 
the authors included the multiple cavitation techniques in their 
calculations as being not segment specifi c.89 Th is study assumes 
that joint cavitation is vital to localization of force and success 
of manipulation. Neither premise has been proven. In fact, 
Flynn et al81 showed that the successful outcome with a lumbo-
pelvic region manipulation had litt le to do with production of 
an audible joint sound during the manipulation. In addition, 
multiple techniques are typically used during any one treat-
ment session, which further increases the odds of manipulating 
the targeted segment.

In summary, preliminary evidence shows that manual 
therapists are unable to be as specifi c with segmental 
manual therapy assessment and manipulation techniques 
as they have purported to be in the past. As manual therapy 
procedures are taught and practiced clinically, consideration of 
these limitations must be taken into account. However, the 
refi nement of manual therapy skill and the application of suc-
cessful techniques to produce favorable outcomes are depen-
dent on eff orts to strive to be as specifi c as possible. Undue 
claims of supernatural palpation skills are unwarranted, but as 
the evidence emerges to guide clinical practice with clinical 
prediction rules, the identifi cation of patients who will benefi t 
from manipulation continues to be dependent on skillful man-
ual examination and manipulation procedures.90-92
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Fritz, Whitman, and Childs92 showed a correlation between 
patients who had passive lumbar hypomobility with central 
posterior to anterior PAIVM testing and the patients who 
responded favorably to spinal manipulation. In other words, 
patients with lumbar stiff ness are more likely to respond 
favorably to spinal manipulation. In addition, a strong correla-
tion for a positive response to a spinal stabilization exercise 
program was correlated with hypermobility noted with central 
PA PAIVM testing of the lumbar spine. Th is correlation 
helps to link an impairment approach with an evidence-
based approach and validates the use of PA PAIVM testing 
as an important component of a physical therapist examina -
tion scheme to determine the most eff ective intervention for 
spinal disorders.92

Clinical decision making in orthopaedic manual physical 
therapy is based on an evidence-based approach. Research 
evidence supports the eff ectiveness of treatment of spinal 
disorders by subgrouping patients based on identifi cation of 
key physical impairments, patient characteristics, and symp-
toms. With clinical situations in which the research evidence is 
not clear, use of a biomechanical impairment-based approach is 
the foundation of physical therapy treatment of musculoskele-
tal disorders. An impairment approach can guide clinical deci-
sion making where specifi c physical impairments such as joint 
stiff ness, joint hypermobility, muscle weakness, or tightness 
are identifi ed through clinical examination, and appropriate 
interventions are administered based on the examination fi nd-
ings. Th is textbook presents the evidence for clinical decision 
making, such as clinical prediction rules, but also includes a 
biomechanical impairment-based approach in the assessment 
and treatment of spinal disorders. Patient classifi cations also 
are presented to assist in management of common signs and 
symptoms.

Adverse Effects, Safety, and Contraindications 
with Spinal Manipulation
Cervical spine manipulation techniques pose a risk of adverse 
eff ects that range from mild soreness to severe neurovascular 
injury. Adverse reactions to cervical spine manipulation may 
include temporary increase in neck pain, radiating arm pain, 
headache, dizziness, impaired vision, or ringing in the ears.93 
Hurwitz et al93 surveyed 280 participants in a chiropractic cer-
vical spine manipulation clinical trial 2 weeks aft er the trial was 
started, and 25% of the participants reported increased neck 
pain or stiff ness/soreness that most commonly lasted less than 
24 hours aft er the manipulation. Patients who received non-
thrust techniques reported signifi cantly fewer adverse reac-
tions.93 Participants with histories of neck trauma, pain less 
than 1 year, worsening of pain since onset, pain ratings of 8+ on 
a 0 to 10 scale, neck disability index (NDI) scores of 16 or more, 
moderate or severe headache, nausea during the past month, 
and lack of confi dence in the treatment were more likely than 
others to report unpleasant symptoms or discomfort with the 
chiropractic manipulation.93 Based on these results, Hurwitz 
et al93 suggest that nonthrust manipulation techniques may be 
preferable in most patients with neck pain over thrust tech-

niques, especially when the patient has high levels of pain and 
disability associated with an acute neck pain episode. Cagnie 
et al94 surveyed 465 patients treated by 59 manipulative physi-
cal therapists aft er the fi rst visit, and 60% reported at least one 
postmanipulation reaction. Th e most common reactions were 
headache (19%), stiff ness (19.5%), local discomfort (15.2%), 
radiating discomfort (12.1%), and fatigue (12.1%). Most of 
these reactions began within 4 hours and generally disappeared 
within 24 hours. Women were more likely to report adverse 
eff ects than were men. Use of upper cervical manipulations, use 
of medication, gender, and age were independent predictors of 
headache aft er manipulation (Box 3-3). Upper cervical spine 
manipulation was 3.17 times more likely to cause headache 
than manipulation of the lower cervical spine, and for every 
1 year increase in age, a 2.4% decrease was seen in risk of head-
ache aft er manipulation.94

Although minor temporary adverse reactions to cervical 
spine manipulation are fairly common, catastrophic complica-
tions from cervical manipulation are extremely rare. Th e most 
catastrophic complication is vertebral artery dissection or ver-
tebral basilar insuffi  ciency (VBI), which is a condition charac-
terized by occlusion or injury to the vertebral artery that causes 
loss of blood fl ow to the hindbrain. Th e vertebrobasilar system 
provides 10% to 20% of the blood supply to the brain and 
branches to many vital neural structures, including the brain 
stem, cerebellum, spinal cord, cranial nerves III to XII and 
their nuclei, and portions of the cerebral cortex.95

Vertebral basilar insuffi  ciency may cause dizziness, light-
headedness, nausea, or numbness to the face. It could also result 
in slurred speech, nystagmus, or blurred vision. More severe 
cases of VBI can present as a cerebrovascular accident and even 
on occasion can cause death. Th e signs of VBI complications 
commonly reported include dizziness, diplopia, dysphagia, 
drop att aches, diffi  culty in swallowing, and nausea.96 Th e verte-
bral artery is particularly susceptible to injury at the atlas 
because of its orientation and position at this mobile spinal 
level. Vigorous rotation of the neck is thought to potentially 
“kink” the vertebral artery along its course, which could cause 
dissection of the artery or trauma that may cause formation of a 
blood clot.97 End range and forceful cervical spine rotation 
forces, especially when combined with cervical extension, have 

BOX 3-3  Factors That Affect Increased Likelihood 
of Adverse Reactions to Cervical Spine 
Thrust Manipulation

History of neck trauma
Pain less than 1 year
Worsening of pain since onset
Pain ratings of 8+ on a 0 to 10 scale
NDI scores of 16 or more
Moderate or severe headache
Nausea during the past month
Lack of confidence in the treatment

Data from Hurwitz EL, Morgenstern H, Vassilaki M, et al: Spine 30(13):1477-1484, 
2005.
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been implicated as the most likely source of injury to this por-
tion of the vertebral artery.98 Also important to note is that a 
patient with a vertebral artery dissection may initially have 
only a symptom of neck pain.99,100

DiFabio101 completed an extensive review of the literature 
and found reports in the literature of 177 patients (from 1925 to 
1997) with adverse events to manipulation. Th e primary diag-
nosis was arterial dissection/spasm and brain stem lesions, and 
32 cases (18%) resulted in death.101 Physical therapists were 
involved in less than 2% of the cases, and no deaths were 
att ributed to cervical spine manipulation provided by physical 
therapists.101 Th e type of manipulation was not described in 
46% of the cases, but the largest percentage of cases in which 
the technique was reported included rotation (23%).101 Only 
10% of the cases reported that the injury occurred during the 
fi rst manipulation.101 DiFabio101 concluded that because the 
potential risks of VBI from manipulation are catastrophic and 
because a lack of evidence showed that cervical spine thrust 
manipulation techniques are more eff ective than nonthrust 
manipulation techniques, the more gentle nonthrust mobiliza-
tion/manipulation techniques are recommended to treat the 
cervical spine.

Th e exact risk of serious complications from cervical spine 
manipulation is not known. Rivett  and Milburn102 reported 
that the incidence rate of severe neurovascular compromise 
was estimated to be within a wide range of 1 : 50,000 manipula-
tions to 1 : 5 million manipulations. Other estimates of risk 
of VBI from cervical spine manipulation have been stated 
as being 6 in 10 million manipulations or 0.00006%,98,103 
and the risk of death has been stated as 3 in 10 million manipu-
lations.103 Haldeman, Kohlbeck, and McGregor98 found 367 
cases of vertebral artery dissection or occlusion reported in 
the literature between 1966 and 1993 regardless of the mecha-
nism of injury and reported that 43% of these cases were 
the result of spontaneous events such as standing up from a 
nap, 31% were from cervical spine manipulation, 16% were 
from trivial trauma such as a sudden head movement, and 
10% were from major trauma such as a motor vehicle accident. 
Prediction of which patients may have VBI aft er cervical 
spine manipulation is diffi  cult. Haldeman and Rubinstein104 
reviewed 64 cases of VBI (two deaths) aft er cervical spine 
manipulation and were unable to identify risk factors in the 
patient’s history or physical examination that could predict 
the likelihood of a VBI event. Haldeman, Kohlbeck, and 
McGregor98 concluded that vertebral artery dissection should 
be considered a rare, random, and unpredictable complication 
associated with activities such as neck movement, trauma, and 
manipulation.

Th e level of risk of serious injury from cervical spine manip-
ulation compared with serious complications from other inter-
ventions commonly used to treat neck pain is very low. For 
instance, the likelihood of a serious gastrointestinal (GI) bleed 
from nonsteroidal antiinfl ammatory medications (NSAIDs) is 
1 per 1000 versus 6 per 10 million cervical manipulations.97 Th e 
death rate for NSAID-associated GI problems is estimated at 
0.04% per year among patients with osteoarthritis who receive 

NSAIDs, with 3200 deaths per year. Likewise, the risk of com-
plication aft er cervical surgery is 16 per 1000.103 Th erefore, if 
the level of risk is put in this context, the risk associated with 
cervical manipulation is extremely low and the potential for 
successful outcomes is fairly high.

Currently no clinical prediction rule can accurately identify 
patients at risk for VBI, and litt le evidence supports the accu-
racy of historic information, physical examination screening 
procedures, or diagnostic imaging procedures to accurately 
identify patients at risk for VBI.105 With screening examination 
procedures designed to occlude the vertebral artery test for 
potential risk of VBI, clinicians must recognize the strong pos-
sibility of a false-negative fi nding from the test. Cote et al106 
showed that the extension-rotation test has a sensitivity of 
approximately zero, which indicates a high likelihood of false-
negative results from this commonly performed screening 
examination procedure (see Chapter 6). Reports are found in 
the literature of clinicians who performed these screening 
examination procedures and obtained a negative fi nding and 
still the patient had a VBI caused by the manipulation.107,108 Th e 
suggestion is that no compelling evidence shows that either 
clinical examination or diagnostic imaging such as ultrasound 
scan can identify patients at risk for VBI.105

Mitchell et al109 used transcranial Doppler sonography to 
show occlusion of the contralateral vertebral artery in 30 young 
healthy female subjects with a VBI test that used sustained end 
range cervical rotation with no symptoms reported by the sub-
jects. Th erefore, this study supported the use of cervical rota-
tion to assess the collateral blood fl ow in the vertebral basilar 
system to screen for underlying vascular pathology. However, 
blood fl ow studies such as this do not support the validity, sen-
sitivity, or specifi city of the VBI test to predict patients who 
may be at risk of vertebral artery injury caused by a cervical 
spine manipulation. Th is type of blood fl ow study suggests that 
VBI manifests only with concomitant vascular anomaly or 
predisposing vascular pathology of the ipsilateral vertebral 
artery.95

If the primary patient symptom with cervical rotation is diz-
ziness, the cause of the dizziness could be a vestibular distur-
bance, sensorimotor disturbance related to cervical joint 
mechanoreceptor dysfunction, or a VBI problem. Th e validity, 
sensitivity, or specifi city of clinical tests to diff erentiate these 
conditions has not been tested. One such test is to hold the head 
still as the patient rotates the body to induce cervical rotation 
without moving the head (see Chapter 6). In theory, this test 
prevents stimulation of the vestibular system but still stresses 
the vascular and cervical joints.

Some argue that premanipulative testing should be aban-
doned because of its doubtful predictive validity and because 
the risk caused by the test is potentially greater than the level of 
force that is used in many cervical spine manipulation tech-
niques.95,100,110 Other authors contend that if testing occasion-
ally prevents a stroke, then its use is warranted.95,111,112

Whether or not a clinician uses a VBI test for premanipula-
tion screening, ongoing patient assessment is needed through-
out cervical spine manipulation technique application. Th is 
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assessment should include holding the manipulation position 
(10 seconds) before application of the thrust while monitoring 
for nystagmus, slurred speech, nausea, or dizziness. If the 
patient tolerates the neck position well, the technique can be 
used. If the patient does not tolerate it well, other procedures 
should be used. In addition, safety should be built into tech-
nique selection and application for all patients. Haldeman, 
Kohlbeck, and McGregor98 reported that 84% of the 115 cases 
of vertebral artery injury from manipulation involved end range 
cervical rotation as a component of the technique. Use of mul-
tiple planes of movement can assist in fi nding a manipulative 
barrier for an eff ective technique while avoiding end range 
rotation with the manipulation procedure. Also, maintenance 
of slight cervical spine forward bending with application of cer-
vical manipulation may facilitate safety. Th oracic spine manip-
ulation techniques can also be used to relieve cervical spine 
pain,113 and thoracic manipulation is generally safe. A trial of 
more gentle nonthrust cervical manipulation techniques is 
wise, especially in patients with risk factors for adverse reac-
tions to thrust manipulation, including higher pain scores (8+), 
higher NDI scores (16+), female gender, and treatment of the 
upper cervical spine. Use of the gentlest forces to the cervical 
spine to accomplish the therapy goals can assist in patient com-
fort and safety.

No replacement exists for ongoing assessment of the patient 
as manual physical therapy techniques are used to assure a 
safe patient response. If minor signs of VBI are noted during 
manual therapy examination or treatment procedures, the 
manual physical therapy must be immediately discontinued; 
the patient’s head should be supported on a pillow, with the 
patient resting supine and the legs elevated to enhance blood 
fl ow to the brain. Th e patient must be closely monitored until 
full recovery.

In summary, severe adverse responses to thrust manipula-
tion of the cervical spine are extremely rare. Th orough on -
going patient assessment is necessary to identify signs of 
VBI throughout the examination and treatment sessions, 
and thrust manipulation techniques to the cervical spine must 
not be used when positive signs of VBI are noted during the 
screening examination or treatment session. Manual physical 
therapy techniques that use nonthrust forces are less likely to 
cause adverse reactions compared with thrust manipulation 
techniques for the cervical spine. When in doubt, therapy 
should start with the gentler cervical spine techniques and use 
of thoracic thrust manipulation techniques to assist in the 
treatment of neck pain should be considered.

Serious or severe complications of lumbar spinal manipula-
tion are extremely rare.114 Th e most serious potential complica-
tion from lumbar manipulation is development of cauda equina 
syndrome. Cauda equina syndrome is a medical emergency 
that should be treated surgically as soon as possible for decom-
pression of the cauda equina. Th e signs and symptoms of cauda 
equina syndrome may include urinary retention, fecal inconti-
nence, widespread neurologic signs and symptoms in the lower 
extremities that may include gait abnormality, saddle area 
numbness, and a lax anal sphincter.115

Haldeman and Rubenstein104 reviewed the literature in 
a 77-year period and could only fi nd 10 reports of cauda 
equina syndrome aft er lumbar manipulation. Th e risk of cauda 
equina syndrome from lumbar manipulation has been esti-
mated to be less than 1 in 100 million manipulations.116,117 
Th is level of risk of serious harm can be put into perspective 
relative to other common interventions for low back pain. 
With use of NSAIDs, the chance of development of serious gas-
trointestinal bleeding as a consequence is 1% to 3%; 7600 
deaths and 76,000 hospitalizations annually in the United 
States are att ributable to NSAIDs. If NSAIDs are used for more 
than 4 weeks, the chance of development of a GI bleed is 
1/1000.118-120 Compared with exercise, spinal manipulation is 
safer as well, with a risk of sudden death from exercise esti-
mated to be 1 : 1.5 million episodes of vigorous physical exer-
tion.121 Th e risk of a serious complication of lumbar spinal 
manipulation compares favorably with other common inter-
ventions used to treat low back pain.

Minor short-lived side eff ects of lumbar manipulation are 
more common. Senstad, Leboeuf-Yde, and Borchgrevink117 
surveyed 1058 patients seen for 4712 treatment sessions by chi-
ropractors in Norway, and 75% of all treatments included 
manipulation to the lumbar spine. No severe complications 
were noted, but 55% reported at least one minor side eff ect. Th e 
most common side eff ects included local discomfort (53%), 
headache (12%), fatigue (11%), and radiating discomfort (10%). 
Reactions were mild or moderate in 85% of the cases. Sixty-four 
percent of the reactions appeared within 4 hours of treatment, 
and 74% had disappeared within 24 hours. Uncommon reac-
tions were dizziness, nausea, hot skin, or “other” symptoms, 
each accounting for 5% or less of the reactions.122 Symptoms 
that began later than the day of or the day aft er treatment or 
symptoms that caused reduced activities of daily living were 
unusual.117

Leboeuf-Yde et al123 surveyed 625 patients treated with 1856 
spinal manipulations by chiropractors in Sweden. No severe 
complications or injuries were noted, but 44% reported at least 
one side eff ect, such as local discomfort, fatigue, or headache. 
Th e symptoms resolved in less than 48 hours in 81% of the 
cases.123 Th e two studies on minor adverse eff ects of manipula-
tion both surveyed patients who were treated with chiropractic 
manipulation. Similar data have not been collected on other 
practitioners, such as physical therapists who regularly practice 
spinal manipulation.

Contraindications to spinal manipulation can be separated 
into two categories: relative and absolute. Th e fi rst contraindi-
cation to consider is a lack of indications. If other interventions 
have evidence of greater eff ectiveness for a particular disorder, 
manipulation should not be used. In addition, the patient must 
be screened for red fl ags, and appropriate referrals must be 
made if the patient has any of the red fl ags listed in Box 3-4. Th e 
absolute contraindications involve a situation in which the 
forces to be used for the manipulation are likely to cause harm 
regardless of modifi cation in technique (Box 3-5). Relative 
contraindications are situations in which the potential exists 
for harm with manipulation but with adequate technique 
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professional contact that shows the patient competence and 
caring. Th e forearms, when appropriate, should be positioned 
in line with the direction of the manipulation force to be 
applied. With application of the manipulation forces, a fi rm sta-
ble trunk should be created through use of self cocontraction/
stabilization of the spinal and scapular muscles. Th e fi ngers/
hands should be as relaxed and supple as possible for patient 
comfort.

For a thrust manipulation, the tissue slack of the joint and 
surrounding soft  tissues is taken up with the primary and sec-
ondary levers. A primary lever is used to fi rst begin the applica-
tion of the force, followed by further slack taken up with use of 
secondary levers; the fi nal manipulation force is through the 
primary lever. Th e application of multiple vectors or levers of 
force used in a spinal manipulation follows the same basic prin-
ciples regardless of the technique used. Once the therapist and 
patient positionings are att ained, the therapist should begin 
with application of the primary vector (force plus direction) to 
take up part of the tissue slack. Secondary vectors are then used 
to further take up tissue slack to create a fi rm joint barrier. As 
each secondary force vector is applied, the primary vector is 
retested to determine whether a fi rm joint barrier (end feel) has 
been reached. Once a fi rm joint barrier has been att ained, the 
primary force vector (or lever) is applied with a manipulative 
force to create a treatment eff ect.

Th e advantage of use of multiple vectors or levers of force 
with a thrust manipulation is that a barrier can be att ained 
against which to stretch a joint without a forceful end range of 
motion position of the targeted joint. Th is is thought to provide 
a safer technique, especially in avoiding end range rotation of 
the cervical spine, which has been implicated as a risk factor for 
injury to vertebral artery with cervical spine thrust manipula-
tions. Th e use of multiple lever arms/directions of force creates 
a fi rm end feel or barrier at which point the primary technique 
lever is used to induce the fi nal manipulative thrust. Many of 
the oscillatory techniques do not use a great deal of locking 
with multiple levers of motion but instead use only one direc-
tion of force to induce the motion. With the thrust techniques, 
creation of fi rm end barrier is necessary for eff ective manipula-
tion of the targeted spinal segment.

Patients need to be encouraged to relax throughout the 
manipulation procedure. If a patient is actively resisting the 
premanipulation positioning, a less vigorous technique is best 
to try to gain greater confi dence from the patient, or an isomet-
ric manipulation technique can be used. For an isometric 
manipulation technique or muscle energy technique, the 
patient is positioned at a joint barrier and then light manual 
pressure is applied as the patient actively resists the movement 
to create an isometric contraction of the agonistic muscles for 
the desired motion. Aft er a 10-second hold, the tissue slack is 
taken up with passive or active moving of the spine further into 
the desired range of motion. Th e barrier could be a sense of tis-
sue resistance or pain. At this new barrier or just short of the 
painful barrier, another 10-second agonist isometric contrac-
tion is completed. Th e sequence is repeated three to four times, 
aft er which the motion is reassessed. If gains are made, this 

BOX 3-4 Red Flags

The following are considered red flags to proceeding with 
treatment and are indications for further medical investiga-
tions such as imaging studies and referral to a specialists:
■ Significant trauma
■ Weight loss
■ History of cancer
■ Fever
■ Intravenous drug use
■ Steroid use
■ Patient age >50 years
■ Severe unremitting nighttime pain
■ Pain that worsens on lying down

Adapted from Kendall NAS, Linton SJ, Main CJ: Guide to assessing psychosocial 
yellow flags in acute low back pain: risk factors for long-term disability and work 
loss, Wellington, New Zealand, 2002, Accident Rehabilitation and Compensation 
Insurance Corporation of New Zealand and the National Health Committee.

BOX 3-5 Absolute Contraindications to Manipulation

Lack of indications
Poor integrity of ligamentous or bony structures from recent 

injury or disease process
Unstable fracture
Bone tumors
Infectious disease
Osteomyelitis

Vertebral basilar insufficiency (cervical spine)
Rheumatoid arthritis (upper cervical spine)
Use of anticoagulant medication

BOX 3-6 Relative Contraindications to Manipulation

Osteoporosis
Herniated disc with radiculopathy
Signs of spinal instability
Rheumatoid arthritis
Pregnancy

modifi cation, skill, and special care, the technique may still be 
eff ective and cause no harm (Box 3-6).

GUIDING PRINCIPLES OF MANIPULATION 
PERFORMANCE

Th e patient must be positioned in a relaxed supported position. 
Th e therapist must learn to eff ectively use his or her entire body 
to most eff ectively manipulate the spine. A diagonal stance 
position is usually most benefi cial to create a stable base of 
support, and the therapist must use an athletic stance (such 
as a baseball player uses to hit a baseball or a football player 
uses to react to the direction of the ball), with the knees 
and hips slightly fl exed, the spine in neutral, and the weight 
forward on the balls of the feet. Th e touch must be a fi rm 
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treatment may be enough at that segment for the treatment ses-
sion; or if joint stiff ness is still evident, the segment may be fur-
ther manipulated.

Before manipulation, warming of the tissues and body 
through exercise is advisable. Oft en a general warm-up is used, 
such as an upper body ergometer, NuStep (NuStep Inc., Ann 
Arbor, Michigan), elliptical machine, or treadmill. Th e warm-
up is followed by specifi c exercises that target the impaired 
region, such as cervical or lumbar stabilization exercises or 
scapular theraband exercises. Beginning with exercise also 
emphasizes the importance of the home exercise program to 
the patient and allows the therapist to reassess the patient by 
observing movement patt erns and range of motion with the 
exercises. Key impairment fi ndings should be reexamined 
before application of the manual therapy techniques. At this 
point, manual therapy techniques can be applied to the impaired 
regions and might include, in the case of a patient with primary 
LBP symptoms, manipulation of the hip joints, lumbopelvic 
region, lumbar spine, or thoracic spine.

Immediately aft er the manipulation procedures, key fi nd-
ings should be reassessed, such as muscle tissue tone and active 
or passive motion testing, to determine whether the patient had 
a positive eff ect from the manipulation. Additional exercise or 
functional activities should be completed aft er the manipula-
tion to further assess the patient’s progress, to provide further 
education on lift ing or home exercise programs, and to move 
into the greater and more comfortable ranges of motion created 
with the manual therapy procedures.

TEACHING STRATEGIES FOR THE 
PSYCHOMOTOR COMPONENTS 
OF MANIPULATION

In the past, physical therapist educators have argued that only 
experienced physical therapists are qualifi ed to learn high 
velocity thrust manipulation.91 However, Cohen et al124 showed 
that skilled performance of a spinal manipulation technique, as 
quantifi ed with a force plate device, was no diff erent for a group 
of experienced chiropractors as compared with a group of 
newly trained chiropractic students. However, 12 of the 15 
experienced chiropractics admitt ed to not using the manipula-
tion technique that was tested on a regular basis even though 
they were previously trained in the technique. Th is study sug-
gests that with training and practice, a novice practitioner can 
have an equal level of skill in performance of a spinal manipula-
tion procedure as an experienced manipulator. Th e key to fur-
ther skill enhancement for both the novice and the experienced 
practitioners is further practice and feedback. Flynn, Fritz, and 
Wainner125 further illustrated how well physical therapy stu-
dents could do with training in manipulation by reporting on 
the successful clinical outcomes of fi nal year physical therapy 
students who used an evidence-based approach to show suc-
cessful patient outcomes with use of manipulation and thera-
peutic exercise for patients with symptoms of low back pain. 
Th e physical therapy students showed practice behaviors more 

in line with clinical practice guidelines than past surveys of 
practicing physical therapists.125

Th ere are three stages of learning motor skills such as 
manipulation. First is the cognitive stage in which the learner is 
new at a task and the primary concern is to understand what is 
to be done, how the performance is to be scored, and how best 
to att empt the fi rst few trials.126 Much cognitive activity is 
needed to determine appropriate strategies, but with practice, 
the performance rapidly improves. Th e second phase is the 
associative phase in which the individual has determined the 
most eff ective way of doing the task and begins to make more 
subtle adjustments in how the skill is performed.126 Perfor-
mance improvements are subtler, but gradual changes in per-
formance make the task more eff ective. Th e last stage is the 
autonomous phase in which the skill has become automatic.126 
At this phase, the learner can perform the task at a high level 
without much thought and can concurrently perform other 
tasks if needed.126 For students to develop enough confi dence 
in manipulation technique performance to use them on a regu-
lar basis in a clinical situation aft er graduation, they likely need 
to develop the skill to at least the associative phase.

Mann, Patriquin, and Johnson127 reported on the use of the 
mastery learning technique to instruct osteopathic students in 
the performance of a shoulder manipulation procedure. Th e 
four key components of mastery learning are: fi rst, clear speci-
fi cation of desired learning outcomes; second, careful develop-
ment of detailed learning materials that closely match the 
learning objectives; third, self-paced learning that may include 
independent study and group-based methods so that the stu-
dent studies and practices until confi dent of meeting the crite-
ria specifi ed in the objectives; and fourth, multiple opportunities 
to demonstrate achievement of the learning objectives with 
individualized corrective feedback.127 Ninety second year 
osteopathic students were given a handout and asked to view a 
videotape of a shoulder manipulation technique.127 Th ey were 
given 2 days to practice the shoulder manipulation procedure 
and then set up an appointment with an instructor to demon-
strate the technique and receive feedback. No penalty was 
applied for students who needed corrective feedback, but aft er 
the feedback, the students were requested to demonstrate the 
technique correctly. Only four students were required to repeat 
the technique, and their errors were easily corrected aft er the 
feedback session.127 Th e authors commented that student anxi-
ety was less because students were given more than one oppor-
tunity to demonstrate the technique correctly. Students 
reported that they practiced on average 67 minutes, with a 
range of 5 minutes to 4 hours. Positive student feedback was 
received regarding this method of teaching; however, a retest 
was never performed to determine retention of the manipula-
tive procedure nor was this learning method compared with 
other traditional means of teaching manipulation.127

Watson128 completed a pilot study that used a similar method 
of instruction of a thoracic spinal manipulation technique 
(HVT) with physical therapy students. In this study, 23 stu-
dents were divided into three groups. All students received 
training in a thoracic spinal manipulation technique. Group 1 
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(n = 8) was trained by an instructor who gave delayed (sum-
mary) verbal feedback aft er a practice session. Group 2 (n = 8) 
received training via videotape observation with no instructor 
feedback, and group 3 (n = 7) was trained by an instructor who 
gave concurrent verbal feedback while the students practiced.128 
Th e students were then asked to train 10 minutes per day for 1 
week, aft er which time they were graded on performance of the 
technique. Next, the students were asked to refrain from prac-
tice and to return 1 week later for retention testing. No diff er-
ence was seen in acquisition of the motor skill at the fi rst testing 
session between the three teaching methods, but group 3 
showed signifi cantly bett er retention of the skill when tested 1 
week later as compared with the other two groups.128 Although 
Watson’s study is somewhat inconclusive because of the small 
sample size, it provides some initial data to illustrate the impor-
tance of qualitative concurrent performance feedback in skill 
retention. Also of interest is that the results of the initial level of 
performance were the same regardless of whether the tech-
nique was demonstrated via videotape or in person but the pri-
mary factor that infl uenced retention was the quality and 
quantity of the feedback.

In the motor learning literature, practice and feedback have 
been recognized as the two most important factors in learning 
motor skills. First, a student must be motivated to learn a task. 
For facilitation of motivation, Schmidt126 suggests taking the 
time to make the task seem important and sett ing goals. Next, 
the learner must be provided with an image of the task, which 
can be done with instructions, demonstrations, videos and 
other means. Th e instruction can begin to develop the student’s 
“error detection mechanism” and the do’s and don’ts of the 
task.126 Further research is needed to investigate the optimal 
amount of instructions to give at one time, but Schmidt recom-
mends starting with the most essential elements of the task fol-
lowed by more instruction and feedback as the student starts to 
practice and refi ne the task.126 However, for complex tasks, 
instructions alone are crude and inadequate. Demonstration 
enhances performance when compared with just verbal instruc-
tion, and a second demonstration during the practice session 
further enhances learning.126

Once the task is instructed and demonstrated, the student 
must practice. Variability in practice tends to allow students to 
learn the task more eff ectively and allows them to perform a 
new version of the task with less error than if the practice 
was more constant.126 Th erefore, students should be encour-
aged to practice manipulation techniques for multiple regions 
of the spine during one practice session to be challenged in dis-
cussing and manipulating the varying spinal mechanics of each 
region of the spine. Th is practice should facilitate greater reten-
tion and skill acquisition, but further research is needed in 
this area. Th e two most important variables in practice are 
the amount of practice att empts and the knowledge of results 
(i.e., feedback).

Knowledge of results (KR) refers to the information about 
the success in performance of the task that the performer 
receives aft er the trial has been completed, and it serves as a 
basis for corrections on the next trial, leading to more eff ective 

performance as the trial continues.126 Although more practice 
trials tend to result in greater learning, without knowledge of 
success in the task, as practice continues, learning may be dras-
tically reduced (or nonexistent) even though many practice tri-
als are provided.126 Students should be given basic guidelines of 
self-assessment measures to be used in manual therapy, such as 
proper body mechanics, forearm alignment, and use of a diago-
nal stance. Students should also seek feedback from classmates 
and instructors regarding depth and comfort of pressure 
application.

Knowledge of results can facilitate motivation to practice, 
provide guidance to the practice session, and assist with bett er 
goal sett ing, which causes the performer to set higher perform-
ing goals, but these eff ects may disappear as soon as KR is 
removed.125 Decreasing the relative frequency of KR by increas-
ing frequency of no KR aids long-term retention of the task.125 
Relative frequency of KR should be high in initial practice, 
when guidance and motivation are critical, but the instructor 
should systematically decrease frequency of KR as the per-
former becomes more profi cient.125 Th erefore, initially, the 
instructor and classmates should provide a great deal of feed-
back, but as practice continues, the student needs to develop 
intrinsic means to monitor performance and to self correct to 
perform successfully in future clinical sett ing.

Guidance is useful for skill acquisition, but some loss of 
long-term learning eff ect occurs as a result of loss of trial and 
error and the self corrections that facilitate learning.126 Guid-
ance is, however, helpful to prevent injury with potentially dan-
gerous motor skills like certain maneuvers in gymnastics, but 
the student must eventually practice the task without guidance 
to fully develop the skill.126 With more complex manipulation 
procedures such as lumbar rotation manipulation, verbal step-
by-step instructions to the class are oft en helpful to talk the stu-
dents safely through the procedure during the fi rst att empt. For 
facilitation of learning, students must be allowed to progress 
to further practice without verbal cueing. However, feedback 
on performance errors are needed to enhance the skill 
performance.

Knowledge of performance (KP) is the feedback instructors 
typically give students regarding correction of improper move-
ment patt erns rather than just outcome of movement in the 
environment.126 Knowledge of performance has been studied 
with videotape replays, and in general, the benefi t of this type 
of feedback is best if the instructor can cue the learner to focus 
on specifi c aspects of the task. A more general viewing can pro-
vide too much extra information that may not enhance perfor-
mance.126 KP feedback can be provided verbally during a 
performance by a coach or instructor who is knowledgeable of 
the procedure. Detailed analysis of movement patt erns of 
skilled individuals can also facilitate training programs.126 A 
skilled manual therapy instructor can observe the student’s 
performance and provide feedback to instantly enhance the 
student’s performance of the technique. In contrast, knowledge 
of results is oft en provided in manual therapy by the patient’s 
response to the treatment, such as favorable reassessment 
results like increased range of motion.
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Despite the evidence supporting the importance of feed-
back for motor skill learning, the quality and quantity of feed-
back provided to physical therapy students learning new 
manual therapy techniques are oft en lacking. In many academic 
laboratory sessions, the instructor demonstrates a technique 
and the students practice the techniques on each other as the 
instructor walks through the room to provide feedback. How-
ever, because the student-to-faculty ratios are typically 15 : 1 
(standard deviation = 4.9),129 the instructors is not able to pro-
vide feedback for most of the students for each technique. Most 
instructors are hopeful that the students provide each other 
with quality feedback. However, Pett y and Cheek130 found that 
even postgraduate students participating in a manual therapy 
residency program provided inconsistent and unreliable feed-
back to classmates while learning manual therapy procedures. 
Pett y and Cheek130 point out that one factor that likely contrib-
utes to the poor reliability commonly associated with passive 
intervertebral motion testing procedures is inadequate learn-
ing of the skills. Th e cause of the inadequate learning of manual 
therapy procedures may be inadequate teaching, practice, and 
feedback that are necessary for complex skill acquisition and 
retention.

Keating and Bach131 used a bathroom scale to train a group 
of six postgraduate manual therapy residency students to pro-
duce a specifi c level of posterior-anterior force and compared 
this group’s ability to reproduce these forces on a subject’s lum-
bar spine with a similar group of manual therapy residents who 
did not participate in the bathroom scale training. Th e trained 
group was able to be more specifi c with force application for PA 
force application in the lumbar spine compared with the con-

trol group.131 Th is study shows that if the therapist is given 
specifi c knowledge of results (i.e., feedback), skill level 
improves.131

Lee and Refshauge132 used a similar force plate treatment 
table device to provide concurrent quantitative feedback to a 
group of 31 physical therapy students who were taught a grade 
II mobilization technique at the third lumbar vertebral level. A 
second group of 22 students were in the control group and were 
taught the same procedures in the traditional manner. Aft er 
training with this device, the students’ forces were compared 
with the “ideal forces” as applied by the expert instructor. Th e 
accuracy and consistency of force application of the experi-
mental group was greater than that of the control group.132 If 
this type of device were more readily available, mobilization/
manipulation skill acquisition might be enhanced. However, 
this force plate device does not provide the student with feed-
back regarding tissue tension, resistance, or end feel. Th erefore, 
this device cannot replace the type of qualitative feedback that 
a skilled clinical instructor can provide a student in a clinical 
sett ing.

Further research is needed in development of training tools 
to assist therapists to learn to more eff ectively and accurately 
grade passive intervertebral motion and end feel resistance. 
Th e research suggests that manual skills can be learned 
and retained more eff ectively if concurrent qualitative and 
quantitative feedback is provided. If an instructor must provide 
all the feedback, small student-to-faculty ratios are needed to 
provide the necessary feedback or more open laboratory prac-
tice sessions are needed with instructors present to provide 
quality feedback.
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CHAPTER 4

Examination and Treatment of 
Lumbopelvic Spine Disorders
CHAPTER OVERVIEW

This chapter covers the kinematics of the lumbar spine, pelvis, and hips; describes common lumbopelvic 
spine disorders with a diagnostic classification system to guide clinical decision making; and provides a 
detailed description of special tests, manual examination, manipulation, and exercise procedures for the 
lumbar spine, pelvis, and hips.

OBJECTIVES

■ Describe the significance and impact of lumbopelvic spine disorders

■ Describe lumbar spine, pelvic, and hip kinematics

■ Classify lumbopelvic spine disorders based on signs and symptoms

■ Describe interventions for lumbar spine, pelvic, and hip disorders

■ Demonstrate and interpret lumbopelvic spine and hip examination procedures

■ Describe contraindications and precautions for lumbopelvic spine manipulation

■ Demonstrate manipulation techniques for the lumbar spine, pelvis, and hips

■ Instruct exercises for lumbopelvic spine disorders

SIGNIFICANCE OF THE LOW BACK 
PAIN PROBLEM

As many as 80% of Americans have symptoms of low back 
pain (LBP) during their lifetime.1 LBP is the leading cause 
of injury and disability for those younger than 45 years of 
age and the third most prevalent impairment for those 45 years 
or older.2

Lumbar spinal stenosis (LSS) is associated with substantial 
medical costs, with an estimated 13% to 14% of patients seek-
ing help from a specialty physician; up to 4% of those who seek 
care from a general practitioner for low back pain are diagnosed 
with LSS.3

In 2001, 122,316 lumbar spinal fusion procedures were per-
formed for degenerative conditions in the United States, com-
pared with 32,701 operations in 1990, which calculates to 61.1 
operations per 100,000 adults in 2001 compared with 19.1 
operations per 100,000 adults in 1990.4 Th e increase is 220%.4

Th e most rapid rise in fusion rates occurred for the diagnosis of 
degenerative disc disease. Lumbar fusion is among the most 
rapidly increasing of all major surgical procedures and one of 
the most expensive, with $4.8 billion spent on spinal fusion 

surgeries in 2001 in the United States.4 A twentyfold regional 
variation of lumbar fusion rates is found in the United States 
among Medicare enrollees in 2002 and 2003, which is likely 
the result of a lack of scientifi c evidence to guide surgical deci-
sion making, fi nancial incentives, and professional opinion.5 In 
other words, the likelihood of patients with degenerative spinal 
conditions undergoing fusion procedures is more dependent 
on where they live than clinical presentation.

Th e rapid increase in surgical rates and the escalating costs 
for treatment of lumbar conditions have not been matched by 
improved outcomes and reductions in disability. On the con-
trary, the level of disability associated with LBP as noted with 
work loss, early retirement, and state benefi ts has escalated as 
cost and surgical rates have increased.6 An evidence-based 
approach to management of lumbar spine disorders is needed 
to prevent long-term disability and to empower patients to self 
manage recurrent future episodes of LBP. A nonsurgical 
evidence-based approach to management of lumbopelvic dis-
orders is presented. An understanding of the functional anat-
omy and mechanics of the lumbar spine, pelvis, and hips 
establishes a foundation for the nonsurgical examination and 
treatment of these anatomic areas.
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Lumbopelvic Kinematics: Functional Anatomy 
and Mechanics
Lumbar spine active range of motion has been reported as 60 
degrees fl exion, 25 degrees extension, 25 degrees left  and right 
lateral fl exion, and 30 degrees left  and right rotation.7 Troke 
et al8 used a modifi ed CA6000 spine motion analyzer (Ortho-
pedic Systems Inc., Union City, Calif., and Troke/University of 
Brighton) to establish normative lumbar spine range of motion 
values for 405 subjects aged 16 to 90 years. Th e median range of 
motion for lumbar forward bending ranged from 73 degrees for 
the youngest age group to 40 degrees for the oldest.8 Backward 
bending ranged from 29 to 6 degrees, with a decline of 79% 
from the youngest age group to the oldest. Lateral fl exion 
declined from 28 to 16 degrees, and rotation stayed consistent 
at 7 degrees.8 Troke et al8 found litt le diff erence in the median 
range of lumbar motion between male and female subjects 
across a large age spectrum (Table 4-1).

Th e lumbopelvic region moves in coordination with the hip 
joints to create a lumbopelvic rhythm with forward and back-
ward bending. In a standing position with the knees extended, 
forward bending is produced with hip fl exion, anterior pelvic 
tilt, and forward bending of the lumbar spine. Th e relative con-
tribution of each to the total amount of forward bending is 
dependent on muscle length (e.g., hamstrings), joint mobility 
(e.g., hips, facet joints, and sacroiliac joint [SIJs]), and neuro-
muscular control. For correct function of lumbopelvic rhythm, 
hip fl exion should be greater than lumbar forward bending and 
should occur fi rst with functional activities.9

With forward bending of the lumbar spine, the posterior 
annular fi bers of the intervertebral disc become taut and the 
anterior fi bers become slack and bulge anteriorly. Th e nucleus 
pulposus of the disc is compressed anteriorly, and pressure is 
relieved over the posterior surface.9 Based on computed tomog-
raphy (CT) scan data, forward bending increases the size of the 
central canal 24 mm2, or 11%, and backward bending decreases 
the size of the canal 26 mm2, or 11%.10 Th e neuroforaminal area 
increases 13 mm2 (12%) in forward bending and decreases 
9 mm2 (15%) in backward bending.10 Among the 25 motion 

segments studied, three compressed nerve roots were relieved 
with forward bending and fi ve nerve roots were compressed 
with backward bending10 (Figure 4-1).

Th e layers of annular fi bers have an alternating oblique ori-
entation to allow for only half of the fi bers to be on tension dur-
ing rotation. Forward bending places tension through all the 
posterior annular fi bers, so the combination of rotation with 
forward bending may result in excessive strain to the posterior 
annular intervertebral disc fi bers.9 Nachemson11 measured 
intradiscal pressure of the L3 vertebrae in various positions and 
found that intervertebral disc pressure was greatest with sub-
jects sitt ing and leaning forward 20 degrees with weights in the 
hands. Th e standing position had less intradiscal pressure than 
did the sitt ing position, and the supine position was the least 
loaded discal pressure position (Figure 4-2). Nachemson’s11 
work provides a basis for clinical decision making in interpreta-
tion of the symptom behaviors in patients with discogenic 
symptoms. For instance, if low back and leg pain symptoms are 
provoked with sitt ing and leaning forward, the likelihood 
of symptoms originating from a discogenic condition is 
increased.

Th e facet joints have two principal movements: translaction 
(slide or glide) and distraction (gapping).12 When upglide 
occurs from both sides simultaneously, the result is forward 
bending; likewise, when downglide occurs from both sides 
simultaneously, backward bending is the result.12 Forward 
bending involves a fl att ening of the lumbar lordosis, especially 
at the upper lumbar levels,13 and involves a combination of 
anterior sagitt al rotation and superior anterior translation (i.e., 
upglide) of the bilateral facet joints.

When upglide occurs on one side alone with downglide 
on the opposite side, the result is side bending (lateral 
fl exion). Distraction occurs with axial rotation of the lumbar 
spine when one facet is compressed and becomes a fulcrum 
and when the facet on the side of rotation is distracted12 
(Figure 4-3). Tables 4-2 and 4-3 provide a list of the segmental 
lumbar forward and backward bending motions reported in the 
literature. Th ese fi nding are based on healthy young adult 
subjects.

TABLE 4-1 Maximal and Minimal Median Ranges of Lumbar Spinal Motion Across All Subjects (Overall Age Range of Subjects, 16 to 90 y)

MALE FEMALE

MOVEMENT MAXIMAL (MEDIAN OF VALUES; DEG) MINIMAL MAXIMAL (MEDIAN OF VALUES; DEG) MINIMAL

Flexion 73 40 68 40

Extension 29  7 28  6

Right lateral flexion 28 15 27 14

Left lateral flexion 28 16 28 18

Right axial rotation  7  7  8  8

Left axial rotation  7  7  6  6

From Troke M, Moore AP, Maillardet FJ, et al: Manual Ther 10:198-206, 2005.
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FIGURE 4-1 Anterior and posterior tilt of pelvis and its effect on kinematics of lumbar spine. A and C, Anterior pelvic tilt extends 
lumbar spine and increases lordosis. B and D, Posterior pelvic tilt flexes lumbar spine and decreases lordosis. This action tends to 
shift nucleus pulposus posteriorly and increases diameter of intervertebral foramina. Muscle activity is shown in blue. From 
Neumann DA: Kinesiology of the musculoskeletal system, St Louis, 2002, Mosby.

TABLE 4-2  Lumbar Forward-Bending Segmental Range of Motion 
in Degrees

LEVEL PEARCY PLAMONDON PANJABI

L1-L2  8.0 ± 5.0  5.1 ± 2.1 5.0 ± 1.0

L2-L3 10.0 ± 2.0  8.8 ± 0.8 7.0 ± 1.2

L3-L4 12.0 ± 1.0 11.6 ± 2.7 7.3 ± 1.5

L4-L5 13.0 ± 4.0 13.1 ± 1.7 9.1 ± 2.5

L5-S1  9.0 ± 6.0 – 9.0 ± 2.0

Adapted from Pearcy MJ, Tibrewal SB: Spine 9:582-587, 1984; Plamondon A, 
Gagnon M, Maurais G: Application of a stereoradiographic method for the study 
of intervertebral motion, Spine 13:1027-1032, 1988; and Panjabi MM, Oxland TR, 
Yamamoto I, et al: J Bone Joint Surg (Am) 76:413-424, 1994.

TABLE 4-3  Lumbar Backward-Bending Segmental Range of 
Motion in Degrees

LEVEL PEARCY PLAMONDON PANJABI

L1-L2 5.0 ± 2.0 3.0 ± 3.0 4.1 ± 1.5

L2-L3 3.0 ± 2.0 3.9 ± 2.9 3.3 ± 1.2

L3-L4 1.0 ± 1.0 2.1 ± 0.9 2.6 ± 1.2

L4-L5 2.0 ± 1.0 1.2 ± 1.2 3.6 ± 1.5

L5-S1 5.0 ± 4.0 – 5.3 ± 2.0

Adapted from Pearcy MJ, Tibrewal SB: Spine 9:582-587, 1984; Plamondon A, 
Gagnon M, Maurais G: Application of a stereoradiographic method for the study 
of intervertebral motion, Spine 13:1027-1032, 1988; and Panjabi MM, Oxland TR, 
Yamamoto I, et al: J Bone Joint Surg (Am) 76:413-424, 1994.
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FIGURE 4-2 Vertical load per unit of area on annulus fibrosus 
and tangential tensile stress in dorsal part of annulus 
fibrosus in L-3 disk in subject weighing 70 kg and assuming 
positions schematically shown. From Nachemson A: The load 
on lumbar disks in different positions of the body, Clin Orthop 
45:107-122, 1966.

Lateral fl exion and axial rotation of the lumbar spine tend to 
occur as coupled motions, but the exact patt erns of coupling 
direction seem to vary from one individual to another and from 
one lumbar spinal level to another. With rotation, a coupled lat-
eral fl exion tends to occur to the opposite side; and this patt ern 
is more consistent for levels L1-L2 to L3-L4 in subjects without 
low back pain. Inconsistent fi ndings are seen with lower lumbar 
spinal segments with this coupling patt ern. Panjabi et al14 found 
L4-L5 and L5-S1 rotation and coupled lateral fl exion that 
occurred to the same side (Tables 4-4 and 4-5). Other fi ndings 
showed that in patients with chronic low back pain with three 
diff erent patt erns of coupled motion may occur: either the 
opposite lateral fl exion was coupled with axial rotation (“nor-
mal”), the same direction of lateral fl exion was coupled with 
rotation, or no coupling lateral fl exion occurred with rotation.15 
In one study, only 14% of the patients had “normal” coupling 
patt erns of axial rotation in the opposite direction of the lateral 
fl exion. Fift y percent showed coupled axial rotation in the same 
direction as the lateral fl exion, and the remainder showed no 
rotation with lateral fl exion.15

Legaspi and Edmond16 completed an extensive review of the 
literature on studies (n = 32) that measured lumbar segmental 
coupled motion and concluded that no consistent coupling pat-
tern was seen with lumbar lateral fl exion or rotation. Twenty-
nine percent of the studies in which lateral fl exion was the fi rst 
motion performed found that, for most subjects, lateral fl exion 
and rotation were coupled to the opposite side (the classic “nor-
mal” description). However, 33% of the studies in which lateral 
fl exion was the fi rst motion performed found that, for most of 
the subjects, coupling varied depending on the spinal level.16 

TABLE 4-4  Lumbar Axial Rotation Segmental Range of Motion 
with Couple Lateral Flexion in Degrees

PEARCY PANJABI

LEVEL
LEFT 
ROTATION

RIGHT LATERAL 
FLEXION

LEFT 
ROTATION

RIGHT LATERAL 
FLEXION

L1-L2 1.0 3.0 2.3 ± 1.2 1.9 ± 0.8

L2-L3 1.0 3.0 1.7 ± 0.9 2.2 ± 1.8

L3-L4 2.0 3.0 2.3 ± 0.7 0.2 ± 1.6

L4-L5 2.0 2.0 1.2 ± 1.0 −2.2 ± 0.5

L5-S1 0.0 −1.0 1.0 ± 1.0 −2.5 ± 1.8

Data compiled from Pearcy MJ, Tibrewal SB: Spine 9:582-587, 1984, and Panjabi 
MM, Oxland TR, Yamamoto I, et al: J Bone Joint Surg (Am) 76:413-424, 1994.

TABLE 4-5  Lumbar Lateral Flexion Segmental Range of Motion 
with Coupled Axial Rotation in Degrees

PEARCY PANJABI

LEVEL
RIGHT LATERAL 
FLEXION

LEFT 
ROTATION

RIGHT LATERAL 
FLEXION

LEFT 
ROTATION

L1-L2 5.0 0.0 4.4 ± 0.5 0.0 ± 1.9

L2-L3 5.0 1.0 5.8 ± 1.5 1.7 ± 0.6

L3-L4 5.0 1.0 5.4 ± 1.1 0.9 ± 0.5

L4-L5 3.0 1.0 5.3 ± 1.3 1.8 ± 1.0

L5-S1 0.0 0.0 4.7 ± 0.9 1.7 ± 0.7

Data compiled from Pearcy MJ, Tibrewal SB: Spine 9:582-587, 1984, and Panjabi 
MM, Oxland TR, Yamamoto I, et al: J Bone Joint Surg (Am) 76:413-424, 1994.

Forty-fi ve percent of the studies in which rotation was the fi rst 
motion performed found that coupling between lateral fl exion 
and rotation was inconsistent, and another 45% of the studies 
found that, for most subjects, coupling varied depending on the 
spinal level.16

Based on these fi ndings, manual therapy practitioners 
should not rely on classical descriptions of coupling patt erns for 
development and implementation of spinal manipulation tech-
niques. When restoration of rotation or lateral fl exion is a goal 
of intervention, multiple planar manipulation techniques can 
be used to take up tissue slack and isolate the forces to a specifi c 
spinal level, but the primary directional impairments should be 
addressed with the primary lever used in performance of the 
manipulation techniques.

Th e muscles of the back can be grossly divided between the 
global and the local muscles.17 Th e global muscle system con-
sists of large torque-producing muscles that act on the trunk 
and spine without directly att aching to the vertebrae. Th e mus-
cles include the rectus abdominis, external oblique, and tho-
racic part of the lumbar iliocostalis. Th e local muscle system 
consists of muscles that directly att ach to the lumbar verte -
brae and are responsible for providing segmental stability 
and directly controlling the lumbar segments.17 Th e lumbar 
multifi dus, psoas major, quadratus lumborum, interspinalis, 
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intertransversarii, lumbar portions of the iliocostalis and lon-
gissimus, transversus abdominis, diaphragm, and posterior 
fi bers of the internal oblique all form part of the local muscle 
system.18 Th e local muscles, transversus abdominis, and lum-
bosacral multifi dus tend to play a large role in the successful 
rehabilitation of spinal instability disorders.

Th e lumbar mulfi dus muscle is bipennate in both origin and 
insertion. It arises from a tendinous slip from the mamillary 
process just lateral and inferior to the facet joint.12 From this 
point, it passes upwards and medially to gain a muscle origin 
from the upper third of the facet adjacent to its origin.12 Two 
sets of these muscles then are joined together with further mus-
cle tissue that ends in a tendinous slip that inserts into the pos-
terior inferior aspect of the spinous process12 (Figure 4-4). Th e 
fascicles of the lumbar multifi dus are well positioned to act as 
posterior sagitt al rotators on the vertebrae of their origin, and 
the length of the spinous process provides a great mechanical 
advantage.19 Th e multifi dus is not well positioned to contribute 
to the posterior translation component of extension, and the 
multifi dus has a short lever arm to assist with vertebral axial 
rotation. Th e muscles best suited for axial rotation are the 
oblique abdominal muscles, but they also at the same time pro-
duce a fl exion moment.19 Th e erector spinae and the multifi dus 
have been suggested to be active during rotation to counter this 
fl exion moment.19 Although the multifi dus has been said to be a 

FIGURE 4-3 Taken from videotape of fresh cadavers mounted in frame, this illustration shows hatched areas where facets are 
exposed. A, Neutral position with facets neatly coupled is shown. B, Forward bending is depicted and exposes some 40% of facet 
joint area. C, Side bending to left causes more upward slide on right facet than did forward bending. Further, angular distraction 
of lower pole of left facet is shown. Note also upper vertebrae in side bending left also rotated to that side. D, Right rotation is 
shown, in which right facet has distracted and left facet has compressed and slid somewhat forward with vertebrae tilting into 
left side bending. From Paris SV: Anatomy as related to function and pain, Orthop Clin North Am 14(3):475-489, 1983.

FIGURE 4-4 Multifidus complex, which is difficult to illustrate, 
has both bipennate origin and bipennate insertion. Fiber 
orientation is shown. From Paris SV: Anatomy as related to 
function and pain, Orthop Clin North Am 14(3):475-489, 1983.
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lateral fl exor of the lumbar vertebral column, it att aches too 
close to the axis of the movement to contribute signifi cantly to 
lateral fl exion.19 Any apparent lateral fl exion produced by the 
multifi dus causes a combination of extension combined with 
slight contralateral axial rotation, which may be part of the rea-
son for the more consistent upper lumbar coupled contralateral 
rotation motion with lateral fl exion.19 Th e multifi dus contrib-
utes to the control of lumbar segmental motion by maintaining 
segmental equilibrium and development of intersegmental 
stiff ness.17

Most of the structures of the lumbar spine are innervated by 
at least two, and usually three, segmental nerves.12 Th is multi-
ple segmental innervation may explain the variability of 
referred pain and pain perception reported by patients with 
lumbopelvic disorders.12 Clinically, the result is that clinicians 
cannot diagnose a specifi c anatomic structure as the primary 
cause of the patient’s symptoms purely on the patient’s reports 
of pain location.

Pelvic Mechanics
Analysis of motion of the pelvis is diffi  cult to measure 
with functional radiography because of the oblique orientation 
of the sacroiliac joints and the lack of defi nitive horizontal 
or vertical landmarks to use for motion measurement pur -
poses. Struresson, Selvik, and Uden20 inserted four steel 
balls into the posterior aspect of the pelvis on 21 women and 
four men volunteers to study the motion of the pelvis with 
roentgen stereophotogrammetric analysis.20 Th e x-ray tubes 
were oriented at oblique angles to the subject to capture radio-
graphs of the subject in multiple positions. Th e pelvic motion 
measured with this technique was a mean of 0.5 mm transla-
tion and 1 to 2 degrees rotation.20 Th e mean errors for rotation 
and translation were 0.1 to 0.2 degrees and 0.1 mm, 
respectively.20

Th e typical mean values of sacroiliac motion fall within the 
range of 0.2 to 2 degrees for anterior and posterior rotation and 
the range of 1 to 2 mm for translation.21 Movements of the sac-
roiliac joint are primarily in the sagitt al plane and primarily 
occur as a result of compression force of the articular cartilage 
and slight movement of the joint surfaces.21 Terms commonly 
used to describe the motion of sacroiliac joints include nuta-
tion, counternutation, and anterior/posterior rotation. Nutation 
(meaning “to nod”) is defi ned as the anterior tilt of the base 
(top) of the sacrum relative to the ilium and is also called sacral 
fl exion.21 Counternutation or sacral extension is the reverse 
motion, defi ned as the posterior tilt of the base of the sacrum 
relative to the ilium (Figure 4-5).

Anterior rotation refers to the forward movement of the iliac 
crest and the backward movement of the ischial tuberosity in 
relation to the sacrum. Posterior rotation is the backward move-
ment of the iliac crest and the forward movement of the ischial 
tuberosity in relation to the sacrum. Anterior rotation of the 
ilium tends to occur with end range hip extension, and poste-
rior rotation tends to occur with end range hip fl exion. Th e iliac 
crest of the ilium tends to move superiorly as it rotates anteri-
orly and move inferiorly as it rotates posteriorly.

In a young person, the joint surfaces of the SIJ are relatively 
fl at; but with increasing age, they develop a series of peaks and 
troughs that interdigitate with each other.22 Th ese anatomic 
changes increase the joint’s resistance to shearing movements 
by a mechanism termed “form closure.”23 In theory, if two 
opposing peaks catch on each other, the joint could become 
“locked” or “displaced” and require manipulation to restore 
the normal motion and position of the pelvis. Valid clinical 
measures for detection and measurement of the presence of a 
displaced SIJ have yet to be developed.

Sacroiliac joint stability can be enhanced by muscle action. 
Transversus abdominus contractions have been shown to 
enhance SIJ stability,24 and in theory, tension generated by 
the gluteal muscles on one side of the body can work synergisti-
cally through the thoracolumbar fascia and the contralateral 
latissimus dorsi to press the joint surfaces closer together and 
increase stability by a mechanism termed “force closure.”23 
Th erefore, training of the gluteal, the contralateral latissimus 
dorsi, and the transversus abdominis muscles can form a mus-
cular sling to enhance stability of the SIJ when hypermobility is 
suspected.

Hip Mechanics
Normal lumbopelvic rhythm includes a coordinated move-
ment of the hip, pelvis, and lumbar spine. Typical lumbopelvic 
rhythm consists of about 40 degrees of forward bending of the 
lumbar spine and 70 degrees of fl exion of the hips.21 Limited 
fl exion of the hips, such as with tight hamstrings or a tight hip 
joint capsule, requires greater fl exion of the thoracic and lum-
bar spines. Excessive hip fl exion as a result of excessive length 
of the hamstrings requires less lumbar and thoracic forward 
bending for full forward bending.21

Th e hip joint allows osteokinematic motions of fl exion (120 
degrees), extension (20 degrees), abduction (40 degrees), 

Nutation

A B

Counternutation

Anterior sacral tilt

Posterior iliac tilt

Posterior sacral tilt

Anterior iliac tilt

FIGURE 4-5 Kinematics at sacroiliac joint. A, Nutation. B, 
Counternutation. Sacral rotations are indicated in gray; iliac 
rotations in white. Axis rotation for sagittal plane movement 
is indicated with small circle. From Neumann DA: Kinesiology 
of the musculoskeletal system, St Louis, 2002, Mosby.
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adduction (25 degrees), internal rotation (35 degrees), and 
external rotation (45 degrees).21 Th ese motions may be initi-
ated as femur on pelvis or pelvis on femur movements. Th e hip 
joint is formed by the head of the femur and the deep socket of 
the acetabulum of the ilium to create the classic ball-in-socket 
joint. Th e deep socket is surrounded by an extensive set of cap-
sular ligaments, and many large forceful muscles provide the 
forces needed to propel and stabilize the body.21 Th e arthro-
kinematics tend to follow the concave-convex rules, so that if 
the motion is initiated with the femur on the pelvis, the gliding 
movement at the joint tends to be in the opposite direction of 
the femur movement (e.g., anterior glide of femoral head with 
hip extension). If the motion is initiated as the pelvis moves on 
the fi xed femur (concave on convex), the gliding motion at the 
joint is in the same direction of the pelvic movement.

In a sitt ing position with the hips fl exed about 90 degrees, an 
anterior pelvic tilt includes fl exion of the hip joint and back-
ward bending of the lumbar spine. A posterior pelvic tilt per-
formed in a sitt ing position includes a relative extension motion 
of the hip joint and forward bending (straightening) of the lum-
bar spine.21 With a single leg weight-bearing position, abduc-
tion and adduction of the hip joint can occur with frontal plane 
movements of the pelvis. Horizontal plane rotation of the pel-
vis occurs with internal and external rotation of the hips with 
the leg in a weight-bearing position.

Th e hip joint mobility (accessory motion) and muscle length 
and strength of the muscles that cross the hip joint must be 
evaluated and treated in patients with lumbopelvic disorders. 
Th e hamstrings, hip fl exors, piriformis, and iliotibial band are 
muscles that typically guard and tighten with dysfunctions in 
the region. Th e gluteal muscles (especially the gluteus medius), 
multifi dus, and transversus abdominis are commonly weak 
with hip and lumbopelvic dysfunctions.

DIAGNOSIS AND TREATMENT OF 
LUMBOPELVIC DISORDERS
Evidence-based treatment guidelines for acute LBP have been 
endorsed by at least 11 countries, and a recent review of the 
available guidelines found consensus in several areas.25 Regard-
ing diagnosis, agreement exists that diagnostic triage is indi-
cated to diff erentiate nonspecifi c LBP, radicular syndrome, and 
specifi c pathological conditions. In addition, the history taking 
and physical examination must strive to identify red fl ags and 
screen the neurological system. Radiographic examinations 
should not be used for the initial diagnosis of acute low back 
pain conditions in the absence of red fl ags, and psychosocial 
factors should be assessed and considered as a component of a 
conservative approach.25

Th e guidelines also provide common recommendations for 
treatment for acute low back pain, including reassuring the 
patient of a favorable prognosis, advising the patient to stay 
active, and prescribing medication if necessary, starting with 
paracetamol (acetaminophin), then considering nonsteroidal 
antiinfl ammatory agents, and lastly considering muscle relax-

ants or opoids.25 Discouragement of bed rest and consideration 
of spinal manipulation for pain relief were also recommended 
by most of the guidelines.25

A European guideline provided the following recommenda-
tions for the treatment of chronic low back pain: cognitive 
behavior therapy, supervised exercise therapy, brief educational 
interventions, and multidisciplinary (biopsychosocial) treat-
ment, with short-term use of nonsteroidal antiinfl ammatory 
drugs and weak opioids.26 Additional treatments to be 
considered include back schools and short courses of man-
ipulation and mobilization, noradrenergic or noradrenergic-
seratoninergic antidepressants, and muscle relaxants.26 Passive 
treatments, such as therapeutic ultrasound and diathermy, and 
invasive surgical procedures are not recommended for nonspe-
cifi c low back pain.26 A signifi cant note is that the recommenda-
tions of most evidence-based treatment guidelines for both 
acute and chronic low back pain include patient education, 
manipulation, and exercise, the primary interventions provided 
by physical therapists.

Lumbopelvic disorders are not a homogeneous group of 
conditions, and subgrouping or classifi cation of patients with 
back pain has been shown to enhance treatment outcomes.27,28 
Classifi cation of lumbopelvic disorders should adequately 
defi ne the primary signs and symptoms and guide therapeutic 
interventions. Once red fl ags have been screened, and the 
patient has been determined through use of medical screen -
ing procedures to be an appropriate candidate for physical 
therapy, further information should be gathered to arrive at a 
diagnosis and impairment or treatment classifi cation for the 
condition.

Th e low back pain treatment-based classifi cation system was 
fi rst described by Delitt o, Erhard, and Bowling29 and was based 
on the available evidence, common practice, and expert opin-
ion for treatment of patients with low back pain. Th e classifi ca-
tion categories are named by the primary intervention to be 
provided, and determination of the subgroup into which the 
patient is categorized is based on sets of signs and symptoms 
from the examination. Over time, the classifi cation system has 
been modifi ed based on results of clinical research studies 
to develop clinical prediction rules for manipulation30 and 
stabilization31 and based on results of reliability studies32 and 
randomized controlled clinical trials.28 Th e specifi c exercise 
category is based on a McKenzie33 approach for treatment of 
“derangements,” with use of repeated lumbar movements, that 
has been refi ned and tested by Werneke and Hart34,35 and Long 
and Donelson.36

Th e treatment-based classifi cation system avoids the pitfalls 
of att empts to identify the pathoanatomic cause of the patient’s 
symptoms. Although clinicians oft en theorize the primary ana-
tomic structure at fault, studies estimate that the true patho-
anatomic structure causing low back pain can be identifi ed in 
less than 15% of the cases.37 Lumbar spinal stenosis is perhaps 
the one main exception in which strong correlation between 
the pathoanatomic fi ndings on imaging fi ndings and a specifi c 
treatment approach seems to provide favorable treatment 
outcomes.38
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Evidence is found of improved outcomes with patients 
whose treatment approach is matched versus unmatched in use 
of the treatment-based classifi cation for the conservative man-
agement of acute low back pain.27 Patients who underwent 
matched treatments had greater short-term and long-term 
reductions in disability than those who underwent unmatched 
treatments.27 Earlier research by Fritz, Delitt o, and Erhard39 
showed signifi cantly bett er outcomes from 4 weeks of 
classifi cation-based physical therapy treatment compared 
with guideline-based treatment, which consisted of low-stress 
aerobic exercise and advice to remain active. Box 4-1 outlines 
the primary categories used in the treatment-based classifi ca-
tion system for low back pain. In this text, the names of the cat-
egories have been modifi ed to highlight the primary 
impairments to be addressed in the category (i.e., impairment-
based classifi cations), and the treatment-based name of the 
classifi cation is provided in parentheses in Box 4-1.

Lumbar Hypomobility (Manipulation)
Th e strongest research support for the safe and eff ective use of 
manipulation (especially thrust techniques) is in the treatment 
of patients with acute low back pain (LBP). Numerous inde-
pendent agencies have conducted systematic reviews of the 
literature to develop clinical practice guidelines based on the 
strength of the evidence and have concluded that spinal manipu-
lation is a safe eff ective intervention for the management of 
acute LBP.6,40-42 Spinal manipulation received the highest level 
of evidence awarded any intervention for the treatment of LBP 
in the 1994 Agency for Health Care Policy and Research 
(AHCPR) Guidelines, which were the fi rst clinical practice 
guidelines to recommend the use of manipulation in the care of 
acute LBP.40

Th e level of research evidence to support the use of manipu-
lation by physical therapists for the treatment of acute LBP has 
been further strengthened by the development, refi nement, 
and validation of the clinical prediction rule for manipulation 
for acute low back pain. Childs et al28 published a randomized 
controlled trial that validated the clinical prediction rule for 
use of manipulation for acute LBP. Th e clinical prediction rule 
was developed by Flynn et al30 and is a set of fi ve criteria that 
was determined to predict successful outcomes from a lumbo-
pelvic manipulation when at least four of the fi ve criteria were 
met in the patient examination fi ndings. See Box 4-2 for an out-
line of clinical prediction rule (CPR) for manipulation for acute 
low back pain.

Th e study from Childs et al28 examined 131 patients (18 to 
60 years of age) with acute LBP who were referred to a physical 
therapist. Patients were randomly assigned to receive physical 
therapy that included two sessions of high-velocity thrust spi-
nal manipulation plus an exercise program (manipulation + 
exercise group) or an exercise program without spinal manipu-
lation (exercise-only group).28 During the fi rst two sessions, 
patients in the manipulation + exercise group received high-
velocity thrust manipulation and range of motion exercise. 
Patients in the exercise-only group were treated with a low-
stress aerobic and lumbar spine–strengthening program. 

BOX 4-1  Outline of an Impairment-Based (Treatment-
Based) Classification System for Low Back Pain

Lumbar and leg pain that centralizes with repeated move-
ments (specific exercise)
Extension syndrome
 Symptoms centralize with lumbar backward bending
 Symptoms peripheralize with lumbar forward bending
Flexion syndrome
 Symptoms centralize with lumbar forward bending
 Symptoms peripheralize with lumbar backward 

bending
 Imaging evidence of lumbar spinal stenosis
 Older age (>50 y)
Lateral shift
 Visible frontal plane deviation of the shoulders relative 

to the pelvis
 Symptoms centralize with side glide and backward 

bending
Lumbar hypomobility (manipulation)

Hypomobility with passive accessory intervertebral 
motion testing

Low back and leg pain that does not travel beyond the 
knee

Low fear avoidance beliefs (FABQ work subscale <19)
Recent onset of back pain (<16 d)
Adequate hip rotation motion (at least one hip >35 

degrees IR)
Lumbopelvic instability (stabilization)

Hypermobility with posterior-anterior segmental mobil-
ity testing

Younger age group (<41 y)
Greater general flexibility (SLR > 90 degrees)
Positive prone instability test
For patients who are postpartum
 Positive posterior pelvic pain provocation (P4) and 

ASLR and modified Trendelenburg’s tests
 Pain provocation with palpation of the long dorsal sac-

roiliac ligament or pubic symphysis
Lumbar radiculopathy that does not centralize with repeated 

movements (traction)
No lumbar movements centralize symptoms
No directional preference noted with history or clinical 

examination to alleviate lower leg pain
Peripheralization of leg pain with lumbar backward 

bending
Positive SLR for lower leg pain at <45 degrees hip flexion
Positive crossed SLR test at <45 degrees hip flexion
Lower extremity neurologic signs (weakness, numbness, 

DTR)
Poor tolerance to weight-bearing postures (i.e., sitting or 

standing)
Symptoms alleviated with traction

FABQ, Fear Avoidance Beliefs Questionnaire; IR, internal rotation; SLR, straight 
leg raise; ASLR, active straight leg raise; DTR, deep tendon reflexes.

BOX 4-2  Clinical Prediction Rule for Improvement 
with Lumbopelvic Manipulation for Acute Low 
Back Pain30

Duration of symptoms <16 d
At least one hip with >35 degrees of internal rotation
Hypomobility with lumbar PAIVM testing
FABQ work subscale score <19
No symptoms distal to the knee
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Patients in both groups att ended physical therapy twice during 
the fi rst week and then once a week for the next 3 weeks, for a 
total of 5 sessions.28

Th e patients with positive results for the clinical prediction 
rule for manipulation and who received the manipulation inter-
vention (manipulation + exercise group) had dramatic improve-
ments in pain and disability aft er 1 week and 4 weeks and 
sustained that improvement at the 6-month follow-up exami-
nation.28 Th e patients with positive results for the clinical pre-
diction rule (at least four of fi ve fi ndings) who received the 
thrust spinal manipulation had a 92% chance of a successful 
outcome at the end of 1 week.28 At the 6-month follow-up 
examination, patients who fi t the clinical prediction rule but 
did not receive spinal manipulation showed signifi cantly 
greater use of medication and healthcare services and more lost 
time from work because of back pain than did the manipulation 
group.28 Most of the subjects (72%) showed meaningful clini-
cal improvements with lumbar spinal manipulation, which sup-
ports the rationale that patients with acute onset low back pain 
without signs of nerve root compression are excellent candi-
dates for a trial of manipulation.43

Further analysis of this study reveals that the number 
needed to treat with spinal manipulation to prevent one addi-
tional patient from a worsening in disability at 1 week was 9.9 
(95% confi dence interval [CI], 4.9-65.3); this number persisted 
at 4 weeks.5 Th e patients with LBP who were provided with 
exercise only were eight times more likely to have a worsening 
in disability aft er 1 week than were patients who received 
manipulation.5 Only 10 patients need to be treated with 
manipulation to prevent one patient from a worsening in dis-
ability aft er 1 week.5

Clinical practice can be further guided by identifi cation of 
the patients whose conditions will not respond or may even 
worsen with manipulation. Fritz et al43 further analyzed the 
data from the CPR validation study and found six variables 
related to the inability of patients to respond favorably to the 
manipulation intervention; these factors are listed in Box 4-3. 
Th ese six variables explained 63% of the poor outcomes with 
the lumbopelvic manipulation outcome. If a patient has several 
of these variables during an initial examination, the likelihood 
of improvement with manipulation may be minimal.43

Although a supine lumbopelvic thrust manipulation tech-
nique was used in the studies by Flynn et al30 and Childs et al28 

BOX 4-3  Factors Related to the Inability to Respond to 
Lumbopelvic Manipulation (based on data from 
Fritz et al43)

Longer duration of symptoms
Symptoms in the buttock or leg
Absence of lumbar hypomobility (with PAIVM testing)
Less hip total rotation range of motion
Less discrepancy in the left to right hip medial rotation 

range of motion
Negative Gaenslen sign

to develop and validate the clinical prediction rule, Cleland et 
al44 showed excellent results of treatment with a diff erent lum-
bar thrust manipulation technique (side-lying lumbar rotation) 
in a case series of 12 patients who fi t the lumbar manipulation 
clinical prediction rule. Th is study suggests that selection of 
correct patient characteristics is likely more important than 
selection of correct technique for successful outcomes with 
lumbar thrust manipulation.

Th e clinical prediction rule can be used to predict which 
patients are likely to have a dramatic response to lumbopelvic 
manipulation. Many patients have one or two components of 
the clinical prediction rule for manipulation combined with 
other fi ndings that must be assessed to develop an appropriate 
plan of care. In these cases, use of an impairment-based 
approach can yield successful outcomes as long as reliable and 
valid examination procedures are used to identify the impair-
ments. Th e direction, location, and force used for spinal manip-
ulation in the plan of care are based on detection of lumbopelvic 
hypomobility with active and passive mobility and end feel 
testing. For instance, if left  lower trunk rotation is limited with 
active range of motion testing combined with posterior to 
anterior passive accessory intervertebral movement (PAIVM) 
motion restriction at the L4L5 spinal segment and passive 
intervertebral joint motion (PIVM) testing limitation of the 
left  rotation at the same spinal segment, a left  rotation manipu-
lation targeting the L4L5 spinal segment is used. Aft er the 
manipulation, the active and passive motion is reassessed to 
determine whether a positive change occurred with the inter-
vention, such as bett er freedom of motion or less pain with 
movement. An exercise program that includes lumbar mobility 
exercises enhances the clinical outcomes aft er the manipula-
tion (Box 4-4). As symptoms subside and mobility improves, 
the patient may also benefi t from progression of lumbar stabili-
zation and conditioning exercises.

Psychosocial issues, such as fear avoidance beliefs, must also 
be considered because of evidence that spinal stabilization 
exercise programs are more eff ective than manipulation with 
high Fear Avoidance Beliefs Questionnaire (FABQ ) scores.31

Lumbar Spine Instability (Stabilization)
Clinical instability is defi ned by Panjabi45 as the inability of the 
spine under physiological loads to maintain its patt ern of 
displacement so that no neurological damage or irritation, no 
development of deformity, and no incapacitating pain occur. 
Th e total range of motion of a spinal segment may be divided 
into the neutral zone and the elastic zone.45,46 Motion that 
occurs in and around the neutral mid position of the spine is 
produced against minimal passive resistance (i.e., neutral 
zone), and motion that occurs near the end range of spinal 
motion is produced against increased passive resistance (i.e., 
elastic zone).45,47 Clinical instability is believed to be a result of 
increase in the size of the neutral zone and reduction in the pas-
sive resistance to motion created in the elastic zone.

Panjabi45 conceptualized the components of spinal stability 
into three functionally integrated subsystems of the spinal sta-
bilizing system. According to Panjabi,45 the stabilizing system 
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BOX 4-4 Lumbopelvic Mobility Exercises*

Cat back extension

Cat back flexion

All fours trunk flexion (yoga stretch)

Lower trunk rotation

*After lumbopelvic manipulation, lumbopelvic mobility exercises are useful to maintain the mobility gained with the manual therapy techniques.

of the spine consists of the passive, active, and neural control 
subsystems.

Th e passive subsystem consists of the vertebral bodies, facet 
joints and joint capsules, spinal ligaments, and passive tension 
from spinal muscles and tendons. Th e passive subsystem pro-
vides signifi cant stabilization of the elastic zone and limits the 
size of the neutral zone. Also, the components of the passive sub-
system act as transducers and provide the neural control subsys-
tem with information about vertebral position and motion.

Th e active subsystem, which consists of spinal muscles and 
tendons, generates the forces needed to stabilize the spine in 
response to changing loads. Th e active subsystem is primarily 
responsible for controlling the motion that occurs within the 
neutral zone and contributes to maintaining the size of the neu-
tral zone. Th e spinal muscles also act as transducers that pro-
vide the neural control subsystem with information about the 
forces generated by each muscle.

Th rough peripheral nerves and the central nervous system, 
the neural control subsystem receives information from the 
transducers of the passive and active subsystems about verte-
bral position, vertebral motion, and forces generated by spinal 
muscles. With the information, the neural control subsystem 
determines the requirements for spinal stability and acts on the 
spinal muscles to produce the required forces.

Clinical spinal instability occurs when the neutral zone 
increases relative to the total range of motion, the stabilizing 
subsystems are unable to compensate for this increase, and the 
quality of motion in the neutral zone becomes poor and uncon-
trolled.45,46,48 Degeneration and mechanical injury of the spinal 
stabilization components are the primary causes of increases in 
neutral zone size.45 Factors that contribute to degeneration or 
mechanical injury of the stabilizing components are poor pos-
ture, repetitive occupational trauma, acute trauma, and weak-
ness of the local lumbar musculature.45,49-51
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Because poor quality of motion is a key aspect of clinical 
instability, the presence of aberrant motions during active 
movement has been suggested by several authors to be a 
cardinal sign of clinical instability.52-54 Aberrant motions are 
described as either sudden accelerations or decelerations of 
movement or motions that occur outside the intended plane of 
movement.52,54,55 Other signs and symptoms of clinical insta-
bility are general tenderness of the lumbar region, referred pain 
in the butt ock or thigh area, paraspinal muscle guarding, and 
pain with sustained postures.26,49,52,54,56-58 Also, passive inter-
vertebral motion and joint play testing may reveal hypermobil-
ity and decreased passive restraints to motion at end range of 
passive intervertebral motion (i.e., a loose end feel).59 Imaging 
studies may show alterations of the components of the passive 
subsystem, such as ligament damage, osteophytes, vertebral 
fractures, disc degeneration, vertebral displacement, and verte-
bral displacement.45,48,50,60-62

Objective criteria have been established in the analysis of 
end range fl exion and extension radiographs for diagnosis of 
spine instability.52,54,57,61,63,64 However, radiographs do not yield 
information about the quantity or quality of motion that occurs 
in the neutral zone (i.e., mid range), which limits the value of 
radiographic evidence in the diagnosis of clinical instabili-
ties.52,61 Video fl uoroscopy shows some promise as a means for 
analysis of the quality of spine motion at mid range, but its use 
is still experimental for this purpose.65 Teyhan et al65 developed 
a kinematic model with digit fl uoroscopy to illustrate aberrant 
rates of att ainment of angular and linear displacement around 
the mid range postures with patients with clinical signs of insta-
bility; these patients tend to have a combination of altered seg-
mental structural integrity, segmental stiff ness, and altered 
neuromuscular control during lumbar spine movements. Pas-
sive intervertebral motion and joint play testing have diagnos-
tic value with assessment of neutral zone size, but the tests have 
poor interrater reliability and only assess passive motion.47,66 
Because a defi nitive diagnostic tool for instability has not been 
established, clinical instability continues to be diagnosed based 
on clinical fi ndings, including history, subjective symptoms, 
visual analysis of active motion quality, and manual examina-
tion methods.59

Hicks et al31 developed a clinical prediction rule (Box 4-5) 
to predict the likelihood of success with use of a lumbar stabili-
zation exercise program for patients with low back pain. If a 
patient has three or more of the four variables, the positive like-
lihood ratio of success is 4.0 (95% CI, 1.6-10.0) that the patient 
will respond favorably to a spinal stabilization exercise pro-
gram.31 Of the four variables, age was the single most signifi -
cant factor to predict success.31

Th e study from Hicks et al31 involved 8 weeks of physical 
therapy with instruction and monitoring of a spinal stabiliza-
tion exercise program. Patients underwent reassessment aft er 8 
weeks, and if the Oswestry score improved by 50%, the treat-
ments were considered a success.31 If 6 points of improvement 
were seen to 49% improvement, conditions were considered 
improved; with a less than 6-point reduction on the Oswestry 
Disability Questionnaire (ODQ ), the treatments were consid-

ered a failure. Th e study found 18 successes, 15 failures, and 21 
improved.31 Th e characteristics of each group were analyzed to 
determine clinical fi ndings at the initial evaluation that could 
predict success or failure.

Th e four variables that were found to predict failure of a spi-
nal stabilization exercise program were negative prone instabil-
ity test results, absent aberrant movements, FABQ physical 
activity subscale score less than 9, and no hypermobility with 
lumbar PAIVM testing.31 An interesting note is that patients 
with higher fear avoidance belief scores had conditions that 
responded more favorably to the stabilization exercise program. 
Th ese results are contrary to the fi ndings of previous clinical 
trials regarding interventions such as spinal manipulation in 
which high FABQ work subscale scores were associated with a 
lower chance of success.28,30 Th is fi nding reinforces the impor-
tance of an active exercise-based approach for patients with 
high levels of fear of activity.

Bergmark17 divided the muscles of the trunk into two 
groups: local and global systems. Th e global muscle group 
includes the larger more superfi cial muscles, such as the erector 
spinae, rectus abdominus, and internal/external obliques. Th e 
primary functions of the global muscles are to transfer loads 
between the thoracic cage and the pelvis and to change the 
position of the thoracic cage in relation to the pelvis.17 Th e local 
muscle system includes the deeper smaller muscles with direct 
att achments into the vertebrae. Th e local system is used to con-
trol the spinal curvature and to give sagitt al and lateral stiff ness 
to maintain mechanical stability of the spine.17 Examples of the 
local muscles include the transverses abdominus (because of its 
att achment into the lumbar fascia) and the lumbar multifi di 
and intertransverse muscles. Th e quadratus lumborum is clas-
sifi ed into both systems, with the lateral portion functioning as 
a global muscle and the medial portion that att aches to the 

BOX 4-5  Significant Predictors (CPR) of Lumbar 
Stabilization Exercise Program Success and 
Failure31,65

Variables Accuracy statistics

Predictors of 
success

Positive prone 
instability test

If two of the four 
variables are 
present:

Aberrant motion 
present

Sensitivity: 0.83 
(0.61-0.94)

Age <41 y Specificity: 0.56 
(0.40-0.71)

SLR >91

Predictors of 
failure

Negative prone 
instability test

If two of the four 
variables are 
present:

Hypomobility with 
PAIVM testing

Sensitivity: 0.85 
(0.70-0.93)

Aberrant motion 
absent

Specificity: 0.87 
(0.62-0.96)

FABQ score ≤9 
(activity scale)
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lumbar transverse processes as a local muscle that stabilizes the 
lumbar spine in a lateral direction.17

In patients with clinical spinal instability, an imbalance 
tends to exist between the function of the global and local mus-
cles. Th e global muscles tend to be strong and overactive and in 
a state of muscle holding. Th e local muscles are weak, atrophied, 
and delayed in response times and coordination. Th e primary 
purpose of the early phases of a lumbopelvic stabilization exer-
cise program is to facilitate the control, strength, and coordina-
tion of the local muscles and inhibit the action of the global 
muscles. Manual physical therapy techniques directed to the 
thoracic spine may be used to inhibit the increased tone of the 
erector spinae (global muscles system). Motor relearning prin-
ciples are used to facilitate a therapeutic exercise program 
designed to train the local muscle system.

Electromyogram (EMG) study results have shown a delay 
in fi ring of the local lumbopelvic muscles in patients with a his-
tory of LBP compared with paired healthy subjects when active 
upper extremity motions are performed.67 Th e results of a fi ne-
wire EMG study show that both deep and superfi cial fi bers of 
the multidus muscle are controlled diff erentially during move-
ments of the arm that challenge the stability of the spine, with 
the superfi cial fi bers of the multifi dus acting to control spine 
orientation and the deep fi bers controlling intersegmental 
motion.68 Th e multifi dus muscles are active in anticipation of 
arm movements and are active earlier for shoulder fl exion than 
extension motions. Th is direction-specifi c activity is matched 
to the direction of reactive forces caused by limb movement 
and linked to the control of spine orientation and the displace-
ment of the center of mass.68 In contrast to the superfi cial fi bers, 
the EMG onset of deep multifi dus and transversus abdominis 
(TrA) fi bers was not altered by movement direction.68 Th ese 
deeper muscles are not aff ected by which direction the arm is 
moved. Th ey are active through the activity regardless of direc-
tion of arm movements. Because the deep fi bers are indepen-
dent of reactive force direction, they may therefore control 
intersegmental motion and stability.68

Evidence also exists of severe fat infi ltration in the lumbar 
multifi dus muscle in subjects with a history of LBP.69 Fat infi l-
tration seems to be a late stage of muscular degeneration and 
can be measured in a noninvasive manner with magnetic reso-
nance imaging (MRI). Th e results of this study provide the fi rst 
convincing evidence from a large population sample that fat 
infi ltration in the lumbar multifi dus muscles (LMM) is strongly 
associated with LBP in adults.69 Th erefore, these patients 
lack the dynamic intersegmental stability provided by the 
multifi dus.

Hides, Jull, and Richardson70 followed a control group and a 
group that received a spinal stabilization exercise program aft er 
a fi rst-time episode of low back pain. At the 10-week follow-up 
examination, atrophy was noted of the lumbar multifi dus at the 
side and spinal level of the patient’s primary pain symptom. 
Both groups had a return to a good functional level, but signifi -
cantly higher recurrence rates of low back pain episodes were 
noted in the control group that did not receive a spinal stabili-
zation exercise program at the 2-year to 3-year follow-up exam-

ination.70 During the 2-year to 3-year period aft er the fi rst-time 
episode of low back pain, the patients in the control group who 
did not receive the exercise program instruction were 5.9 times 
more likely to have recurrences of LBP than were patients in 
the specifi c exercise group and 12.4 times more likely to have a 
recurrence in the fi rst year.70 Th ese studies support the concept 
that permanent motor control and physiologic muscle changes 
can occur aft er injury to the lumbar spine and that specifi c 
skilled physical therapy intervention is needed to normalize 
muscle function and prevent recurrence of future low back pain 
episodes. Recovery of local muscle function appears to be a key 
factor in full recovery and future prevention of low back pain 
episodes.

Hodges and Richardson67 studied 15 patients with low back 
pain and 15 matched control subjects who performed rapid 
shoulder fl exion, abduction, and extension while standing in 
response to a visual stimulus. Electromyographic activity of the 
abdominal muscles, lumbar multifi dus, and the contralateral 
deltoid was evaluated with fi ne-wire and surface electrodes.67 
Th e results of this study showed that shoulder movement in 
each direction resulted in contraction of trunk muscles before 
or shortly aft er the deltoid contraction in control subjects.67 
Th e transversus abdominis was usually the fi rst active muscle 
and was not infl uenced by movement direction, which supports 
the hypothesized role of this muscle in spinal stiff ness genera-
tion.67 Contraction of the transversus abdominis was signifi -
cantly delayed in patients with low back pain with all shoulder 
movements.67 Th e delayed onset of contraction of the transver-
sus abdominis indicates a defi cit of motor control and is 
hypothesized to result in ineffi  cient muscular stabilization of 
the spine.67

Hodges and Richardson71 also showed with another fi ne-
wire EMG study that the TrA fi res in anticipation of lower 
extremity movements regardless of the direction of the move-
ments, which supports the hypothesis that the TrA functions 
as a primary spinal stabilizer muscle. Th e lower fi bers of the 
TrA with their horizontal orientation may contribute to the 
enhancement of the stability of the spine, either through their 
role in the production of intraabdominal pressure or via an 
increase in the tension in the thoracolumbar fascia through 
which these muscles are att ached to the lumbar vertebrae and 
enhance the stiff ness and stability of the spine.71 MRI study 
results have confi rmed that during the abdominal “drawing in” 
action, the transversus abdominis contracts bilaterally to form 
a musculofascial band that appears to tighten like a corset and 
improves stabilization of the lumbopelvic region.72 Th e trans-
versus abdominis muscle has also been shown to reduce sacro-
iliac laxity and is believed to play a signifi cant role to enhance 
stability of the pelvis when functioning properly.24

Two randomized controlled trials of diff erent subgroups of 
patients with LBP reported improvements in pain and function 
with exercise interventions that involved inward movement 
(drawing in maneuver) of the lower abdomen.67,73 Inclusion cri-
terion for subjects in the O’Sullivan, Twomey, and Allison73 
clinical trial was radiographic evidence of spondylolysis or 
spondylolisthesis. Forty-four patients with these conditions 
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were assigned randomly to two treatment groups. Th e fi rst 
group underwent a 10-week specifi c exercise treatment pro-
gram that involved the specifi c training of the deep abdominal 
muscles, with coactivation of the lumbar multifi dus.73 Th e acti-
vation of these muscles was incorporated into previously aggra-
vating static postures and functional tasks. Th e control group 
underwent treatment as directed by the treating practitioner. 
Aft er the intervention, the specifi c exercise group showed a sta-
tistically signifi cant reduction in pain intensity and functional 
disability levels, which was maintained at a 30-month follow-
up examintion.73 Th e control group showed no signifi cant 
change in these parameters aft er intervention or at follow-up 
examination.73 A specifi c exercise treatment approach appears 
to be more eff ective than other commonly prescribed conser-
vative treatment programs in patients with chronically symp-
tomatic spondylolysis or spondylolisthesis.

A patient is best taught a spinal stabilization exercise 
program with a motor learning approach that starts with the 
cognitive phase of learning in which a great deal of mental con-
centration is needed to att ain the proper muscle contraction 
and controlled motion.74 Much cognitive activity is necessary 
to use appropriate muscle control strategies initially, but with 
practice, the performance rapidly improves. As the patient con-
tinues to practice and feedback is provided, the patient can 
move into the associative phase of motor learning in which the 
quality of the motion and the ease of performance improve. 
Less mental energy is necessary. For the fi nal phase of motor 
learning, autonomous new situations and challenges need to be 
incorporated into the training program to make the motor con-
trol more skillful, natural, and automatic in performance. At 
this phase, the learner can perform the task at a high level with-
out much thought and can concurrently perform other tasks if 
needed.74 Once this phase is reached, retention of the skill is 
enhanced and good long-term clinical outcomes are realized.

One of the goals of the early phase of a lumbopelvic stabili-
zation exercise program is isolation of contraction of the trans-
versus abdominis (TrA). An EMG study has confi rmed that the 
“inward movement of the lower abdominal wall” in the supine 
position is the most eff ective way to isolate a TrA contraction in 
isolation of the more superfi cial abdominal muscles (rectus 
abdominis, internal oblique, and external oblique).75 In con-
trast, a posterior pelvic tilt and abdominal bracing procedure 
showed greater activity in the internal oblique muscle.75 More 
lumbopelvic motion was recorded with posterior pelvic tilt, 
and a negative correlation was noted between movement of the 
spine and TrA activity.75 In other words, greater TrA activity is 
produced when spinal motion is minimized.

Boxes 4-6, 4-7, and 4-8 illustrate a three-phase program for 
spinal stabilization. Th e fi rst phase focuses on isolation of the 
transversus abdominis muscle and challenging the neutral 
position in supported non–weight-bearing postures. Phase II 
continues to build on the stabilization of the neutral spine posi-
tion by challenging the patient in multiple positions and with 
multiple extremity motions. Phase III is further progression of 
the program with incorporation of more dynamic controlled 
spine motions with upper and lower extremity motions in func-

tional movement patt erns. Incorporation of functional tasks 
and sporting activities can be added in this phase, with rein-
forcement of control with the local spinal stabilizers with the 
functional movements.

Lumbar and Leg Pain That Centralizes 
(Specific Exercise)
McKenzie33 describes seven types of derangements based on 
symptom location, response to the repeated movement exami-
nation, and presence of deformity (lateral shift  or kyphotic 
lumbar posture). Th e McKenzie approach to treatment of the 
derangements emphasizes that the direction of repeated move-
ments should be governed by the centralization/peripheraliza-
tion phenomena and that no repeated exercise movement or 
advise on positioning should be performed that causes the pain 
reference to peripheralize.

Th e clinical phenomenon known as centralization occurs 
during repeated lumbar movements or postures when the most 
distal extent of the referred or radicular pain recedes toward the 
lumbar midline.76 Peripheralization is the spreading laterally or 
distally of the symptoms from the lumbar spine toward the 
foot with repeated lumbar movements or postures. McKenzie 
has speculated that the direction of bending that centralizes the 
pain precisely corresponds with the direction in which disc 
nuclear content has migrated to generate referred symptoms by 
mechanically stimulating the annulus or nerve root.33

In a study published by Donelson et al,76 the repeated lum-
bar movements of fl exion, extension, side gliding, extension in 
lying, fl exion in lying, and fl exion/rotation with overpressure 
in hook lying were used to make a mechanical diagnosis by a 
physical therapist; each patient was then given a discogram test 
for determination of the symptomatic disc and a CT scan for 
assessment of the disc integrity. Th is study found a high inci-
dence rate of positive discogram results in centralizers (74%) 
and peripheralizers (69%). In the patients with positive disco-
gram results, the diff erence between the incidence rates of discs 
with a competent annulus that occurred in centralizers (91%) 
was signifi cantly greater than what occurred in peripheralizers 
(54%).76 Donelson et al76 concluded that most centralizers in 
this population of patients with chronic low back pain have dis-
cogenic pain with a functionally competent annulus and that 
peripheralizers also tend to have discogenic pain but with a 
higher incidence rate of outer annulus disruption.

Although a high percentage of these patients with chronic 
low back pain had positive discogenic fi ndings, a signifi cant 
number of patients was still found without positive discogram 
results and symptoms that either centralized (26%) or periph-
eralized (31%), which means that the discogenic theory cannot 
explain all these cases and the repeated movement examination 
and treatment concepts potentially aff ect more anatomic struc-
tures than just the intervertebral disc. However, when the disc 
is the source of the pain, the repeated movement treatment con-
cepts tend to be more eff ective when the annular fi bers remain 
intact.

Werneke and Hart34 reported on the repeated movement 
examination fi ndings of 223 patients with LBP and followed up 
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BOX 4-6 Lumbopelvic Spinal Stabilization Phase I

Drawing in maneuver is used to isolate TrA in hook-lying 
position, and tactile cues just medial to ASIS can 
facilitate isometric contractions. Work toward 10-second 
holds for 10 repetitions at least three times per day and 
then progress to TrA isometrics in multiple positions 
throughout the day

Hook-lying marching motion with TrA contraction to 
control lumbopelvic spine position in neutral. Preset and 
sustain TrA contraction throughout leg movements

Bent knee fall out with TrA contraction to control 
lumbopelvic spine position in neutral. Preset and sustain 
TrA contraction throughout leg movements

Straight leg raise with TrA contraction to control 
lumbopelvic spine position in neutral. Preset and sustain 
TrA contraction throughout leg movements

Prone over a pillow hip extension with TrA contraction to 
control lumbopelvic spine position in neutral. Preset and 
sustain TrA contraction throughout leg movements. The 
airbag biofeedback device can be used to provide 
feedback on steadiness with trunk stabilization during 
this exercise

Side-lying “clamshell” hip abduction with external 
rotation with TrA contraction to control lumbopelvic 
spine position in neutral. Preset and sustain TrA 
contraction throughout leg movements. Patient must be 
cued to ensure pelvis does not rotate as hip moves
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BOX 4-7 Lumbopelvic Spinal Stabilization Phase II

Continued

All fours position over a physioball leg lift with TrA 
contraction to control lumbopelvic spine position in 
neutral. Preset and sustain TrA contraction throughout 
leg movements

All fours position leg lift with TrA contraction to control 
lumbopelvic spine position in neutral. Preset and sustain 
TrA contraction throughout leg movements. A cane can 
be positioned on the lumbar spine to provide feedback 
regarding how well patient maintains stabile 
lumbopelvic position

Side-lying hip abduction with TrA contraction to control 
lumbopelvic spine position in neutral. Preset and sustain 
TrA contraction throughout leg movements. Patient must 
be cued to ensure pelvis does not rotate as hip moves

Theraband shoulder extension with diagonal stance and 
lumbopelvic stabilization

Theraband shoulder horizontal abduction with athletic 
stance and lumbopelvic stabilization
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BOX 4-7 Lumbopelvic Spinal Stabilization Phase II—cont’d

Wall slide

Sit on physioball and march as stabilizing a neutral 
lumbopelvic position. Use caution with discogenic 
conditions that may peripheralize in sitting
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BOX 4-7 Lumbopelvic Spinal Stabilization Phase II—cont’d

Theraband diagonal shoulder flexion as patient 
stabilizes a neutral lumbopelvic position. Use 
caution with discogenic conditions that may 
peripheralize in sitting

Theraband resisted side stepping as patient 
stabilizes a neutral lumbopelvic position. Continue 
in both directions until fatigue is noted in hip 
abductor muscles
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BOX 4-8 Lumbopelvic Spinal Stabilization Phase III

Forward lunge with weighted ball reach to knee. 
Spinal movement is a controlled manner into 
rotation and forward bending as arm reaches to 
knee, but a hinging flexion motion is emphasized 
at hips to facilitate bending that occurs with this 
motion

Lateral lunge with weighted ball reach to knee. Spinal 
movement is a controlled manner into rotation and 
forward bending as arm reaches to knee, but a hinging 
flexion motion is emphasized at hips to facilitate bending 
that occurs with this motion

Wall slide squat with physioball
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with these patients 1 year aft er the initial examination. Classifi -
cation in the noncentralization group at intake was a predictor 
of those who did not return to work, who continued to report 
pain symptoms, who had extended activity interference or 
downtime at home, and who continued to use healthcare 
resources at the 1-year follow-up examination.34 Centralization 
appears to identify a subgroup of spinal patients who have a 
good prognosis for response to conservative treatment.77

Regardless of validity of the pathoanatomic explanation for 
the McKenzie repeated movement examination and treatment 
regime, these treatment principles can improve patient out-
comes. In a study by Long and Donelson,36 the McKenzie 
approach with exercise prescription based on directional 
preference showed bett er outcomes than comparison groups 
that performed exercises away from an identifi ed directional 
preference.

According to a recent systematic review, McKenzie therapy 
results in a greater decrease in pain and disability in the short 
term than other standard therapies, such as medications and 
modalities, for patients with low back pain; but there has yet to 
be a clinical trial that compared McKenzie treatment with pla-
cebo or no treatment or with manipulation.78 Miller et al79 com-
pared clinical outcomes of patients with chronic low back pain 
who were treated with the McKenzie repeated movement 
approach with outcomes of patients treated with spinal stabili-

zation exercises and found improvements in pain and function 
with both groups but no signifi cant diff erence between the two 
groups.

Riddle and Rothstein80 evaluated the reliability of the 
McKenzie examination system when used by novice practitio-
ners and found poor interrater reliability for the placement of 
patients into one of the three syndromes (Kappa = 0.26); they 
reported the primary source of error was in the therapist’s abil-
ity to judge centralization versus peripheralization in the 
patients examined. In contrast, Fritz et al32 reported excellent 
interrater reliability for physical therapists (Kappa = 0.823) 
and physical therapist students (Kappa = 0.763) in interpreta-
tion of videotaped repeated movement examinations of patients 
with low back pain. Th e videotape examination eliminated the 
variability in patient response at diff erent points in time and 
allowed the testers to focus on interpretation of the examina-
tion procedures. Th is study also illustrates that newly trained 
student therapists can att ain acceptable levels of reliability 
without undergoing extensive training regimes. Table 4-6 pro-
vides an outline of the McKenzie repeated movement examina-
tion scheme. Box 4-9 outlines the extension progression used 
in the McKenzie approach when extension centralizes the 
patient’s symptoms.

In summary, a subgroup of patients with low back pain 
seems to show a directional preference for specifi c exercises; 

BOX 4-8 Lumbopelvic Spinal Stabilization Phase III—cont’d

Sit squat with hip hinging and reach to facilitate gluteal 
action. The knees are pressed apart against theraband 
resistance to further facilitate gluteus medius muscle 
action.

Lifting training with weighted crate and diagonal 
movement pattern while dynamic lumbopelvic 
stabilization is maintained
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TABLE 4-6 Test Movements Used in a McKenzie AROM Examination

MOVEMENT DEFINITION

Side bending in standing Patient is standing; examiner asks patient to bend in frontal plane to right or left as far as possible, 
then return to starting position.

Flexion in standing Patient is standing; examiner asks patient to bend forward as far as possible without flexing knees, 
then return to starting position.

Repeated flexion in standing Flexion in standing movement is repeated 10 times.

Extension in standing Patient is standing; examiner asks patient to bend backwards as far as possible without flexing knees, 
then return to starting position.

Repeated extension in standing Extension in standing movement is repeated 10 times.

Sustained extension in 
standing

Extension in standing movement is maintained for 30 seconds before returning to starting position.

Pelvic translocation in standing Patient is standing; examiner passively shifts patient’s pelvis in frontal plane while stabilizing shoul-
ders, then returns patient to starting position.

Extension in prone Patient is prone; examiner asks patient to press up by placing hands on examining surface and 
extending elbows while keeping pelvis flat on the surface, then return to starting position.

Sustained extension in prone Extension in prone movement is maintained for 30 seconds before returning to stating position.

Sustained extension with 
pelvic translocation in prone

Patient is prone; examiner passively shifts patient’s pelvis in frontal plane. Patient is asked to prop up 
on elbows with pelvis flat on examining surface. This position is maintained for 30 seconds before 
returning to stating position.

Repeated flexion in sitting Patient is sitting; examiner asks patient to bend forward as far as possible, then return to starting 
position. This movement is repeated 10 times.

Flexion in quadruped Patient is in quadruped position; examiner asks patient to rock backwards approximating heels to 
buttocks, then return to starting position.

Repeated flexion in quadruped Flexion in quadruped movement is repeated 10 times.

From Fritz JM, Delitto A, Vignovic M, et al: Arch Phys Med Rehabil 81:57-61, 2000.
AROM, Active range of motion.

incorporation of these exercises in the treatment approach 
tends to yield positive clinical outcomes. Once symptomatic 
improvement is achieved, these patients may benefi t from gen-
eral conditioning, mobility, and strengthening (stabilization) 
programs to restore function and prevent future episodes of 
low back pain. Patients with leg pain that peripheralizes tend to 
have a poorer prognosis for conservative management; these 
patients may be candidates for activity modifi cation, stabiliza-
tion exercise, and spinal traction. Speculation exists that the 
patients with a directional preference toward lumbar extension 
(repeated backward bending) may have a symptomatic inter-
vertebral disc with an intact annulus and that patients with a 
directional preference toward spinal fl exion may have underly-
ing spinal stenosis.

Lumbar Spinal Stenosis (Flexion Syndrome)
Lumbar spinal stenosis is a common degenerative condition in 
the elderly and is associated with narrowing of the spinal canal 
or nerve root canals caused by degenerative arthritic changes of 
the facet joints and intervertebral discs; it is oft en associated 
with chronic low back pain and leg symptoms. Th e leg symp-

toms are thought to result from compression on the vertebral 
venous plexus from multilevel stenosis that creates venous 
pooling and congestion and leads to ischemic pain and fatigue 
in the lower extremities during walking.81 Spinal extension 
is commonly limited. Sitt ing or assuming a spinal fl exion 
(forward bent) position oft en alleviates the leg symptoms. 
Th is clinical syndrome is termed neurogenic claudication 
and has been defi ned as pain, paresthesias, and cramping 
of the lower extremities brought on by walking and relieved 
by sitt ing.81

Pain in the legs brought on by walking and relieved by sit-
ting in the elderly can be the result of several other conditions, 
such as osteoarthritis of the hips or knees, or vascular or inter-
mitt ent claudication from peripheral vascular disease, that 
must be screened before a diagnosis of spinal stenosis can be 
made.81 Th e spinal canal is further narrowed in a lordotic pos-
ture and tends to widen in a more fl exed posture, which explains 
the postural dependency exhibited by patients with spinal ste-
nosis with neurogenic claudication.

Th e two-stage treadmill test is a clinical procedure that can 
be used to assist in the diff erentiation between neurogenic and 
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BOX 4-9 McKenzie Prone Extension Exercise Sequence

Prone over two pillows

Prone over one pillow

Prone lying

Prone on elbows

Prone press up

Standing backward-bending exercise

vascular claudication. Th e neurogenic claudication should be 
more aff ected by the position of the spine during the lower 
extremity exertion. Th e vascular claudication should only be 
aff ected by the level of lower extremity exertion and the 
demands of blood fl ow to the lower extremity muscles.

Th e two-stage treadmill test is performed with the patient 
walking on a level treadmill for up to 10 minutes, followed by a 
10-minute rest period in sitt ing and then another bout of walk-
ing on the treadmill set at a 15-degree incline for up to 10 min-
utes. Th e speed is set at 1.0 miles per hour and then adjusted to 
a comfortable pace for the patient. Th e patient is asked to report 

any symptoms increased beyond the baseline level and given 
the opportunity to stop the test before 10 minutes if symptoms 
become intense. A positive test result for neurogenic claudica-
tion is demonstration of a greater tolerance for walking in the 
inclined position, which places the lumbar spine in a more 
fl exed (forward bent) position.

Fritz et al81 found a high specifi city (92.3%) for correlation 
with lumbar spinal stenosis for patients with positive test results 
for the two-stage treadmill test, but the sensitivity was low 
(50%). Fritz et al81 also found that the most accurate diagnosis 
of spinal stenosis occurred with variables based on time to 



www.manaraa.com

CHAPTER 4 Examination and Treatment of Lumbopelvic Spine Disorders114

onset of symptoms and recovery time, which identifi ed 20 of 26 
stenotic subjects (sensitivity, 76.9%) and correctly classifi ed 18 
of 19 nonstenotic subjects (specifi city, 94.7%). Subjects with a 
prolonged recovery time aft er level walking and an earlier onset 
of symptoms with level walking were 14.5 times more likely to 
be stenotic than nonstenotic (likelihood ratio, 14.51).81 In addi-
tion, the ranking of sitt ing as the best posture showed a signifi -
cant association with the stenosis diagnosis.81

A fl exion-based exercise physical therapy program has been 
shown to result in positive outcomes in the conservative man-
agement of lumbar spinal stenosis in older adults.38 Whitman 
et al38 compared the long-term eff ects of two physical therapy 
programs and showed positive eff ects with both the groups 
that received 6 weeks of physical therapy that consisted of a 
fl exion-based exercise program with a progressive walking pro-
gram and even bett er results in the group that received manual 
physical therapy interventions to the hip, lumbopelvic, and 
thoracic spine (thrust and nonthrust techniques) combined 
with a progressive exercise and unweighted treadmill walking 
program. At 6 weeks, 1 year, and long-term follow-up (29 
months) examinations, both groups showed positive outcomes, 
but the manual physical therapy group perception of recovery 
was even bett er (79% versus 41% at 6 weeks) at each follow-up 
period.38 Nearly 25% of the patients in this clinical trial were 
classifi ed as having severe spinal stenosis at multiple levels, and 
55% of the patients had bilateral leg pain.38 Th ese results illus-
trate the importance of exhausting a nonsurgical approach in 
spite of MRI and radiographic evidence of severe degenerative 
spinal changes. Th e study also shows the importance of com-
bining manual physical therapy with an active exercise program 
to maximize outcomes for patients with more chronic condi-
tions. Th e manual physical therapy interventions in the Whit-
man et al38 study were provided by physical therapists with 
specialty training in manual therapy (Fellows of the American 
Academy of Orthopaedic Manual Physical Th erapists 
[AAOMPT]), and the specifi c interventions and exercises were 
selected to address the specifi c impairment fi ndings in mobil-
ity, fl exibility, and strength throughout the spine and lower 
extremities. Special att ention should be paid to the hip joint in 
this patient population for signs of joint mobility limitation, 
muscle length limitations (especially hip fl exors), and signs of 
weakness (commonly the gluteus medius). Correction of the 
hip dysfunctions with manual therapy techniques, stretching, 
and specifi c exercise programs can assist in positive clinical 
outcomes.82

Lumbar Radiculopathy That Does Not 
Centralize (Traction)
Th e clinical decisions of how to manage patients with leg pain 
that does not centralize with repeated movements and does not 
fi t the hypomobility or instability classifi cations create a clini-
cal challenge for physical therapists and physicians. Saal and 
Saal83 showed excellent clinical outcomes in 90% of the patients 
who met the typical criteria for surgery of a herniated nucleus 
pulposus (HNP), including straight leg raise (SLR) less than 
60 degrees, computed tomography scan results that showed a 

herniated nucleus pulposis, and positive electromyographic 
results that showed evidence of radiculopathy. Th ese patients 
underwent treatment with an active stabilization and condi-
tioning exercise and ergonomic program and att ained excellent 
results with avoidance of surgery.83

Likewise, Weber84 randomly divided 126 patients into two 
groups of patients who met similar criteria for lumbar laminec-
tomy surgery for HNP, with one group receiving the surgery 
and the other group treated nonsurgically with an exercise and 
ergonomic “back school” treatment program. Weber followed 
both groups for 10 years and found at 1 year that the patients 
who received surgical treatment showed a bett er result than 
the nonsurgical group.84 At the 4-year and 10-year follow-up 
examinations, no signifi cant diff erence was found between the 
surgical and nonsurgical groups.84

In a more recent study that compared surgical and nonsurgi-
cal management of lumbar disc protrusion with radiculopathy, 
Th omas et al85 found no diff erence in pain, disability, or func-
tional levels between surgical and nonsurgical groups at both a 
6-month and a 12-month follow-up examination. Th ese studies 
show that, in the absence of bowel/bladder dysfunction or pro-
gressive motor defi cits, nonsurgical interventions should be 
exhausted before surgery is considered in treatment of lumbar 
HNP and that nonsurgical care should include physical ther-
apy with an emphasis on an active exercise and conditioning 
program.

Lumbar traction is another commonly used treatment 
method for this type of condition that can assist in pain relief 
and allow progression to an exercise program. Lumbar traction 
can be used in either a prone or a supine position. Th e fl exed 
position tends to open the neuroforamin and stretch the poste-
rior elements of the spine. Traction in the prone position with a 
normal amount of lordosis tends to unload the intervertebral 
disc more eff ectively.86 Th e typical protocol for traction is use of 
a force equal to 50% of the patient’s body weight and use of an 
intermitt ent force patt ern of 20 to 30 seconds on and 10 to 15 
seconds off , for a total duration of 15 minutes.86 Positive clini-
cal outcomes have recently been shown with use of a lumbar 
traction protocol that included static traction in the prone posi-
tion for 12 minutes applied at a force equal to 40% to 60% of the 
patient’s body weight.87 Variations in the traction setup can 
also be made to provide a unilateral pull and to vary the patient 
position into side bending or fl exion/extension to begin the 
traction in a position of patient comfort. With subsequent treat-
ments, the traction position is gradually brought back into a 
more neutral spine position based on the patient’s response to 
the treatment. Boxes 4-10, 4-11, and 4-12 provide further guide-
lines on the use of lumbar traction. Box 4-13 provides examples 
of lumbar traction patient setups.

Compared with the other treatment-based classifi cations, 
the subgroup of patients who receive traction has not been 
studied extensively. A systematic review found a lack of quality 
studies and studies that were somewhat inconclusive regarding 
the eff ectiveness of lumbar traction.88 Historically, lumbar trac-
tion tends to be used in conditions that do not respond well to 
other manual therapy or exercise-based approaches. Th is group 
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6-week follow-up period.87 However, further analysis of the 
subject baseline examination results revealed that the subgroup 
of patients with symptoms that peripheralized with extension 
or with positive crossed straight leg raise test showed signifi -
cantly bett er outcomes at 2 and 6 weeks if they received the 
lumbar traction.87

Positional distraction is an alternative to lumbar traction 
that can be performed both in the clinic and at the patient’s 
home. Box 4-14 shows a positional distraction demonstration. 
Advantages of positional distraction are that it can isolate the 
spinal level to maximally open the eff ected neuroforamen, it is 
inexpensive (a bolster can be made at home by tightly rolling a 
pillow in a sheet), and it is under the control of the patient.89 
Creighton90 showed with radiographic evidence that positional 
distraction that combines isolated lumbar fl exion, lateral fl ex-
ion away from the targeted neuroforamen, and rotation toward 
the aff ected side focused to a spinal segment via manual ther-
apy techniques can maximally open a targeted neuroforamen. 
Once the patient is placed in positional distraction, he or she  
should be monitored to ensure patient comfort. For the inter-
vention to be eff ective, the patient should report relief of leg 
pain shortly aft er placement in the position. Th e treatment ses-
sions typically last 10 to 20 minutes, and the patient can per-
form the procedure at home three to six times per day. Positional 
distraction allows frequent intermitt ent unloading of the 
eff ected nerve root, which is believed to have positive clinical 

BOX 4-10 Proposed Theoretical Effects of Spinal Traction

Widens the intervertebral foramina
Temporarily reduces the size of a disc herniation/protrusion
Creates a negative pressure in the disc to “suck back” a pro-

trusion as a result of tauting of the spinal ligaments 
pushing in on a disc protrusion

Neurophysiological effects of pain inhibition
Straightens the spinal curve
Mobilizes the facet joints (nonspecific)
Stretches spinal muscles

BOX 4-11 Indications for Spinal Traction

Spinal nerve root impingement (deep tendon reflexes, 
numbness, weakness, +SLR test)

Peripheralization of leg pain with lumbar backward bending
Positive crossed straight leg raise test (<45 degrees)
Lower extremity pain that centralizes with lumbar traction

BOX 4-12  Contraindications and Precautions of Spinal 
Traction

Movement is contraindicated
Acute strains/inflammation
Hypermobility/instability
Rheumatoid arthritis
Respiratory problems
Compromised structural integrity

Malignant disease
Tumor
Osteoporosis
Infection

Current pregnancy
Uncontrolled hypertension
Aortic aneurysm
Severe hemorrhoids
Cardiovascular disease
Abdominal hernia
Hiatal hernia, for lumbar mechanical traction

of patients may also proceed to surgical interventions, most 
commonly lumbar discectomy/laminectomy.

Fritz et al87 reported preliminary data to support favorable 
outcomes in a subgroup of patients with lumbar radiculopathy 
(leg pain with signs of nerve root compression) who had periph-
eralization of symptoms with lumbar extension or had a posi-
tive crossed straight leg raise test (<45 degrees). Patients with 
low back and leg pain and signs of nerve root compression (pos-
itive straight leg raise or lower extremity neurologic signs) were 
randomly assigned to one of two treatment groups: lumbar 
extension exercise protocol for 6 weeks or lumbar traction for 2 
weeks combined with the lumbar extension exercise protocol.87 
At the 2-week follow-up examination, the lumbar traction 
group showed improvements in disability and fear avoidance 
beliefs, but no between-group diff erences were seen at the 

BOX 4-13 Lumbar Traction

Prone lumbar traction set up with portable hydraulic 
lumbar traction device

Supine lumbar traction set up with portable hydraulic 
lumbar traction device
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BOX 4-14 Positional Distraction

Patient sits next to bolster with bolster on side 
opposite targeted nerve root and neuroforamen

Patient lies over bolster with targeted neuroforamen on 
top side, and therapist adjusts bolster to create a fulcrum 
point to side bend targeted spinal segment

Both hips are flexed to induce forward bending at 
targeted segment

Patient’s bottom arm is pulled upward to induce lumbar 
rotation at targeted segment

Patient rests in positional distraction that combines 
forward bending, left side bending, and right rotation 
isolated to targeted spinal segment to maximally open 
neuroforamen and relieve nerve root compression

eff ects. Th e patient gradually progresses into an exercise pro-
gram as the intensity of leg symptoms subsides.

Postsurgical Lumbar Rehabilitation
A systematic review of the literature regarding postoperative 
lumbar intervertebral disc surgery management concluded that 
strong evidence exists for intensive exercise programs to 

enhance functional status and faster return to work and that no 
evidence exists that these programs increase the reoperation 
rates.91 No studies investigated whether active rehabilitation 
programs should start immediately aft er surgery or start 4 to 6 
weeks later.91

Th e clinical assumption aft er lumbar disc surgery is that 
functional instability results from the surgery and that the 
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patient needs to be progressed into a spinal stabilization and 
conditioning program. A thorough examination should be con-
ducted of the surrounding structures, including thoracic spine, 
pelvis, and hips, to determine impairments that could hinder 
a full recovery; if identifi ed, these impairments should be 
addressed in the plan of care. Th e patient should be cautioned 
on sitt ing greater than 15 to 20 minutes at a time for the fi rst 6 
to 12 weeks aft er lumbar disc surgery to avoid unnecessary 
loading of the intervertebral disc structures. Th e patient needs 
to be guided through progression of a lumbar stabilization 
exercise program (see Boxes 4-6, 4-7, and 4-8 for phases I to III 
of a lumbar stabilization program). A walking program is also 
advisable in most circumstances.

Sacroiliac Joint Dysfunctions
Laslett  et al92 used a standard of three of fi ve positive sacroiliac 
joint (SIJ) provocation tests to make the diagnosis of a painful 
SIJ; this diagnosis was tested against the gold standard of a 
double SIJ anesthetic and cortisone injection. Th e fi ve tests 
were anterior superior iliac spine (ASIS) distraction, thigh 
thrust, Gaenslen’s test, ASIS compression, and sacral thrust. 
Based on the results in testing 43 patients with chronic low 
back and leg symptoms with mean duration of symptoms of 32 
months (standard deviation [SD], 39 months), the results of the 
study were reported as sensitivity of 0.91 (95% CI, 0.62-0.98), 
specifi city of 0.78 (95% CI, 0.61-0.89), positive likelihood ratio 
of 4.16 (95% CI, 2.16-8.39), and negative likelihood ratio of 
0.12 (95% CI, 0.02-0.49). Nine of these patients showed cen-
tralization or peripheralization of symptoms with repeated 
movement testing, and a second subset of data was analyzed 
once these patients were removed from the dataset. Based on 
the remaining 34 patients, the sensitivity was reported as 0.91 
(95% CI, 0.62-0.98), the specifi city as 0.87 (95% CI, 0.68-0.96), 
and the negative likelihood ratio as 0.11 (95% CI, 0.02-0.44). 
Exclusion of patients whose pain centralized or peripheralized 
with repeated lumbar active movement testing increased the 
positive likelihood ratio for identifying symptomatic SIJ from 
4.16 (95% CI, 2.16-8.39) to 6.97 (95% CI, 2.70-20.27). With 
this clinical reasoning, the combination of three or more posi-
tive provocation SIJ test results and no centralization or periph-
eralization is 3 to 20 times more likely in patients with positive 
diagnostic SIJ injection results than in patients with negative 
injection results. Th e SIJ provocation tests used in this study 
were found in a previous study by Laslett  and Williams93 to 
have good to excellent reliability (Kappa = 0.52-0.88).

Th ere appears to be a subgroup of patients with chronic lum-
bopelvic pain with symptoms that originate from the sacroiliac 
joint. In addition, the SIJ is a likely source of symptoms in 
female subjects during and aft er pregnancy because of the 
hypermobility that results from the release of the hormone 
relaxin.

Lee94 describes the function of the pelvis as the transference 
of loads from the trunk to the lower extremities and from the 
lower extremities to the trunk. Th e active straight raise test has 
been shown to be an eff ective means to diff erentiate SIJ symp-
toms (posterior pelvic pain) that occur from lack of stability of 

the pelvis either from the anterior (transversus abdominis) or 
posterior (multifi dus) musculature.95 Evidence shows that 
training the TrA muscle can enhance the functional stability of 
the pelvis and sacroiliac joints.24

In addition, much clinical speculation exists that a hyper-
mobile SIJ can displace and can be detected clinically as 
hypomobility and altered positioning of the ilium and sacrum. 
Unfortunately, studies that have assessed the reliability of pal-
pation examination procedures designed to detect pelvic posi-
tion and mobility have shown poor reliability.96 In clinical 
situations, therapists rarely use passive joint mobility examina-
tions in isolation. Rather, they combine the results of the single 
assessment with those of other examination procedures. 
Cibulka and Koldehoff 97 showed excellent interrater reliability 
in assessing the sacroiliac joint (Kappa = 0.88) by using a clus-
ter of four examination procedures and requiring that three of 
the four results be positive to diagnose a sacroiliac dysfunction. 
Cibulka and colleagues5,97 used tests for position, mobility, and 
provocation of SIJ impairments. However, Pott er and Roth-
stein96 showed poor reliability when studying each of those 
same four examination procedures in isolation. Cibulka’s study 
seems to more closely emulate how therapists actually assess 
patients in the clinic. Riddle and Freburger98 att empted to 
reproduce Cibulka’s study of the sacroiliac joint. Th ey used the 
same four clinical examinations; however, they used multiple 
pairs of testers and multiple clinical sites and showed poor reli-
ability, with Kappa scores ranging from 0.11 to 0.23.98 Th e reli-
ability of manual examination procedures is enhanced with 
careful att ention to the training process and standardization of 
the examination procedures.

For clinical management purposes, classifi cation is helpful 
of sacroiliac conditions into three categories: sprain, hypermo-
bility, and displacement.89 Sacroiliac sprain may be caused by a 
direct or indirect trauma to the joint. Th e signs and symptoms 
tend to include pain and infl ammation well localized over the 
SIJ, ipsilateral muscle guarding of the thoracolumbar erector 
spinae, and positive pain provocation test results. Th e treat-
ment should include support with an SIJ belt, relative rest to 
avoid activities that strain the involved structures, and manual 
therapy and exercise to treat any surrounding dysfunctions of 
the lumbar spine and hip.

Sacroiliac hypermobility tends to be caused by repetitive 
minor trauma, childbirth strains, or a history of trauma. Th e 
signs and symptoms are a dull ache on assuming a fi xed posture 
with occasional radiation to the posterior thigh, periodic epi-
sodes of sharper or more acute pain associated with dis-
placement of the SIJ, hypermobility with passive mobility 
assessments, and positive pain provocation test results.89 Th ese 
patients oft en present with a positive active straight leg test 
indicative of poor ability to stabilize the lumbopelvic region. 
Treatment of a hypermobile SIJ includes use of a sacroiliac (SI) 
belt to be worn 24 hours per day for up to 6 to 12 weeks and 
treatment of surrounding joint dysfunctions and muscle imbal-
ances with use of exercise and manual therapy.99 Th e SI belt can 
be weaned as the patient gains proper control of the local lum-
bopelvic muscles and becomes less symptomatic (see Box 4-15 
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BOX 4-15 Sacroiliac Binder

Sacroiliac belt should be worn at level of PSISs to 
attempt to bind and support pelvis

Skultetus maternity binder can provide more 
comprehensive stabilization of pelvis when 
instability of pelvis is suspected

Skultetus maternity binder should be applied in supine 
position
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for SIJ stabilization binders). An exercise program that focuses 
on specifi c stabilizing exercises that target the multifi dus and 
transversus abdominis muscles has been show to att ain positive 
outcomes in patients with pelvic girdle pain aft er pregnancy.99

Sacroiliac displacement is thought be caused by a hypermo-
bile joint overriding an articular prominence or by severe 
trauma to the joint.89 Signs and symptoms include a lowered 
iliac crest (on sitt ing and standing), restricted passive motion, 
and positive provocation test results. If the lower iliac crest is 
the symptomatic SIJ with provocation testing and limited 
mobility assessment, the symptomatic SIJ is considered to be 
displaced in posterior rotation. If the higher iliac crest side is 
the symptomatic and restricted side, this SIJ is consider to be 
displaced in anterior rotation. Treatment should include 
manipulation reduction followed by treatment as outlined for a 
hypermobile SIJ once it is reduced.

Sacroiliac joint dysfunctions tend to occur more commonly 
in females for the following reasons: smaller joint surfaces in 
the female SIJ, fl att er and smoother joint surfaces, and SIJ 
mechanical disadvantage in the female because the axis of the 
hip is further from the line of gravity, which places more torque 
on the SIJ from a longer lever arm.100 In addition, hormonal 
changes, childbirth strains, and intercourse strains can also 
contribute to development of SIJ dysfunctions in women.

O’Sullivan and Beales proposed a classifi cation for pelvic 
girdle pain disorders based on an examination to include palpa-
tion and provocation tests of the SIJ and surrounding ligamen-
tous and myofascial structures, active straight leg raise tests in 
supine and prone positions, careful analysis of pain-provoking 
and pain-relieving activities and postures, and tests for specifi c 
muscle function for pelvic fl oor, abdominal wall, back muscles, 
iliopsoas, quadratus lumborum, gluteal, and piriformis mus-
cles. O’Sullivan and Beales101 describe two types of “peripher-
ally mediated pelvic girdle pain disorders”: reduced force 
closure and excessive force closure.

Reduced force closure is characterized by sensitized painful 
sacroiliac joint and surrounding connective tissues with signs 
of hypermobility and poor motor control of the lumbopelvic 
and hip muscles. Th e maladaptive motor control leads to 
impaired load transfer through the pelvis acting as a mecha-
nism for ongoing strain and pain at the SIJ. Hormonal infl u-
ences may be a contributing factor to this condition. Th ese 
patients have positive active straight leg raise (ASLR) test 
results with poor motor control patt erns of force closure of the 
pelvis involving poor control of the local lumbopelvic muscles 
(pelvic fl oor, TrA, mulfi ifdus, inlopsosas, and gluteal muscles) 
and excessive activation of the more global spinal muscles.101 
Pain is seen with weight-bearing postures, such as sitt ing, 
standing, and walking, and loaded activities that induce rota-
tion pelvic strain coupled with spine and hip loading activi-
ties.101 Th e pain may be relieved with an SIJ belt, training 
optimal alignment of the spine and pelvis, and retraining of the 
local lumbopelvic muscles with inhibition of the thoracopelvic 
muscles. Th ese disorders may gain temporary relief with man-
ual therapy techniques, but for long-term improvements, com-
prehensive stabilization exercise program is necessary.99,101

Excessive force closure is associated with excessive, abnor-
mal, and sustained loading of sensitized pelvic structures by 
excessive activation of the local and global lumbopelvic muscle 
systems. Th is patient group has positive SIJ provocation test 
results and localized pain of the SIJ and surrounding ligamen-
tous and myofascial tissues.101 Th ese patients do not have posi-
tive ASLR test results (no feeling of heaviness), and SIJ belts 
and manual pelvic compression tend to make the symptoms 
worse.101-103 Th e patients commonly hold habitual erect lordotic 
lumbopelvic postures associated with high levels of cocontrac-
tion across various muscles such as the abdominal wall, pelvic 
fl oor, piriformis, and local spinal muscles.101 Th ese patients 
oft en have had extensive physical therapy and are preoccupied 
with concern with “pelvic alignment” and beliefs of being 
“unstable” or “displaced.”101 Oft en these patients have been 
engaged in intensive stabilization exercise programs and are 
commonly anxious and under high levels of stress.101 Manage-
ment of this disorder focuses on reducing force closure across 
the pelvic structures with targeted relaxation strategies, breath-
ing control, muscle inhibitory techniques, enhancement of pas-
sive/relaxed spinal postures, pacing strategies, hydrotherapy, 
cessation of stabilization exercise training, and focus on cardio-
vascular exercise.101

With management of SIJ and pelvic pain conditions, manual 
therapy and exercise interventions should address the sur-
rounding impairments such as hip stiff ness, tightness of the hip 
fl exors or iliotibial bands (ITBs), or thoracolumbar hypomobil-
ity. Most patients ultimately need to be progressed into a 
lumbopelvic stabilization exercise program. Assessment and 
treatment of pelvic fl oor muscle function may also facilitate a 
positive clinical outcome.

Th e stabilization exercise program must be progressed with 
caution to avoid straining the painful pelvic structures by forc-
ing hip motions into directions that provoke symptoms. For 
instance, if anterior rotation motions of the pelvis provoke a 
patient’s symptoms, the prone hip extension exercise should 
not be prescribed until the patient can perform this exercise 
pain free and with good control. Instead, hip fl exion stabiliza-
tion exercises (such as marching with stabilization) should be 
used early in the program, and the multifi dus muscles can be 
trained with static stabilization postures that are challenged in 
the standing position, such as shoulder extension theraband 
exercises.

Chronic Low Back Pain
Th e treatment-based classifi cation system has been shown to 
be most eff ective in management of patients between 18 and 60 
years of age with acute LBP. With patients who do not fi t neatly 
into one of these categories, further assessment of movement 
impairments is warranted, including assessment of extremity 
movement eff ect on the spine motion and symptoms, assess-
ment of muscle length and strength (i.e., muscle imbalances), 
and evaluation of spinal impairments superior and inferior to 
the primary pain symptoms.

Th e longer a patient has LBP, the more deconditioned the 
patient seems to become and the more secondary impairments 
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seem to develop (Box 4-16). In addition, patients with greater 
psychosocial issues and fear avoidance beliefs are more likely to 
have chronic back pain conditions develop.104 O’Sullivan105 has 
outlined a classifi cation system that categorizes patients with 
more complex chronic spine conditions and that takes into 
account the complexity of the more chronic low back pain 
conditions.

O’Sullivan105 outlined three main groups of patients with 
chronic disabling lumbopelvic pain with regard to motor con-
trol impairments. Th e fi rst group of patients has movement 
impairment and motor dysfunction that is secondary or adap-
tive to an underlying pathologic process, such as infl ammatory 
pain disorder, neurogenic pain, neuropathic or centrally medi-
ated pain disorder, or severe structural disorder. Th e second 
group consists of patients in whom psychological or social fac-
tors are the underlying perpetuating factors behind the disor-
der, which results in altered central processing, amplifi cation of 
pain, and resultant disordered movement and motor dysfunc-
tion. In these two groups, att empts to simply normalize the 
motor dysfunction and movement impairment in isolation 
without dealing with the other factors of the multifactorial dis-
orders are likely to fail.

Th e third group consists of patients in whom maladaptive 
movement and motor patt erns result in chronic abnormal tis-
sue loading and ongoing pain and distress.105 Th is third group 
can be subgrouped into movement impairment and control 
impairment classifi cations. Th e movement impairment classifi -
cation is associated with a loss of normal physiologic lumbopel-
vic mobility in the direction of pain. Th ese patients have 
abnormally high levels of muscle guarding and cocontraction 
of lumbopelvic muscles that cause abnormally high levels of 
compressive loading across articulations, excessive stability, 
and movement restriction that results in muscle strain and 
fatigue. Th ese conditions are commonly accompanied by fear 
of movement and faulty cognitive coping strategies and beliefs 
regarding the pain disorder.105 Management is based on a cog-
nitive behavioral model that aims to reduce fear of movement 
and reduce muscle tone with education and facilitating gradu-
ated movement exposure into the painful range in a relaxed and 
normal manner.

Th e control impairment classifi cation is not associated with 
impairment in mobility of the symptomatic spinal segment in 
the direction of pain provocation but instead presents with def-
icits in motor control with the inability to eff ectively control 
the neutral zone of the motion segment or fi x the spinal seg-
ment at an end range provocative position.105 Th is condition 
appears to result in pain from recurrent end range strain and 
nonphysiological spinal segment movement and loading.105 Th e 
patients adopt postures and movement patt erns that are mal-
adaptive and provocative and represent a mechanism for ongo-
ing pain and disability.

Janda106 describes the pathogenesis of spinal syndromes as 
originating from imbalances in muscle function between the 
phasic and postural muscles. Based on clinical and electromyo-
graphic observations, the postural muscles have a tendency to 
develop tightness, hypertonia, and shortening when in dys-
function. Th e following muscles are included as predominately 
postural muscles: triceps, rectus femoris, thigh adductors, 
hamstrings, iliopsoas, tensor fasciae latae, some trunk erectors, 
quadratus lumborum, sternal portion of the pectoralis major, 
upper part of the trapezius, levator scapulae, and upper extrem-
ity fl exors.106

Th e muscles with a predominately phasic function show a 
tendency for hypotonia, inhibition, and weakening; are less 
readily activated in most movement patt erns; and atrophy more 
easily and to a greater extent when in dysfunction. Janda106 
states that imbalance between these two muscle systems 
creates imbalances across joints and leads to pain and de -
generation. Motor performance is evaluated with assessment of 
the sequence of activation of the certain movement patt erns. 
For instance, with prone hip extension, the opposite side mul-
tifi dus should fi re fi rst and strongest in comparison with the 
ipsilateral mutifi dus and erector spinae. If the erector spinae 
fi res fi rst and strongest, tightness and guarding of the erector 
spinae (postural) and weakness of the multifi dus (phasic) 
could occur.

Goldby et al107 conducted a randomized controlled trial 
(RCT) for patients with chronic low back pain and compared 
manual physical therapy, stabilization exercise, and education. 
Th e long-term and short-term follow-up results for measures of 
pain and disability showed improvements in all three treatment 
groups, but the greatest amount of improvement was noted in 
the spinal stabilization exercise group. In patients with chronic 
low back pain and higher initial pain rating scores (>50), the 
patients in the manual physical therapy group had bett er out-
comes than the education-only group, which shows that mobi-
lization/manipulation can assist in pain reduction with patients 
with chronic low back pain and high pain scores.107 An active 
program of spinal stabilization exercises is an eff ective approach 
for most patients with chronic low back pain, but manual ther-
apy techniques can be used to reduce pain and assist in transi-
tioning patients into an active exercise program. Further 
research is needed to determine whether subgroups of patients 
with chronic low back pain would respond best to manual 
therapy, exercise, education, or a combination of the three 
approaches.

BOX 4-16  Factors That Compound Complex Chronic 
Back Pain

Psychosocial components of chronic pain
Elevated fear avoidance beliefs
Depression
Anxiety disorders

Underlying pathology
Rheumatoid arthritis, osteoarthritis, ankylosing spondyli-

tis, fibromyalgia
Movement impairments
Muscle imbalances
Multiple joint impairments
Deconditioning
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High FABQ scores about work with patients with acute LBP 
can be used to predict which patients are likely to develop more 
chronic disability and longer term absences from work at a 
4-week follow-up examination, aft er controlling for initial 
levels of pain intensity, physical impairment, disability, and 
the type of therapy received.108 In another study with a 
12-month follow-up period, LBP history and pain intensity, 
rather than high FABQ scores, were found to be the most 
important predictors of chronic pain.109

Fritz and George110 studied a group of patients with acute 
work-related LBP and showed that FABQ work subscale scores 
greater than 34 were associated with an increased risk of not 
returning to work (positive likelihood ratio, 3.33; 95% CI, 
1.65-6.77) and that work subscale scores of less than 29 were 
associated with a decreased risk of not returning to work (nega-
tive likelihood ratio, 0.08, 95% CI, 0.01-0.54).

Patient education based on a fear avoidance model encour-
ages confrontation of the feared activities and consists of edu-
cating the patient that pain is a common condition, rather than 
a serious disease that needs careful protection.111 FABQ activ-
ity subscale scores that exceed 15/24 are considered high.1 
George, Bialosky, and Fritz112 describe a case report with a pro-
gressively graded monitored specifi c exercise and education 
approach for successful treatment of a patient with low back 
pain and high FABQ scores. Pain levels were monitored 
throughout the treatment sessions but did not infl uence the 
treatment sessions exercise quota. At a 6-month follow-up 
examination, the patient had partial return of fear avoidance 
beliefs but only minimal increase in perception of disability.112

Evidence also shows that for most patients with LBP, the 
level of disability can be reduced with a conditioning program. 
Th e best outcomes can be produced by fi rst providing the inter-
vention based on subgrouping, but once improvements are 
noted in function and perception of disability, a strengthening 
and conditioning program is indicated. Th e stabilization pro-
gram should start with guidance, with a good deal of feedback 
for training in isolation of the local muscles, especially trans-
verses abdominus and multifi dus muscles, in a supported posi-
tion, such as prone or supine hook lying, and with a stabilizer 
airbag biofeedback pressure gauge device (see Box 4-6). Th e 
second phase should include addition of exercises in less stable 

positions, such as quadruped and standing, that further chal-
lenge maintenance of a neutral spine position (see Box 4-7). Th e 
fi nal phase includes more dynamic movement patt erns in func-
tional planes that require control of movement of the spine 
combined with extremity movements in a controlled manner. 
For example, lunge exercises require controlled dynamic stabi-
lization in a functional movement patt ern. Use of a weighted 
medicine ball assists in guiding the movement patt ern, and the 
reaching theoretically facilitates the hip gluteal muscles 
to eccentrically assist in control of the movement patt ern (see 
Box 4-8). Work-specifi c and sport-specifi c activities can also be 
incorporated in the phase III dynamic stabilization program, 
which might include lift ing training or balance or throwing 
activities.

In coordination with the progression of a stabilization exer-
cise program, muscle imbalances should be addressed through 
mobility and stretching exercises (Box 4-17), strengthening 
exercise, and use of myofascial techniques to target myofascial 
tightness or weakness noted in the examination of both the 
trunk and the lower extremities. Manipulation should be incor-
porated with overall management of the spinal disorder to 
address the impairments found in the patient examination. In 
chronic LBP conditions, oft en the manipulation is directed to 
enhance thoracic and hip mobility as the patient is gradually 
progressed into a lumbar spinal stabilization and conditioning 
program.

Th e patient’s signs and symptoms change through the course 
of physical therapy treatment, both between and within treat-
ment sessions, and so does the classifi cation and the focus of 
the treatment. For instance, a patient may have signs and symp-
toms for both manipulation and stabilization with lower 
lumbar hypomobility and upper lumbar hypermobility. Direct 
manipulation techniques focused at the lower lumbar spine 
with a follow up with both range of motion and spinal stabiliza-
tion exercises are appropriate. Th e patient must be reassessed 
frequently throughout the treatment session to assess the eff ect 
of the manipulation and the need for further manual treatment. 
Once a change for the positive of enhanced mobility, reduced 
muscle tone, and reduced pain is achieved, the emphasis of the 
treatment should shift  to stabilization exercises and general 
conditioning for all the classifi cation groups.
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BOX 4-17 Lower Extremity Stretching Exercises and Myofascial Techniques

Hamstring stretch

Myofascial rolling technique to loosen iliotibial band

Self-myofascial rolling technique to loosen iliotibial band

Psoas release: slowly sink into lower abdomen and 
sustain pressure on psoas until tension subsides in tight 
guarded muscle
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Lumbopelvic Examination

SELECTED SPECIAL TESTS FOR LUMBOPELVIC EXAMINATION

Palpation for a Lower Lumbar Step

123

PATIENT POSITION Th e patient stands, with good posture and arms relaxed at the sides.

THERAPIST POSITION Th e therapist stands to the side and slightly behind the patient.

PROCEDURE Th e pad of the long fi nger is used to palpate the spinous process of each lumbar vertebra. 
Th e fi ngers of the other hand are spread across the patient’s upper chest to provide gentle 
countersupport to the patient’s chest.

NOTES Note the presence of a step between adjacent vertebrae. A palpable step is suspected to be 
a sign of lumbar instability and can be accompanied by a band of paraspinal muscle guard-
ing across the lumbar vertebrae. A positive fi nding should be followed up with further 
instability and mobility testing for detection of other signs of instability.
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Lumbar Posterior Shear Test

Finger placement for lumbar anterior/posterior 
shear test

Hand placement for lumbar anterior/posterior 
shear test

 PURPOSE Th e test is used to assess for instability of lumbar segments L1-L2 through L5-S1.

 PATIENT POSITION Th e patient stands with hands folded across the abdomen.

 THERAPIST POSITION Th e therapist kneels to the side and slightly behind the patient.

 HAND PLACEMENT Left  hand: Th e left  hand is placed on the patient’s hands.

Right hand: Th e pad of the long fi nger is used to palpate the specifi ed spinous process; the 
index and fourth fi ngers are used to block the transverse processes of the inferior vertebra; 
and the heel (thenar/hypothenar eminences) of the hand is used to block the sacrum.

 PROCEDURE Th e pad of the long fi nger on the right hand is used to palpate the spinous process of L5. Th e 
heel of the right hand blocks the sacrum. Th e left  hand is used to give an anterior to posterior 
force through the patient’s hands and forearms. Th e pad of the long fi nger on the right hand 
is used to palpate for posterior translation of the specifi ed lumbar segment. Th e procedure 
is repeated with palpation of the spinous processes of L4, L3, L2, and L1. Th e amount of 
posterior translation at each segment is compared, and positive test results include provoca-
tion of familiar symptoms or detection of excessive anterior to posterior mobility.

 NOTES Patient relaxation (of abdominal muscles) is vital for proper performance of this technique. 
Excessive posterior translation at a segment may indicate instability at that segment. Th is 
technique should be used in conjunction with other tests to confi rm the signs and symp-
toms of lumbar instability. Reliability testing for this procedure has been reported at a 
Kappa value of 0.35.113 Fritz, Piva, and Childs114 tested 49 patients with low back pain and 
found intertester reliability of 64% agreement and a Kappa value of 0.27 (0.14, 0.41).
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Prone Instability Test

Prone instability test start position

Prone instability test position

 PURPOSE Th e test is used to assess for instability of lumbar segments L1-L2 through L5-S1.

 PATIENT POSITION Th e patient lies prone with the body on the examining table, the legs over the edge of the 
table, and the feet resting on the fl oor.

 THERAPIST POSITION Th e therapist stands at the side of the patient’s lumbar spine.

 HAND PLACEMENT Left  hand: Th e ulnar aspect of the hypothenar eminence (just distal to the pisiform) is 
placed at the targeted spinous process, with the wrist extended and the forearm perpen-
dicular to the angle of the contour of the lumbar spine.

Right hand: Th e second and third digits are interlaced across the radial aspect of the left  
hand to support the position of the left  hand.

 PROCEDURE Th e examiner applies a posterior to anterior pressure to each targeted lumbar vertebrae. If 
provocation of pain is reported, the patient lift s the feet off  the fl oor and the pressure is 
reapplied at the symptomatic vertebrae. Test results are positive if the pain is present in the 
fi rst position but is not reproduced to the same severity when pressure is reapplied to the 
symptomatic vertebra with the second position (i.e., feet lift ed off  the fl oor).

 NOTES Th is technique should be used in conjunction with other tests to confi rm the signs and 
symptoms of lumbar instability. Th is test is reliable, with a Kappa value of 0.87.113 Th is test 
also was included in the clinical prediction rule developed by Hicks for patients with favor-
able responses to spinal stabilization exercise programs.31 Th erefore, positive test results 
were correlated with patients with favorable responses, and negative test results were cor-
related with patients without favorable responses to spinal stabilization exercise pro-
grams.31 Th is test was one of four variables identifi ed and reported in Box 4-5 in the clinical 
prediction rule for spinal stabilization exercise program success and failure. Fritz, Piva, 
and Childs114 tested 49 patients with low back pain and found intertester reliability of 85% 
agreement and a Kappa value of 0.69 (0.59, 0.79) for the prone instability test.



www.manaraa.com

CHAPTER 4 Examination and Treatment of Lumbopelvic Spine Disorders126

Femoral Nerve Tension Test (Ely’s Test)

 PURPOSE Th e test is used to assess for irritation of the femoral nerve.

 PATIENT POSITION Th e patient is prone.

 THERAPIST POSITION Th e therapist stands at the edge of the table.

 HAND PLACEMENT Cranial hand: Th e cranial hand supports the lower leg of the test lower extremity.

Caudal hand: Th e caudal hand supports the thigh of the test lower extremity.

 PROCEDURE Th e therapist passively fl exes the test leg knee to 90 degrees and then lift s the hip into full 
extension. Positive test results are found with provocation of anterior thigh pain with the 
stretch position.

 NOTES Th is test position can be considered both a muscle length test for the rectus femoris muscle 
and a nerve tension test for the femoral nerve. Th e results of this test should be correlated 
with other neurological examination procedures to diagnose involvement of the femoral 
nerve.

Iliotibial Band Length Tests

Ober test position Modified Ober test position
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Iliotibial Band Length Tests—cont’d

 PURPOSE Th is test assesses the length of the iliotibial band.

 PATIENT POSITION Th e patient is in a side-lying position, with the test leg on top and the body positioned near 
the back edge of the table.

 THERAPIST POSITION Th e therapist stands along the side of the table behind the patient.

 HAND PLACEMENT Cranial hand: Th is hand is placed on the lateral aspect of the iliac crest.

Caudal hand: Th is hand supports the test leg at the knee.

 PROCEDURE Modifi ed Ober: With the test leg fully extended, the therapist lift s the top leg into a fully 
abducted position in 10 degrees of extension; with this leg-to-trunk alignment maintained, 
the test leg is lowered toward the fl oor. Th e pelvis must be stabilized throughout the pro-
cedure. Hip adduction of 10 degrees is considered normal ITB length.

Ober: With the knee fl exed to 90 degrees, the therapist lift s the top leg into a fully abducted 
position with the hip in 10 degrees of extension. With this leg-to-trunk alignment main-
tained, the test leg is lowered toward the fl oor. Th e pelvis must be stabilized throughout 
the procedure. Hip adduction of 10 degrees is considered normal ITB length.

 NOTES Th e therapist can use the anterior aspect of his hip and pelvis to support the foot of the test 
leg during the Ober test. Use of a second examiner to measure the degree of hip adduction 
with an inclinometer improves the reliability of this test. Reese and Bandy115 reported 
intraexaminer reliability for the Ober test as a Kappa value of 0.90 and for the modifi ed 
Ober test as a Kappa value of 0.91.
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The Slump Test116

 PURPOSE Th is test is used to determine irritability and extensibility of the central spinal canal and 
dural tissues.

 PATIENT POSITION Th e patient sits back on the edge of the treatment table with the posterior knee crease at the 
edge of the side or foot of the table.

 THERAPIST POSITION Th e therapist stands at the side of the patient.

 HAND PLACEMENT Left  hand: Th e left  hand is positioned across the upper back, neck, and head.

Right hand: Th e right hand holds one of the patient’s feet.

 PROCEDURE 1. Th e patient begins in an erect sitt ing position and is asked about any symptoms.

3.  As thoracic/lumbar fl exion is maintained, the patient is 
asked to fully fl ex the neck, bringing the chin to the 
sternum. Th e therapist applies gentle overpressure to 
the fully fl exed spine.

2.  Th e patient is asked to slump the back through the full 
range of thoracic and lumbar fl exion and at the same 
time prevent the head and neck from fl exing. Once this 
position is achieved, gentle overpressure is applied to 
the upper thoracic area to stretch the thoracic and lum-
bar spines into full fl exion.
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The Slump Test—cont’d

4.  As overpressure is maintained to the fully fl exed spine, 
the patient is asked to extend one knee. Th e range and 
pain response are noted.

5.  With this position maintained, active ankle dorsifl ex-
ion is added to the knee extension and the pain response 
is noted.

6.  With the leg and thoracic/lumbar positions maintained with therapist overpressure, the patient is asked to move the 
neck into a neutral position. Th e patient is asked to report any change in symptoms and is asked to fully extend the 
knee, if the patient was unable to fully extend the knee when the entire spine was held in fl exion. Th e range of knee 
extension and pain response are noted in this new position.

 NOTES Th is test should be performed on patients with cervical, thoracic, or lumbar symptoms. 
Positive test results are seen when lower extremity symptoms are reproduced and knee 
extension is limited in the slump sit position and when symptoms are alleviated and knee 
range of motion is improved with a return of the neck to a neutral position. Treatment 
includes treatment of joint and soft  tissue restrictions throughout the spine and use of the 
slump sit position to perform active and passive range of motion and sustain stretch (if less 
irritable) exercises to improve nerve and dural tissue mobility.
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Straight Leg Raise

 PURPOSE Th is test is used to determine whether the cause of leg symptoms is a lumbar herniated disc 
compressing a lumbar nerve root in the lower lumbar spine.

 PATIENT POSITION Th e patient lies supine on a treatment table.

 THERAPIST POSITION Th e therapist stands on the side to be tested.

 HAND PLACEMENT Cranial hand: Th is hand palpates the patient’s pelvis to monitor pelvic motion during the 
test or supports the test leg at the posterior knee.

Caudal hand: Th is hand supports the foot and ankle of the leg to be tested.

 PROCEDURE Th e patient’s hip is slowly fl exed as the knee is maintained in full extension. Th e patient is 
asked to respond to the movement, and the degree of hip fl exion that is att ained when 
symptoms are reported is recorded, with inquiries about the location and nature of the 
symptoms. For diff erentiation of a muscle length restriction of the hamstring from neural 
irritation, three cycles of a 10-second isometric hamstring contraction are applied, fol-
lowed by att empts to further fl ex the hip. If greater than 15-degree hip fl exion is att ained 
with this maneuver, a muscle tightness component likely exists to the initial fi nding. Fur-
ther neural tension sensitizing maneuvers can be applied with either adding hip adduction 
to the SLR movement or adding ankle dorsifl exion before raising the leg. In addition, pas-
sive neck fl exion can be added to increase dural tension during the SLR test.

Straight leg raise test position Straight leg raise with ankle dorsiflexion

Straight leg raise with neck flexion
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Straight Leg Raise—cont’d

 NOTES If symptoms are reported with less range of motion during the retest with the addition of 
the sensitizing maneuvers, a neural irritation is likely contributing to the report of the leg 
symptoms. A positive straight leg raise for reproduction of lower leg pain at 30 degrees of 
hip fl exion or less has been more strongly correlated with herniated disc of the lower lum-
bar spine.117 Th e contralateral leg should also be tested, and if the SLR of the contralateral 
leg causes symptoms on the involved leg (positive cross SLR), a herniated disc as the cause 
of the leg pain (i.e., nerve root irritation) is suspected.117 Deville et al118 pooled the results 
of 11 studies on the straight leg raise test for detection of a lumbar disc herniation at sur-
gery and calculated pooled sensitivity of 0.91 (0.82, 0.94), specifi city of 0.26 (0.16, 0.38), 
positive likelihood ratio of 1.2, and negative likelihood ratio of 3.5. Th e pooled specifi city 
for the cross straight leg test was 0.29 (0.24-0.34), the pooled specifi city was 0.88 (0.86-
0.90), the predictive value of a positive test was 0.92, and the negative predictive value was 
0.22.118

Modified Straight Leg Raise Test

 PURPOSE Th is test is used to test the length of the hamstring muscles.

 PATIENT POSITION Th e patient is positioned supine with the opposite leg extended.

 THERAPIST POSITION Th e therapist stands at the edge of the table.

 HAND PLACEMENT Cranial hand: Th e cranial hand supports the test leg at the anterior distal femur.

Caudal hand: Th e caudal hand supports the test leg at the posterior aspect of the ankle.

 PROCEDURE Th e therapist fi rst fl exes the test leg hip to 90 degrees with the knee fully fl exed and then 
slowly extends the patient’s knee to end range of motion. A neutral lumbopelvic spine posi-
tion should be maintained.

 NOTES Normal hamstring length is considered a −10-degree angle of the knee extension with the 
hip in 90 degrees of fl exion. Reliability is enhanced if a goniometer is used to measure the 
knee angle with the test position. Th is test position can be used as a sustained stretch posi-
tion for the patient, or a hold/relax stretch can be applied to att empt to lengthen the ham-
string muscles. In the presence of sciatic nerve root irritation, provocation of leg pain may 
occur with this test position. Bandy, Irion, and Briggler119 reported intraclass correlation 
coeffi  cient (ICC) levels of 0.97 for intratester reliability in testing hamstring length on 20 
subjects with this method.
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Active Straight Leg Raise Test

Active straight leg raise with anterior pelvic compression

Active straight leg raise with posterior pelvic 
compression

 PURPOSE Th is test assesses the ability of the lumbopelvic region to accept the load applied from the 
lower extremities. When the test results are positive, the assumption is that a lack of motor 
control exists for dynamic stabilization of the pelvis.

 PATIENT POSITION Th e patient is positioned supine with the legs straight on a treatment table.

 THERAPIST POSITION Th e therapist stands at the side of the patient.

 PROCEDURE Th e therapist asks the patient to slowly and actively raise a straight leg off  the treatment 
table 20 centimeters (8 inches), pause, and then slowly lower the leg to the table. Th e move-
ment is repeated on each side. Th e therapist observes the patient’s ability to stabilize at the 
lumbopelvic region during the active leg raising and lowering and asks the patient to rate 
the level of diffi  culty in raising the leg and pain provocation with the ASLR. If the patient 
admits to diffi  culty in raising the leg or symptoms are provoked with the ASLR, the ASLR 
is repeated with the therapist providing compression of the anterior pelvis at the level of 
the pubic symphysis to simulate action of the anterior pelvic fl oor muscles and the trans-
versus abdominis. If symptoms are relieved or the ease of leg raising is improved with 
pelvic compression, the test results are positive. Th e ASLR is repeated with compressive 
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Active Straight Leg Raise Test—cont’d

forces applied at the posterior pelvis at the level of the posterior superior sacroiliac spine 
(PSIS) to simulate action of the sacral multifi dus. If symptoms are relieved or ease of leg 
raising is improved with posterior compression, the test results are positive.

 NOTES Positive test results with anterior pelvic compression are an indication of a lack of dynamic 
stability provided by the anterior pelvic fl oor and transversus abdominis muscles. Positive 
test results with posterior pelvic compression are an indication of a lack of dynamic stabil-
ity provided by the lumbopelvic multifi dus muscles. Mens et al95 reported that test-retest 
reliability of the ASLR test in identifi cation of women with posterior pelvic pain since 
pregnancy had a Pearson’s correlation coeffi  cient of 0.87. Th e sensitivity of the test was 
0.87, and the specifi city was 0.94.95

Prone Transversus Abdominis Test

Biofeedback pressure bag is positioned under lower 
abdomen for prone transversus abdominis test

 PURPOSE Th e purpose of this test is to assess the ability to isolate transversus abdominis muscle 
control in the absence of overdominance of the global abdominal muscles.

 PATIENT POSITION Th e patient lies prone with the arms at the side, and the pressure biofeedback unit is placed 
under the abdomen with the navel in the center of the bag and the distal edge of the bag in 
line with the right and left  anterior superior iliac spines. If the patient does not tolerate the 
prone position well, a fi rm foam wedge can be positioned under the pelvis.

 THERAPIST POSITION Th e therapist stands at the side of the patient with hands at the sides of the patient’s lower 
trunk to facilitate the drawing in maneuver.

 PROCEDURE Th e pressure pad is infl ated to 70 mm Hg. Th e patient is instructed to breathe in and out 
and then, without breathing in, slowly draw in the abdomen to lift  the abdomen off  the bag, 
keeping the spine position steady. Once the contraction has been achieved, the patient 
should return to relaxed normal breathing. A successful performance of the test reduces 
the pressure by 6 to 10 mm Hg, which indicates that the patient can perform an isolated 
transversus abdominus contraction. Normal strength is achieved when the patient can 
sustain up to 10 repetitions of 10-second holds of an isolated drawing in maneuver.120

 NOTES Th e therapist must ensure that the patient is not just tilting the pelvis or fl exing the spine 
to att ain the change in pressure. Th e drawing in maneuver is the foundation of successful 
lumbopelvic stabilization training, and the pressure biofeedback device can be used to 
facilitate progression of a stabilization exercise program.
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Supine Hook-Lying Lumbopelvic Control Test

Hook-lying lumbopelvic control with lower extremity 
marching motion

Hook-lying lumbopelvic control with lower extremity 
bent knee fall out motion

Hook-lying lumbopelvic control with lower extremity 
straight leg raise motion

 PURPOSE Th is test assesses the ability of the transervsus abdominis to control lumbopelvic motion 
while imparting lower extremity motions to challenge the system.

 PATIENT POSITION Th e patient is in the supine hook-lying position with a pressure bag positioned at the lum-
bosacral region (bott om edge at S2).

 THERAPIST POSITION Th e therapist stands beside the patient to provide instructions and to palpate the transver-
sus abdominus just medial to the ASIS for tactile feedback.

 PROCEDURE Th e pressure feedback bag is infl ated to 40 mm Hg, and the patient is instructed to con-
tract and hold the transversus abdominis muscle by performing the “drawing in” abdomi-
nal maneuver.120 Th e pressure gauge either increases 2 to 3 mm Hg with the contraction or 
stays the same. Th e patient should practice 10-second isometric holds in this position. For 
further testing of the ability to stabilize the lumbopelvic spine, leg motions can be induced 
as the patient att empts to maintain the pressure gauge reading steady throughout the 
movement. Th e leg movements that can be used (in order of diffi  culty) include a heel slide, 
a 3-inch march, a bent-knee fall out (hip abduction with external rotation), and a straight 
leg raise (8 to 10 inches).

 NOTES If the patient is unable to stabilize the lumbopelvic spine with leg movements, the home 
program should focus on isolated sustained (10-second) isometric holds of the TrA. Once 
the patient can master this maneuver, a gradual progression of leg movements can be 
superimposed on the stable neutral lumbopelvic position as the TrA contraction is main-
tained (see Box 4-6 for further progression of lumbopelvic stabilization exercises).
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Prone Hip Extension Neuromuscular Control Test

 PURPOSE Th is test is used to assess the strength, control, and fi ring patt ern of the lumbopelvic sta-
bilizers and hip extensor muscles during active hip extension.

 PATIENT POSITION Th e patient is prone with a pillow positioned under the pelvis for maintenance of a neutral 
spine position.

 THERAPIST POSITION Th e therapist stands at the side of the table to observe and palpate muscle fi ring action 
with the test.

 PROCEDURE Th e patient is instructed to lift  a straight leg 8 to 10 inches off  the table. Th e therapist 
observes for the patient’s ability to maintain a neutral spine position during this test and 
for the muscle fi ring patt ern, which should progress as ipsilateral gluteus maximus/ham-
strings, contralateral multifi dus, ipsilateral multifi dus, contralateral erector spinae, and 
ipsilateral erector spinae. Pain provocation is also noted and may occur with poor ability 
to stabilize the lumbopelvic spine during this test.

 NOTES When a patient has a poor ability to stabilize the lumbopelvic region with this maneuver, 
a patt ern of overdominance of the global erector spinae muscles and delayed or poor fi r-
ing of the deep local muscles (multifi dus and transversus abdominus) is common. With 
delayed fi ring and weakness of the gluteus maximus, reduction in the degree of hip exten-
sion and compensation with an anterior pelvic tilt of the pelvis, hyperlordosis, and 
increased pressure on the lumbar segments of the spine are oft en found.121 With training 
of the local muscles, the patient can oft en begin to perform this test with bett er control 
and less pain. Th e abdominal drawing in maneuver can be used to limit excessive anterior 
pelvic tilt and reduce the overactivity of the erector spinae muscle, which enhances the 
control of prone hip extension.122
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Hip Abductor Neuromuscular Control Test

Active hip abduction neuromuscular control test

Resisted hip abduction with isolation of gluteus medius 
muscle strength

 PURPOSE Th e purpose of this test is to assess muscle fi ring patt ern, strength, and control of hip 
abductors and lumbopelvic stabilizers.

 PATIENT POSITION Th e patient lies in a side-lying position with the bott om hip and knee fl exed at 30 degrees 
and the top leg extended and aligned with the plane of the trunk.

 THERAPIST POSITION Th e therapist stands at the edge of the table behind the patient.

 PROCEDURE Th e patient is instructed to actively lift  the top leg approximately 24 inches off  the table 
while keeping the leg in line with the trunk. Th e therapist observes the quality of the move-
ment. A leg that is fl exed at the hip joint as it abducts is a sign of weakness of the gluteus 
medius and overdominance or compensation with the tensor fascia lata. Th e patient may 
also have an inability to stabilize the pelvis in this position, which could be an indication 
of poor control of local trunk stabilizers. A gluteus medius muscle isometric (brake) 
strength test should also be performed with positioning of the hip at 35 degrees of abduc-
tion, 10 degrees of extension, and 10 degrees of external rotation and application of a brake 
test into adduction. Th e patient should be able to hold this position with a moderate level 
of force to show normal strength of the gluteus medius.

 NOTES Trendelenburg’s test results are also likely to be positive when a patient has weakness of 
the gluteus medius. Th e Trendelenburg’s test is performed with the patient standing and 
balancing on one leg and fl exing the non–weight-bearing hip to 90 degrees. Th e non–
weight-bearing side of the pelvis should remain level or slightly elevated compared with 
the weight-bearing side of the pelvis. If the non–weight-bearing side of the pelvis drops 
below horizontal or the patient att empts to compensate for the weakness by side bending 
the trunk over the weight-bearing extremity, the test results are considered positive. Nor-
mal gluteus medius strength and control is required for lumbopelvic dynamic stability and 
proper lower extremity function. Overactivation of the tensor fascia lata muscle (TFL) to 
compensate for weakness of the gluteus medius oft en results in tightness of the iliotibial 
band, which can contribute to lumbopelvic, hip, and knee impairments.
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Gillet Marching Test

 PURPOSE Th is test is used to assess for displacement/hypomobility of the sacroiliac joint.

 PATIENT POSITION Th e patient stands or sits on a fi rm level treatment table and faces away from the 
therapist.

 THERAPIST POSITION Th e therapist kneels or sits on a low stool behind the patient with eyes level with the 
patient’s PSIS.

 PROCEDURE Th e therapist uses the thumb to palpate the PSIS on the side to be tested; the other thumb 
is on the spinous process of S1. Th e patient is instructed to fully fl ex one hip as if marching. 
Th e therapist should observe for the ipsilateral PSIS to move caudally as the hip is fl exed. 
An alternative technique is palpation of both PSISs with the thumbs for comparison of rel-
ative movement of one PSIS with the other PSIS.

 NOTES Test results are considered positive for sacroiliac displacement if the PSIS does not move 
caudally with hip fl exion. Th e therapist should observe for a Trendelenburg’s sign while 
the patient is standing on one leg and should be aware that this test assesses for displace-
ment, and not necessarily for hypermobility. Th e test is best performed in the seated posi-
tion when the patient has balance or strength defi cits that limit the ability to balance on 
one leg. Although the test is described as a SIJ mobility assessment, false-positive fi ndings 
could be produced with limited L5-S1 mobility. Th erefore, L5-S1 passive intervertebral 
motion should be assessed before a SIJ dysfunction is diagnosed. When compared with a 
reference standard of anesthetic blocks of the SIJ in a patient population with low back 
pain, the Gillet test has shown a sensitivity of 0.43, a specifi city of 0.68, a negative likeli-
hood ratio (−LR) of 0.84, and a positive likelihood ratio (+LR) of 1.3.123 Flynn et al30 found 
a Kappa value of 0.59 for intertester reliability in an examination of 71 patients with low 
back pain.
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Distraction Provocation (ASIS Gap) Sacroiliac Joint Test

ASIS gap test

ASIS gap test hand placement

 PURPOSE Th is test assesses the level of reactivity of the sacroiliac joint and provokes SIJ pain.

 PATIENT POSITION Th e patient is supine with the head on a pillow.

 THERAPIST POSITION Th e therapist stands next to the patient.

 PROCEDURE Th e therapist crosses arms and contacts the medial aspect of each ASIS with the soft  spot 
of each palm. A gentle force is applied to gap the ASIS pushing in a posterior lateral direc-
tion and the force is gradually increased over approximately 10 seconds. Th e patient should 
report any pain provoked by the test. If no discomfort is reported, an impulse is given at 
the end of the application of the force. Again, the patient is instructed to report any pain 
provoked by the test.

 NOTES Th e test results are positive if the test provokes pain at the sacroiliac joint or symphysis 
pubis. Th e test results are not considered positive if pain is provoked at the ASIS as a result 
of therapist hand placement. Th is technique can be performed over the patient’s clothing. 
Laslett  and Williams93 reported a Kappa value of 0.69 for interexaminer reliability for 
assessment of 51 patients with low back pain with and without radiation into the lower 
extremities.
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ASIS Compression Provocation Sacroiliac Joint Test

ASIS compression test ASIS compression test hand placement

 PURPOSE Th is test is used to assess the level of reactivity of the sacroiliac joint and provoke SIJ 
pain.

 PATIENT POSITION Th e patient is supine with the head on a pillow.

 THERAPIST POSITION Th e therapist stands next to the patient with a diagonal stance and leans over to place the 
chest directly over the patient’s pelvis.

 PROCEDURE Th e therapist contacts the lateral aspect of each ASIS with the soft  spot of each palm. A 
gentle force is applied to compress the ASISs toward midline and the force is gradually 
increased over approximately 10 seconds. Th e patient should report any pain provoked by 
the test. If no discomfort is reported, an impulse is given at the end of the application of the 
force. Again, the patient is instructed to report any pain provoked by the test.

 NOTES Th e test results are positive if the test provokes pain at the sacroiliac joint or symphysis 
pubis. Th e test results are not considered positive if pain is provoked at the ASIS as a result 
of therapist hand placement. Th is technique can be performed over the patient’s clothing. 
An alternative method is application of a compressive force toward midline on one ASIS 
with the patient in a side-lying position. Russell, Maksymowych, and LeClercq124 reported 
a sensitivity of 0.70, a specifi city of 0.90, a +LR of 7.0, and a −LR of 0.33 for identifi cation 
of patients with ankylosing spondylitis (AS) with reference standard of radiographically 
confi rmed AS. Occasionally, this test may alleviate symptoms, which may be an indication 
of involvement of the symphysis pubis.
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Gaenslen’s Provocation Sacroiliac Joint Test

 PURPOSE Gaenslen’s provocation sacroiliac joint test is used to assess the level of reactivity of the 
sacroiliac joint and provoke SIJ pain.

 PATIENT POSITION Th e patient is supine with the head on a pillow and both legs extended.

 THERAPIST POSITION Th e therapist stands with a diagonal stance next to the patient.

 PROCEDURE Th e therapist fully fl exes the patient’s hip and brings the patient’s knee toward the chest on 
the side being tested while the opposite hip remains in extension. Overpressure is applied 
at the end range of hip fl exion.

 NOTES Th e test results are positive if the test provokes pain at the sacroiliac joint region. For assur-
ance that the opposite hip remains in full extension, the leg can be extended over the edge 
of the table. Dreyfuss et al123 reported a sensitivity of 0.71, a specifi city of 0.26, a +LR of 
1.0, and a −LR of 1.12 for Gaenslen’s test with the reference standard of intraarticular 
injection anesthetic block of the SIJ.
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Patrick Test (FABER Test)

 PURPOSE Th is test is both a provocation test for the SIJ and hip joint pain and a general mobility 
screen of the hip joint.

 PATIENT POSITION Th e patient is supine with one leg extended and the test leg crossed over the extended leg 
just above the knee. Th e test leg hip is fl exed, abducted, and externally rotated (FABER 
position).

 HAND PLACEMENT Cranial hand: Th is hand is used to stabilize the opposite side of pelvis at the ASIS.

Caudal hand: Th is hand is placed on the medial aspect of the knee joint of the test leg.

 PROCEDURE Th e therapist applies gentle overpressure of the hip into fl exion, abduction, and external 
rotation by pressing the test leg knee down toward the table and applying a stabilizing 
force at the opposite ASIS.

 NOTES Positive test results are reached with reproduction of butt ock or groin pain, which could be 
an indication of irritation of either the SIJ or hip joint. Th e test leg tibia should att ain a hor-
izontal position to be considered at full range of motion. More importantly, signifi cant dif-
ference in mobility between sides should be noted. Interexaminer reliability has been 
reported as a Kappa value of 0.62 by Dreyfuss et al123 and a Kappa value of 0.60 by Flynn 
et al.30
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Sacroiliac Joint Posterior Gapping Test and Thigh Thrust Provocation Test

Palpation of opposite side SIJ gapping with knee to 
opposite chest movement

Palpation of same side SIJ gapping with knee to 
opposite chest movement

Thigh thrust overpressure for SIJ pain provocation test

 PURPOSE Th is test evaluates the mobility of the sacroiliac joint to gap and to provoke SIJ pain.

 PATIENT POSITION Th e patient is supine with the head on a pillow.

 THERAPIST POSITION Th e therapist stands next to the patient.

 HAND PLACEMENT Caudal hand: Th e pads of the index and long fi ngers are used to palpate the medial aspect 
of the PSIS.

Cranial hand: Th is hand is used to grasp the patient’s knee on the side to be tested.

 PROCEDURE Th e therapist stands on the patient’s left  side and fl exes the patient’s right hip and knee to 
approximately 90 degrees. Th e patient’s hip is adducted so that the right side of the pelvis 
comes off  of the table. Th e pads of the index and long fi ngers are used to palpate the medial 
edge of the patient’s right PSIS. Th e patient’s pelvis is rolled back onto the left  hand, and 
the patient’s right hip is fl exed and adducted toward the left  shoulder. Th e therapist pal-
pates for the right PSIS to move laterally and the sacroiliac joint to gap. Th e amount of gap-
ping and pain provocation are noted.
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Sacroiliac Joint Posterior Gapping Test and Thigh Thrust Provocation Test—cont’d

Th e procedure is repeated to assess the left  sacroiliac joint. Th e amount of movement/pain 
provocation is noted and compared with the right side.

 NOTES Th e test results are considered positive if the joint does not gap or if the patient’s symptoms 
are reproduced at the SIJ. Th e motion should be graded as normal, hypomobile (decreased 
movement), or hypermobile (increased movement). Th e thigh thrust test uses similar 
hand placement and patient position, but instead of palpation of SIJ mobility, posteriorly 
directed force through the femur at varying angles of abduction/adduction are used to 
att empt to reproduce posterior butt ock pain. Dreyfuss et al123 reported a sensitivity of 
0.36, a specifi city of 0.50, a +LR of 0.7, and a −LR of 1.28 for the thigh thrust test with an 
intraarticular injection anesthetic block of the SIJ used as a reference standard. Th is test 
has also been called the posterior pelvic pain provocation test (P4).99

Sacral Thrust Provocation Sacroiliac Joint Test

Sacral thrust provocation SIJ test hand placement

 PURPOSE Th is test assesses the level of reactivity of the sacroiliac joint and provokes SIJ pain.

 PATIENT POSITION Th e patient is prone with pillow supporting the pelvis.

 THERAPIST POSITION Th e therapist stands with a diagonal stance next to the patient.

 PROCEDURE Th e therapist contacts the base of the sacrum and gradually increases a posterior-to-
anterior force over approximately 10 seconds. Th e patient is instructed to report pain prov-
ocation. If no discomfort is reported, an impulse is given at the end of the application of the 
force and pain provocation is assessed.

 NOTES Th e test results are positive if the test provokes pain at the sacroiliac joints. Th is technique 
can be performed over the patient’s clothing. An alternative method is use of a second 
hand to reinforce the primary contact and assist in force application. Laslett  and 
Williams93 reported an interrater reliability of Kappa value of 0.56 with testing of 51 
patients with low back pain with and without leg pain.
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Thomas Test

Thomas test end position

 PURPOSE Th e Th omas test is used to assess the length of the hip fl exor muscles.

 PATIENT POSITION Th e patient is supine at the foot of the table.

 THERAPIST POSITION Th e therapist stands at the foot of the table.

 HAND PLACEMENT Th e hands and chest are used to control both of the patient’s legs during the procedure.

 PROCEDURE Th e patient starts sitt ing at the edge of the foot of the treatment table. Th e therapist sup-
ports the patient and guides the patient into a supine position with both knees and hips 
fully fl exed. Th e therapist holds one leg in full fl exion and guides the test leg down into hip 
extension. Th e thigh should come parallel with the table to att ain full normal hip fl exor 
muscle length. Th e therapist then uses the leg to fl ex the test leg knee up to 90 degrees. If 
the hip fl exes when knee fl exion is added, the rectus femoris muscle is tight.

 NOTES Hip abduction in the test position is an indication of iliotibial band tightness. Th e test posi-
tion can be used to provide a hold/relax stretch technique or a sustained stretch for the hip 
fl exors. Wang et al125 reported ICC of 0.97 for Th omas test intratester reliability on 10 
subjects.
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Hip Passive Rotation Range of Motion Test (Supine)

Hip external rotation passive range of motion test Hip internal rotation passive range of motion test

 PURPOSE Th e test assesses passive range of motion of the hip joint.

 PATIENT POSITION Th e patient is supine with the opposite leg extended and the test leg supported by the 
therapist.

 THERAPIST POSITION Th e therapist stands with a diagonal stance at the edge of table.

 HAND PLACEMENT Cranial hand: Th e thumb and fi ngers are placed at the ASIS to monitor and prevent pelvic 
motion.

Caudal hand: Th e forearm is placed under the patient’s lower leg, and the hand is under 
the knee to support the knee and hip at 90 degrees of fl exion.

 PROCEDURE Th e therapist palpates and stabilizes the pelvis with the cranial hand and uses the caudal 
arm to induce hip rotation. Overpressure can be given at end range of motion to assess 
tissue end feel and to assess for pain provocation.

 NOTES A goniometer can be used to measure the amount of passive rotation att ained with this 
test. Th e advantage of this test position is that the therapist can limit pelvic motion that 
may tend to compensate for limited hip motion and the therapist can get a sense of hip 
joint end feel.
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Hip Passive Rotation Range of Motion Test (Prone)

Use of inclinometer to measure prone hip internal 
rotation

Use of inclinometer to measure prone hip external 
rotation

 PURPOSE Th e purpose of this test is to measure hip rotation range of motion in the prone position.

 PATIENT POSITION Th e patient is prone with the test leg (right) knee fl exed at 90 degrees and the opposite leg 
extended.

 THERAPIST POSITION Th e therapist kneels at the foot of the treatment table.

 HAND PLACEMENT Inclinometer hand: Th is hand holds the gravity inclinometer at the distal one third of the 
tibia on the lateral side of the tibia to measure external rotation and is placed on the medial 
aspect of the tibia to measure internal rotation.

Other hand: Th e other hand is placed on the tibia on the opposite side of the inclinometer 
to guide hip motion.

 PROCEDURE Th e therapist guides the tibia medially to test hip external rotation and laterally to test hip 
internal rotation. Th e angle measured on the inclinometer is read at the end range of 
motion and is recorded in degrees.

 NOTES Th e pelvis should remain fl at on the table during the hip motion. Th e pelvis rising from 
the table is an indication that the end range of hip motion has been att ained. Hip internal 
rotation of 35 degrees or greater was one of the components of the CPR for manipulation 
success for treatment of acute low back pain, and Flynn et al30 used this method of mea-
surement in developing the CPR. Bullock-Saxton and Bullock126 reported a Kappa value 
of 0.99 for external rotation and a Kappa value of 0.98 for internal rotation for intertester 
reliability with use of an inclinometer to measure these hip motions. Th e measurements 
could also be considered muscle length tests of the hip rotators.
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ACCESSORY MOTION TESTING AND MANIPULATION OF THE HIP JOINT

Hip Long Axis Distraction Test and Manipulation

 PURPOSE Th is test is used to test the capsular mobility of the hip joint and to mobilize a stiff  joint 
capsule.

 PATIENT POSITION Th e patient is supine with the pelvis stabilized by a belt or second examiner.

 THERAPIST POSITION Th e therapist stands with a diagonal stance at the foot of the table.

 HAND PLACEMENT Both hands are wrapped around the distal tibia just proximal to the ankle joint.

 PROCEDURE Th e therapist positions the patient’s test leg hip in a loose packed position of 30 degrees 
abduction and 30 degrees fl exion. Th e therapist slowly applies a force to the hip by pulling 
the leg toward the body in the plane of the test leg. Th e amount of joint play at one joint is 
compared with the other hip joint.

 NOTES If muscle holding is seen at the hip joint, the pelvis tends to move as soon as distraction 
forces are applied to the leg and the patient may have diffi  culty relaxing the leg. In osteoar-
thritic hip joints, this procedure oft en alleviates the patient’s hip area pain. When limita-
tions in hip joint mobility are noted, this procedure can be turned into a joint manipulation 
by sustaining end range forces or applying a thrust impulse at the end of the available range 
of motion.
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Inferior Glide Accessory Hip Motion Test and Manipulation

Inferior lateral glide accessory hip motion test

Inferior medial glide accessory hip motion test

 PURPOSE Th is test is used to evaluate the capsular mobility of the hip joint and to mobilize a stiff  
joint capsule.

 PATIENT POSITION Th e patient is supine with the test leg resting on the therapist’s shoulder.

 THERAPIST POSITION Th e therapist sits on the edge of the table with the patient’s test leg resting on a shoulder.

 HAND PLACEMENT Th e therapist’s overlaps the hands at the anterior aspect of the proximal thigh with the fi ft h 
digits of both hands at the crease formed by the fl exed hip position.

 PROCEDURE An inferiorly directed force is applied through the femur to produce an inferior glide. Th e 
therapist shift s the hands laterally and the body and forearms medially to produce an infe-
rior medial glide. Th e therapist shift s the hands medially and the forearms and body later-
ally to produce an inferior lateral glide. Th e amount of joint play at one joint is compared 
with the other hip joint.

 NOTES If muscle holding or capsular tightness is present at the hip joint, the pelvis tends to move 
as soon as gliding forces are applied to the leg and the patient may have diffi  culty relaxing 
the leg. In osteoarthritic hip joints, this procedure oft en alleviates the patient’s hip area 
pain. When limitations in hip joint mobility are noted, this procedure can be turned into a 
joint manipulation by sustaining end range forces or applying a thrust impulse at the end 
of the available range of motion.
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 PURPOSE Th is test is used to evaluate the passive forward-bending motion of lumbar segments 
L5-S1 through T12-L1.

 PATIENT POSITION Th e patient is in a side-lying position facing the therapist and near the edge of the table 
with hips and knees fl exed.

 THERAPIST POSITION Th e therapist stands in front of the patient with feet parallel to the table and weight on the 
balls of the feet.

 HAND PLACEMENT Caudal hand: Th is hand supports the patient’s lower leg just proximal to the ankle.

Cranial hand: Th e pad of the long fi nger is used to palpate the interspinous space of the 
lumbar segment.

 PROCEDURE Th e patient’s legs are positioned together in approximately 90 degrees of hip and knee fl ex-
ion. Th e tibial tuberosity of the patient’s lower leg should rest on the therapist’s anterior 
hip. Th e caudal hand is used to support the lower leg just proximal to the ankle. With the 
hip, slight counterpressure is applied through the patient’s lower leg. Th e therapist induces 
lumbar forward bending by shift ing body weight toward the patient’s head while fl exing 
the patient’s hips. Th e top leg continues to rest on top of the lower leg throughout the pro-
cedure. Th e hip is fl exed with small amplitude motions, and the pad of the long fi nger 
on the cranial hand is used to palpate the interspinous space of the targeted lumbar seg-
ment. Th e therapist palpates for the interspinous space to gap during lumbar forward 
bending as the inferior vertebra’s spinous process of the spinal segment moves inferiorly in 
relationship to the superior vertebra’s spinous process. Th e amount of passive forward-
bending motion available at each lumbar segment is noted and compared.

 NOTES Assessment of PIVM begins at L5-S1 and proceeds cranially. As the assessment proceeds 
cranially, the amount of hip fl exion is increased, but how far the hip is returned toward 
extension with each successive segment is reduced. In patients with wide hips and a nar-
row waist, a towel roll can be placed under the patient’s waist to prevent lateral fl exion in 
the lumbar spine.
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PASSIVE INTERVERTEBRAL MOTION TECHNIQUES

Lumbar Forward-Bending Passive Intervertebral Motion Test: Side Lying with 

Bilateral Leg Flexion
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Lumbar Forward-Bending Passive Intervertebral Motion Test: Side Lying 

with Single Leg Flexion

 PURPOSE Th is test is used to evaluate the passive forward-bending motion of lumbar segments 
L5-S1 through T12-L1.

 PATIENT POSITION Th e patient is in a side-lying position facing the therapist.

 THERAPIST POSITION Th e therapist stands next to the patient with feet parallel to the table, hips and knees fl exed 
approximately 30 degrees, and weight on the forefeet.

 HAND PLACEMENT Caudal hand: Th e caudal hand supports the patient’s top leg just proximal to the ankle.

Cranial hand: Th e pad of the long fi nger (third digit) is used to palpate the interspinous 
space of the lumbar segment.

 PROCEDURE Th e patient’s bott om leg is positioned in approximately 30 degrees of hip and knee fl exion. 
Th e patient’s top leg is positioned in approximately 90 degrees of hip and knee fl exion. Th e 
tibial tuberosity of the patient’s top leg should rest on the therapist’s anterior hip. Th e cau-
dal hand is used to support the top leg just proximal to the ankle. With the anterior hip, 
slight counterpressure is applied through the patient’s upper leg to prevent the patient’s 
pelvis from rotating. Th e therapist induces lumbar forward bending by shift ing the body 
weight towards the patient’s head while fl exing the patient’s hip. Th e hip is fl exed with 
small amplitude motions, and the pad of the long fi nger on the cranial hand is used to pal-
pate the interspinous space of the targeted lumbar segment. Th e therapist palpates for the 
interspinous space to gap during lumbar forward bending as the inferior vertebra’s spinous 
process of the spinal segment moves inferiorly in relationship to the superior vertebra’s 

Finger placement for lumbar forward-bending PIVM test
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Lumbar Forward-Bending Passive Intervertebral Motion Test: Side Lying 

with Single Leg Flexion—cont’d

spinous process. Th e amount of passive forward-bending motion available at each lumbar 
segment is noted and compared.

 NOTES Th e assessment of PIVM begins at L5-S1 and proceeds cranially. As the assessment pro-
ceeds cranially, the amount of hip fl exion is increased, but how far the hip is returned 
toward extension with each successive segment is reduced. Th is technique can be per-
formed with the patient’s top hip adducted (due to the height of the therapist), but the 
patient’s pelvis/trunk should not be allowed to rotate. In patients with wide hips and a nar-
row waist, a towel roll can be placed under the patient’s waist to prevent lateral fl exion in 
the lumbar spine.

Modification for Lumbar Backward-Bending Passive Intervertebral 

Motion Test

Th e same therapist and patient positionings can be modifi ed to assess PIVM lumbar back-
ward bending by moving the patient’s hips toward extension from the 90-degree hip fl ex-
ion start position. Th e palpation begins at L5-S1 and proceeds cranially as the legs are 
moved further toward extension. In most patients, full lumbar extension can be reached 
before the hips are moved into a neutral fl exion/extension position.
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Lumbar Side-Bending (Lateral Flexion) Passive Intervertebral Motion 

Test in Prone Position

Lumbar side-bending PIVM, prone lying with hip 
abduction

 PURPOSE Th is test evaluates the passive side-bending (lateral fl exion) motion in the lumbar seg-
ments L5-S1 through T12-L1.

 PATIENT POSITION Th e patient is prone with a pillow under the abdomen and pelvis.

 THERAPIST POSITION Th e therapist stands next to the patient.

 HAND PLACEMENT Caudal hand: Th e caudal hand supports the patient’s right leg at the knee while avoiding 
compression of the patient’s patella.

Cranial hand: Th e pad of the long fi nger is used to palpate the lateral aspect of the inter-
spinous space of the lumbar segment.

 PROCEDURE Th e therapist stands on the patient’s right side and induces lumbar side bending to the 
right by abducting the patient’s right hip with the caudal hand. Th e hip is abducted, and 
the pad of the long fi nger on the cranial hand is used to palpate the right lateral aspect of 
the interspinous space of the specifi ed lumbar segment. Th e therapist palpates for the 
interspinous space to close down into the palpating fi nger by palpating the lateral edge of 
the inferior spinous process in relation to the lateral edge of the superior spinous process. 
Th e amount of passive side-bending motion available at each segment is noted and com-
pared. Lumbar side bending to the left  is induced with the therapist standing on the 
patient’s left  side and repeating the procedure abducting the left  hip. Th e amount of passive 
side-bending motion available at each segment and in each direction is noted and 
compared.

 NOTES Assessment of PIVM begins at L5-S1 and proceeds cranially. As the assessment proceeds 
cranially, the amount of hip abduction is increased, but the range through which the hip is 
adducted with each successive segment is decreased. With support of the patient’s leg, hip 
extension (keeping the hip slightly fl exed is best) and compression of the patella should be 
avoided. Th is technique can also be performed with the patient’s knee slightly fl exed. 
However, the therapist should avoid excessive knee fl exion with tightness of the rectus 
femoris muscle.

Hand placement for lumbar side-bending PIVM
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Prone Lumbar Side-Bending PIVM Test with a Mobilization Table

Use of mobilization table to assess prone side-bending 
PIVM

Th is technique can be modifi ed with use of a mobilization table. Th e cranial palpating 
hand remains the same, but the spinal side-bending motion is induced by moving the lower 
half of the table laterally, with the patient’s legs resting on the table.
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Lumbar side-bending left PIVM, side lying with rocking 
the pelvis

Lumbar side-bending right PIVM, side lying with rocking 
the pelvis

Lumbar Side-Bending (Lateral Flexion) Passive Intervertebral Motion 

Test: Side Lying with Rocking the Pelvis

 PURPOSE Th is test is used to evaluate the passive side-bending motion in the lumbar segments L5-S1 
through T12-L1.

 PATIENT POSITION Th e patient is in a side-lying position facing the therapist with the hips and knees fl exed to 
90 degrees.

 THERAPIST POSITION Th e therapist stands with a diagonal stance in front of the patient and facing the patient’s 
pelvis.

 HAND PLACEMENT Caudal hand: Th e palm of the hand is placed on the patient’s greater trochanter.

Cranial hand: Th e pad of the long fi nger is used to palpate the lateral aspect of the inter-
spinous space of the lumbar segment.

 PROCEDURE With the patient in a left  side-lying position, both legs are positioned in 90 degrees of hip 
and knee fl exion. Th e superior aspect of the greater trochanter is contacted with the heel of 
the caudal hand. Lumbar side bending to the left  is induced with the caudal hand pushing 
the patient’s greater trochanter caudally. Th e pad of the long fi nger on the cranial hand is 
used to palpate the left  lateral aspect of the interspinous space of the specifi ed lumbar seg-
ment. Th e therapist palpates for the interspinous space to close down into the palpating 
fi nger on the concavity formed with the side-bend motion. Th e amount of passive side-
bending motion available at each segment is noted and compared.

Lumbar side bending to the right is induced with the caudal hand pushing the patient’s 
greater trochanter cranially. Th e pad of the long fi nger on the cranial hand is used to pal-
pate the right lateral aspect of the interspinous space of the specifi ed lumbar segment. Th e 
therapist palpates for the interspinous process to close down into the palpating fi nger. Th e 
amount of passive side-bending motion available at each segment for both directions is 
noted and compared.

 NOTES Assessment of PIVM begins at L5-S1 and proceeds cranially. Th e forearm should be posi-
tioned parallel to the direction of the force applied through the greater trochanter. Th e 
procedure can be performed with the patient in a right side-lying position, with caudal 
movement of the pelvis inducing right side bending and cranial movement of the pelvis 
inducing left  side bending. Assessment of lumbar side bending with this technique (e.g., 
rocking the pelvis) is useful for patients with hip pathology (the hip needs to be 
protected).
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Lumbar Translatoric Joint Play Segmental Stability Test

 PURPOSE Th e purpose of this test is to evaluate the mobility and stability of the lumbar spinal 
segments.

 PATIENT POSITION Th e patient lies in a side-lying position with the hips and knees fl exed. Th e hips are fl exed 
60 to 70 degrees to allow the femurs to align with the angle of the vertebral bodies while 
the lumbar spine is maintained in a neutral position.

 THERAPIST POSITION Th e therapist stands with a diagonal stance in front of the patient, and the anterior aspect 
of the hip of the caudal leg rests fi rmly against the patient’s knees.

 HAND PLACEMENT Cranial hand: Th e palpating index fi nger pad is placed at the interspinous space of the 
segment to be tested with the rest of the hand and fi ngers stabilizing the spine cranially to 
the tested segment.

Caudal hand: Th e hand is placed across the posterior aspect of both knees to press the 
patient’s knees fi rmly into the therapist’s hip.

 PROCEDURE Th e therapist uses the caudal hand and hip to push and pull the patient’s femurs anterior 
and posterior to create anterior and posterior lumbar spinal forces. Th e palpating cranial 
hand assesses for excessive joint play as a sign of instability.

 NOTES Positive results for instability may be coupled with the presence of a lumbar step, which is 
oft en associated with spondylolisthesis. Th e passive mobility fi ndings should be correlated 
with other PIVM and active range of motion (AROM) fi ndings.
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Lumbar Rotation Passive Intervertebral Motion Test: Prone Lying 

with Rolling the Legs

Lumbar right rotation PIVM, prone lying with rolling the 
legs

Lumbar left rotation PIVM, prone lying with rolling the 
legs

Finger placement for palpation for lumbar rotation PIVM

 PURPOSE Th is test evaluates the passive rotation of lumbar segments L5-S1 through T12-L1.

 PATIENT POSITION Th e patient is prone with a pillow under the abdomen and pelvis.

 THERAPIST POSITION Th e therapist stands next to the patient.

 HAND PLACEMENT Caudal hand: Th e caudal hand supports both of the patient’s legs at the ankles.

Cranial hand: Th e pad of the long fi nger is used to palpate the lateral aspect of the inter-
spinous space of the lumbar segment.

 PROCEDURE Both of the patient’s knees are fl exed to approximately 45 to 60 degrees, and the legs are 
supported at the ankles with the caudal hand and forearm. Right rotation of the lumbar 
spine is induced with rolling the legs toward the patient’s right side. Th e pad of the long 
fi nger on the cranial hand is used to palpate the right lateral aspect of the interspinous 
space of the specifi ed segment. Th e therapist palpates for the spinous process of the lower 
member of the segment to rotate or press into the palpating fi nger in relation to the supe-
rior member of the segment’s spinous process. Th e amount of right rotation available at 
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Lumbar Rotation Passive Intervertebral Motion Test: Prone Lying 

with Rolling the Legs—cont’d

each segment is noted and compared. Left  rotation is induced with rolling the legs toward 
the patient’s left  side. Th e pad of the thumb can be used to palpate the left  lateral aspect of 
the interspinous space of the specifi ed segment. Th e therapist palpates for the spinous pro-
cess of the lower member of the segment to rotate or press into the palpating fi nger. Th e 
amount of left  rotation available at each segment is noted and compared. Th e amount of 
rotation available in each direction is compared.

 NOTES Assessment of PIVM begins at L5-S1 and proceeds cranially. As the assessment progresses 
cranially, the amount of rotation of the legs is increased, but the amount of rotation back 
towards the midline with each successive segment is decreased. Th is technique follows the 
rule of the leg, which states that the direction of the movement of the legs is the same as the 
direction of the rotation of the lumbar spine (i.e., rolling the legs to the right induces right 
rotation of the lumbar spine). Th e direction of rotation is based on the direction of rotation 
of the vertebral body of the superior member of the spinal segment in relation to the infe-
rior member of the segment.
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Lumbar Rotation Passive Intervertebral Motion Test: Prone Lying 

with Raising the Pelvis

Lumbar right rotation, prone lying with raising the pelvis Lumbar left rotation, prone lying with raising the pelvis

Lumbar right rotation, prone lying raising the pelvis with 
assist of pillow

 PURPOSE Th is test is used to evaluate the passive rotation of lumbar segments L5-S1 through 
T12-L1.

 PATIENT POSITION Th e patient is prone with a pillow under the abdomen and pelvis.

 THERAPIST POSITION Th e therapist stands next to the patient.

 HAND PLACEMENT Caudal hand: Th e fi ngers grasp the patient’s pelvis under the ASIS.

Cranial hand: Th e pad of the long fi nger palpates the lateral aspect of the interspinous 
space.

 PROCEDURE With the therapist standing on the patient’s right side, the fi ngers of the caudal hand 
are used to grasp the patient’s pelvis under the left  ASIS. Right lumbar rotation is induced 
with gentle lift ing of the pelvis in a rotary manner. Th e pad of the long fi nger on the cranial 
hand palpates the right lateral aspect of the interspinous space of the specifi ed lumbar seg-
ment. Th e therapist palpates for the spinous process of the lower member of the segment to 
rotate or press into the palpating fi nger. Th e amount of passive rotation available at each 
segment is noted and compared. Left  lumbar rotation is induced with grasping the patient’s 
pelvis under the right ASIS (with the fi ngers of the caudal hand) and gently lift ing the pel-
vis in a rotary manner. Th e pad of the long fi nger or thumb on the cranial hand is used to 
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Lumbar Rotation Passive Intervertebral Motion Test: Prone Lying 

with Raising the Pelvis—cont’d

palpate the left  lateral aspect of the interspinous space of the specifi ed lumbar segment. 
Th e therapist palpates for the spinous process of the lower member of the segment to rotate 
or press into the palpating fi nger. Th e amount of passive rotation available at each segment 
is noted and compared. Th e amount of rotation available in each direction is compared.

 NOTES Assessment begins at L5-S1 and proceeds cranially. Th e amount of lift ing of the pelvis is 
increased with assessment of each successive cranial segment. Th is technique can be per-
formed with the therapist standing on the same side of the patient to assess both right and 
left  rotation (as described), or the therapist can switch sides to assess the rotation available 
in each direction. When this technique is performed, the therapist should be aware that 
just placing the hand under the patient’s pelvis can induce enough movement to rotate 
L5-S1. To prevent this occurrence, the therapist should push the hand into the pillow/
table to allow the patient’s pelvis to remain in a neutral position. Th is technique can also be 
performed with the pillow used to lift  the pelvis. Assessment of lumbar rotation with this 
technique (e.g., lift ing the pelvis) is useful for patients with hip pathology (the hip needs to 
be protected).
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Lumbar Rotation Passive Accessory Intervertebral Motion Test: Spring 

Testing Through the Transverse Processes

Lumbar rotation, spring testing through left transverse 
process

Lumbar rotation, spring testing through right transverse 
process

Lumbar rotation, spring testing through right sacral base

Lumbar rotation, spring testing through transverse 
processes V to identify L2-L4 transverse processes

Lumbar rotation, spring testing through transverse 
process: hand placement

 PURPOSE Th is test evaluates the passive rotation of lumbar segments L5-S1 through L2-L3 and 
assesses the level of reactivity of lumbar segments L5-S1 through L2-L3 (pain provocation 
test).

 PATIENT POSITION Th e patient is prone with a pillow under the abdomen and pelvis.

 THERAPIST POSITION Th e therapist stands next to the patient.

 HAND PLACEMENT Caudal hand: Th is hand supports the therapist’s body weight on the edge of the treatment 
table.
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Cranial hand: Th e proximal ulnar aspect of the fi ft h metacarpal contacts the transverse 
process.

 PROCEDURE With the therapist standing on the patient’s right side, the ulnar aspect of the fi ft h metacar-
pal on the caudal hand locates the iliac crest on the patient’s left  side. Th e ulnar aspect of 
the fi ft h metacarpal locates the 12th rib on the patient’s left  side. Th e hands make a V shape. 
Th e transverse process of L3 is located at the point of the V. Th e ulnar aspect of the fi ft h 
metacarpal of the cranial hand is used to “sink into” the middle of the V at the location of 
the L3 transverse process. Th e therapist should take up the slack and spring (i.e. midrange 
thrust) the transverse process of L3. Th e amount of passive right rotation available at the 
segment is noted (spring testing the transverse process of L3 assesses the mobility of the 
L3-L4 segment). Also noted is any pain provocation. Th e procedure is repeated with the 
transverse processes of L2 (located just inferior to the 12th rib, segment L2-L3) and L4 
(located just superior to the iliac crest, segment L4-L5). L5-S1 is tested with placement of 
the middle crease of the cranial hand on the patient’s right PSIS with the thenar eminence 
on the sacral sulcus. Th e therapist takes up the slack and springs the L5-S1 segment by giv-
ing a posterior to anterior force. Th e amount of passive right rotation available at the seg-
ment is noted. Also noted is pain provocation. Th e procedure is repeated with assessment 
of the opposite side spinal segments. Th e amount of rotation available and the level of reac-
tivity in each direction at each segment are compared.

 NOTES Th e therapist is recommended to spring with the cranial hand to remain specifi c and con-
sistent with this technique. Spring testing of segments L2-L3 through L4-L5 on the left  
induces right rotation, and spring testing segment L5-S1 (through the PSIS and sacral 
base) on the left  induces left  rotation. Th e forearm of the arm that gives the impulse should 
be near to parallel to the direction of the force applied. Assessment of rotation tests the 
ability of the facet joint on the ipsilateral side to gap (i.e., right rotation tests the ability of 
the right facet joint to gap). Pain provocation with spring testing the L5-S1 segment could 
indicate dysfunction at that segment or the sacroiliac joint.

Lumbar Rotation Passive Accessory Intervertebral Motion Test: Spring 

Testing Through the Transverse Processes—cont’d
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Central Posterior-to-Anterior Passive Accessory Intervertebral Motion Test

Central posterior-to-anterior PAIVM test, two-handed 
technique

Hand positioning for central posterior-to-anterior PAIVM 
test, two-handed technique

 PURPOSE Th is test is used for passive accessory motion or pain provocation of the lumbar spinal seg-
ments. For intervention, the appropriate grade of mobilization (I to IV) to treat pain or 
hypomobility is used.

 PATIENT POSITION Th e patient lies prone over a pillow with the arms by the body or hanging off  the edge of the 
table. A pillow can be placed under the lower legs for comfort.

 THERAPIST POSITION Th e therapist stands at the side of patient.

 HAND PLACEMENT Right hand: Th e right hand is placed on the patient’s back so that the ulnar border of the 
hand just distal to the pisiform is in contact with the spinous process of the vertebrae to be 
mobilized. Th e shoulders are directly over the patient. Th e right wrist is fully extended, 
with the forearm midway between supination and pronation.

Left  hand: Th e right hand is reinforced with the left  hand so that the second and third dig-
its of the left  hand envelop the second metacarpal phalangeal joint of the right hand. Th e 
elbows are allowed to slightly fl ex.

 PROCEDURE Th e therapist applies a posterior-to-anterior force on each spinous process examined and 
performs a total of three slow repetitions. First pressures should be applied gently; ampli-
tude and depth of the movement are increased if no pain response occurs. Th e therapist 
assesses the quality of movement through the range and the end feel and compares it with 
the levels above and below.

 NOTES A mid range of passive movement thrust (spring test) could also be used with this tech-
nique to assess tissue resistance and pain provocation.

A positive response is movement that reproduces the comparable sign (pain or resistance 
or muscle guarding).
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 ALTERNATIVE ONE-

 HANDED TECHNIQUE

Central Posterior-to-Anterior Passive Accessory Intervertebral Motion Test—cont’d

Central posterior-to-anterior PAIVM test, one-handed 
technique commonly used for spring testing

Th is technique could also be done as a one-handed technique with the cranial hand con-
tacting the spinous process just distal to the pisiform, the elbow fl exed, and the forearm 
perpendicular with the angle of the contour of the surface of the spine. Th e caudal hand 
rests at the edge of the table to support the therapist’s upper body weight with leaning over 
the patient.

Th e two-handed posterior-anterior PAIVM test was used in development of CPRs for 
both stabilization and manipulation and has been included as one of the primary fi ndings 
in clinical decision making for identifi cation of patients who will respond to stabilization 
if hypermobility is noted and to manipulation if hypomobility is noted with this PAIVM 
procedure.30,31 Fritz, Piva, and Childs114 reported intertester reliability (n = 49 patients 
with LBP) for fi ndings of hypomobility of 77% agreement with a Kappa value of 0.38 (0.22, 
0.54), for fi ndings of hypermobility of 77% agreement with a Kappa value of 0.48 (0.35, 
0.61), and for fi ndings of pain provocation of 85% agreement with a Kappa value of 0.57 
(0.43, 0.71). Th e fi nding of lack of hypomobility with central posterior-anterior PAIVM 
testing combined with lumbar fl exion of more than 53 degrees showed a +LR of 12.8 for 
correlation with radiographic evidence of lumbar instability.114
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 PURPOSE Th is technique restores lumbopelvic mobility and reduces lumbopelvic pain.

 PATIENT POSITION Th e patient is supine on the treatment table.

 THERAPIST POSITION Th e therapist stands on the side opposite the side to be manipulated.

 PROCEDURE

Therapist translates pelvis toward therapist side of 
table

Maximally side bend patient’s lower extremities 
and trunk to the right
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  Th e pelvis is translated toward the therapist’s side of the table. Th e therapist maximally 
side bends the patient’s lower extremities and trunk to the right. Without losing the right 
side bending, the therapist lift s and left  rotates the trunk so that the patient rests on her left  
shoulder. Th e patient’s right ASIS and ilium is contacted in a broad comfortable manner 
with the therapist’s left  hand. Th e top shoulder and scapula are grasped with the therapist’s 
right hand, and the trunk is rotated to the left  with the right side bending maintained. 
Once the right ASIS starts to elevate, a counter anterior-to-posterior force is applied 
through the ASIS to further take up the tissue slack, and once a fi rm barrier to motion is 
reached, a high-velocity, low-amplitude thrust is performed through the pelvis in an 
anterior-to-posterior direction.

 ALTERNATIVE TECHNIQUE An alternative method is use of the cranial forearm and hand across the scapula, thoracic, 
and lumbar spine to maintain the locked spinal position.

Lumbopelvic (Sacroiliac Region) Manipulation—cont’d

Lift and rotation of patient’s upper body

 NOTES Flynn and colleagues30 used this technique to develop the CPR for manipulation for treat-
ment of acute low back pain. Th is clinical prediction rule was validated by Childs et al,28 
who also used this technique with a diff erent sample of patients and clinicians. Th is tech-
nique could be used to treat hypomobility impairments of the lower lumbar spine, lumbo-
sacral junction, and sacroiliac joint on the targeted side.
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Lumbar Rotation Manipulation in Side Lying

 PURPOSE Th is technique manipulates a specifi c lumbar segment (L1-L2 through L5-S1) into 
rotation.

 PATIENT POSITION Th e patient is positioned side lying facing the therapist with the bott om leg in approxi-
mately 30 degrees of hip and knee fl exion.

 THERAPIST POSITION Th e therapist stands in front of the patient with feet parallel with the table, weight on the 
balls of the feet, and hips and knees slightly fl exed in an athletic stance position. Th e 
patient’s top knee is positioned in the “hip hollow” at the anterior hip shelf of the therapist 
created by slight fl exing of the hips and knees, and the therapist presses the front of the hip 
into the patient’s knee to support the top leg.

 HAND PLACEMENT Caudal hand: Th e technique begins with grasping of the patient’s top leg just proximal to 
the ankle to induce hip fl exion and lumbar forward bending.

Cranial hand: Th e pad of the long fi nger contacts the interspinous space of the targeted 
spinal segment to assess forward bending to begin the technique setup.

 PROCEDURE

Hook top leg on bottom leg once forward-bending 
position has been reached for lumbar rotation technique
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Th e position of the hands are now switched so that the pad 
of the third digit of the caudal hand now palpates the inter-
spinous space of the targeted segment and the second digit 
palpates one segment above. Th e spine is rotated to include 
the segment superior to the segment to be manipulated, 
but the segment to be manipulated is maintained in neu-
tral. Th is is accomplished by pulling the patient’s bott om 
arm (from proximal to the elbow) in a forward and upward 
rotary motion with the cranial hand. Next, fold the patient’s 
arms loosely across the patient’s chest.

Lumbar Rotation Manipulation in Side Lying—cont’d

Rotation of spine to include segment above the level to 
be manipulated

Th e cranial hand slides underneath the patient’s top arm, 
and the pad of the long fi nger contacts the top right lateral 
side of the spinous process of the cranial member of the 
segment.

Hand and arm positioning to set up lumbar rotation 
technique

Finger placement for lumbar rotation manipulation

Th e single leg forward bending PIVM technique is used to forward bend the lumbar spine 
up to the segment to be manipulated and then the hip and spine are slightly extended to 
maintain the spinal segment inferior to the targeted segment in a forward bent position 
and to maintain the targeted segment in neutral. Once this point is reached, the top leg is 
“hooked” onto the bott om leg (i.e., the foot of the top leg rests behind the knee of the bot-
tom leg).
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Th e pad of the long fi nger of the caudal hand is used to contact the left  lateral (bott om) side 
of the spinous process of the caudal member of the segment.

Th e cranial leg is used to step into the edge of the table toward the patient so that the caudal 
leg leaves the ground and the knee on the patient’s upper leg slides down the thigh of the 
therapist’s caudal leg. Equal and opposite forces through the forearms (with contact with 
the patient’s right anterior shoulder and chest and the right posterior hip and pelvis) are 
used to take up the slack and induce right rotation of the specifi ed segment. Th e manipula-
tion is coordinated with the patient’s breathing, with progressive oscillation into more 
rotation each time. Th e manipulation is repeated through approximately three breathing 
cycles. Once an end-range barrier is established, a short-amplitude, high-velocity thrust 
may be imparted. Aft er completion of the manipulation, the spine is derotated to a neutral 
position and PIVM of the specifi ed segment can be retested. For manipulation of a lumbar 
segment into left  rotation, the procedure is repeated with the patient positioned in right 
side lying.

 AN ALTERNATIVE CAUDAL

 HAND/ARM POSITION FOR

 THE LUMBAR ROTATION

 MANIPULATION

 TECHNIQUE

Lumbar Rotation Manipulation in Side Lying—cont’d

Lumbar rotation manipulation caudal view to illustrate 
therapist body position
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  An alternative caudal hand/arm position can assist in creation of greater leverage and can 
further lock the spine for production of an eff ective thrust manipulation, especially at the 
L5-S1 segment.

 NOTES Impairment-based indications for use of the right rotation manipulation technique are 
decreased right rotation PIVM or PAIVM testing and limited AROM of the lumbar spine. 
Indications for use of the left  rotation manipulation technique are decreased left  rotation 
PIVM or PAIVM testing and limited AROM of the lumbar spine. Th is technique is best 
performed as a progressive oscillation and is best combined with deep breathing for 
mechanical eff ects. Acute disc involvement, spondylolysis, or spondylolisthesis are con-
sidered precautions for performance of this technique.

Th is technique can be modifi ed into an isometric manipulation and further adjustments 
can be made in the technique to enhance the success of high-velocity thrust manipulation. 
Th e technique set up is the same for the thrust, but emphasis is placed on use of the thera-
pist forearms as the points of contact. Once the spinal segment is isolated with locking out 
the segments above and below as previously described, log-rolling the patient toward the 
therapist is helpful to create a 45-degree angle of the patient’s pelvis in relation to the table 
and allow bett er use of gravity. Th e therapist’s caudal forearm and body weight rotate the 
pelvis and lumbar spine toward the fl oor, and a counterforce is applied through the thorax 
with the cranial forearm.

If the patient has diffi  culty relaxing during a direct manipulation, use of an isometric 
manipulation technique can be eff ective. Once the segment is isolated and the spine is 
locked superior and inferior to the targeted segment as previously described, the patient is 
instructed to actively press the pelvis back into the therapist’s forearm. Aft er this force 
output (about 50% of maximum) is resisted for 10 seconds, the patient is asked to relax as 
the therapist takes up the tissue slack to apply a greater stretch and hold for 10 seconds. At 
this new barrier point, the isometric rotation is repeated and immediately followed by fur-
ther stretching. Aft er this sequence is repeated three to four times, the therapist applies 
further end range oscillations, or a sustained stretch, or a thrust manipulation.

Aft er application of the manipulation, the patient is gently repositioned in a neutral side-
lying position and muscle tone and passive lumbar mobility are reassessed to determine 
the eff ectiveness of the manipulation. If objective or subjective improvements are noted, 
the patient is progressed to active lumbar range of motion exercises, spinal stabilization 
exercises, or functional activities, such as walking on a treadmill. In general, it is advisable 
to have the patient functionally use the new mobility gained with the manipulation aft er 
the procedure. Th e follow-up activities also allow the therapist further opportunity to 
assess the eff ectiveness of the manual therapy interventions.

Lumbar Rotation Manipulation in Side Lying—cont’d
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Modification: Lumbar Rotation Manipulation Initiated Caudally

 PROCEDURE Th e setup and hand placement are the same as in the side-lying lumbar rotation manipula-
tion, but instead of equal and opposite forces used with both arms, the cranial arm stabi-
lizes as the caudal forearm provides the manipulative force. Th is variation should be used 
when spinal segments cranial to the targeted segment are either highly reactive or 
unstable.

Modification: Lumbar Rotation Manipulation Initiated Cranially

 PROCEDURE Th e setup and hand placement are the same as in the side-lying lumbar rotation manipula-
tion, but instead of equal and opposite forces used with both arms, the caudal arm stabi-
lizes the pelvis and lower spinal segments as the cranial forearm provides the manipulative 
force. Th is variation should be used when spinal segments caudal to the targeted segment 
are either highly reactive or unstable.
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Modification: Lumbar Rotation Manipulation with Lateral Flexion

 PROCEDURE Th e setup and hand placement are the same as in the side-lying lumbar rotation manipula-
tion, but the patient starts the procedure by lying over a bolster to induce lateral fl exion to 
the opposite direction of the rotation. Th e caudal forearm can also rock the lateral (top) 
aspect of the pelvis inferiorly and downward to induce further lateral fl exion. Lateral 
fl exion could be used as either the primary or secondary lever with the technique. If 
lateral fl exion is used as the primary lever, the manipulative force is with the caudal arm. 
If lateral fl exion is used as the secondary lever to assist in taking up tissue slack, the manip-
ulative force is with equal and opposite forces from both arms or either the caudal or cra-
nial forces are emphasized. Care must be taken to maintain the lumbar spine in neutral or 
slight backward bending at the targeted segment when lateral fl exion is used as a primary 
or secondary lever.
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Lumbosacral Lift Manipulation

Patient arm position for lumbosacral lift 
manipulation

 PURPOSE Th is technique is used to manipulate the lumbosacral junction (L5-S1) with a distractive 
force.

 PATIENT POSITION Th e patient stands with the arms folded fi rmly across the chest.

 THERAPIST POSITION Th e therapist stands with a diagonal stance with the back to the patient.

 HAND PLACEMENT Each hand is cupped across the inferior aspect of the patient’s elbows.

 PROCEDURE Th e therapist leans forward, hinging at the hips, with the lumbar spine stabilized in a neu-
tral position, to backward bend the patient to the lumbosacral junction and lift  the patient’s 
feet off  the fl oor. Th e therapist’s butt ock should contact the patient’s lumbosacral junction. 
Th e therapist can apply the thrust by rising up on the toes and dropping the heels abruptly 
to the ground or by jumping off  the ground and landing with the legs and trunk held rig-
idly. In this way, the ground reaction forces cause the manipulative thrust.

 NOTES If the patient is taller than the therapist, the patient may need to spread the legs to assure 
the correct alignment of the therapist’s butt ock to the patient’s lumbosacral junction. If the 
patient is much shorter than the therapist, the therapist needs to fl ex a greater degree at 
the hips and knees to create the proper patient-to-therapist alignment. Joint distraction at 
the lumbosacral junction occurs with the initial lift  position and may be all the force that 
is needed for an eff ective technique. Th e therapist is advised to fi rst lift  the patient without 
applying the thrust and to reassess the patient’s tolerance to the positioning before reset-
ting the technique and applying the thrust. In addition to restoring mobility at the lumbo-
sacral junction, this technique can be used to correct sacroiliac dysfunctions.
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Lumbar Rotation Manipulation: Oscillation Through the Transverse Process

 PURPOSE Th is technique manipulates a specifi c lumbar segment (L1-L2 though L5-S1) into 
rotation.

 PATIENT POSITION Th e patient is prone with a pillow under the abdomen and pelvis.

 THERAPIST POSITION Th e therapist stands next to the patient.

 HAND PLACEMENT Caudal hand: Th e caudal hand is used to support the therapist’s body weight on the edge 
of the treatment table.

Cranial hand: Th e ulnar proximal aspect of the fi ft h metacarpal is used to contact and 
apply force through the transverse process.

 PROCEDURE With the therapist standing on the patient’s right side, the ulnar aspect of the fi ft h metacar-
pal on the caudal hand is used to locate the iliac crest on the patient’s left  side. Th e ulnar 
aspect of the fi ft h metacarpal locates the 12th rib on the patient’s left  side. Th e two hands 
make a V shape on the patient’s back. Th e transverse process of L3 is located at the point of 
the V. Th e ulnar proximal aspect of the fi ft h metacarpal of the cranial hand is used to “sink 
into” the middle of the V at the location of the L3 transverse process. For manipulation 
into right rotation, the therapist takes up the slack and oscillates the left  transverse process 
of L3. On completion of the manipulation, right rotation is retested. Th e procedure can 
be repeated with the transverse processes of L2 (located just inferior to the twelft h rib, 
segment L2-L3) and L4 (located just superior to the iliac crest, segment L4-L5). Th e thera-
pist manipulates L5-S1 by placing the middle crease of the cranial hand on the patient’s 
right PSIS with the thenar eminence on the sacral sulcus. Th e therapist takes up the slack 
and oscillates the L5-S1 segment by giving a posterior-to-anterior force.

For manipulation of the lumbar segments into left  rotation, the procedure is repeated by 
oscillating through the right transverse processes of L2-L4 and through the left  PSIS.

 NOTES Th is technique is commonly used to induce grade I and II oscillations for the purpose 
of pain inhibition. Th erefore a painful reactive facet joint or surrounding soft  tissues are 
indications for this technique.
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Lumbar Spine Side-Bending (Lateral Flexion) Manipulation: Prone Abducting the Leg 

with a Thumb or Finger Block

 PURPOSE Th is technique is used to manipulate a specifi c lumbar segment (L1-L2 through L5-S1) 
into side bending.

 PATIENT POSITION Th e patient is prone with a pillow under the abdomen and pelvis.

 THERAPIST POSITION Th e therapist stands next to the patient.

 HAND PLACEMENT Caudal hand: Th e caudal hand supports the patient’s right leg at the knee but avoids 
patella compression.

Cranial hand: Th e pad of the thumb or long fi nger is used to block the lateral aspect of the 
spinous process of the cranial member of the segment.

 PROCEDURE Th e therapist stands on the patient’s right side and uses the pad of the thumb or long fi nger 
of the cranial hand to block the right lateral aspect of the spinous process of the cranial 
member of the specifi ed segment. Lumbar side bending to the right is induced by abduct-
ing the patient’s right hip with the caudal hand and keeping the leg even with the top of the 
table to avoid excessive hip extension/lumbar lordosis. Th e therapist takes up the slack and 
oscillates. On completion of the manipulation, lumbar side bending is retested.

Lumbar spine lateral flexion manipulation, prone 
abducting the leg with finger block

Lumbar spine lateral flexion manipulation, prone 
abducting the leg with thumb block

Thumb placement to create fulcrum for lumbar spine 
lateral flexion manipulation, prone abducting the leg 
with thumb block
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Lumbar Spine Side-Bending (Lateral Flexion) Manipulation: Prone Abducting the Leg 

with a Thumb or Finger Block—cont’d

Th e spinal segment is manipulated into side bending to the left  with the therapist standing 
on the patient’s left  side and repeating the procedure abducting the left  hip.

 NOTES Impairment-based indications for use of the right side-bending manipulation technique 
are decreased lumbar AROM and right side-bending PIVM testing of a specifi c lumbar 
segment (L1-L2 through L5-S1). Indications for use of the left  side-bending manipulation 
technique are decreased lumbar AROM and left  side bending of a specifi c lumbar segment 
(L1-L2 through L5-S1). With proper handling of the patient’s leg, excessive hip extension 
and compression of the patella are avoided. Th is technique can also be performed with the 
patient’s knee slightly fl exed. However, excessive knee fl exion with tightness of the rectus 
femoris muscle should be avoided. Th is technique is most commonly used as a grade III 
(nonthrust) manipulation for mechanical eff ects. Hip pathology is a precaution with this 
technique.
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Lumbar Spine Side-Bending (Lateral Flexion) Manipulation with 

a Mobilization Table and a Thumb Block

Th e prone lumbar spine side-bending manipulation is even more eff ective with use of a 
mobilization table. Th e cranial hand function remains the same; but instead of abduction 
of the hip to induce lateral fl exion, the lateral fl exion function of the table is used to swing 
both legs and the lumbar spine into a lateral fl exion passive motion.

Side-Bending Myofascial Stretch

A side-bending myofascial stretch can also be applied with the use of the mobilization 
table with placement of the hands on the upper and lower lumbar spine as the stretch is 
applied. Th e stretch should be sustained for at least 30 seconds and repeated three to four 
times.
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Prone Lumbar Isometric Manipulation

 PURPOSE Th e purpose of this technique is to manipulate a lumbar segment (L1-L2 though L5-S1) 
with a painful facet joint entrapment.

 PATIENT POSITION Th e patient is prone with a pillow under the abdomen and pelvis.

 THERAPIST POSITION Th e therapist stands next to the patient.

 HAND PLACEMENT Caudal hand: Th e caudal hand is placed across the posterior aspect of the patient’s upper 
leg.

Cranial hand: Th e ulnar proximal aspect of the fi ft h metacarpal is used to contact the 
transverse process of the superior member of the targeted segment.

 PROCEDURE Aft er the reactive or stiff  facet joint is identifi ed with a posterior-to-anterior force at the 
transverse process with the cranial hand, the posterior-anterior force is held with the cra-
nial hand at the targeted transverse process and the patient is asked to extend the opposite 
hip. Isometric resistance is applied to the hip extension for a 10-second hold. Aft er the 
patient rests the leg back on the table, posterior-anterior oscillations are applied to the 
targeted segment for 10 seconds and then the isometric hip extension is repeated. Th is 
sequence is repeated three to four times until improved mobility and reduced joint reactiv-
ity is noted with the posterior-anterior force at the transverse process.

 NOTES Opposite hip extension is used to facilitate an isometric contraction of the multifi dus mus-
cle on the side of the targeted facet joint. Th e patient may have diffi  culty actively extending 
the hip for the fi rst one or two isometric contractions. Commonly, the patient is able to 
generate greater force with each subsequent contraction. Th e segment can be further iso-
lated by side bending the lumbar spine to the targeted segment.

Lumbar isometric manipulation combined with direct 
mobilization of targeted segment with posterior-to-
anterior pressure through transverse process
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Lumbar Spine Side-Bending Manipulation: Side Lying Raising and 

Lowering the Legs

Lumbar spine side-bending manipulation side lying 
raising the legs

Lumbar spine side-bending manipulation lowering 
the legs

 PURPOSE Th is manipulation is used to move a specifi c lumbar segment (L1-L2 through L5-S1) into 
side bending.

 PATIENT POSITION Th e patient is positioned side lying facing the therapist with the hips and knees fl exed to 90 
degrees.

 THERAPIST POSITION Th e therapist stands with a diagonal stance in front of the patient facing the patient’s thighs 
with the caudal leg forward, fl exed, and supporting the patient’s bott om thigh.

 HAND PLACEMENT Caudal hand: Th is hand holds the patient’s bott om leg just proximal to the ankle.

Cranial hand: Th e pad of the long fi nger is used to block the lateral aspect of the spinous 
process of the cranial member of the segment.

 PROCEDURE With the patient in a left  side-lying position, both legs are positioned in 90 degrees of hip 
and knee fl exion. For manipulation of the segment into right side bending, the pad of the 
long fi nger on the cranial hand is used to block the right lateral aspect of the spinous pro-
cess of the cranial member of the segment. Th e patient’s legs are lift ed until side bending is 
induced at the targeted segment. Th e therapist takes up the slack and oscillates through 
the leg. On completion of the manipulation, side bending to the right is retested. Th e pad 
of the long fi nger of the cranial hand is used to block the left  lateral aspect of the spinous 
process of the cranial member of the segment. Th e legs are lowered until side bending is 
induced at the targeted segment. Th e therapist takes up the slack and oscillates through 
the leg. On completion of the manipulation, side bending is retested to the left .
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Th e leg-lowering manipulation technique can be further facilitated by placing the patient 
over the top of the bolster, with the apex of the bolster positioned to induce lateral fl exion 
at the targeted segment.

 NOTES Impairment-based indications for use of the right side-bending manipulation technique 
are decreased lumbar AROM and right side bending PIVM of a specifi c lumbar segment 
(L1-L2 through L5-S1). Indications for use of the left  side-bending manipulation tech-
nique are decreased lumbar AROM and left  side bending PIVM of a specifi c lumbar seg-
ment (L1-L2 through L5-S1).

Lumbar Spine Side-Bending Manipulation: Side Lying Raising and 

Lowering the Legs—cont’d

Further stretch can be induced with lowering the legs 
manipulation technique by having patient lie over a 
bolster

Isometric Lumbar Manipulation with the Side-Bending Leg Lowering Technique

An isometric manipulation can be used with the side-bending leg lowering manipulation 
by applying resistance in the leg-raising direction followed by further stretching into the 
leg-lowering direction. Th e isometric contraction is held for 10 seconds and followed by a 
10-second stretch. Th is sequence is repeated for three to four bouts.
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Lumbar Spine Side-Bending Manipulation: Side Lying Rocking the Pelvis

Finger placement for blocking spinous process for 
lumbar spine side bending, side lying rocking the pelvis

 PURPOSE Th e purpose of this technique is to manipulate a specifi c lumbar segment (L1-L2 through 
L5-S1) into side bending.

 PATIENT POSITION Th e patient is in a side-lying position facing the therapist.

 THERAPIST POSITION Th e therapist stands next to the patient.

 HAND PLACEMENT Caudal hand: Th e palm of the hand is placed on the patient’s greater trochanter.

Cranial hand: Th e pad of the long fi nger is used to block the lateral aspect of the spinous 
process of the cranial member of the segment.

 PROCEDURE With the patient in a left  side-lying position, both legs are positioned in 90 degrees of hip 
and knee fl exion. Th e pad of the long fi nger of the cranial hand is used to block the left  lat-
eral aspect of the spinous process of the cranial member of the segment. Th e superior 
aspect of the greater trochanter is contacted with the heel of the caudal hand, with the 
elbow straight and the arm in line with the direction of the force. Lumbar side bending is 
induced to the left  with the caudal hand pushing the patient’s greater trochanter caudally. 
Th e therapist takes up the slack and oscillates. On completion of the manipulation, side 
bending to the left  is retested.
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For manipulation of the segment into right side bending, the pad of the long fi nger on the 
cranial hand is used to block the right lateral aspect of the spinous process of the cranial 
member of the segment. Th e caudal hand pushes the patient’s greater trochanter cranially, 
with the forearm lined up in frontal plane parallel to the direction of the force. Th e thera-
pist takes up the slack and oscillates. On completion of the manipulation, side bending to 
the right is retested.

 NOTES Because of the small lever arm, use of grade I and II oscillations is most appropriate for this 
technique. Th e forearm should be positioned parallel to the direction of the force applied 
through the greater trochanter. Th e procedure can be performed with the patient in a right 
side-lying position, with caudal movement of the pelvis inducing right side bending and 
cranial movement of the pelvis inducing left  side bending. Manipulation of lumbar side 
bending with this technique (e.g., rocking the pelvis) is useful for patients with hip pathol-
ogy (the hip joint is not stressed).

Lumbar Spine Side-Bending Manipulation: Side Lying Rocking the Pelvis—cont’d
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Posterior Ilial Rotation Sacroiliac Joint Manipulation

 PURPOSE Th is technique is used to manipulate an anterior ilial rotation displacement sacroiliac joint 
dysfunction and to restore posterior rotation of the ilium.

 PATIENT POSITION Th e patient is positioned side lying facing the therapist.

 THERAPIST POSITION Th e therapist stands with a diagonal athletic stance in front of the patient.

 HAND PLACEMENT Caudal hand: Th e palm is used to contact the patient’s ischial tuberosity.

Cranial hand: Th e palm is used to contact the patient’s ASIS.

 PROCEDURE Th e patient’s bott om leg is fl exed to approximately 30 degrees of hip and knee fl exion.
 (PROVOCATION TEST) Th e top hip is fl exed to approximately 90 degrees, and the foot of the top leg is hooked at 

the knee of the bott om leg. Th e spine is rotated to include the L5-S1 segment with pulling 
the patient’s bott om arm (from proximal to the elbow) in a forward and upward rotary 
motion with the cranial hand. Th e patient’s arms are loosely folded across the chest. Th e 
palm of the cranial hand is used to contact the patient’s top ASIS, and the palm of the cau-
dal hand is used to contact the patient’s top ischial tuberosity. A force couple is created 
with pushing the ASIS posteriorly and pushing the ischial tuberosity anteriorly. Th e force 
is gradually increased over 10 to 30 seconds. End range oscillations or a thrust can be 
used.

For further mechanical advantage and for an isometric manipulation, the therapist should 
follow the procedure as described previously; but before application of the force couple, 
the therapist should step inside the patient’s top leg and alternate a direct manipulation, 
using the force couple, with an isometric manipulation by using isometric hip extension of 
the top leg (patient instructed to push the thigh into the front hip of the therapist). Th e 
therapist takes up the slack and holds for 10 seconds and then instructs the patient to iso-
metrically extend the hip for 10 seconds. Th e force couple of the direct manipulation is 

Posterior rotation SIJ manipulation hand placement

Posterior rotation SIJ manipulation with leg positioned 
from isometric manipulation
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maintained as the isometric manipulation is performed. Th e procedure is repeated for a 
total of three to four repetitions. Once the slack is fully taken up, a small-amplitude, high-
velocity thrust manipulation can also be used.

 NOTES Patients who tend to redisplace into anterior rotation of the sacroiliac joint can turn this 
technique into a self-isometric manipulation: In supine position, the ipsilateral hip is 
fl exed and both hands are used to hold the thigh in a fl exed position. Th e hip is isometri-
cally extended into the hands and held for 10 seconds; repeat three to four times.

Posterior Ilial Rotation Sacroiliac Joint Manipulation—cont’d

Lumbosacral Manual Traction with a Mobilization Table

Th e direct sacral mobilization technique can be modifi ed to apply traction at the lower 
lumbar spine with use of a mobilization table. Th e table can be released to allow the lower 
section to separate as the manual traction force is sustained at the sacrum and counter-
force is applied at the upper lumbar spine.
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Anterior Ilial Rotation Sacroiliac Joint Manipulation

Anterior rotation SIJ manipulation hand placement

Anterior rotation SIJ manipulation with knee flexed

 PURPOSE Th e purpose is to manipulate a posterior ilial rotation displacement sacroiliac joint dys-
function and restore anterior rotation of the ilium.

 PATIENT POSITION Th e patient is prone with a pillow under the pelvis.

 THERAPIST POSITION Th e therapist stands with a diagonal athletic stance next to the patient.

 HAND PLACEMENT Caudal hand: Th e caudal hand grasps the anterior thigh just proximal to the knee.

Cranial hand: Th e hypothenar eminence is used to contact the PSIS, with the fi ngers 
pointing toward the patient’s thigh (to keep the hands off  the lumbar spine).

 PROCEDURE Th e hypothenar eminence of the cranial hand is used to contact the PSIS, and the caudal 
hand is used to extend the hip just enough to take up the slack in the hip. Th e cranial hand 
forces the PSIS towards the table and approximately 10 to 20 degrees laterally. An isomet-
ric manipulation can be added by following the procedure as described previously; but 
before the application of the direct manipulation force, the patient is instructed to isomet-
rically fl ex the hip into the therapist’s hand and hold for 10 seconds. Aft er the isometric hip 
fl exion hold, the therapist further extends the patient’s hip and progressively oscillates 
with the caudal hand to take up the slack and repeats three to four times. At the end range 
of the available motion, a thrust can be applied with the cranial hand directed to the 
pelvis.

 NOTES Th e fi ngers of the cranial hand should point toward the patient’s feet and should not con-
tact the patient’s lumbar spine. Th e patient’s knee can be fl exed during the performance of 
this technique.
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Th is technique can be turned into a self-isometric manipulation: In the prone position 
with a pillow under the pelvis, the unaff ected leg is placed off  the lateral edge of the bed 
with the foot on the fl oor. Th e hip is isometrically fl exed on the aff ected side by pushing the 
knee into the bed and holding for 10 seconds. Th e procedure is repeated three to four 
times. Patients who tend to stiff en or redisplace between therapy sessions are instructed to 
perform this self-manipulation as part of a home program.

Anterior Ilial Rotation Sacroiliac Joint Manipulation—cont’d

Coccyx Direct Internal Manipulation

 PURPOSE Th is manipulation is used to mobilize the coccyx to correct a coccygeal displacement and 
to inhibit pelvic fl oor muscle tone.

 PATIENT POSITION Th e patient is prone over two or three pillows with the hips abducted and internally 
rotated.

 THERAPIST POSITION Th e therapist stands at the side of the patient.

 HAND PLACEMENT Caudal hand: With a latex glove with lubricating gel worn on the long fi nger, the fi nger is 
eased through the anus into the rectum, with the volar pad of the fi nger facing dorsally to 
palpate the anterior surface of the coccyx.

Cranial hand: Th e thumb is placed on the external dorsal surface of the coccyx.

 PROCEDURE Once the proper fi nger placement is obtained, a distraction force is applied along the long 
axis of the coccyx. If a lateral fl exed or rotation deviation is noted, correction can be 
att empted during application of the distraction force. Th e distraction force is sustained for 
30 seconds for three to four repetitions.

 NOTES Th e primary fi nding for indication of coccyx manipulation is coccyx pain with sitt ing, pain 
with contraction of the gluteus maximus muscle, and pain provocation with direct pres-
sure at the coccyx. Pelvic fl oor muscle dysfunctions can contribute to coccyx pain and 
should be addressed as part of the treatment plan of care. Stress reduction strategies, such 
as use of a coccyx pillow with a square cut out of the posterior edge of the cushion, should 
be used on a consistent basis to unload the coccyx when seated. Modalities such as ionoto-
phoresis may assist in reduction of pain in this region as well.

Coccyx direct internal manipulation hand placement
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Sacral Mobilization and Myofascial Stretch

Myofascial stretch and sacral mobilization

Myofascial stretch and sacral mobilization hand 
placement

Isometric manipulation of sacrum with hip lateral 
rotators

 PURPOSE Th is manipulation inhibits muscle tone at the lumbosacral junction and, in theory, cor-
rects suspected sacral torsional displacements.

 PATIENT POSITION Th e patient is in a prone position with a pillow supporting the pelvis.

 THERAPIST POSITION Th e therapist stands with a diagonal athletic stance against the edge of treatment table.

 HAND PLACEMENT Cranial hand: Th e heel of the hand is placed at the base of the patient’s sacrum.

Caudal hand: Th e palm of hand is placed across the upper lumbar spine and erector spinae 
muscles.

 PROCEDURE Th e cranial hand gradually sinks into the myofascial tissues over the base of the sacrum 
and applies a caudally directed anterior force as the tissue tone relaxes. Th e caudal hand 
applies a gradual counterforce directed anteriorly and superiorly. Th e forces start gentle 
and gradually are increased as the muscle tone relaxes. For further mobilization of the 
sacrum, the caudal hand can move the hip into medial rotation and isometrically resist lat-
eral rotation as the cranial hand sustains pressure at the base of the sacrum. In theory, the 
isometric contraction of the lateral rotators of the hip pulls one side of the base of the 
sacrum anteriorly to mobilize the SIJ and inhibit muscle tone in the region. Th e isometric 
force should be sustained for 10 seconds and repeated three to four times with a 10-second 
rest between contractions. Th e sacral force is sustained throughout and between the iso-
metric contractions.
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Coccyx Isometric Manipulation

Coccyx isometric manipulation hand placement

 PURPOSE Th is technique is used to manipulate the sacrococcygeal joint.

 PATIENT POSITION Th e patient is in a prone position lying over a pillow with the knee fl exed on the side to be 
manipulated.

 THERAPIST POSITION Th e therapist stands at the side of the patient.

 HAND PLACEMENT Cranial hand: Th e hypothenar eminence is placed at the lateral edge of the base of the 
coccyx just distal to the sacrococcygeal joint on the side of the therapist.

Caudal hand: Th e caudal hand cups the medial and anterior aspect of the patient’s knee 
on the leg closest to the therapist.

 PROCEDURE A medially directed force is applied at the sacrococcygeal joint with the cranial hand as the 
caudal hand abducts the patient’s hip. Once full hip abduction is obtained, hip adduction 
is resisted isometrically and held for 10 seconds. Th e patient rests for 10 seconds and then 
repeats the isometric hold aft er the tissue slack is taken up with further hip abduction and 
direct force. Th e procedure is repeated three to four times, and the direct force is main-
tained with the cranial hand throughout the hold/relax sequence with the hip.

 NOTES In theory, gliding the sacrococcygeal joint toward the midline from the right to the left  
moves the coccyx into right lateral fl exion because the proximal coccyx is a convex joint 
surface moving a concave distal sacrum. Pelvic fl oor muscle dysfunctions can contribute 
to coccyx pain and should be addressed as part of the treatment plan of care. Stress reduc-
tion strategies, such as regular use of a coccyx pillow with a square cut out of the posterior 
edge of the cushion, should be used on a consistent basis to unload the coccyx when seated. 
Modalities such as ionotophoresis may assist in reduction of pain in this region as well.
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Hip Abduction/Adduction Isometric Manipulation

Hip adduction isometric manipulation Hip abduction isometric manipulation

 PURPOSE General isometric manipulation of the pelvis is used to relax muscle tone and balance 
alignment of the pelvis and to inhibit pain.

 PATIENT POSITION Th e patient is supine in the hook-lying position.

 THERAPIST POSITION Th e therapist stands at the edge of the table.

 PROCEDURE For the hip adduction isometric technique, the therapist places a closed fi st between the 
patient’s knees and asks the patient to squeeze the fi st between the knees. Th e isometric 
contraction is held for 10 seconds and repeated three to four times, with a 10-second rest 
between contractions.

For the hip abduction isometric technique, the therapist places the hands along the lateral 
aspect of both of the patient’s knees and asks the patient to pull the knees apart. Th e con-
traction is held for 10 seconds and repeated three to four times, with a 10-second rest 
between contractions.

 NOTES A useful method is to fi nish a manual therapy session with these isometric techniques to 
relax muscle tone of the pelvic region before the therapy session is completed. Th eoreti-
cally, the symphysis pubis and sacroiliac joints are both mobilized with these isometric 
techniques. Alternating between the abduction and adduction isometric techniques is 
oft en helpful.
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Hip Joint Anterior Glide Manipulation

 PURPOSE Th is manipulation is used to stretch the anterior hip joint capsule to improve hip extension 
range of motion.

 PATIENT POSITION Th e patient is prone lying over a pillow.

 THERAPIST POSITION Th e therapist stands on the side of the table opposite the hip to be manipulated.

 PROCEDURE Th e therapist lift s and holds the patient’s hip in extension with the caudal hand and applies 
an anterior lateral force parallel to the angle of the acetabulum at the posterior aspect of 
the proximal femur near the greater trochanter.

 NOTES Typically, a progressive oscillation or a grade III mobilization force is used with this tech-
nique to att empt to improve hip extension. If the leg is too heavy for the therapist to hold, 
the femur could be supported in an extended position with a pillow or towel roll. Patients 
with chronic low back pain conditions such as spinal stenosis commonly have limited hip 
extension and may benefi t from use of an anterior glide manipulation to att empt to improve 
hip mobility.

 ALTERNATE TECHNIQUE

 FOR HIP JOINT ANTERIOR

 GLIDE MANIPULATION 

  Th e anterior glide manipulation can be performed with the targeted hip placed in an end 
range external rotation position with the patient’s tibia resting on the opposite leg in a frog 
leg position. Th is position allows the therapist to use the web space of both hands to apply 
an anterior lateral force at the posterior aspect of the proximal femur. Th eoretically, this 
manipulation technique should assist in restoring both hip extension and external 
rotation.
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Hip Joint Manipulation with a Mobilization Belt

 PURPOSE Th e purpose of this manipulation is to stretch the hip joint capsule and restore full hip 
mobility.

 PATIENT POSITION Th e patient is supine, lying close to the edge of the table on the side of the hip to be 
manipulated.

 THERAPIST POSITION Th e therapist stands, in a diagonal stance with the caudal foot back, at the edge of the table 
on the side of the hip to be manipulated.

 PROCEDURE Th e mobilization belt is positioned at the proximal thigh near the crease formed by fl exing 
the patient’s hip to 30 degrees of fl exion and looped around the therapist’s butt ock. Th e 
therapist stabilizes the patient’s pelvis and distal femur while leaning in an inferior and 
posterior direction in line with the 120-degree angle at the neck of the patient’s femur.
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Hip Joint Manipulation with a Mobilization Belt—cont’d

Lateral distraction hip joint manipulation with belt 
combined with passive hip internal rotation

Lateral distraction hip joint manipulation with belt 
combined with passive hip external rotation

  Mobilization with Movement: Th e distraction technique can be modifi ed by fl exing the 
hip to 90 degrees. Th e therapist uses the chest to stabilize the distal femur, the cranial hand 
to stabilize the pelvis, and the caudal hand/arm to rotate the hip either into internal or 
external rotation. Th e distraction is sustained as the hip is stretched repeatedly into an end 
range of motion position.

 NOTES Th e therapist should follow the hip mobilization techniques with active range of motion 
exercises, such as the bent knee fall out exercise, to have the patient move into the new 
range of motion obtained with the manipulation procedure. Many patients with low back 
pain have limitations in hip capsular mobility and can benefi t from this technique.
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Mr. Acute Back

History
A 30-year-old factory worker bent over to put down his dog’s 
dish and strained his lower back 2 weeks before the initial eval-
uation. Th e pain is focused in the right lumbosacral (LS) junc-
tion and radiates into the right butt ock and posterior thigh. 
Pain is made worse with sitt ing, bending forward, twisting, and 
walking and is relieved with lying supine in a 90/90 position. 
Th e patient is a heavy smoker and has had LBP episodes in the 
past but never this intense or prolonged. An MRI scan 2 years 
previous showed a degenerative disc at L5-S1. FABQ work sub-
scale score is l6.

Tests and Measures
■ Structural examination reveals 1/2 leg length discrepancy, 

with the left  leg shorter, and the patient is shift ed to the left  
in standing, avoiding full weight on the right lower extrem-
ity (LE)

■ Active motion testing: 50% forward bending with provoca-
tion of pain, 25% left  sidebending, 50% right sidebending, 
25% right rotation, 50% left  rotation, and 15% backward 
bending with provocation of pain

■ Quadrant test results are positive right for LBP
■ Neurologic testing results are negative
■ Palpation: Guarded/tight/tender right L5-S1 area
■ PIVM: Signifi cant restriction L5-S1 FB, LSB, and right 

rotation (RRot)
■ PAIVM (spring) test: Positive pain provocation right L5-S1 

facet and limited mobility with posterior-anterior testing
■ Strength: 4/5 Multifi dus, abdominal, and hip muscles
■ Muscle length: Moderately tight right psoas and both 

hamstrings
■ Hip AROM: 65 degrees external rotation, 38 degrees inter-

nal rotation bilaterally

Evaluation
Diagnosis
Problem list
Goals
Treatment plan/intervention

Mr. Chronic Back

History
A 55-year-old man with a 14-month history of LBP and sciatica 
received 2 months of physical therapy with good relief of sciat-
ica but still has LBP. Th e patient works as a machine operator 
and has to stand on concrete all day and wants to work 6 more 
years. LBP is constant and focused centrally across the lower 
lumbar region. Pain is worse with prolonged sitt ing, standing, 
or bending. Th e patient was injured at work by falling on a wet 
spot left  by a leaky air conditioner. Th e patient works on light 
duty with a 25-pound lift ing restriction. Pain is worse (7/10) at 
the end of the day.

Tests and Measures
■ Structural examination: Good symmetry, but step noted at 

L3-L4 with increased lumbar lordosis and rotund abdomen
■ AROM: All planes 75% with limited lower lumbar motion 

and fulcrum at L3-L4
■ PIVM: Limited L5-S1 and L4-L5 in all motions; hypermo-

bile L3-L4 all motions with positive pain provocation spring 
testing results L3-L4

■ Palpation: Myofascial tightness with minimal tenderness 
lumbar paraspinals

■ Muscle length: Moderately tight bilateral hamstrings and 
iliopsoas

■ Muscle strength: Abdominals and multifi dus 3+/5
■ Endurance: Poor

Evaluation
Diagnosis
Problem list
Goals
Treatment plan/intervention

Case Studies and Problem Solving

The following case studies are provided as a way for physical therapy students to practice 

problem solving with an impairment-based evidence-based approach. Basic objective and 

subjective information is provided, and students are asked to develop a physical therapy 

diagnosis, problem list, and treatment plan.
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Ms. Lucy Goosey

History
A 25-year-old woman who works at a department store as a 
cashier has right upper lumbar pain and left  upper thoracic area 
pain that is provoked with prolonged standing and work activi-
ties. Th e patient admits to being fairly sedentary when not at 
work. Th e patient describes pain as achiness that intensifi es 
with sustained postures and is relieved with lying down.

Tests and Measures
■ Posture: Moderate forward head posture with protracted 

scapulas and fl at lumbar spine
■ Cervical AROM: At 75% in all planes with stiff ness noted in 

upper thoracic spine and pain reported with end range left  
rotation

■ Lumbar AROM: Nearly 100% in all planes with poor mus-
cle control noted with FB and stiff ness noted in lower tho-
racic spine

■ Straight Leg Raise: 95 degrees bilaterally
■ Prone Instability Test: Positive
■ PIVM: Hypermobile in midcervical segments; moderately 

restricted upper thoracic right rotation and FB; hypermo-
bile upper lumbar; moderately restricted T9-T10 and T10-
T11 right rotation

■ Palpation: Mildly tender and moderately guarded left  upper 
thoracic tissues and right lower thoracic; moderately tender 
left  lower cervical facet joint tissues and right upper lumbar 
tissues

■ Strength: Poor+ scapular stabilizers, lumbar, and cervical 
multifi dus

■ Other observations: System hypermobility noted in fi ngers, 
elbows, and knees

Evaluation
Diagnosis
Problem list
Goals
Treatment plan/intervention
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CHAPTER 5

Examination and Treatment of 
Thoracic Spine Disorders
CHAPTER OVERVIEW

Th is chapter covers the kinematics of the thoracic spine and rib cage, describes common thoracic spine disorders, 
and provides a detailed description of special tests, manual examinations, manipulations, and exercise procedures 
for the thoracic spine and ribcage.

OBJECTIVES

■ Describe the significance and impact of thoracic spine disorders

■ Describe thoracic spine and rib cage biomechanics

■ Classify thoracic spine disorders based on signs and symptoms

■ Describe interventions for thoracic spine and rib cage disorders

■ Demonstrate and interpret thoracic spine examination procedures

■ Demonstrate manipulation techniques of the thoracic spine and rib cage

■ Instruct exercises for thoracic spine disorders

SIGNIFICANCE OF THORACIC 
SPINE DISORDERS

Th e impact of thoracic spine disorders is not fully appreciated 
because litt le research has been completed on these disorders 
in comparison with cervical and lumbar disorders. Some data 
do concern chronic conditions that aff ect the thoracic spine, 
such as scoliosis and osteoporosis,1 but litt le has been published 
on the impact of acute thoracic spine disorders.

THORACIC SPINE AND RIB CAGE 
KINEMATICS: FUNCTIONAL ANATOMY 
AND MECHANICS

Th e thorax consists of the thoracic spine, the rib cage, and the 
sternum. Th e thorax is a fairly rigid structure whose function is 
to provide a stable base for muscles to control the craniocervi-
cal region and shoulder girdle, to protect internal organs, and 
to create a mechanical bellows for breathing.3 Th e structure 
consists of 12 thoracic vertebrae and 12 corresponding ribs on 
each side. A natural thoracic kyphosis is created by a bony slope 
of 3.8 degrees from posterior to anterior at each vertebral body, 

which creates a 45-degree kyphotic angle for the entire thoracic 
spine.4

Anatomically and functionally, the thoracic spine is com-
monly divided into the upper thoracic (T1-T4), the middle tho-
racic (T5-T9), and the lower thoracic (T10-T12), with the upper 
thoracic functioning as a transition zone from the cervical spine 
to the thoracic spine and the lower thoracic functioning as a 
transition zone from thoracic spine to lumbar spine.4 Th e mid-
dle thoracic region is the most rigid because of the rib articula-
tions, with the T11 and T12 vertebraes being more mobile 
because of the lack of complete anterior rib att achment with the 
“fl oating ribs” at T11 and T12.4 Th e upper thoracic region 
moves with the cervical spine and with similar mechanics to 
the cervical spine.

Th e facet joints of the thoracic vertebrae are generally in the 
frontal plane with a mild slope that varies between 0 and 30 
degrees from the vertical.3 Th e spinous processes of the tho-
racic vertebrae tend to angle downward and extend to the level 
of the caudal vertebrae’s transverse processes. In identifi cation 
of the vertebral level through palpation, the transverse pro-
cesses can be found lateral to the most prominent aspect of the 
spinous process of the vertebra one level above.5 Th is trend is 
consistent throughout the upper and middle thoracic spine but 
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is less consistent at lower thoracic levels (especially T11 and 
T12).5

Th e costotransverse and costovertebral joints allow move-
ment of the ribs in relation to the spine and function during 
ventilation. Th e costovertebral joints connect the heads of each 
of the 12 ribs to the corresponding sides of the bodies of the 
thoracic vertebrae. Th e costotransverse joints connect the 
articular tubercles of the ribs 1 to 10 to the transverse processes 
of the corresponding thoracic vertebrae. Ribs 11 and 12 usually 
lack costotransverse joints.3 Th e sternocostal joints provide a 
functional link of the ribs from the sternum to the thoracic 
spine (Figure 5-1).

Th e costovertebral joints connect the head of the rib with a 
pair of costal facets at adjacent vertebral bodies and the adja-
cent margin of the intervertebral disc. Th e articular surfaces of 
the costovertebral joints are slightly ovoid and held together by 
capsular and radiate ligaments.3 Costotransverse joints con-
nect the articular tubercle of a rib to the costal facet on the 
transverse process of a corresponding thoracic vertebra. An 
articular capsule surrounds this synovial joint, and the costo-
transverse ligament fi rmly anchors the neck of the rib to the 
entire length of a corresponding transverse process.3

Approximately 30 to 40 degrees of forward bending and 20 
to 25 degrees of backward bending are available throughout the 
thoracic region.3 Th e magnitude of forward and backward 
bending tends to increase in a cranial to caudal direction.3 Th e 
kinematics of forward bending occur with a superior and slightly 
anterior sliding (i.e., upglide) of the inferior facet surfaces of 
the superior member of the vertebral segment moving on the 
superior facet surfaces of the lower member of the vertebral seg-
ment (Figure 5-2). Backward bending occurs with just the 
opposite movements: inferior and slightly posterior sliding (i.e., 
downglide) of the inferior facet surfaces of the superior member 
of the vertebral segment moving on the superior facet surfaces 
of the lower member of the vertebral segment (Figure 5-3).

Approximately 30 degrees of axial rotation occur to each 
side throughout the thoracic region.3 Rotation occurs in the 
mid-thoracic spine as the frontal plane–aligned inferior articu-
lar facets of the superior member of the spinal segment slide a 
short distance in relation to the superior facets of the inferior 
member of the vertebral segment.3 Th e amount of axial rotation 
tends to decrease from the upper to lower thoracic spine because 
the greater vertically oriented facet joints tend to block the hor-
izontal plane movement (Figure 5-4).3
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FIGURE 5-1 Top view of fifth rib shows “bucket-handle” mechanism of elevation of the ribs during inspiration. Ghosted outline of 
the rib indicates its position before inspiration. Elevation of the rib increases both anterior-posterior (AP) and medial-lateral (ML) 
diameters of thorax. Rib connects to vertebral column via costotransverse and costovertebral joints (A) and to sternum via the 
sternocostal joint (B). During elevation, neck of the rib moves about an axis of rotation that courses between each costotranverse 
and costovertebral joint. Elevating rib creates torsion in the cartilage associated with sternocostal joint. From Neumann DA: 
Kinesiology of the musculoskeletal system, St Louis, 2002, Mosby.
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FIGURE 5-2 Kinematics at thoracic region. Kinematics of 
thoracolumbar flexion are shown through 85-degree arc: sum 
of 35 degrees of thoracic flexion and 50 degrees of lumbar 
flexion. From Neumann DA: Kinesiology of the 
musculoskeletal system, St Louis, 2002, Mosby.
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degrees: 20 to 25 degrees of thoracic extension and 15 
degrees of lumbar extension. From Neumann DA: 
Kinesiology of the musculoskeletal system, St Louis, 2002, 
Mosby.

R
O

TATION 

T6

Inferior facet of T6

Superior facet of T7

Inferior facet of L1

Superior facet of L2

Joint
approximation

Joint 
separation

L1

ROTATION

90° Craniocervical rotation

35° Thoracolumbar 
axial rotation

Sternum

Superior view

Superior view

Thoracolumbar axial rotation

Thoracic region

Lumbar region

A

B

SLIDE SLIDE

0°

125°
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lumbar rotation. A, Kinematics at the thoracic region. B, Kinematics at the lumbar region. From Neumann DA: Kinesiology of the 
musculoskeletal system, St Louis, 2002, Mosby.
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Approximately 25 degrees of lateral fl exion occur to each 
side in the thoracic region.3 Th e motion is limited by the ribs 
and remains fairly constant from one segment to another 
throughout the thorax. Lateral fl exion occurs as the inferior 
facet surface of the superior member of the spinal segment 
slides superiorly (i.e., upglide) on the opposite direction of the 
lateral fl exion and inferiorly (i.e., downglide) on the same side 
of the lateral fl exion. Th e ribs drop slightly on the same side of 
the lateral fl exion and rise slightly on the opposite side (Figure 
5-5). Coupling patt erns for lateral fl exion and rotation are 
inconsistent in the middle and lower thoracic spine and seem to 
vary from individual to individual and from one study to 
another.3,6

Th e thorax changes shape during ventilation with move-
ment at fi ve articulations: the manubriosternal, sternocostal, 
interchondral, costotransverse, and costovertebral joints. Dur-
ing inspiration, the shaft  of the ribs elevate in a path perpendic-
ular to the axis of the rotation that courses between the 
costotransverse and costovertebral joints. Th e downward-
sloped shaft  of the ribs rotates upward and outward, increasing 
the intrathoracic volume in both anterior posterior and medial 
lateral diameters.3 During expiration, the muscles of inspira-
tion relax to allow the ribs and sternum to return to their pre-

inspiration positions. Th e lowering of the body of the ribs 
combined with the inferior and posterior movements of the 
sternum decreases the anterior-posterior and medial-lateral 
diameters of the thorax.3

DIAGNOSIS, CLASSIFICATION, AND 
MANAGEMENT OF DISORDERS

Th oracic spine pain conditions are commonly caused by 
mechanical musculoskeletal impairments of the joints and soft  
tissues. An impairment-based classifi cation system has not 
been fully developed and validated, and in general, litt le 
research is found on the eff ectiveness of commonly used inter-
ventions for thoracic spine pain.7 Th e potential causes of tho-
racic spine pain include referral from other structures, such as 
the cervical spine; visceral issues; fractures from osteoporosis; 
and mechanical musculoskeletal issues. Table 5-1 outlines a 
classifi cation for potential causes of acute thoracic pain.

A number of serious medical conditions can be the source of 
acute thoracic pain. Table 5-2 provides an outline of the condi-
tions that must be screened before initiation of treatment of the 
thoracic spine. Appropriate referrals for further medical 
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diagnostic testing should be made if these features or risk fac-
tors are identifi ed in patients with acute thoracic spinal pain. 
Aft er a screening for red fl ags associated with these serious con-
ditions, an impairment-based approach is used to address 
impairments noted in the examination (Table 5-3).

Th e cervical spine must be screened as a possible source of 
referral pain to the thoracic spine. Experimental studies in 
healthy volunteers and in patients have shown that pain from 
structures in the cervical spine can be referred into the upper 
thoracic spinal region. Referred pain into the upper thoracic 
spine region can arise from the lower cervical facet joints,8-10 
the cervical muscles,11 or the cervical intervertebral discs.12 
Cervical screening examination testing should include active 
range-of-motion (AROM) testing, Spurling’s test, cervical dis-
traction test, palpation, and passive intervertebral joint motion 
(PIVM) testing.13 If upper extremity symptoms are reported, 
upper limb neurodynamic (ULND) testing should also be car-
ried out.13 Chapter 6 provides a detailed description of these 
examination procedures.

Osteoporosis
Osteoporosis is a condition associated with loss of bone density 
that is most common in women aft er menopause and that can 
result in vertebral fractures and excessive thoracic kyphotic 
deformity. Th e prevalence rate of vertebral fractures associated 
with osteoporosis dramatically increases in women aged 65 
years and older,14 with a 6.5% prevalence rate in those 50 to 59 
years of age and a 77.8% prevalence rate in those older than 90 
years of age.15 Th e most common sites of vertebral fractures are 
at the T7, T8, T11, and L1 vertebra.15 A triggering event for an 
osteoporotic fracture is oft en not present. In a hospital-based 
case series of 30 patients with acute thoracolumbar vertebral 
compression fractures, 46% of cases were classifi ed as sponta-
neous, 36% were associated with a trivial strain, and 18% were 

associated with moderate or severe injury.16 Th e severity of ver-
tebral deformity has been correlated with more severe back 
pain and disability. Women with deformities of more than 4 
standard deviations (SDs) below the mean had a 1.9 times 
higher risk of moderate to severe back pain and a 2.6 times 
higher risk of disability involving the back.17

An estimated 30% of postmenopausal white women in the 
United States have osteoporosis, and 1 in 4 has at least one ver-
tebral deformity; but two thirds of vertebral factures remain 
undiagnosed.1 In a group of 3000 American white women aged 
65 to 70 years, two thirds reported back pain during the previ-
ous 12 months.2 At least one vertebral deformity was found in 
60% of these women, and 24% had deformities 3 SDs or more 
below the mean.2 Aft er a clinically diagnosed vertebral frac-
ture, survival rate decreases gradually from the rate expected 
without fracture.1 Women with severe vertebral deformities 
have a consistently higher risk of back pain and height loss.1 Th e 
clinical impact of a single vertebral fracture may be minimal, 
but the eff ects of multiple fractures are cumulative and oft en 
result in acute and chronic back pain, limitation of physical 
activity, and progressive kyphosis and height loss. Depression 
and low self-esteem accompany the loss of functional abilities 
and the inability to take part in recreational activities. Pain and 
fear of additional fractures cause decreased physical activity, 
which in turn exacerbates osteoporosis and increases the risk of 
fracture.1

Osteoporosis is considered a contraindication to thrust 
manipulation techniques to the thoracic spine and rib cage, 

TABLE 5-1 Classification of Causes of Acute Thoracic Pain

PAINFUL CONDITIONS OF THORACIC SPINE

Serious 
conditions

Infection, fracture, neoplastic disorders, 
inflammatory disorders, disc protrusion

Mechanical 
conditions

Discogenic pain; zygapophyseal joint pain; rib 
dysfunctions: costotransverse and costoverte-
bral joint pain, muscle imbalances and myo-
fascial pain, postural deviations

CONDITIONS REFERRING PAIN TO THORACIC SPINE

Somatic 
conditions

Disorders of cervical facet joints, muscles, 
and intervertebral discs

Visceral 
conditions

Myocardial ischemia, dissecting thoracic aor-
tic aneurysm, peptic ulcer; acute cholecystitis; 
pancreatitis; renal colic; acute pyelonephritis

Adapted from National Health and Medical Research Council: Acute thoracic 
spinal pain. In Australian acute musculoskeletal pain guidelines: evidence-based 
management of acute musculoskeletal pain, Brisbane, 2003, Australian Academic 
Press.

TABLE 5-2  Alerting Features (Red Flags) of Serious Conditions 
Associated with Acute Thoracic Spinal Pain

FEATURE OR RISK FACTOR CONDITION

Minor trauma (if >50 y of age, history of osteo-
porosis and corticosteroid use)

Fracture

Major trauma in younger population Fracture

Fever
Night sweats
Risk factors of infection (e.g., underlying dis-
ease process, penetrating wound, tuberculosis)

Infection

History of malignant disease
Age >50 y
No improvement with treatment
Unexplained weight loss
Pain at multiple sites
Pain at rest
Night pain

Tumor

Chest pain or heaviness
No effect on pain with movement/change in 
posture
Abdominal pain
Shortness of breath, cough

Other 
serious 
conditions

Adapted from National Health and Medical Research Council: Acute thoracic 
spinal pain. In Australian acute musculoskeletal pain guidelines: evidence-based 
management of acute musculoskeletal pain, Brisbane, 2003, Australian Academic 
Press.
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especially techniques performed in the prone or supine posi-
tion. Manual therapy techniques performed to the thoracic 
spine in the prone position for all patients should be performed 
with a pillow placed under the thorax as a precaution to cushion 
the ribs during posterior-to-anterior force application. Gentle 
nonthrust manual therapy techniques performed to the thorax 
with the patient in the side-lying position are generally safe for 
patients with osteoporosis and can be eff ective in restoring 
mobility and inhibiting muscle tone and pain in the region. In 
addition, the sitt ing thoracic techniques can be performed 
safely because these techniques involve more lift ing distraction 
forces rather than compressive loading of the vertebra and 
ribs. Th erefore, osteoporosis is a precaution for the nonthrust 
techniques performed in side-lying and sitt ing positions, but 

osteoporosis is a contraindication for thrust manipulation 
techniques performed in prone and supine positions.

Th e physical therapy intervention that can be of greatest 
assistance for patients with osteoporosis is a program of guided 
progression of weight-bearing and resistive exercises.18 Posture, 
strength, balance, endurance, and bone density can also im -
prove with an exercise program guided by a physical therapist.18 
Results can ultimately prevent falls and fractures, which 
limits the potential for pain and disability associated with 
osteoporosis.

Thoracic Hypomobility
Th e thoracic spine is by design a fairly rigid structure. With 
postural stresses and in response to stresses, strains, and injury, 

TABLE 5-3 Impairment-Based Classification for Thoracic Spine Pain Disorders

CLASSIFICATION EXAMINATION FINDINGS PROPOSED INTERVENTIONS

Thoracic hypomobility Restricted AROM
Restricted PIVM testing in thoracic spine and ribs
No UE radicular symptoms
Muscle imbalances
Postural deviations

Mobility exercises
Thoracic 
spine and rib mobilization/manipulation
Self-mobilization techniques
Postural exercises

Thoracic hypomobility with 
upper extremity referred pain

Restricted AROM
Restricted PIVM testing in upper thoracic spine and 
ribs
UE symptoms
Positive ULND test results
Muscle imbalances
Postural deviations

Mobility exercises
Thoracic and rib mobilization/manipulation
ULND mobilization/exercise
Self-mobilization techniques
Postural exercises

Thoracic hypomobility with 
neck pain

Symptoms <30 d
No symptoms distal to shoulder
No aggravation of symptoms with looking up
FABQPA score <12
Diminished upper thoracic spine kyphosis (visual 
estimate)
Cervical extension ROM <30 degrees (inclinometer)

Thoracic and rib mobilization/manipulation
Mobility exercises
Self-mobilization techniques
Postural exercises
Treatment of cervical impairments

Thoracic hypomobility with 
shoulder impairments

Stiff thoracic spine with shoulder AROM
Restricted PIVM testing in upper thoracic spine and 
ribs
Shoulder impingement/rotator cuff signs
Muscle imbalances
Postural deviations 

Mobility exercises
Thoracic and rib mobilization/manipulation
Self-mobilization techniques
Postural exercises
Rotator cuff exercises

Thoracic hypomobility with low 
back pain

Stiff thoracic spine with thoracolumbar AROM
Restricted PIVM testing
Lumbar impairments
Muscle imbalances
Postural deviations

Mobility exercises
Thoracic and rib mobilization/manipulation
Lumbar rehabilitation program
Self-mobilization techniques
Postural exercises

Thoracic clinical instability History of trauma or thoracic surgery
Provocation of symptoms with sustained weight-
bearing posture
Relief of symptoms with non–weight-bearing postures
Hypermobility with loose end feel with PIVM testing
Poor strength (2/5) of thoracic multifidus, erector spi-
nae, and parascapular muscles
Shaking/poorly controlled (aberrant) motion with tho-
racic active range of motion

Postural education
Thoracic stabilization exercise program
Parascapular exercises
Mobilization/manipulation above and below 
hypermobilities
Ergonomic correction

UE, Upper extremity; ROM, range of motion; ULND, upper limb neurodynamic test.
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regions of the thoracic spine tend to further stiff en and be a 
source of mechanical pain and stiff ness symptoms. No system-
atic reviews of treatment for thoracic spinal pain are found, and 
litt le published research exists on the eff ectiveness of the most 
commonly used treatments for thoracic spine pain.7 Only one 
randomized controlled trial (RCT) on the eff ectiveness of 
manual physical therapy treatment of the thoracic spine could 
be identifi ed.19 Schiller19 compared the use of spinal manipula-
tion with nonfunctional ultrasound placebo in an RCT of 30 
patients with mechanical thoracic spinal pain. Th e group who 
received manipulation showed signifi cantly bett er reductions 
in numeric pain ratings and improvements in lateral fl exion at 
the end of a 2-week to 3-week treatment period.19 Th ese changes 
were maintained 1 month later, but results were no longer bet-
ter than in the placebo group.19 Oswestry scores and McGill 
Pain Questionnaire results were the same for both groups 
throughout the study.19 Because of the small sample size, it is 
diffi  cult to draw conclusions from this study. However, some 
evidence does seem to show that at least short-term pain relief 
and improvement in mobility can be provided with the use of 
thoracic spine manipulation.

Once regions of thoracic stiff ness are noted with AROM 
and PIVM testing, further diff erentiation can be att empted to 
isolate facet joint versus costotransverse/costovertebral joint 
hypomobility. Most commonly, both the rib and the thoracic 
spine PIVM test results show stiff ness at the aff ected spinal 
segments. Overlying muscle holding is also commonly associ-
ated with this condition, as are postural deviations, such as 
excessive thoracic kyphosis. Muscle imbalances, such as weak-
ness of the parascapular muscles (lower trapezius/middle tra-
pezius) and tightness of the pectoral muscles, are commonly 
found with an increased thoracic kyphosis and forward head 
posture.

Pain associated with rib dysfunction is commonly provoked 
with deep breathing and spring testing the rib as the thoracic 
vertebra is stabilized. Th e location of the pain associated with a 
rib dysfunction is oft en slightly lateral to the thoracic vertebrae, 
and symptoms may be referred laterally along the length of the 
rib angle.

Th e manual physical therapy approach starts with manipu-
lation to improve thoracic mobility and is followed up with 
instruction in mobility, self-mobilization, and postural exer-
cises. Once thoracic segmental restrictions are improved, rib 
techniques can be used to further restore mobility to the region. 
Case report evidence has shown that nonthrust manipulation 
to the thoracic spine can decrease tenderness to palpation of 
the thoracic erector spinae musculature and the associated 
intercostals spaces of the ribs at the level of the manipulation, 
increase thoracic side-bending active range of motion, and 
improve chest expansion that had been limited by pain before 
the manipulation treatment.20

Box 5-1 illustrates self-mobilization and mobility exercises, 
and Box 5-2 illustrates postural exercises that address common 
muscle imbalances found with thoracic hypomobility. Th oracic 
spine PIVM testing for rib and thoracic segmental restrictions 

and joint manipulation techniques for the ribs and thoracic 
spine are presented in detail later in this chapter.

Upper Thoracic Hypomobility with Upper 
Extremity Referred Pain
Upper thoracic hypomobility with upper extremity referred 
pain is commonly called T4 syndrome. T4 syndrome is a classi-
fi cation of thoracic spine disorders that involve upper extremity 
paraesthesia and pain with or without symptoms into the neck 
or head.21 Th is condition is associated with limited upper tho-
racic mobility, most commonly peak stiff ness at T3-T4 or T4-T5 
spinal segments and positive upper limb neurodynamic (ULND 
1) testing.22 Aft er manipulation (thrust or nonthrust) of the 
restricted segment, the upper extremity symptoms subside and 
an immediate improvement in ULND test results is noted, with 
improved mobility and reduced upper extremity symptoms.22 
Th e addition of postural and thoracic mobility exercises can 
further facilitate recovery (see Boxes 5-1 and 5-2).

Th e mechanism for the immediate eff ect of thoracic manip-
ulation on upper extremity symptoms is not completely under-
stood. Speculation exists that upper thoracic manipulation may 
infl uence the autonomic nervous system in a therapeutic man-
ner based on the anatomic location of the sympathetic nerve 
fi bers that leave the spinal nerve from levels T1-L2 to join the 
sympathetic chain via the white rami communicantes. Th ese 
then travel within the sympathetic chain from up to six seg-
ments before synapsing on four to 20 postganglionic neurons.22 
Th e postganglionic neurons exit via the grey rami communi-
cantes to join a peripheral nerve that is distributed to target tis-
sues.23 One preganglionic neuron synapses with numerous 
postganglionic neurons in the sympathetic chain; therefore, it 
interacts with somatic nerve fi bers that supply a variety of tar-
get tissues.22 Th e head and neck are supplied by levels T1-T4, 
and the upper trunk and upper limb by T1-T9.24 Postulation is 
that dysfunction of the sympathetic nervous system from T4 
could result in referred pain in the head, neck, upper thoracic, 
and upper limbs.

Evans23 suggests that the joint itself may not be the causa -
tive factor but that sustained or extreme postures may lead to 
relative ischemia in tissues. Th e sympathetic nerves also form a 
vasoconstriction network on all arterioles and capillaries 
that are stimulated in the presence of ischemia. Th e manipula-
tion techniques are believed to activate descending inhibitory 
pain pathways,25 resulting in a hypoalgesic eff ect. A close rela-
tionship is found between pain reduction and sympathetic 
excitation,26,27 which supports the role of spinal manipulation 
as a treatment option for the T4 syndrome. Th e eff ectiveness 
of manipulation for T4 syndrome has only been supported 
by case report evidence22,23; more extensive RCTs are needed 
to support the use of manipulation and exercise for this 
condition.

Thoracic Hypomobility with Neck Pain
Th rust manipulation techniques directed to the thoracic 
spine have also been shown as an eff ective means to provide 
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BOX 5-1 Self-Mobilization and Mobility Exercises for the Thoracic Spine

Self soft tissue mobilization of thoracic spine with foam 
roll. Patient can bridge and glide across foam roll for 1 to 
2 minutes as self soft tissue mobilization technique.

Self joint mobilization of thoracic spine with foam roll. 
Once patient identifies stiff tender region with initial 
rolling procedure, sustained pressure can be placed on 
restricted region and patient can extend with the foam 
roll focused at targeted stiff region of thorax to attempt 
to self mobilize the region. Targeted force can be 
combined with deep breathing. Sustained stretches of 20 
to 30 seconds can be applied to two to three targeted 
areas of stiffness. This technique works best for 
segments T3-T4 to T7-T8.

Cat back exercise: arching thoracolumbar spine into 
flexion/extension positions while in all-fours position 
can assist in maintaining thoracic spine mobility.

Wall dance exercise. Patient alternately reaches up 
and across with each arm in attempt to fully 
elongate and stretch lateral thoracic. This exercise 
facilitates side bending of thorax.
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BOX 5-2 Postural Exercises to Address Muscle Imbalances Associated with Thoracic Spine Disorders

Supine theraband D2 shoulder flexion. This 
exercise targets lower trapezius muscle.

Standing theraband shoulder horizontal abduction. This 
exercise targets middle trapezius muscle and posterior 
rotator cuff muscles.

Standing theraband shoulder external rotation. This 
exercise targets strengthening of the lateral rotators of 
rotator cuff and scapular stabilizer muscles.

Reciprocal shoulder girdle retraction. Reciprocal motion 
used with this exercise facilitates thoracic spine rotation 
motions and at the same time targets strengthening 
parascapular and thoracic multifidus muscles.
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immediate relief of neck pain.28 Cleland28 developed a clinical 
prediction rule (CPR) for identifi cation of patients with neck 
pain who would most likely benefi t from thoracic spine thrust 
manipulation to relieve neck pain. Th e CPR was developed on 
a group of 78 patients with neck pain who all received thrust 
manipulation to the upper and mid thoracic spine. Th e thoracic 
spine segments that were regarded as stiff  from a clinical exami-
nation were targeted for manipulation by the physical therapist. 
Th e patients were classifi ed as having a successful outcome on 
the second or third visit on the basis of perceived recovery. A 
stepwise logistic regression model was used to determine what 
common characteristics from the initial patient examination 
fi ndings predicted a successful outcome with the thoracic 
manipulation. Six variables were identifi ed for the CPR. If three 
of six variables (positive likelihood ratio, 5.5) were present 
(Box 5-3), the chance of a successful outcome improved from 
54% to 86%.28 Further research is ongoing to fully validate this 
CPR with an RCT.

When a patient with neck pain has signs and symptoms that 
fi t the CPR for thoracic manipulation, thoracic thrust manipu-
lation is indicated at the targeted stiff  upper and mid thoracic 
segments. Additional interventions to treat the neck are depen-
dent on which additional signs and symptoms are identifi ed. A 
classifi cation system for management of neck pain disorders is 
outlined in great detail in Chapter 6.

Thoracic Hypomobility with 
Shoulder Impairments
Th oracic spine extension and variable amounts of thoracic rota-
tion and lateral fl exion are necessary to fully complete unilat-
eral shoulder fl exion and abduction movements.29,30 Crawford 
and Jull31 used an inclinometer to measure thoracic motion on 
60 women during bilateral shoulder elevation and reported that 
bilateral shoulder elevation induces 13 to 15 degrees thoracic 
extension and that a large thoracic kyphosis is associated with 
reduced arm elevation in older adults.

Loss of upper and mid thoracic mobility is postulated to 
lead to increased strain and impingement placed on the rotator 
cuff , especially at the end range of shoulder motions, that may 
lead to impingement syndrome, tendonitis, and tears of the 

rotator cuff . Th erefore, thoracic mobility should be visually 
inspected during shoulder AROM testing; if limited mobility is 
noted with shoulder movements, further examination of the 
thoracic spine is warranted and should include PIVM testing of 
the thoracic spinal segments and ribs. If shoulder fl exion 
AROM provokes pain at the end of range, the shoulder girdle 
should be manually positioned and held into a more retracted 
position as AROM is retested. If this procedure improves the 
degree of pain-free AROM, a postural component to the shoul-
der pain condition is suspected. To improve posture and 
enhance full shoulder complex fl exion/abduction motions, 
good mobility of the thorax is necessary.

Th oracic hypomobility restrictions should be treated with 
thoracic manipulation (thrust and nonthrust) techniques. If 
thoracic and rib restrictions are still evident aft er the thoracic 
manipulation, rib manipulation techniques should be used. 
Th ese techniques can be followed up with postural correction 
training, thoracic self-mobilization and mobility exercises, and 
exercises to address muscle imbalances across the shoulder gir-
dle complex (see Boxes 5-1 and 5-2). In addition, a shoulder 
rehabilitation program designed to address the specifi c impair-
ments noted at the shoulder, such as rotator cuff  muscle 
strengthening, should be initiated.

Thoracic Hypomobility with Low Back Pain
Although litt le has been writt en on this condition in the low 
back pain literature, thoracic hypomobility is commonly asso-
ciated with many low back pain conditions. From a biomechan-
ical impairment-based model, the stiff ness in the thoracic spine 
places increased mechanical loading on the lumbar spine. Th e 
stiff ness may be caused by muscle holding of the erector spinae 
muscles that originate in the mid and lower thoracic spine and 
connect into the thoracolumbar fascia. As these global back 
muscles guard to protect the painful low back condition or to 
compensate for weak deep local muscles of the lumbar spine, 
the thoracic spine tends to stiff en. Th erefore, thoracic manipu-
lation can provide refl exive relaxation of these muscles and also 
reduce mechanical strain on the lumbar spine once the mobil-
ity improves.32 Some hypoalgesic eff ect may also be seen from 
manipulation of segments superior to the primary pain 
symptom.

Th erefore, evaluation and treatment of impairments noted 
in the thoracic spine in patients with lumbar spine conditions is 
advisable as an adjunct to addressing the primary impairments 
at the lumbar spine. Further research is needed to further vali-
date this clinical recommendation.

Thoracic Clinical Instability
Although this condition is thought to be less common than 
hypomobility disorders of the thoracic spine, clinical instabil-
ity of the thoracic spine may occur in one or more of the follow-
ing situations: with systemic hypermobility; with severe 
postural deviations, such as excessive kyphosis and thoracic 
scoliosis; aft er trauma, such as a motor vehicle accident; or aft er 
thoracic surgery, such as thoracotomy or thoracic laminectomy. 
Th oracic laminectomy has been shown on cadavers to increase 

BOX 5-3  The Six Variables That Form the Clinical 
Prediction Rule for Thoracic Manipulation for 
Treatment of Neck Pain

■ Symptoms <30 days
■ No symptoms distal to the shoulder
■ No aggravation of symptoms with looking up
■ FABQPA score <12
■ Diminished upper thoracic spine kyphosis (visual 

estimate)
■ Cervical extension range of motion <30 degrees 

(inclinometer)

Data from Cleland JA, Childs JD, Fritz JM, et al: Phys Ther 87(1):9-23, 2007.
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segmental range of motion by 22% to 30%.33 Clinical signs and 
symptoms are similar to instability in other regions of the spine 
and include achiness with sustained upright postures, relief of 
pain with recumbent positions, aberrant movements with 
AROM, and hypermobility noted with PIVM testing. Strength 
defi cits may also be noted with testing the thoracic erector spi-
nae and multifi dus and the middle and lower trapezius muscles. 
Lee34 describes a mid-thoracic rotation instability syndrome 
characterized by a “fi xation” of the mid-thoracic segment that 

presents with hypermobility aft er the fi xation is corrected with 
a manipulation.

Treatment for thoracic clinical instability includes postural 
education and training, thoracic and parascapular muscle 
strengthening exercises, mobilization/manipulation tech-
niques for segmental restrictions noted above and below the 
hypermobile spinal region, and ergonomic corrections at home 
and work to att empt to reduce the strain associated with a 
kyphotic thoracic spine posture.
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Examination of the thoracic spine starts with structural and postural examination followed by AROM testing of the 
cervical and thoracolumbar spine as described in Chapter 2. Shoulder screening is also an important component of 
the thoracic examination for determination of the presence of upper extremity signs/symptoms that could be a contribut-
ing or perpetuating factor in the thoracic spine disorder. In addition, primary shoulder impairments may have a thoracic 
spine hypomobility component that needs to be addressed as part of the plan of care.

INSPECTION OF THORACIC MOBILITY WITH SHOULDER ELEVATION ACTIVE 
RANGE-OF-MOTION TESTING

Thoracic Examination

Visual inspection for thoracic extension, lateral 
flexion, and rotation as patient actively forward 
flexes shoulder. Compare left versus right to judge 
for limitations and asymmetries in thoracic 
motion.

Muscle strength of the parascapular muscles should be tested because weakness of these muscles may be a component of 
thoracic and shoulder postural deviations (Box 5-4).

Few special tests are described specifi cally for diagnosis of thoracic spine disorders. Th e primary objective of the man-
ual portion of the thoracic examination is determination of regions of hypomobility, irritability, tenderness, or instability 
through the thoracic spine and rib cage. Th is determination is best done with palpation for tissue condition and PIVM 
testing.
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BOX 5-4 Parascapular Manual Muscle Tests*

Lower trapezius muscle isometric manual muscle test. Middle trapezius muscle isometric manual muscle test.

Latissimus dorsi muscle isometric manual muscle test.

*Should be completed as part of the thoracic spine examination.
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THORACIC SPINE PASSIVE INTERVERTEBRAL MOTION TESTING

Upper Thoracic Forward-Bending Passive Intervertebral Motion Test

 PURPOSE Th is test is used to evaluate the passive forward-bending motion of the thoracic segments 
C7-T1 through T3-T4.

 PATIENT POSITION Th e patient sits with the arms supported on two pillows in the lap.

 THERAPIST POSITION Th e therapist stands to the side and slightly behind the patient.

 HAND PLACEMENT (In reference to the photograph.)

Right hand: Th e right hand supports the patient’s forehead.

Left  hand: Th e pad of the long fi nger is used to palpate the interspinous space of the tar-
geted segment.

 PROCEDURE Th e pad of the long fi nger on the left  hand is used to palpate the interspinous space of the 
C7-T1 segment. Th e right hand is used to passively forward bend the patient’s head and 
neck. Th e therapist palpates for the C7-T1 interspinous space to expand with forward 
bending by palpating the relative amount of movement of the superior spinous process of 
the spinal segment in relation to the inferior member of the segment. Th e amount of pas-
sive forward bending available at the segment is noted. Th e procedure is repeated one seg-
ment at a time with palpation of the interspinous spaces of segments T1-T2 through T3-T4. 
Th e amount of passive forward bending available at each segment is compared.

 NOTES Th e assessment should begin at C7-T1 and proceed caudally, allowing for easy location of 
the specifi ed segments with a start at C7, which tends to have a prominent spinous process. 
Th e amount of forward bending of the head and neck is increased as the assessment pro-
ceeds caudally. However, the head and neck are moved with small oscillations to avoid 
excessive movement of the patient’s neck, which may be painful with large passive move-
ments. Christensen et al35 reported an intrarater agreement with a Kappa value of 0.60 and 
an interrater agreement with a Kappa value of 0.22 for a sitt ing upper thoracic PIVM tech-
nique performed by a group of chiropractors.
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Upper Thoracic Rotation Passive Intervertebral Motion Test

 PURPOSE Th e purpose of this test is to evaluate the passive rotation of thoracic segments C7-T1 
through T3-T4.

 PATIENT POSITION Th e patient sits on a chair or treatment table with the arms resting on two pillows in the 
lap.

 THERAPIST POSITION Th e therapist stands or kneels behind the patient.

 HAND PLACEMENT (In reference to the picture.)

Left  hand: Th e left  hand gently grasps the top of the patient’s head for left  rotation (the 
right hand is on top of the patient’s head for right rotation).

Right hand: Th e pad of the thumb is used to palpate the lateral aspect of the specifi ed seg-
ment, and the fi ngers rest on the patient’s shoulder girdle.

 PROCEDURE Th e pad of the thumb on the right hand is used to palpate the right lateral aspect of the 
interspinous space of the C7-T1 segment. Left  rotation is induced with the left  hand pas-
sively rotating the patient’s head to the left . Th e therapist palpates for the spinous process 
of the superior member of the segment to press into the palpating thumb in relation to the 
inferior member of the segments spinous process. Th e amount of passive rotation available 
at the segment is noted. Th e procedure is repeated with palpation of the right lateral aspect 
of interspinous space for segments T1-T2 through T3-T4. Th e hand placements are 
reversed, and the procedure is repeated, with rotation of the patient’s head to the right. Th e 
amount of passive right rotation available at each segment is noted, and the amount of pas-
sive rotation available in each direction is compared.

 NOTES Th e assessment should begin at C7-T1 and proceed caudally, which allows for easy loca-
tion of the specifi ed segments with a start at C7. Th e amount of rotation of the head and 
neck is increased as the assessment proceeds caudally. However, the therapist should try to 
move the head and neck as litt le as possible during the performance of this technique 
because the patients oft en have neck pain. During the performance of this technique, the 
therapist stands directly behind the patient to clearly observe and palpate the motion. If 
the cervical spine is hypermobile, positioning the cervical spine in a partially forward-bent 
position can take up tissue slack; then the rotation should occur within the new plane cre-
ated by the forward-bent position of the neck.
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Central Posterior-to-Anterior Passive Accessory Intervertebral 

Motion Test: Backward Bending

Central PA PAIVM test: two-handed technique.

 PURPOSE Th is test is used for passive accessory motion and pain provocation of the thoracic spinal 
segments. For intervention, one should use the appropriate grade of movement (I to IV) 
for treatment of pain or hypomobility.

 PATIENT POSITION Th e patient lies prone with a pillow under the thorax and with the arms by the body or 
hanging off  the edge of the table. Another pillow can be placed under the lower legs for 
comfort.

 THERAPIST POSITION Th e therapist stands at the side of the patient.

 HAND PLACEMENT Left  hand: Th e left  hand is placed on the patient’s back so that the ulnar border of the hand 
just distal to the pisiform is in contact with the spinous process of the vertebrae to be 
tested. Th e shoulders are directly over the patient. Th e wrist is fully extended with the 
forearm midway between supination/pronation.

Right hand: Th e left  hand is reinforced with the right hand so that the second and third 
digits of the right hand envelop the second metacarpal phalangeal joint of the left  hand. 
Th e elbows are allowed to slightly fl ex.

 PROCEDURE Th e therapist applies a posterior-to-anterior (PA) force on each spinous process being 
examined for a total of three slow repetitions. Th e fi rst pressures should be applied gently; 
amplitude and depth of the movement is increased if no pain response occurs. Th e thera-
pist assesses the quality of movement through the range and the end feel and compares it 
to the levels above and below.

 NOTES A mid range of movement thrust (spring test) could also be used with this technique for 
assessment of tissue resistance and pain provocation. A positive response is movement 
that reproduces the comparable sign (pain or resistance or muscle guarding). Th e tech-
nique assesses for both joint mobility and reactivity. Th e direction of motion is a direct 
posterior-to-anterior force that produces a relative backward-bending motion of the tar-
geted vertebra in relation to the vertebra below. Christensen et al35 reported intrarater reli-
ability with a Kappa value of 0.68 and interrater reliability with a Kappa value of 0.24 for 
prone passive accessory intervertebral movement (PAIVM) testing; and for agreement in 
palpation of tenderness over the facet joint, the intrarater reliability was a Kappa value of 
0.94 and the interrater reliability was a Kappa value of 0.70.
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  Th is technique could also be done as a one-handed technique with the cranial hand con-
tacting the spinous process just distal to the pisiform, the elbow fl exed, and the forearm 
perpendicular with the angle of the contour of the surface of the spine. Th e caudal hand 
rests at the edge of the table to support the therapist’s upper body weight as the therapist 
leans over the patient. Application of force could be done as a gradual PA force or a mid-
range spring test.

Central Posterior-to-Anterior Passive Accessory Intervertebral Motion Test: 

Backward Bending—cont’d

Central PA PAIVM test: one-handed technique commonly 
used for spring testing.

ALTERNATIVE TECHNIQUE
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Posterior-Anterior Forward-Bending (Transverse Processes of the Same 

Vertebra) Passive Accessory Intervertebral Motion Test

Dummy finger position in relation to manipulative hand 
for PAIVM test: PA transverse processes of same 
vertebra.

Use of cranial hand to loosely pinch spinous process to 
find targeted transverse processes for PAIVM test: PA 
transverse processes of same vertebra.

Finger placement for PAIVM test: PA transverse 
processes of same vertebra.

 PURPOSE Th is test assesses passive forward-bending motion and the level of reactivity of thoracic 
segments T3-T4 through T11-T12.

 PATIENT POSITION Th e patient lies prone with a pillow under the chest/trunk.

 THERAPIST POSITION Th e therapist stands next to the patient with a diagonal stance.

 HAND PLACEMENT Caudal hand: Th e second and third digits are used as “dummy” fi ngers, with the pads of 
the second and third fi ngers placed on the transverse processes of the specifi ed vertebra.

Cranial hand: Th e palmar aspect of the fi ft h metacarpal is placed over the dummy 
fi ngers.

 PROCEDURE Th e index fi nger and thumb of the cranial hand gently pinches the lateral edges of the spi-
nous process of T2. Th e second and third digits of the caudal hand are placed just lateral to 
the thumb and index fi nger of the cranial hand, respectively. Th is position places the 
dummy fi ngers over the transverse processes of T3. Th e volar aspect of the fi ft h metacarpal 
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of the cranial hand is placed over the dummy fi ngers, and the cranial hand takes up the 
slack (to the joint’s mid range) and gives an impulse. Th e amount of passive forward bend-
ing available at the T3-T4 segment and pain provocation are noted. Another variation of 
this procedure is to gently ease the segment into an end range position to sense the amount 
of resistance to the passive movement and pain provocation. Th e procedure is repeated at 
the transverse processes of T3 through T11 (segments T3-T4 through T11-T12). Th e 
amount of passive forward bending available at each segment is compared.

 NOTES Th is technique can be performed by starting at T3 and proceeding caudally, which allows 
for easy location of the thoracic vertebrae (by counting down from C7). Th e forearm of the 
arm that gives the impulse should be perpendicular to the angle of the contour of the spine 
being examined. One should note that the transverse processes usually are not palpable, 
but the dummy fi ngers should feel a fi rmness when taking up the slack. Also the transverse 
processes of one thoracic vertebra are located lateral to the spinous process of the superior 
vertebra.5 A positive pain provocation test may indicate reactivity of the facet joints and 
surrounding soft  tissues.

 ALTERNATIVE TWO-

 HANDED TECHNIQUE

Posterior-Anterior Forward-Bending (Transverse Processes of the Same 

Vertebra) Passive Accessory Intervertebral Motion Test—cont’d

PAIVM test: PA transverse processes of same 
vertebra.

  With the patient lying prone over a pillow, the therapist can stand over the head of the table 
and position both hypothenar eminences at the transverse processes of the same vertebral. 
As the therapist keeps both elbows straight, a gradual application of PA pressure can be 
applied to the targeted thoracic vertebra to assess PAIVM at each thoracic spinal 
segment.
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Posterior-to-Anterior Rotation (Transverse Processes of Adjacent Vertebrae) 

Passive Accessory Intervertebral Motion Test

PAIVM test: PA transverse processes of adjacent 
vertebrae for left rotation.

PAIVM test: PA transverse processes of adjacent 
vertebrae for left rotation finger placement.

 PURPOSE Th is test is used to assess the passive rotation and level of reactivity of thoracic segments 
T3-T4 through T11-T12.

 PATIENT POSITION Th e patient is prone with a pillow under the chest/trunk.

 THERAPIST POSITION Th e therapist stands with a diagonal stance next to the patient.

 HAND PLACEMENT Caudal hand: Th e second and third digits are used as dummy fi ngers, and the pads of the 
second and third digits are placed on the transverse processes of the specifi ed adjacent 
vertebrae.

Cranial hand: Th e volar aspect of the fi ft h metacarpal is placed over the dummy fi ngers.

 PROCEDURE Th e therapist stands on the patient’s right side and places the second digit of the caudal 
hand approximately a fi nger’s width to the right side of the spinous process of T4, which 
positions the fi nger over the right transverse process of T5. Th e third digit of the caudal 
hand is placed approximately a fi nger’s width to the left  side of the spinous process of T5, 
which positions the third digit over the left  transverse process of T6. Th e therapist places 
the volar aspect of the fi ft h metacarpal of the cranial hand over the pads of the dummy fi n-
gers and induces left  rotation by using the cranial hand to take up the slack (to the joint’s 
mid range) and give an impulse. Another variation is gradual, repeated moving of the seg-
ment into an end range position to sense the resistance to movement. Th e amount of pas-
sive rotation available at the targeted segment and pain provocation are noted. Right 
rotation is tested with placement of the cranial dummy fi nger on the left  transverse process 
of T5 and the caudal dummy fi nger on the right transverse process of T6. Th e cranial hand 
takes up the slack (to the joint’s mid range) and gives an impulse. Th e amount of passive 
rotation available at the targeted segment and pain provocation are noted. Th e procedure 
is repeated at the appropriate transverse processes of T3-T4 through T11-T12, and the 
amount of passive rotation available in each direction is compared.

 NOTES Th is technique can be performed with starting at T3 and proceeding caudally, which 
allows for easy location of the thoracic vertebrae (by counting down from C7). Th e fore-
arm of the arm that gives the impulse should be perpendicular to the angle of the contour 
of the region of the spine being assessed. Th is technique follows the rule of the lower fi nger: 
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“the direction of the rotation of the spinal segment is the same as the side of the lower fi n-
ger” (e.g., if the lower fi nger is on the right side, right rotation is being induced). Th e trans-
verse processes usually are not palpable, but the dummy fi ngers should feel fi rmness when 
taking up the slack and the transverse processes of one thoracic vertebra are located lateral 
to the spinous process of the superior vertebra. Both mobility and pain provocation are 
tested with this assessment.

 ALTERNATIVE TWO-

 HANDED TECHNIQUE

Posterior-to-Anterior Rotation (Transverse Processes of Adjacent Vertebrae) 

Passive Accessory Intervertebral Motion Test—cont’d

With the patient in a prone-lying position over a pillow, the therapist contacts the adjacent 
transverse processes of the targeted spinal segment with the hypothenar eminences of 
each hand. PA force can be applied equally and gradually with both hands or a mid range 
spring can be applied to assess the PAIVM for thoracic rotation of the targeted segment. 
It is advisable for students to master the “dummy fi nger” method before att empting this 
alternative two-handed technique, because the two-handed technique requires more 
advanced palpation skills to perform safely and eff ectively.
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Rib Posterior-Anterior Accessory Motion Test
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 PURPOSE Th is test assesses the mobility and level of reactivity of the costotransverse and costover-
tebral joints of the targeted rib. If hypomobility is noted, the forces can be modifi ed to 
convert this technique to a manipulation.

 PATIENT POSITION Th e patient is prone with a pillow under the chest/trunk.

 THERAPIST POSITION Th e therapist stands with a diagonal stance next to the patient on the opposite side of the 
targeted rib.

 HAND PLACEMENT Caudal hand: Hypothenar eminence is placed on the opposite transverse process of the 
corresponding vertebra.

Cranial hand: Th e arm crosses over the top of the caudal hand to place the hypothenar 
eminence at the posterior rib angle of the targeted rib.

 PROCEDURE As the therapist sustains a fi rm stabilizing pressure on the transverse process with the cau-
dal hand, the cranial hand applies a PA force to the rib. Either a mid-range thrust (i.e., 
spring) force or a gradually intensifi ed PA force can be used. Th e amount of passive rib 
mobility available at the targeted segment and pain provocation are noted. Th e procedure 
is repeated from the third to the twelft h rib, and left  versus right is compared.

 NOTES If pain is provoked with this procedure, but not with PA PAIVM tests of the thoracic spine, 
the more irritable joints at the involved segment are likely the rib joints (costotransverse 
and costovertebral). If pain is provoked with both the thoracic vertebra PAIVM and the 
rib accessory motion tests, the irritable joints could be either rib or vertebral facet joints or 
both. Th is technique can be converted to a mobilization/manipulation technique by vary-
ing the depth and frequency of the oscillations.
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Rib Forward Rotation Passive Motion Test and Manipulation

Rib forward rotation passive mobility assessment 
for middle ribs.

Rib forward rotation passive mobility assessment 
for lower ribs.

 PURPOSE Th is test is used to assess the mobility of the ribs and surrounding soft  tissues. If hypomo-
bility is noted, the forces can be modifi ed to convert this technique to a manipulation.

 PATIENT POSITION Th e patient is in a side-lying position facing the therapist, with the side to be tested on 
top.

 THERAPIST POSITION Th e therapist stands with a diagonal stance facing the patient.

 HAND PLACEMENT Caudal hand: Th e pads of the second and third digits contact the posterior angle of the 
targeted rib.

Cranial hand: Th e therapist hooks the patient’s top arm with the forearm and holds the 
forearm of the caudal arm.

 PROCEDURE As the targeted rib is contacted, the therapist shift s weight posteriorly to move the patient’s 
top arm/shoulder girdle complex forward and pulls the targeted rib forward to assess the 
ability of the rib to rotate forward.

 NOTES Th is technique can easily be converted to a rib mobilization technique with holding and 
pulling the targeted stiff  rib into an anterior rotation direction. As lower ribs are targeted, 
the therapist should progressively fl ex the patient’s top arm and shift  the body cranially to 
maintain the therapist’s body in the direction of the manipulative force.
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Rib Bucket-Handle Passive Motion Test and Manipulation

Rib bucket-handle passive motion assessment. Rib bucket-handle technique converted to isometric 
manipulation of targeted rib.

 PURPOSE Th is test is used to assess the mobility of the ribs and surrounding soft  tissues in a bucket-
handle motion direction. If hypomobility is noted, the forces can be modifi ed to convert 
this technique to a manipulation.

 PATIENT POSITION Th e patient is in a side-lying position facing the therapist, with the side to be tested on 
top.

 THERAPIST POSITION Th e therapist stands with a diagonal stance facing the patient.

 HAND PLACEMENT Caudal hand: Th e radial aspect of the index fi nger is placed between the targeted ribs to 
be tested.

Cranial hand: Th is hand holds the patient’s top arm above the elbow.

 PROCEDURE As the therapist palpates the space between the targeted ribs, the patient’s shoulder is 
abducted into end range and overpressure is applied to induce lateral fl exion of the thorax 
to the targeted segment. Th e therapist att empts to palpate the bucket-handle motion of the 
superior rib in relation to the adjacent inferior rib.

 NOTES Th is technique can be easily converted to a rib mobilization technique with holding the 
inferior of the rib pairs and applying overpressure either through the rib or through the 
arm. Th is technique can be converted to an isometric manipulation (see the fi gure above 
right) with resisting the patient’s shoulder into adduction as fi rm pressure is applied to the 
lower member of the rib pair. Th e isometric muscle action theoretically pulls the superior 
rib of the pair superiorly and applies a stretch to the joints and soft  tissues of the targeted 
rib pair. Aft er a 10-second isometric hold, further passive stretch is applied for 10 seconds. 
Th is sequence is repeated three to four times.
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Rib Exhalation Passive Accessory Motion Test and Manipulation

Rib exhalation passive accessory motion test. Rib exhalation manipulation with use of upper extremity 
to provide added leverage.

 PURPOSE Th e test assesses the mobility and level of reactivity of the costotransverse and constover-
tebral joints of the targeted rib. If hypomobility is noted, the forces can be modifi ed to 
convert this technique to a manipulation.

 PATIENT POSITION Th e patient is prone with a pillow under the chest/trunk and the arm off  the side of the 
table or supported by the armrest on a mobilization table.

 THERAPIST POSITION Th e therapist stands with a diagonal stance at the side of the head of the patient on the 
same side of the targeted rib.

 HAND PLACEMENT Caudal hand: Th is hand supports the therapist’s own body weight with positioning of the 
hand along the side of the treatment table.

Cranial hand: Th e hypothenar eminence is placed at the superior aspect of the posterior 
rib angle of the targeted rib.

 PROCEDURE Th e therapist gradually applies force in an inferior and anterior direction to move the pos-
terior rib angle in an inferior direction. Either a mid-range thrust (i.e., spring) force or a 
gradually intensifi ed force can be used. Th e amount of passive rib mobility available at the 
targeted segment and pain provocation are noted. Th e procedure is repeated from the 
third to the twelft h rib and left  versus right is compared.

 NOTES If pain is provoked with this procedure, but not with PA PAIVM tests of the thoracic spine, 
the more irritable joints at the involved segment are likely rib joints (costotransverse and 
costovertebral). If pain is provoked with both the thoracic vertebra PAIVM and the rib 
accessory motion tests, the irritable joints could be either rib or vertebral facet joints or 
both. Th is technique can be converted to a mobilization technique by varying the depth 
and frequency of oscillations. Th e arm of the side being mobilized can be used to improve 
the mechanical advantage of the manipulation technique (see the fi gure above right). Th e 
therapist can lift  the same side arm into end-range forward fl exion to assist in taking up the 
tissue slack above the rib level to be manipulated. Once this position is att ained, an isomet-
ric shoulder extension force can be resisted as the exhalation rib force is held at the tar-
geted rib. Th e isometric force can be held 10 seconds and followed by a 10-second stretch 
with the hand on the rib. Th is sequence can be repeated for three to four cycles. Caution 
should be used in forcing the shoulder to end range of motion if the patient has any signs of 
shoulder impingement, instability, or pain.



www.manaraa.com

SCAPULOTHORACIC SOFT TISSUE TECHNIQUES

Scapular Passive Mobility Assessment and Mobilization
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Parascapular soft tissue mobilization, bordering the 
scapula.

 PURPOSE Th e purpose of this test is to assess and treat muscular and connective tissue restrictions of 
the parascapular tissues.

 PATIENT POSITION Th e patient is in a side-lying position facing the therapist, with the targeted scapula on 
top.

 THERAPIST POSITION Th e therapist stands in front of the patient very close to edge of the table.

 HAND PLACEMENT Caudal hand: Th e web space is positioned at the edge of the inferior angle of the scapula.

Cranial hand: Th e hand is placed across the anterior aspect of the patient’s shoulder.

 PROCEDURE Th e therapist gradually applies an anterior-to-posterior force of the shoulder girdle com-
plex with the cranial hand as the caudal hand presses anterior and superior to slide the 
hand under the inferior angle of the scapula. Once the caudle hand is positioned under the 
inferior angle of the scapula, the pads of the fi ngers and thumb can be pressed into the tho-
rax to lift  the anterior aspect of the scapula away from the thorax with the dorsal aspect of 
the caudal hand.

 NOTES If restricted soft  tissue mobility or muscle guarding is noted, soft  tissue mobilization tech-
niques such as the “bordering the scapula” technique shown in the fi gure to the right above 
may be needed before performance of this technique to allow further mobilization of the 
scapular tissues. Th e “bordering the scapula” soft  tissue mobilization technique is per-
formed by rhythmically gliding the caudal hand along the medial border of the scapula as 
the cranial hand presses the shoulder girdle into a retracted position. Th e soft  tissue mobi-
lization is repeated multiple times until the muscle tone in the region begins to relax.
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Pectoralis Minor Muscle Length Test and Stretch

Pectoralis minor muscle length test and stretch.

 PURPOSE Th e test assesses and treats muscle length restrictions of the pectoralis minor muscle.

 PATIENT POSITION Th e patient is side lying and facing away from the therapist, with the targeted pectoralis 
minor muscle on top.

 THERAPIST POSITION Th e therapist stands behind the patient very close to edge of the table.

 HAND PLACEMENT Caudal hand: Th e forearm is placed under the patient’s top arm, and the hand is posi-
tioned at the anterior aspect of the shoulder.

Cranial hand: Th e hand is placed on the posterior aspect of the scapula.

 PROCEDURE Th e therapist gradually applies a posterior force with the caudal hand and creates a force 
couple with the cranial hand to move the scapula into retraction.

 NOTES Normal muscle length of the pectoralis minor muscle should allow full passive shoulder 
girdle retraction motion with this passive motion test. If restricted soft  tissue mobility or 
muscle guarding is noted, soft  tissue mobilization techniques may be needed to allow fur-
ther mobilization of the pectoralis tissues with this technique. A hold-relax stretch tech-
nique can be used to stretch the pectoralis minor muscle by asking the patient to press the 
shoulder forward into protraction as the therapist resists for a 10-second hold. Th is tech-
nique is followed by a 10-second stretch into further retraction. Th e sequence is repeated 
three to four times.
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Central Posterior-to-Anterior (Backward-Bending) Manipulation in Prone
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Central PA backward-bending manipulation: two-handed 
technique.

 PURPOSE Th e purpose of this technique is to manipulate a specifi c thoracic segment (T3-T4 though 
T12-L1) into backward bending.

 PATIENT POSITION Th e patient lies prone with a pillow under the thorax with the arms along the side of the 
body, hanging off  the edge of the table, or supported on the arm rests of the mobilization 
table. A pillow can be placed under the lower legs for comfort.

 THERAPIST POSITION Th e therapist stands at the side of the patient.

 HAND PLACEMENT Left  hand: Th is hand is placed on the patient’s back so that the ulnar border of the hand 
just distal to the pisiform is in contact with the spinous process of the vertebrae to be mobi-
lized. Th e shoulders are directly over the patient. Th e left  wrist is fully extended with the 
forearm midway between supination/pronation.

Right hand: Th e left  hand is reinforced with the right hand so that the second and third 
digits of the right hand envelop the second metacarpal phalangeal joint of the left  hand. 
Th e elbows are allowed to slightly fl ex.

 PROCEDURE Th e therapist takes up the slack and induces posterior to anterior force at the specifi ed seg-
ment. Th e manipulation is coordinated with the patient’s breathing, with progressive 
oscillation into slightly more backward bending with each oscillation. Th e procedure is 
repeated through approximately three breathing cycles. On completion of the manipula-
tion, posterior to anterior PAIVM is retested. Th e depth and frequency of the forces can be 
modifi ed to perform graded oscillations I to IV or a thrust manipulation with this 
technique.

 NOTES Indication for use of this manipulation technique is decreased backward bending (central 
PA PAIVM motion) at a specifi c thoracic segment (T3-T4 through T12-L1) or pain provo-
cation with PAIVM motion testing. Th e force should be perpendicular to the angle of the 
contour of the region of the spine being manipulated.
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ALTERNATIVE TECHNIQUE

Central Posterior-to-Anterior (Backward-Bending) Manipulation in Prone—cont’d

Central PA backward-bending manipulation: one-handed 
technique.

Th is technique could also be done as a one-handed technique with the cranial hand con-
tacting the spinous process with the hypothenar eminence, the elbow fl exed, and the fore-
arm perpendicular with the angle of the contour of the surface of the spine. Th e caudal 
hand rests at the edge of the table to support the therapist’s upper body weight as the thera-
pist leans over the patient.
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Thoracic Posterior-Anterior Forward-Bending Manipulation in Prone

 PURPOSE Th is technique is used to manipulate a specifi c thoracic segment (T3-T4 though T12-L1) 
into forward bending.

 PATIENT POSITION Th e patient is prone with a pillow under the chest/trunk.

 THERAPIST POSITION Th e therapist stands with a diagonal stance next to the patient.

 HAND PLACEMENT Caudal hand: Th e second and third digits are used as dummy fi ngers, with the pads of the 
second and third fi ngers placed on the transverse processes of the specifi ed vertebra.

Cranial hand: Th e palmar aspect of the fi ft h metacarpal is placed over the dummy 
fi ngers.

 PROCEDURE Th e manipulation is coordinated with the patient’s breathing, with progressive oscillation 
into slightly more forward bending each repetition. As the patient inhales, the therapist 
holds against the expansion of the thorax. As the patient exhales, more force is applied to 
take up the tissue slack and mobilize the spinal segment. Th e procedure is repeated through 
approximately three breathing cycles. On completion of the manipulation, forward bend-
ing is retested. Th is manipulation can be used for segments T4-T5 through T11-T12. Th e 
depth and frequency of the forces can be modifi ed to perform graded oscillations I to IV or 
a thrust manipulation with this technique.

 NOTES Indication for use of this technique is decreased forward bending of a specifi c thoracic seg-
ment (T3-T4 through T12-L1). Th e forearm of the arm that applies the force should be 
perpendicular to the surface contour of the region of the spine to be manipulated. Th e 
transverse processes usually are not palpable, but the dummy fi ngers should feel a fi rmness 
as the fi ngers sink into the tissue. Also, the transverse processes of one thoracic vertebra 
are located lateral to the spinous process of the superior vertebra.
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 ALTERNATIVE TWO-

 HANDED TECHNIQUE

Thoracic Posterior-Anterior Forward-Bending Manipulation in Prone—cont’d

PA forward-bending manipulation: alternative 
two-handed technique.

With the patient lying prone over a pillow, the therapist can stand at the head of the table 
and position both hypothenar eminences at the transverse processes of the same vertebra. 
As the therapist keeps both elbows straight, a gradual application of PA pressure can be 
applied to the targeted thoracic vertebra with a force that is perpendicular to the contour 
of the spine being manipulated. Th e depth and frequency of the forces can be modifi ed to 
perform graded oscillations I to IV or a thrust manipulation with this technique. Th is 
technique can also be used as a PAIVM test.
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Thoracic Rotation Manipulation in Prone

Thoracic rotation manipulation in prone for right 
rotation.

 PURPOSE Th is technique is used to manipulate a specifi c thoracic segment (T3-T4 though T12-L1) 
into rotation.

 PATIENT POSITION Th e patient is prone with a pillow under the chest/trunk.

 THERAPIST POSITION Th e therapist stands with a diagonal stance next to the patient.

 HAND PLACEMENT Caudal hand: Th e second and third digits are used as dummy fi ngers, and the pads of the 
second and third digits are placed on the transverse processes of specifi ed adjacent 
vertebrae.

Cranial hand: Th e volar aspect of the fi ft h metacarpal is placed over the dummy fi ngers.

 PROCEDURE Th e cranial hand is used to take up the slack and oscillate the T3-T4 segment. Th e manipu-
lation is coordinated with the patient’s breathing, with progressive oscillation into deeper 
posterior-anterior pressure and creation of slightly more rotation with each oscillation. As 
the patient inhales, the therapist holds down the force against the rising thorax; as the 
patient exhales, the force is deepened further. Th e procedure is repeated through approxi-
mately three breathing cycles. On completion of the manipulation, rotation is retested. A 
thrust manipulation can also be used at mid range for PIVM testing or end range for treat-
ment eff ects. Use of a progressive oscillation fi rst is advisable to att ain an end range posi-
tion before application of the thrust manipulation.

 NOTES Th e indication for use of this technique is decreased rotation of a specifi c thoracic segment 
(T3-T4 through T12-L1). Th e forearm of the arm that applies the force should be perpen-
dicular to the contour surface of the region of the spine being treated. Th e transverse pro-
cesses usually are not palpable, but the dummy fi ngers should feel a fi rmness as the fi ngers 
sink into the soft  tissue. Also, the transverse processes of one thoracic vertebra are located 
lateral to the spinous process of the superior vertebra. Th is technique follows the rule of the 
lower fi nger, which states that the direction of the rotation is the same as the side of the 
lower fi nger (e.g., if the lower fi nger is on the right side, right rotation is being induced).
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Thoracic Rotation Manipulation in Prone—cont’d

 ALTERNATIVE TWO-

 HANDED TECHNIQUE

Posterior-anterior two-handed rotation manipulation in 
prone for left rotation.

With the patient in prone-lying position over a pillow, the therapist contacts the adjacent 
transverse processes of the targeted spinal segment with the hypothenar eminences of 
each hand. Th e therapist is positioned with elbows extended and shoulders placed directly 
over the targeted segment. PA force can be applied, and the depth and frequency of the 
forces can be modifi ed to perform a progressive oscillation, graded oscillations II or III, or 
a thrust manipulation with this technique. Oft en helpful is combination of the manipula-
tion with the patient’s breathing cycle with application of PA force against the chest expan-
sion and further force applied as the breath is released. Osteoporosis is a contraindication 
for this technique and all manipulation techniques performed in the prone position.
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Thoracic Side-Bending Manipulation in Prone

Thoracic posterior-anterior two-handed side-bending 
manipulation in prone for left side bending.

 PURPOSE Th e technique is used to manipulate a specifi c thoracic segment (T3-T4 though T11-T12) 
into side-bending (lateral fl exion) direction.

 PATIENT POSITION Th e patient is prone with a pillow under the patient’s chest.

 THERAPIST POSITION Th e therapist stands with a diagonal athletic stance next to the patient.

 HAND PLACEMENT Caudal hand: Th e hand contacts the transverse process of the vertebra with the hypothe-
nar eminence.

Cranial hand: Th is hand contacts the opposite side transverse process of the same verte-
brae with the hypothenar eminence and with the arms crossed.

 PROCEDURE Th e therapist takes up the tissue slack with a PA force to reach a barrier. Once PA force 
slack is taken up, the hands are rotated in a clockwise direction to twist the skin for the 
purpose of taking up more tissue slack to reach a fi rm barrier. Th e cranial hand is directed 
into a caudal direction and the caudal hand is directed into a cranial direction to create a 
side-bending/gliding force. Th e body weight of the shoulders/thorax is shift ed into a 
downward direction to add a thrust. Th e therapist should consider combining the tech-
nique with breathing to fi rst create a progressive oscillation before providing the thrust.

 NOTES Osteoporosis is a contraindication. Most of the force is into an anterior-to-posterior direc-
tion at the targeted vertebra. Because of the natural angle of the forearms in this position, 
frontal plane cranial- and caudal-directed forces create a slight side-bending motion at the 
targeted spinal segment.
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Rib Posterior-Anterior Manipulation in Supine

Th e supine thoracic manipulation technique can be modifi ed to manipulate a rib by plac-
ing the thumb on the posterior aspect of the rib just lateral to the transverse process. Th e 
force application is combined with breathing as a progressive oscillation or thrust is 
applied.
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Thoracic Rotation Manipulation in Supine

Thoracic supine rotation manipulation in supine with 
arms folded.

Therapist body position for thoracic supine rotation 
manipulation.

Roll patient to position hand for thoracic supine rotation 
manipulation.

Hand placement on spine model for thoracic supine 
rotation manipulation.

 PURPOSE Th e purpose of this technique is to manipulate a specifi c thoracic segment (T3-T4 though 
T11-T12) into rotation.

 PATIENT POSITION Th e patient is supine.

 THERAPIST POSITION Th e therapist stands next to the patient.

 HAND PLACEMENT Caudal hand: Th e thenar eminence is placed on the transverse process of the caudal mem-
ber of the spinal segment, and the dorsal aspect of the middle phalanx of the third digit is 
placed on the transverse process of the cranial member of the segment.

Cranial hand: Th e hand and forearm are used to maneuver the patient’s upper body, head, 
neck and upper extremities.

 PROCEDURE Th e patient’s arms are folded across the chest. Th e arm closest to the therapist should be 
crossed underneath. Th e therapist stands on the patient’s left  side and uses the cranial 
hand to reach under the patient’s shoulders and support the upper body or places the ther-
apist’s forearms over the patient’s elbows. Th e cranial hand is used to roll the patient 
slightly toward the left  side, and the index fi nger of the caudal hand is used to palpate the 
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Thoracic Rotation Manipulation in Supine—cont’d

specifi ed segment. Once the segment is located, both the distal interphalangeal (DIP) and 
proximal interphalangeal (PIP) joints of the long fi nger of the caudal hand are fl exed. Th e 
dorsal aspect of the middle phalanx of the third digit is placed on the left  transverse pro-
cess of the cranial member of the segment. Th e thenar eminence of the caudal hand is 
placed on the right transverse process of the caudal member of the segment. Th e patient is 
gently rolled back into the supine position onto the caudal hand, and the chest is used to 
apply force through the patient’s forearms to take up the slack and oscillate or thrust the 
segment.

Th e manipulation is coordinated with the patient’s breathing, with progressive oscillation 
into slightly more rotation each repetition. Th e procedure is repeated through approxi-
mately three breathing cycles. Once all the tissue slack is taken up, a short-amplitude high-
velocity thrust can be imparted. On completion of the manipulation, right rotation is 
retested.

Additional tissue tension can be created by side bending the patient’s thoracic spine supe-
rior to the level to be manipulated in the opposite direction of the rotation followed by 
dropping the same side shoulder girdle (of the direction of rotation) toward the table just 
prior to application of the manipulation forces. Skin slack can be taken up by pulling the 
hand contact slightly inferior just before imparting the thrust.

 THORACIC ROTATION

 MANIPULATION IN

 SUPINE: HANDS BEHIND

 THE HEAD VARIATION

Another variation can be made with this technique to fl ex the spine superior to the level to 
be manipulated to add further tissue tension above the level to be manipulated. Changing 
the patient’s hand position to interlock fi ngers behind the patient’s head/neck can facili-
tate the addition of fl exion to this technique.
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 NOTES Indication for use of this technique is decreased rotation of a specifi c thoracic segment 
(T3-T4 through T11-T12). Th e procedure can be performed with the cranial hand used to 
contact the segment (with the same contact points described previously). Th is modifi ca-
tion prevents the therapist from reaching around the patient to perform the technique. Th e 
long fi nger of the caudal hand (or cranial hand if the modifi ed technique is used) is fl exed 
around a towel or pillowcase to protect the joints from hyperfl exion (Box 5-5). Th e proce-
dure can also be performed with the patient’s arms folded across a pillow to create a barrier 
between the therapist and patient for patient comfort. Th is technique follows the rule of the 
lower fi nger, which states that the direction of the rotation is the same as the side of the 
lower fi nger (e.g., if the lower fi nger is on the right side, right rotation is being induced). 
Th is technique is commonly used to induce a high-velocity thrust manipulation or as a 
progressive oscillation.

BOX 5-5  Variations of Hand Positions and Use of Towel to Protect Joints of Hand for the Supine Thoracic Manipulation 
Techniques

Thoracic Rotation Manipulation in Supine—cont’d
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Upper Thoracic Rotation Manipulation in Prone

Finger placement for prone upper thoracic rotation 
manipulation.

 PURPOSE Th e purpose is manipulation of a specifi c thoracic segment (C7-T1 though T3-T4) into 
rotation.

 PATIENT POSITION Th e patient is prone with a pillow under the chest/trunk and the neck in a neutral 
position.

 THERAPIST POSITION Th e therapist stands with a diagonal athletic stance next to the patient.

 HAND PLACEMENT Caudal hand: Th e pad of the thumb is used to contact the lateral aspect of the spinous 
process of one member of the segment.

Cranial hand: Th e pad of the thumb is used to contact the lateral aspect of the spinous 
process of the other member of the segment.

 PROCEDURE Th e therapist stands on the patient’s side and uses the pad of the thumb of the caudal hand 
to contact the left  lateral aspect of the spinous process of the caudal member of the seg-
ment. Th e pad of the thumb of the cranial hand is used to contact the right lateral aspect of 
the spinous process of the cranial member of the segment. Th e therapist manipulates into 
right rotation by pushing each member of the segment toward the opposite side by using 
the thumbs to apply an equal and opposite force through the spinous processes. On com-
pletion of the manipulation, right rotation is retested.

Manipulation into left  rotation is accomplished with repeating the procedure with the cau-
dal thumb contacting the left  lateral aspect of the spinous process of the cranial member of 
the segment and the cranial thumb contacting the right lateral aspect of the spinous pro-
cess of the caudal member of the segment. On completion of the manipulation, left  rota-
tion is retested.

 NOTES Indication for use of this technique is decreased rotation of a specifi c thoracic segment 
(C7-T1 through T3-T4). A fl exed index fi nger can be used to reinforce and support the 
thumb during the performance of this technique. Th e therapist should avoid applying 
the force to the tips of the spinous processes because this is usually uncomfortable to the 
patient. Grade III oscillations are usually used with this technique. Th is technique follows 
the rule of the upper thumb, which states that the direction of the rotation is the same as the 
side of the upper thumb (e.g., if the upper thumb is on the right side, right rotation is being 
induced).
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Upper Thoracic Rotation Mobilization with Movement

Mobilization with movement for left rotation.

Th e upper thoracic rotation mobilization technique can be followed up with a mobiliza-
tion with movement in which the same contact and force are used on an upright patient; as 
the patient actively rotates the neck into the direction of the manipulation, the therapist 
applies overpressure through the spinous processes at the targeted segment.
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Upper Thoracic Gap Manipulation with Facet Locking

 PURPOSE Th is test is used to gap/manipulate the targeted upper thoracic facet joint.

 PATIENT POSITION Th e patient is prone with a pillow under the chest.

 HAND PLACEMENT Right hand: Th e thumb contacts the lateral aspect of the spinous process of the inferior 
member of the targeted segment on the side opposite the joint to be manipulated.

Left  hand: Th e palm is placed across the posterior lateral aspect of the patient’s occiput.

 PROCEDURE Th e therapist uses the left  hand to passively side bend the patient’s neck away from the tar-
geted facet joint and then rotates the neck toward the targeted facet joint to take up the 
slack of the cervical and upper thoracic spine down to, but not including, the targeted seg-
ment. Th e therapist presses superiorly with the left  hand along the angle of the neck/head 
and presses laterally with the right thumb across the spinous process with equal forces. 
Once the slack is taken up, an oscillatory or a thrust force may be imparted.

 NOTES Th is technique is most eff ective if the positioning allows maximum tension to the targeted 
facet joint. Th e therapist should verbally monitor the patient throughout the technique 
because the prone position hides facial expressions.
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Variation: Upper Thoracic Gapping Manipulation in Sitting

Th e same facet locking can be used with the patient in the seated position. A cradle hold of 
the patient’s head with the therapist’s arm can facilitate the technique. Th e forces are the 
same, with lateral force with the thumb across the spinous process combined with a lift -
ing/distraction force imparted with the therapist’s other arm/hand on the patient’s head.

Th is advanced technique is most commonly used as a thrust technique.
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Upper Thoracic Press/Kneading Manipulation in Sitting

 PURPOSE Th e technique is used to manipulate a specifi c thoracic segment (T1-T2 though T4-T5).

 PATIENT POSITION Th e patient sits on a treatment table with the arms folded and the head resting on the 
forearms.

 THERAPIST POSITION Th e therapist stands with a diagonal athletic stance directly in front of the patient.

 HAND PLACEMENT Th e therapist’s arms are placed under the patient’s forearms to support the weight of the 
patient’s head, neck, and shoulders. Th e pads of digits two and three of both hands are 
placed at the targeted upper thoracic transverse processes.

 PROCEDURE Th e therapist presses the fi ngers into the targeted thoracic vertebrae while shift ing the 
weight backward to lean away from the patient and lift ing the patient’s head/neck/upper 
thorax from fl exion into slight extension.

 NOTES Th is technique can be used as a general soft  tissue technique or made more specifi c to tar-
get a spinal segment. Firm support of the patient’s arms/head/neck and convincing the 
patient to relax into the rhythmic motions of the mobilization are important. Th e therapist 
can modify his force application into asymmetrical or diagonal directions to induce lateral 
fl exion and rotation motions at the targeted upper thoracic segments. For instance, the 
patient’s head and neck gliding motion could be angled toward the patient’s left  as the 
therapist presses more fi rmly on the patient’s right transverse process to facilitate left  rota-
tion at the targeted spinal segment.
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Upper Thoracic Lift Manipulation

Towel placement for upper thoracic lift manipulation 
technique.

 PURPOSE Th e technique is used to manipulate a specifi c thoracic segment (T1-T2 though T4-T5).

 PATIENT POSITION Th e patient sits on a treatment table with the fi ngers interlocked behind the neck.

 THERAPIST POSITION Th e therapist stands with a diagonal athletic stance behind the patient, and the chest is 
placed against a rolled hand towel against the targeted spinal segment.

 HAND PLACEMENT Th e hands are used to grasp the patient’s forearms in each hand.

 PROCEDURE Th e patient’s neck and upper thoracic spine are fully fl exed to the targeted spinal level, and 
the patient is asked to squeeze the elbows together into a horizontal adduction motion 
as the therapist lift s the patient in a superior and posterior direction into the counterforce 
of the rolled towel and the therapist’s chest.

 NOTES Th is technique is oft en combined with deep breathing with the manipulative thrust 
applied as the patient exhales. Th is technique tends to be safer for patients who may have 
suspected weakened skeletal structure than the prone techniques because minimal load-
ing forces are used on the thorax and rib cage.
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Mid Thoracic Lift Manipulation

 PURPOSE Th is technique is used to manipulate a specifi c thoracic segment (T3-T4 through 
T10-T11).

 PATIENT POSITION Th e patient sits on a treatment table with the arms folded across the chest and the hands 
grasping each opposite shoulder.

 THERAPIST POSITION Th e therapist stands with a diagonal athletic stance behind the patient, and the chest is 
placed against a rolled hand towel at the targeted spinal segment.

 HAND PLACEMENT Th e patient’s forearms are grasped in each hand, with the arms looped inferior and ante-
rior to the patient’s arms.

 PROCEDURE Th e patient’s upper thoracic spine is fl exed to the targeted spinal level as the therapist lift s 
and squeezes the patient in a superior and posterior direction into the counterforce of the 
rolled towel and the therapist’s chest.

 NOTES Th is technique is oft en combined with deep breathing with the manipulative thrust 
applied as the patient exhales. Th is technique tends to be safer for patients who may have 
suspected weakened skeletal structure (such as osteopenia) than the prone techniques 
because minimal loading forces are used on the thorax. Th is technique can be modifi ed to 
have the therapist contact the patient’s elbows to apply the superior/posterior directed 
force to apply the thrust.
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Mrs. Thoracic Kyphosis

History
An 83-year-old woman has a 2-year history of progressively 
increasing intensity lumbar and thoracic pain. Th e patient 
needs a walker for ambulation but states that her thoracic area 
pain is worse with lift ing the walker. Th e patient is very limited 
functionally and needs assistance for all self-care activities 
because of pain provocation with all functional mobility, espe-
cially att empting to roll over and lie supine.

What diagnostic tests should be done on this patient before 
beginning treatment?

Tests and Measures
■ Observation: Th e patient is a frail-looking female with mod-

erately increased thoracic kyphosis and tends to use the 
upper extremities to support the trunk in sitt ing

■ Gait: Slow and laborious with a grimace each time she lift s 
the walker

■ Functional mobility: Th e patient is unable to tolerate supine 
or prone positions because of pain

■ Th oracolumbar AROM: Limited in all planes because of 
pain, with patient demonstrating approximately 20%-25% 
of expected AROM in all planes of motion

■ Palpation: Tender and guarded mid thoracic and lower lum-
bar paraspinal muscles

■ Strength: Grossly fair throughout trunk and extremities; 
poor strength in lower and middle trapezius

■ Balance: Good static, fair + dynamic

Evaluation
Diagnosis
Problem list
Goals
Treatment plan/intervention

Mrs. C P Rule

History
A 35-year-old acute care nurse has tightness and discomfort in 
the mid thoracic spine and mid cervical area that is provoked 
with prolonged sitt ing and work activities. Symptoms started 
24 days before the initial evaluation aft er the nurse transferred 
a heavy patient. Th e Fear Avoidance Beliefs Questionnaire 
physical activity (FABQPA) score was 11.

Tests and Measures
■ Structural examination results: Mild forward head pos-

ture (FHP) with diminished (fl att ened) upper thoracic 
kyphosis

■ Cervical AROM in standing: 75% in all planes of motion 
with mid cervical pain reported at the end range of each 
motion

■ Cervical extension: 25 degrees
■ Th oracic AROM: 60% Backward bending, 85% forward 

bending, 80% bilateral rotation and sidebending with ipsi-
lateral mid thoracic pain reported with bilateral rotation

■ PIVM testing: Hypomobility and mild reactivity noted with 
PA testing T3-T4 and T5-T6 segments with bilateral rota-
tion and forward-bending PAIVM testing; downglide 
PIVM hypomobility noted C2-C3 and C6-C7 bilaterally

■ Shoulder screen: Active shoulder forward fl exion and abduc-
tion full ROM and pain free

■ Muscle length: No limitations noted
■ Strength: Lower and middle trapezius are 4−/5; deep neck 

fl exors are 3+/5
■ Neurologic screen: Negative
■ Palpation: Tender and guarded bilateral mid thoracic and 

mid cervical paraspinal muscles

Evaluation
Diagnosis
Problem list
Goals
Treatment plan/intervention

Case Studies and Problem Solving

The following patient case reports can be used by the student to develop problem-solving 

skills by considering the information provided in the patient history and tests and measures 

and developing appropriate evaluations, goals, and plans of care.
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Mr. Stiff Thorax

History
A 50-year-old college professor has tightness and discomfort in 
the mid thoracic spine that is provoked with taking a deep 
breath and with prolonged sitt ing.

Tests and Measures
■ Structural examination results: Moderate FHP with pro-

tracted scapulas
■ Cervical AROM in standing: 85% in all planes of motion 

and pain free
■ Th oracic AROM: 25% Backward bending, 85% forward 

bending, 50% bilateral rotation and side bending with ipsi-
lateral mid thoracic pain reported with bilateral rotation

■ PIVM testing: Hypomobility and moderate reactivity noted 
with PA testing T4-T5 and T5-T6 segments with bilateral 
rotation and forward-bending PAIVM testing

■ Shoulder screen: Active shoulder forward fl exion and abduc-
tion are 145 degrees bilaterally with a mild symptom of mid 
thoracic tightness at end range of motion

■ Muscle length: Moderately tight right levator scapula and 
minimally tight bilateral pectoralis major and minor

■ Strength: Lower and middle trapezius are 4−/5; deep neck 
fl exors are 3+/5

■ Neurologic screen: Negative
■ Palpation: Tender and guarded bilateral mid thoracic para-

spinal muscles

Evaluation
Diagnosis
Problem list
Goals
Treatment plan/intervention
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CHAPTER 6

Examination and Treatment of Cervical 
Spine Disorders
CHAPTER OVERVIEW

This chapter covers the spinal kinematics of the cervical spine, describes common cervical spine 
disorders with a diagnostic classification system to guide clinical decision making, and provides a 
detailed description of manual examination, manipulation, and exercise procedures for the cervical spine.

OBJECTIVES

■ Describe the significance and impact of cervical spine disorders

■ Describe cervical spine kinematics

■ Classify cervical spine disorders based on signs and symptoms

■ Describe interventions for cervical spine disorders

■ Demonstrate and interpret cervical spine examination procedures

■ Describe contraindications and precautions for cervical spine manipulation

■ Demonstrate manipulation techniques of the cervical spine

■ Instruct exercises for cervical spine disorders

SIGNIFICANCE OF CERVICAL 
SPINE DISORDERS

Neck pain is reported to be the second most common musculo-
skeletal disorder that leads to disability and injury claims.1 Th e 
economic burden of neck pain is second only to low back pain 
in workers’ compensation claims in the United States.2 Neck 
pain aff ects approximately 10% of the North American and 
Western European populations at any one time, and as much as 
45% to 54% each year.3,4 According the National Center for 
Health Statistics (NCHS) National Health Interview Survey 
(NHIS), 28,401,000 persons (13.8% of the population) aged 18 
years and older in the United States in 2002 reported having 
neck pain.5 As much as 50% to 75% of individuals have neck or 
shoulder pain at least once in their life.6 Cervical spine–related 
musculoskeletal disorders account for approximately 25% of 
the patients seen in outpatient physical therapy in the United 
States.7

Cervical Spine Kinematics: Functional Anatomy 
and Mechanics
Th e cervical spine is designed for a great deal of mobility and is 
susceptible to the development of instability impairments. 

Among male and female subjects of the same age group, female 
subjects have greater active range of motion (AROM) than 
male subjects for all AROM except neck fl exion.8 Table 6-1 
shows the mean cervical AROM for 20-year-old to 29-year-old 
men. Cervical AROM tends to decrease with age.

Th e intervertebral discs of the cervical spine by middle age 
develop cleft s that appear in the posterolateral aspect of the 
cervical disc and are thought to occur as a result of the shearing 
forces associated with cervical spine rotation.9 Th e disc’s gelati-
nous nucleus pulposis shows evidence of fi brosis by the mid 
teens and is replaced with fi brocartilaginous uncovertebral 
cleft s that allow further mobility at the spinal segment.9 Th e 
intervertebral disc is reinforced at the anterolateral aspect by 
the uncovertebral joints of von Luschka, which allow motion in 
multiple planes and assist in limiting extreme range of motion.

Th e zygapophyseal facet joints of the middle and lower cer-
vical spine (C2-C3 to C7-T1) are angled upward and forward at 
approximately a 45-degree angle.10 Th e motions of forward and 
backward bending occur parallel with the plane of the facet 
joints as either a bilateral upglide (forward and upward) motion 
for forward bending or a bilateral downglide (backward and 
downward) motion for backward bending.11 At the end range 
of the upgliding motion, the cervical vertebrae tilts to create 
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TABLE 6-2 Cervical Spine Segmental Flexion-Extension

SPINAL 
SEGMENT PENNING11

DVORAK 
ET AL12 (SD)

PANJABI 
ET AL79

KOTTKE & 
MUNDALE80

Occ-C1 30 24 22

C1-C2 30 12 24 11

C2-C3 12 10 (3) 11

C3-C4 18 15 (3) 16

C4-C5 20 19 (4) 18

C5-C6 20 20 (20) 21

C6-C7 15 19 (4) 18

gapping of the posterior aspect of the facet joint with end range 
forward bending.12 Th e amount of cervical spine segmental 
motion for sagitt al plane motions measured in radiographic 
and computed tomography (CT) scan studies are described in 
Table 6-2. Th e angular plane of the facet joints is important to 
consider not only in understanding joint mechanics but also in 
application of passive intervertebral motion (PIVM) testing 
and joint mobilization/manipulation technique application. 
Th e most eff ective and most comfortable mobilization/manip-
ulation techniques of the cervical spine for the patient com-
monly require application of forces parallel with the angle 
formed by the plane of the facet joints.

Th e facet joints for C1-C2 are oriented more horizontally 
than the middle and lower cervical spine facet joints to allow 
greater mobility and pure translation.12 Th e occiput-C1 joints 
are formed by a pair of convex-shaped occipital condyles and 
the concave-shaped superior articular surfaces of the atlas. 
Th erefore, the occipital condyles glide in the opposite direction 
of the motion direction, which follows the convex/concave rule 
(Figures 6-1 and 6-2). For instance, the occipital condyles glide 
posterior with forward bending and glide anterior with back-
ward bending.

Middle and lower cervical rotation and lateral fl exion 
motions are coupled motions from C2-T1, with lateral fl exion 
and rotation occurring toward the same side. Th e axis of the 
motion is perpendicular to the angle of the cervical facet joints, 
with an upglide on the contralateral facet joint and a downglide 
on the ipsilateral facet joint (Figures 6-3 and 6-4).9 Table 6-3 
shows the mean range of rotation motion with the mean 
amount of coupled lateral fl exion at each cervical spine segment 
measured with biplanar radiographs at the end range of rota-
tion of middle-aged men.13 At several cervical spine levels, the 
standard deviation is greater than the mean of the motion, 
which indicates a great deal of variability in healthy subjects. 
However, the means can provide a general idea of the propor-
tion of motion at each segment and the coupling that occurs. 
Tables 6-4 and 6-5 show fi ndings from multiple studies of the 
mean segmental motion for cervical rotation and lateral fl ex-
ion. Although some variability is noted, the C1-C2 segment 
allows the greatest amount of rotation (approximately 50%). 
Th e studies that have measured cervical segmental motion 

TABLE 6-1  AROM as Measured with CROM Device for Men Aged 
20 to 29 y8

MOTION MEAN STANDARD DEVIATION RANGE

Flexion 54.3  8.8 42-68

Extension 76.7 12.8 60-108

Left LF 41.4  7.1 30-58

Right LF 44.9  7.2 30-58

Left rotation 69.2  7.0 52-83

Right rotation 69.6  6.0 59-80

LF, Lateral flexion.
AROM measurements of cervical spine with CROM instrument showed good 
intratester and intertester reliability with intraclass correlation coefficients 
greater than 0.80.

TABLE 6-3  Mean Degrees of Rotation in One Direction (Standard 
Deviation) and Coupled Lateral Flexion (Standard 
Deviation) as Calculated with Biplanar Radiography in 
20 Live Subjects13

LEVELS
MEAN 
ROTATION

STANDARD 
DEVIATION

MEAN COUPLED 
LATERAL 
FLEXION

STANDARD 
DEVIATION

Occiput-C2 37.5 5.9 −2.4 6.0

C2-C3  3.7 3.2 −1.6 7.7

C3-C4  2.9 2.5 6.2 7.1

C4-C5  2.1 2.9 6.2 7.1

C5-C6  2.7 2.2 4.0 7.9

C6-C7  3.2 1.3 2.7 6.5

Positive degrees of lateral flexion indicate in same direction as rotation.

TABLE 6-4  Segmental Cervical Rotation (Degrees) in One 
Direction

SPINAL 
SEGMENT

DUMAS ET AL15 
(MEAN [SD])

PENNING11 
(MEAN [RANGE])

PANJABI 
ET AL79

Occiput-C1 1.4 (2.7) 1.0 (−2-5)  7.2

C1-C2 37.0 (5.8) 40.5 (29-46) 38.9

C2-C3 0.6 (3.4) 3.0 (0-10)

C3-C4 4.9 (3.7) 6.5 (3-10)

C4-C5 5.2 (4.2) 6.8 (1-12)

C5-C6 5.1 (4.5) 6.9 (2-12)

C6-C7 3.4 (2.7) 5.4 (2-10)

C7-T1 1.5 2.1 (−2-7)
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FIGURE 6-1 Kinematics of craniocervical extension. A, Atlantooccipital joint. B, Atlantoaxial joint complex. C, Intracervical region 
(C2-C7). Elongated and taut tissues are indicated with thin black arrows. From Neumann DA: Kinesiology of the musculoskeletal 
system, St Louis, 2002, Mosby.

TABLE 6-5  Cervical Spine Range of Motion: Lateral Flexion in One 
Direction

SPINAL 
SEGMENT PENNING11

WHITE & 
PANJABI81

PANJABI 
ET AL79

Occiput-C1 6  7 5.5

C1-C2 6  0 6.7

C2-C3 6 10

C3-C4 6 11

C4-C5 6 11

C5-C6 6  8

C6-C7 6  7

C7-T1 6  4

count C6-C7 as the last moving segment with cervical active 
movements, but clinically, motion is noted in the vertebral seg-
ments as caudal as T3-T4 with cervical active motion. Th e 
active and passive mobility of the upper thoracic spinal seg-
ments should be evaluated and treated with the cervical spine.

Th e occiput-C1 and C1-C2 spinal segments allow for fi ne 
tuning of the head position during neck motion and create a 
distinction between axial cervical rotation and lateral fl exion. 
A relative lateral fl exion of the cranium occurs to the contralat-
eral side of the cervical spine rotation, which functions to keep 
the eyes level with an axial rotation movement of the head.13 In 
the process, the atlas glides in the relative opposite direction of 
the cervical rotation. During cervical lateral fl exion, a relative 
rotation occurs to the opposite side of the lateral fl exion at the 
C1-C2 and occiput-C1 segments to allow the face to remain 
facing forward in a frontal plane during the lateral fl exion.

In the upper cervical spine (occiput-C1, C1-2), the atlas ver-
tebra may be considered an interposed bearing between the 
axis vertebra and the occipital condyles that guides and limits 
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the movement between C2 and the occiput.11 In fl exion-
extension, the position of the atlas is relatively independent of 
the actual relationship between the occiput and C2. In any 
position of the craniocervical region, the posterior atlantal arch 
may be found somewhere between the occiput and the spinous 
process of C2 and not necessarily halfway between.11

In lateral bending, the atlas has a more rigidly prescribed 
position11 because of the shape of the lateral masses of the 
atlas as seen in anteroposterior (open-mouth view) radio-
graphic projection. During lateral fl exion movement, the odon-
toid must remain midway between the occipital condyles 
because of its fi xation by the alar ligaments. Th us, lateral fl exion 
in the occipit-C1 segment is always combined with lateral fl ex-
ion in the atlantoaxial segment and vice versa. Also, a relative 
lateral glide of the atlas toward the side of the lateral fl exion 
occurs.14 Craniovertebral lateral fl exion is also facilitated by 
simultaneous contralateral atlantoaxial rotation as a result of 
the orientation and function of the alar ligament (Figure 6-5). 

Th e C2 vertebra actually rotates toward the side of cranioverte-
bral lateral fl exion in relation to C3, which creates a relative 
contralateral rotation of C1-C2 spinal segment. Th e cruciate 
(transverse portion) ligament also assists in stabilization of the 
craniovertebral complex, especially to prevent excessive ante-
rior shear of C1 in relation to C2 (Figure 6-6). If the cruciate 
ligament is lax or torn, the dens of C2 is no longer held fi rmly 
against the anterior arch of C1.

Th e coupled movement patt erns of the cervical spine have 
been documented with cadaver studies and CT scan and radio-
graphic studies and can assist in clinical evaluation of move-
ment restrictions.13-17 For instance, if cervical spine motion is 
limited with lateral fl exion and rotation to the same side, a mid 
or lower cervical facet joint restriction is suspected (cervical 
facet capsular patt ern). However, if the most signifi cant limita-
tions in cervical active range of motion are noted with lateral 
fl exion and rotation to the opposite direction, upper cervical 
joint restrictions are suspected (i.e., craniovertebral capsular 
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FIGURE 6-3 Kinematics of craniocervical axial rotation. A, Atlantoaxial joint complex. B, Intracervical region (C2-C7). From 
Neumann DA: Kinesiology of the musculoskeletal system, St Louis, 2002, Mosby.

patt ern). Jarrett , Olson, and Bohannon18 used this fi nding as 
part of the criteria to identify craniovertebral motion restric-
tions and were able to show good reliability in detection of this 
type of motion impairment with a cervical range-of-motion 
(CROM) device.

Neumann19 att ributes the craniovertebral coupling patt ern 
of contralateral lateral fl exion with cervical rotation to the 
motor control exhibited by the upper cervical muscles that 
create this side-bending motion. Specifi cally, the rectus capitus 
lateralis muscle on the left  produces left  lateral fl exion torque to 
the head via the atlantooccipital joints, and the left  obliquus 
capitis inferior muscle creates left  axial rotation of the cranio-
cervical region during right lateral fl exion of the cervical spine. 
Th e craniovertebral joints must have adequate joint mobility 

and motor control to smoothly and fully produce these move-
ments. If these active motions are less than full, passive motion 
assessment of the craniovertebral motion segments assists in 
diff erentiation between a motor control defi cit and a joint 
mobility defi cit.

Diagnosis and Treatment of Cervical 
Spine Disorders
Cervical spine–related disorders are not a homogeneous group 
of conditions. Many factors must be considered to arrive at a 
physical therapy diagnostic classifi cation and to develop a treat-
ment plan of care. Classifi cation systems should adequately 
defi ne the primary signs and symptoms and guide therapeutic 
interventions. Once red fl ags have been screened and the 
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FIGURE 6-4 Craniocervical lateral flexion. A, Atlantooccipital joint. B, Intracervical region (C2-C7). From Neumann DA: Kinesiology 
of the musculoskeletal system, St Louis, 2002, Mosby.

FIGURE 6-5 Attachments of alar and apical ligaments. A, Alar 
ligament; P, apical ligament. From Porterfield JA, DeRosa C: 
Mechanical neck pain, Philadelphia, 1995, Saunders.

FIGURE 6-6 Components of the cruciate ligament. I, Inferior 
band of cruciate ligament; S, superior longitudinal band of 
cruciate ligament; T, transverse band of cruciate ligament. 
From Porterfield JA, DeRosa C: Mechanical neck pain, 
Philadelphia, 1995, Saunders.
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patient, through medical screening procedures, is determined 
to be an appropriate candidate for physical therapy, further 
information should be gathered to arrive at a diagnosis or clas-
sifi cation of the condition.

Aft er a traumatic event, such as a whiplash injury from a 
motor vehicle accident, the patient should be screened for a 
vertebral fracture with use of the Canadian C-spine rule. Th e 
Canadian C-spine rule was developed and validated to enhance 
clinical decision making for determination of when to obtain 
cervical spine radiographs for patients who have had trauma.20 
Th e decision to order conventional radiographs is made on the 
answers to the following three questions:
1. Do any high-risk factors mandate radiography? Examples 

include age 65 years or older, a dangerous mechanism of 
injury, or paresthesias in the extremities. Examples of a dan-
gerous mechanism of injury include: a fall of more than 1 m 
or fi ve stairs; an axial load to the head; a high-speed motor 
vehicle accident, rollover, or ejection; a motorized recre-

ational vehicle accident; or a bicycle collision. If the answer 
is yes, then radiographs should be obtained.

2. Do any low-risk factors allow safe assessment of range of 
motion? Examples include a simple rear-end motor vehicle 
accident, a normal sitt ing position in the emergency depart-
ment, ability of the patient to ambulate, delayed onset of 
neck pain, and absence of midline cervical spine tenderness. 
If the answer is yes, then the clinician can move on to ques-
tion 3. If the answer is no, then radiographs should be 
obtained.

3. Is the patient able to rotate the neck actively at least 45 
degrees to the right and left ? If the patient is unable, then 
radiographs should be obtained. If the patient is able, then 
no radiographs are necessary.
According to a study by Stiell et al,20 the Canadian C-spine 

rule has a sensitivity of 100% and a specifi city of 43%.
Th e following classifi cation system (see Table 6-6) is based 

on the treatment-based classifi cation system proposed by 

TABLE 6-6 Classification of Cervical Spine Disorders

CLASSIFICATION EXAMINATION FINDING PROPOSED INTERVENTIONS

Cervical hypomobility Restricted AROM
Restricted PIVM testing cervical or upper thoracic
No UE radicular symptoms
Sudden or gradual onset

AROM exercises
Cervical and thoracic mobilization/
manipulation isometric or thrust 
manipulation techniques
Nonthrust manipulation

Cervical radiculopathy Positive Spurling’s A test
Positive neck distraction test
Positive ULNT 1
<60 degrees ipsilateral neck rotation

Cervical traction (manual/mechanical)
ULNT 1 AROM
Thoracic spine manipulation
Postural exercises

Clinical instability Remote history of trauma
Symptoms provoked with sustained weight-bearing 
posture
Symptoms relieved with non–weight-bearing postures
Hypermobility with loose end feel of mid cervical 
segments
Poor strength (2/5) of cervical spine multifidus, longus 
colli, and longus capitus muscles
Shaking/poorly controlled (aberrant) motion with cervical 
active range of motion
Greater cervical active range of motion in supine (non–
weight-bearing) position than in standing (weight-
bearing) position

Postural education
Cervical stabilization exercise program
Mobilization/manipulation above and 
below hypermobilities
Ergonomic corrections

Acute pain (including whiplash)* High pain and disability scores
Recent history of trauma
Referred symptoms into upper quarter
Poor tolerance to examination and most interventions

Gentle AROM within patient tolerance
Activity modification to control pain
Relative rest
Physical modalities
Intermittent use of cervical collar
Gentle manual therapy and exercises, 
but avoidance of pain-inducing manual 
therapy techniques or exercises

Cervicogenic headache Unilateral headache with onset preceded by neck pain
Headache pain triggered by neck movement or positions
Headache pain elicited by pressure on posterior neck, 
especially at 1 of 3 upper cervical joints55

Cervical and thoracic mobilization/
manipulation
Strengthening neck and postural 
muscles
Postural education

Adapted from Childs JD, Fritz JM, Piva SR, et al: JOSPT 34(11):686-700, 2004.
*See Tables 6-7 and 6-8 for further classification of whiplash-associated disorders.
UE, Upper extremity.
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Childs et al,21 but the title of each category has been changed to 
refl ect more standard medical and physical therapy terminol-
ogy to describe each disorder. For instance, Childs et al21 used 
the category name of “reduce headache” for what is commonly 
referred in the literature as a cervicogenic headache. In this 
text, we use the more common impairment-based terminology. 
Fritz and Brennan22 recently presented preliminary data that 
showed superior treatment outcomes with patients with neck 
pain disorders who were classifi ed by a physical therapist into a 
treatment-based classifi cation and received a matched inter-
vention as compared with patients who received unmatched 
interventions.

ACUTE PAIN AND 
WHIPLASH-ASSOCIATED DISORDERS

Most people with whiplash injuries from motor vehicle acci-
dents fully recover within a few weeks, but a signifi cant propor-
tion (14% to 42%) have persistent ongoing pain develop, with 
10% reporting constant pain.23 Th e Quebec Task Force (QTF) 
classifi cation of whiplash-associated disorders (WAD) was 
developed to standardize the terminology associated with 
diagnosis and management of WAD (Table 6-7).

Based on studies that examined the complex clinical fea-
tures of patients with WAD and tracked the outcomes of these 
patients, Sterling24 came to the conclusion that the Quebec 
Task Force classifi cation system (see Table 6-7) is too simpli-
fi ed and does not adequately classify patients with WAD to 
guide clinical decision making. In particular, Sterling24 found 
that WAD II is the most common classifi cation and should be 
subdivided further on the basis of specifi c clinical fi ndings 

within the classifi cation that alter the treatment approach and 
potentially predict treatment outcomes. Th e clinical outcomes 
of patients within the WAD II classifi cation vary greatly from 
full recovery at 6 months aft er injury to reports of continued 
moderate/severe symptoms.24

Sterling24 has proposed three subclassifi cations for WAD II 
based on motor, sensory, and psychological impairments 
(Table 6-8). Patients with chronic WAD with moderate/
severe ongoing symptoms have been shown to have higher 
levels of postt raumatic stress and high levels of persistent 
fear of movement/reinjury. When these factors are identifi ed 
in a patient with acute WAD, an early psychological consulta-
tion is indicated.25

High sensory hyperalgia in the neck is common with most 
WAD II subclassifi cations, but the more severe WAD IIC clas-
sifi cation also has sensory hyperalgia throughout the body (i.e., 
generalized). Treatment of this patient population is challeng-
ing, and recommendations are to avoid treatments that are nox-
ious and pain provoking for these patients.24 Only the most 
gentle manual therapy techniques should be used, combined 
with active movement within the patient’s tolerance. Position-
ing can be helpful; the neck and shoulder girdle muscles can be 
supported at rest with use of a folded pillowcase wrapped 
around the patient’s neck and use of pillows to support the arms 
in sitt ing when possible. Movement and activity should be 
encouraged, but overstraining the painful structures of the 
neck should be avoided. Frequent short doses of exercise and 
activity are encouraged throughout the patient’s day. Activities 

TABLE 6-7  Quebec Task Force Classification for Whiplash-
Associated Disorders82

QFT CLASSIFICATION GRADE CLINICAL PRESENTATION

0 No symptom of neck pain
No physical signs

I Neck symptom of pain, stiffness, 
or tenderness only
No physical signs

II Neck symptom
Musculoskeletal signs including:
 Decreased range of movement
 Point tenderness

III Neck symptom
Musculoskeletal signs
Neurological signs including:
  Decreased or absent deep ten-

don reflexes
 Muscle weakness
 Sensory deficits

IV Neck symptoms and fracture or 
dislocation

TABLE 6-8 Sterling24 Proposal to Further Subdivide WAD II

WAD II A Neck pain
Motor impairment
 Decreased range of motion
 Altered muscle recruitment patterns (CCFT)
Sensory impairment
 Local cervical mechanical hyperalgia

WAD II B Neck pain
Motor impairment
 Decreased ROM
 Altered muscle recruitment patterns (CCFT)
Sensory impairment
 Local cervical mechanical hyperalgia
Psychological impairment
 Elevated psychological distress

WAD II C Neck pain
Motor impairment
 Decreased ROM
 Altered muscle recruitment patterns (CCFT)
 Increased joint positioning errors
Sensory impairment
 Local cervical mechanical hyperalgia
  Generalized sensory hypersensitivity 

(mechanical, thermal, bilateral upper limb neu-
rodynamic test 1 limitation)

  Some may show sympathetic nervous system 
disturbances

Psychological impairment
 Elevated psychological distress
 Elevated levels of acute posttraumatic stress
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that the patient fears should be gradually introduced as the 
patient gains range of motion and motor control to assist the 
patient in overcoming fears of movement and activity. Early 
active exercise within the patient’s tolerance has been shown to 
result in more favorable patient outcomes.26,27

A key feature regarding motor impairments of patients with 
WAD can be evaluated with the craniocervical fl exion test 
(CCFT) as described by Jull, Kristjansson, and Dall’Alba.28 
Th e test assesses precision and control to determine whether a 
patient can use the deep neck muscles and hold a contraction. 
In motor control problems of the neck, a higher level of use of 
the superfi cial neck fl exors compensates for inadequate con-
tractile properties of the deep neck fl exor muscles.28 Th e deep 
neck fl exors include the longus colli, longus capitus, and rectus 
capitus major and minor; these muscles work with the neck 
extensor muscles as dynamic stabilizers of the cervical seg-
ments. Th e CCFT has been developed by Jull and colleagues 
to assess the function of the deep neck fl exor muscles (see 
Box 6-1).

Th e airbag and biofeedback device can be used as a training 
tool to recruit deep neck fl exor muscles to control for potential 
cervical instability and also can be used to retrain joint position 
sense of the cervical spine by att empting to reproduce neck 
positions as visual feedback is provided by the biofeedback 
device (Figure 6-7). Jull, Kristjansson, and Dall’Alba28 also 
advocate use of the airbag biofeedback device as a strengthen-
ing tool; the patient holds the targeted pressure for 10 seconds 
for up to 10 repetitions.

An equally eff ective means to strengthen the anterior cervi-
cal fl exor muscles is to have the patient maintain craniocervical 
neutral in the supine position as the patient lift s the head off  the 
folded towel (or pillow) and repeat for up to three sets of 12 
repetitions (Figure 6-8). Repeated use of this exercise was 
shown to be just as eff ective at training neck fl exor muscle 
strength as the Jull protocol.29 Th is exercise might be consid-
ered a progression from the isolated craniocervical fl exion 
exercise.

Higher levels of pain and disability, older age, cold hyperal-
gia, impaired vasoconstriction, and moderate postt raumatic 
stress symptoms have been shown to be associated with poor 

BOX 6-1 The Craniocervical Flexion Test28

1. The starting position:
a. The testing position is in crook lying with the cranio-

cervical and cervical spine in a mid range neutral 
position. For the neutral neck position, position with a 
horizontal face line and a horizontal line bisecting the 
neck longitudinally.

b. Layers of towel may be placed under the head to 
achieve the neutral position. Ensure that the towel is 
aligned with the base of the occiput and the upper 
cervical region is free to move.

2. Preparation of the stabilizer (pressure biofeedback unit):
a. Fold the blue airbag of the stabilizer and clip it 

together.
b. Place the stabilizer behind the suboccipital region of 

the neck.
c. Inflate the stabilizer to 20 mm Hg.

3. The formal test:
Stage 1: The craniocervical flexion action:
a. Explain that the test is assessing the precision and 

control to determine whether the patient can use the 
deep neck muscles and hold a contraction.

b. Explain the movement to the patient and describe the 
craniocervical flexion as “gently nodding your head 
as though you were saying yes.”

c. Let the patient practice the movement to ensure that 
the patient is performing a pure nod but not head 
retraction or lifting of the head.

d. Instruct the patient to place the front one third of the 
tongue on the roof of the mouth, with the lips 
together but the teeth slightly separated to relax the 
jaw.

e. The movement should be performed gently and 
slowly.

f. Turn the dial to the patient.
g. Ask the patient to slowly nod to target 22 mm Hg and 

then 24 mm Hg and in turn 26, 28, and 30 mm Hg. The 
therapist observes the head movement and watches 
for a pattern of progressively increasing craniocervi-
cal flexion with each stage of the test. The therapist 
does not watch the dial but observes for proper head 
movements.

Stage 2: Testing the holding capacity of the deep neck 
flexors:
a. Instruct the patient to gently and slowly nod to target 

22 mm Hg and attempt to hold the position steadily 
for 10 seconds with a good quality craniovertebral 
nodding movement.

b. If successful at 22–mm Hg pressure, have the patient 
relax and repeat at each target pressure separately at 
2–mm Hg increments up to a maximum of 30 mm Hg.

c. Once the maximum pressure that the patient can hold 
steady with a good quality of movement and with 
minimal superficial muscle activity is determined, use 
this pressure level to measure endurance capacity 
(i.e., 10 repetitions of 10-second holds).

4. Normal performance of deep neck flexors:
Normal performance is the achievement of pressure of at 

least 26 mm Hg with the pressure held steady for 10 
seconds with 10 repetitions. Ideal performance is to 
successfully target and hold 28 to 30 mm Hg. The cra-
niocervical flexion action should be able to be per-
formed without dominant activity in the superficial 
muscles of the neck.

FIGURE 6-7 Craniocervical flexion test and training program 
with airbag pressure biofeedback device.
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elastic zone).31,34 Clinical instability is believed to be a result of 
increase in the size of the neutral zone and reduction in the pas-
sive resistance to motion created in the elastic zone.

Panjabi31 conceptualized the components of spinal stability 
into three functionally integrated subsystems of the spinal sta-
bilizing system. According to Panjabi,31 the stabilizing system 
of the spine consists of the passive, active, and neural control 
subsystems.

Th e passive subsystem consists of the vertebral bodies, facet 
joints and joint capsules, spinal ligaments, and passive tension 
from spinal muscles and tendons. Th e passive subsystem pro-
vides signifi cant stabilization of the elastic zone and limits the 
size of the neutral zone. Also, the components of the passive 
subsystem act as transducers and provide the neural control 
subsystem with information about vertebral position and 
motion.

Th e active subsystem, which consists of spinal muscles and 
tendons, generates the forces needed to stabilize the spine in 
response to changing loads. Th e active subsystem is primarily 
responsible for controlling the motion that occurs within the 
neutral zone and contributes to maintaining the size of the neu-
tral zone. Th e spinal muscles also act as transducers that pro-
vide the neural control subsystem with information about the 
forces generated by each muscle.

Th rough peripheral nerves and the central nervous system, 
the neural control subsystem receives information from the 
transducers of the passive and active subsystems about verte-
bral position, vertebral motion, and forces generated by spinal 
muscles. With that information, the neural control subsystem 
determines the requirements for spinal stability and acts on the 
spinal muscles to produce the required forces.

Clinical spinal instability occurs when the neutral zone 
increases relative to the total range of motion, the stabilizing 
subsystems are unable to compensate for this increase, and the 
quality of motion in the neutral zone becomes poor and uncon-
trolled.31-33 Degeneration and mechanical injury of the spinal 
stabilization components are the primary causes of increases in 
neutral zone size.31 Factors that contribute to degeneration or 
mechanical injury of the stabilizing components are poor pos-
ture, repetitive occupational trauma, acute trauma, and weak-
ness of the cervical musculature.31,35-37

Because poor quality of motion is a key aspect of clinical 
instability, the presence of aberrant motions during active 
movement has been suggested by several authors to be a 
cardinal sign of clinical instability.38,39 Aberrant motions are 
described as either sudden accelerations or decelerations of 
movement or motions that occur outside the intended plane of 
movement.38,40 Other signs and symptoms of cervical clinical 
instability are general tenderness of the cervical region, referred 
pain in the shoulder and parascapular area, cervical radiculopa-
thy, cervical myelopathy, occipital and frontal/retroorbital 
headaches, paraspinal muscle spasm, decreased cervical lordo-
sis, and pain with sustained postures.33,35,38,41-43Also, passive 
intervertebral motion and joint play test results may reveal 
hypermobility and decreased passive restraints to motion at 
the end range of passive spinal segmental motion (i.e., a loose 

FIGURE 6-8 Strengthening exercise for anterior neck flexor 
muscles.

outcomes 6 months aft er whiplash injury.25 Patients with ongo-
ing moderate/severe symptoms at 2 to 3 years aft er the initial 
injury continue to have decreased range of motion (ROM), 
increased electromyographic (EMG) activity of the superfi cial 
neck muscles during the craniocervical fl exion test (an indica-
tion of inhibition of the deep neck fl exors), sensory hypersensi-
tivity, and elevated levels of psychological distress when 
compared with individuals with full recovery or milder symp-
toms.25 Higher initial neck disability index (NDI) scores (>30), 
older age, cold hyperalgia, and postt raumatic stress symptoms 
are signifi cant predictors of poor outcomes.25 Th erefore, motor, 
sensory, and psychological factors should be assessed during 
the acute stage aft er whiplash injury.

Gentle manual therapy techniques, including isometric 
manipulation, may be helpful to restore limited mobility asso-
ciated with WAD, but the patient must be monitored closely to 
ensure pain is not provoked with the treatment approach. Inter-
mitt ent use of a cervical collar may be benefi cial to provide rela-
tive rest through the day. Frequent short doses of exercises (10 
repetitions, 4 to 5 times per day) with emphasis on training the 
deep neck fl exors and the postural scapular muscles can assist 
in motor retaining, postural correction, and pain inhibition. 
More vigorous manipulation techniques can be used to the tho-
racic spine to inhibit neck pain30 and restore thoracic mobility. 
Gradual progression of an aerobic exercise program that is 
enjoyable for the patient, such as walking or biking within the 
patient’s pain tolerance, can also assist in pain management.

CERVICAL SPINE INSTABILITY
Clinical instability is defi ned by Panjabi31 as the inability of the 
spine under physiological loads to maintain its patt ern of dis-
placement so that no neurological damage or irritation, no 
development of deformity, and no incapacitating pain occur.

Th e total range of motion of a spinal segment may be divided 
into the neutral zone and the elastic zone.32,33 Motion that 
occurs in and around the neutral mid position of the spine is 
produced against minimal passive resistance (i.e., neutral 
zone), and motion that occurs near the end range of spinal 
motion is produced against increased passive resistance (i.e., 
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end feel).44 Imaging studies may show alterations of the com-
ponents of the passive subsystem, such as ligament damage, 
osteophytes, vertebral fractures, disc degeneration, vertebral 
displacement, and facet subluxation.31,32,36,45-47

Cook et al48 used a Delphi survey method to establish con-
sensus among orthopaedic manual physical therapy (OMPT) 
experts on the signs and symptoms of clinical cervical spine 
instability and reported the following symptoms as reaching 
the highest consensus: “intolerance to prolonged static pos-
tures”; “fatigue and inability to hold head up”; “bett er with 
external support, including hands and collar”; “frequent need 
for self-manipulation”; “feeling of instability, shaking, or lack of 
control”; “frequent episodes of acute att acks”; and “sharp pain, 
possibly with sudden movements.”48 Th e physical examination 
fi ndings related to cervical instability that reached highest con-
sensus among the clinical OMPT experts were: “poor coordi-
nation/neuromuscular control, including poor recruitment 
and dissociation of cervical segments with movement”; “abnor-
mal joint play”; “motion that is not smooth throughout range of 
motion, including segmental hinging, pivoting, and fulcrum-
ing”; and “aberrant movement.”48

Objective criteria have been established in the analysis of 
end-range fl exion and extension radiographs for diagnosis of 
cervical spine instability.38,42,49,50 However, radiographs do not 
yield information about the quantity or quality of motion that 
occurs in the neutral zone (i.e., mid range), which limits the 
value of radiographs in the diagnosis of cervical spine clinical 
instabilities.38,46 Video fl uoroscopy shows some promise as a 
means to analyze the quality of spine motion at mid range, but 
its use is still experimental for this purpose. Passive interverte-
bral motion and joint play testing have diagnostic value with 
assessment of neutral zone size, but the tests have poor interra-
ter reliability and only assess passive motion.34,51 Because a 
defi nitive diagnostic tool for cervical spine clinical instability 
has not been established, cervical clinical instability continues 
to be diagnosed on clinical fi ndings, including history, subjec-
tive symptoms, visual analysis of active motion quality, and 
manual examination methods.44

When cervical clinical instability does not severely involve 
or threaten neurological structures, nonsurgical treatment is 
indicated. Th e goal of nonsurgical treatment is to enhance the 
function of the spinal stabilizing subsystems and to decrease 
the stresses on the involved spinal segments. With proper train-
ing, the subsystems are more capable of compensating for an 
increase in neutral zone size.31

Posture education and spinal manipulation may decrease 
stresses on the passive subsystem.52 Proper posture reduces the 
loads placed on spinal segments at end-ranges and returns the 
spine to a biomechanically effi  cient position.52 Spinal manipu-
lation can be performed on hypomobile segments above and 
below the level of instability.52 With improved mobility of these 
segments, spinal movement is thought to be more evenly dis-
tributed across several segments and mechanical stresses on 
the level of clinical instability are thought to be decreased.52

Strengthening exercises enhance the function of the active 
subsystem.31 Th e cervical multifi dus may provide stability via 

segmental att achments to cervical vertebrae, and the longus 
coli and longus capitus may provide anterior stability as a result 
of the position of the muscle anterior to the cervical vertebral 
bodies. Strengthening the stabilizing muscles of the cervical 
spine enables these muscles to improve the quality and control 
of movement that occurs within the neutral zone.44 Jull, 
Kristjansson, and Dall’Alba28 identifi ed muscle synergy impair-
ments between the superfi cial and deep anterior cervical spine 
muscles in patients with both insidious onset and whiplash 
neck pain disorders. When compared with a healthy popula-
tion, both groups of patients excessively activated the sterno-
cleidomastoid (SCM) muscles when performing an active 
craniocervical fl exion motion in supine. Previous research by 
Falla53 showed that when there is overactivation of the SCM 
measured with a surface EMG, underactivation of the deep 
anterior neck muscles tends to occur; the longus capitis in syn-
ergy with the longus colli.53 Falla53 also showed defi cits in the 
motor control of the deep and superfi cial cervical fl exor mus-
cles in people with chronic neck pain, characterized by a delay 
in onset of neck muscle contraction associated with movement 
of the upper limb, cognitive activity, and functional tasks; Falla 
suggests a rehabilitation program to address retraining to 
restore the coordination of the deep neck fl exor muscles and 
inhibit the superfi cial anterior neck muscles. Ylinen et al54 
showed positive outcomes in treatment of patients with chronic 
neck pain with more gross dynamic neck exercises and less 
att ention to the activation and coordination of the deep neck 
fl exors. Falla53 suggests starting with a retraining/coordination 
approach and then progressing into an endurance and strength-
ening approach.

Jull et al55 performed a randomized controlled trial to com-
pare the eff ects of manipulation, manipulation combined with 
specifi c postural and deep neck fl exor strengthening, specifi c 
neck exercises alone and a control group. In all outcome mea-
sures, both the specifi c exercise and the manipulation com-
bined with specifi c exercise treatment groups showed superior 
outcomes. Th is study showed the importance and eff ectiveness 
of an approach that uses specifi c training of the deep neck fl ex-
ors and postural muscles in the rehabilitation of patients with 
neck pain.55

When cervical spine instability is seen with severe neuro-
logical involvement, surgery is the primary treatment interven-
tion. Th e anterior cervical fusion is the most common surgical 
intervention.56 Postsurgical rehabilitation involves a similar 
approach as treatment of instability with progression of low 
level strengthening exercises for the anterior cervical and para-
scapular postural muscles.

CERVICAL RADICULOPATHY
Cervical radiculopathy (CR) is a disorder of the spinal nerve 
root commonly caused by cervical disc herniation or other 
space-occupying lesion, such as spondylitic spurs or cervical 
osteophytes, resulting in nerve root infl ammation, impinge-
ment, or both.57,58 CR is usually present with pain in the neck 
and one arm, loss of motor function, or refl ex changes in the 
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aff ected nerve root distribution. Th e most common cause of 
CR (in 70% to 75% of cases) is foraminal encroachment of the 
spinal nerve from a combination of factors, including decreased 
disc height and degenerative changes of the uncovertebral 
joints anteriorly and zygapophysial joints posteriorly (i.e., cer-
vical spondylosis).58 Herniation of the intervertebral disc is 
responsible for only about 25% of the cases.58 Other space-
occupying lesions such as tumors are rarely the cause of CR.59

Cervical radiculopathy must be diff erentiated from other 
possible causes of upper extremity pain, which might include 
thoracic outlet syndrome; referral patt erns from cervical and 
upper thoracic anatomical structures; shoulder girdle impair-
ments, such as a rotator cuff  impingement; elbow impairments, 
such as lateral epicondylitis; and wrist/hand impairments, such 
as carpal tunnel syndrome. Chapter 2 describes upper extrem-
ity screening examination procedures. At the very least, active 
and passive range of motion and palpation should be carried 
out to screen each region of the upper quarter. Depending on 
the pain patt ern, symptom behavior, and response to these ini-
tial screening procedures, additional upper extremity special 
tests and accessory motion testing should also be carried out. 
Th e goal of the examination is diff erentiation of local pain from 
referred pain and referred pain from true radicular (i.e., nerve 
root) pain.

Wainner et al60 identifi ed a test item cluster of four clinical 
examination procedures for identifi cation of patients with cer-
vical radiculopathy that was confi rmed and correlated with 
electrodiagostic testing if all four test items were positive. Th e 
four test items include positive Spurling A, neck distraction 
test, upper limb neurodynamic test 1 (ULNT 1), and limited 
ipsilateral cervical spine active range of motion of 60 degrees or 
less.60

Th e single best test in Wainner et al’s study60 for screening 
for CR was ULNT 1, with a change in probability of the pres-
ence of the condition from 23% to 3% when the test results were 
negative. If the ULNT 1 results are negative, CR can be essen-
tially ruled out. If three of the four test cluster items are posi-
tive, the probability of the condition increases to 65%. If all four 
variables are present, the probability increases to 90%.60

Waldrop61 used the test item cluster developed by Wainner 
and colleagues and reported on a case series of six patients who 
met the diagnostic criteria for CR. Th e six patients were treated 
for a mean of 10 visits (range, 5 to 18) over an average of 33 days 
(range, 19 to 56 days). Four of the six patients had a magnetic 
resonance imaging (MRI) scan performed that confi rmed cer-
vical nerve root encroachment or impingement. Reductions in 
pain and disability were reported with all six patients with a 
treatment approach that included thoracic thrust manipulation 
techniques, patient education on proper posture, cervical range 
of motion and deep neck fl exor strengthening exercises, and 
mechanical cervical traction (Figure 6-9). Cleland et al57 
reported on a similar treatment approach that combined man-
ual physical therapy, cervical traction, and specifi c neck and 
parascapular muscle exercises to successfully treat a case series 
of 10 of 11 patients who met the criteria for cervical radiculopa-
thy.57 Th e multimodular intervention approach in this case 

series was based on available evidence and clinical experience 
and is a reasonable approach to consider for physical therapy 
management of this condition. Upper-extremity neurody-
namic active and passive motion exercises can also be added to 
the treatment program. Th e upper-limb neurodynamic test 
positions that reproduce upper-extremity symptoms are used 
to the point of tension (i.e., “neural glide mobilizations”) and 
performed repeatedly as part of the treatment program. 
Randomized controlled trials (RCTs) need to be performed 
to determine the best evidence-based approach for CR.

CERVICAL HYPOMOBILITY
When the primary dysfunction is stiff ness of the cervical spine, 
as noted with active, passive, and passive intervertebral motion 
testing, and in the absence of arm symptoms, specifi c spinal 
manipulation techniques are indicated as the primary inter-
vention. Th e specifi c application of technique depends on a 
number of factors. Skilled manual physical therapists tend to 
base their clinical judgment of technique selection on multiple 
factors, including joint mobility and end feel assessment, tissue 
reactivity, acuity of onset, nature of the symptoms, the patient’s 
emotional state and expectations, and the clinician’s manual 
skill level.

Hoving et al62 recently showed in a high-quality RCT that 
physical therapists with advanced training in specifi c manipu-
lation skills produced signifi cantly bett er outcomes in treating 
patients with neck pain compared with both physical therapists 
with more general training and general medical practitioners. 
At the 7-week follow-up examination, the results showed a 68% 
success rate for the patients treated with specifi c nonthrust 
manipulation techniques and specifi c exercises provided by the 
physical therapists with advanced training in manual therapy 
compared with a 51% success rate for the patients treated by the 
physical therapists with more general training and a 36% suc-
cess rate for patients treated by a general medical practitioner. 
Korthals-de Bos et al63 published a cost-analysis study based on 
the Hoving clinical trial and reported that manual physical 
therapy required fewer treatment sessions for a more favorable 
outcome, with the cost of the manual physical therapy about 

FIGURE 6-9 Cervical mechanical traction with portable 
hydraulic traction device.
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one third the cost of the other two treatment groups. Korthals-
de Bos et al63 concluded that manual physical therapy was more 
cost eff ective for treatment of neck pain than general physical 
therapy or general practitioner care.

A recent Cochrane systematic review of randomized clini-
cal trials concluded that thrust or nonthrust manipulation 
techniques used with exercise are benefi cial for persistent 
mechanical neck disorders with or without headache.64 Per-
formed alone, when compared with each other, neither thrust 
nor nonthrust techniques were superior for treatment of cervi-
cal spine disorders.64 At this time, research data have not been 
fully developed to identify subgroups of patient who will 
respond more favorably to various types of manipulation tech-
niques, such as thrust versus nonthrust versus isometric manip-
ulations. Th ese decisions are based more on clinical decision 
making with clinician experience, the opinions of clinical 
experts, and the comfort level/skill of the practitioner with var-
ious techniques.

Isometric manipulation procedures tend to be most eff ec-
tive when a high level of reactivity has been identifi ed at the 
hypomobile joint (e.g., when the patient has pain before engag-
ing the barrier to the passive joint motion and refl exive muscle 
guarding is noted with the passive motion). In this situation, 
the patient may not tolerate direct sustained force at the joint 
and the isometric forces likely are tolerated more eff ectively. 
Th is type of situation is oft en found when the patient has a 
recent sudden onset of sharp localized neck pain that was 
brought on by a minor incident, such as suddenly looking up to 
reach for a cup on a high shelf. Th e active and passive motion is 
painful and limited with lateral fl exion and rotation toward the 
painful side. A specifi c area of tenderness with overlying muscle 
holding is noted at a particular facet joint. Once the segment is 
isolated, an isometric manipulation can be used to restore 
motion and at the same time enhance neuromuscular control of 
the targeted segment.

Th eoretically, the anatomical cause of this type of sudden 
onset of neck pain is the result of the entrapment of the facet 
joint meniscus. With a sudden awkward movement, the menis-
cus becomes entrapped within the edge of the facet joint, which 
can cause severe pain with att empts to load or move the involved 
joint. Th e entrapment can be released with use of the isometric 
forces directed to the targeted joint or with a thrust manipula-
tion technique that creates joint distraction or gapping. Oft en, 
dramatic restoration of joint motion is noted aft er the fi rst 
intervention. Subsequent treatments can assist in correcting 
surrounding joint and muscle impairments as needed for full 
rehabilitation.

A more gradual onset of joint stiff ness is characteristic of 
osteoarthritic joint changes, adaptive shortening of joint con-
nective tissues, or adhesion formation aft er recovery from 
trauma to the spinal segment or surrounding soft  tissues. Pos-
tural stresses are believed to contribute to these impairments. 
Various degrees of joint hypomobility can be identifi ed 
throughout the spine and various levels of joint reactivity are 
noted at the hypomobile spinal segments. Th e stronger thrust 
and nonthrust manipulation techniques tend to be used to 

target the less reactive joints with hypomobility. Th e lighter 
oscillatory nonthrust techniques can be used on joints with 
higher levels of reactivity and surrounding muscle guarding.

A clinical prediction rule has been developed to identify 
patients who are likely to report immediate positive response 
to a cervical thrust manipulation.65 If four of the six variables 
are present, an 89% chance exists of an immediate positive 
response to the manipulation, which was measured in the study 
as either a 50% reduction in pain scale score, a 4-point change 
in global perceived eff ect, or a report of high satisfaction with 
the treatment.65 Box 6-2 outlines the six variables that make up 
the clinical prediction rule. Th e rule has not yet been validated 
with a clinical trial, but it provides some preliminary data to 
predict which patients are likely to have a dramatic immediate 
response to a thrust manipulation of the cervical spine.

Th rust manipulation techniques directed to the thoracic 
spine have also been shown as an eff ective means to provide 
immediate relief of neck pain.30 Cleland et al30 developed a clin-
ical prediction rule (CPR) to identify patients with neck pain 
who will most likely benefi t from thoracic spine thrust manipu-
lation for relief of neck pain. Th e clinical prediction rule was 
developed on a group of 78 patients with neck pain who all 
received thrust manipulation to the upper and mid thoracic 
spine. Th e thoracic spine segments that were regarded as hypo-
mobile from a clinical examination were targeted for manipula-
tion by the physical therapist. Th e patients were classifi ed as 
having had a successful outcome on the second or third visit 
based on patient perceived recovery using the global rating 
of change scale. A stepwise logistic regression model was used 
to determine what common characteristics from the initial 
patient examination fi ndings predicted a successful outcome 
with the thoracic manipulation. Six variables were identifi ed 
for the CPR. If three of six variables (positive likelihood ratio, 
5.5) were present (Box 6-3), the chance of a successful outcome 
improved from 54% to 86%.30

In summary, for patients with neck pain and no symptoms 
beyond the shoulder, thoracic and cervical spine manipulation 
techniques can be used to eff ectively restore spinal mobility, 
reduce pain, and improve perceptions of disability. Spinal seg-
ments that have hypomobility with passive intervertebral 
motion testing are targeted for manipulation. Th e manipula-
tion technique can be modifi ed with variations in depth of 
force, duration of force, speed of application of force, and use of 
isometric versus direct forces. High levels of fear-avoidance 

BOX 6-2  CPR to Identify Patients with Immediate 
Response to a Cervical High-Velocity Thrust 
Manipulation65

Initial NDI, <23%
Bilateral involvement pattern
Not performing sedentary work >5 hours per day
Feeling better while moving the neck
Not feeling worse when extending the neck
Diagnosis of spondylosis without radiculopathy
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beliefs with high levels of anxiety over movement seem to infl u-
ence the potential eff ectiveness of manipulation procedures. 
Th is infl uence has come out as a factor in clinical prediction 
rules for both the cervical spine and the lumbar spine.21,30,53 
Manipulation can still be used with patients with high levels of 
fear-avoidance beliefs, but other strategies may be needed to 
eff ectively deal with the fear of movement, such as a positive 
reinforcement for active participation in the rehabilitation pro-
cess, active exercise programs, and perhaps psychological 
counseling.

Th e Cochrane systematic review of RCTs on treatment of 
cervical spine disorders clearly states that mobilization/manip-
ulation is most eff ective if combined with exercise.64 Some vari-
ability exists in the literature regarding specifi cally what type 
of exercise should be used to create the most eff ective clinical 
outcomes. Jull and collegues28 advocate specifi c strengthening 
exercises to target the deep anterior neck fl exor muscles com-
bined with stretching muscles that tend to tighten, such as the 
levator scapulae and the upper trapezuis, and strengthen the 
scapular adductor and retractor muscles. Cleland et al30 had 
the patients in their study follow up the thoracic spine manipu-
lation with more general cervical range-of-motion exercise that 
combined a nodding motion in three positions of cervical rota-
tion. Others have advocated for a more general strengthening 
and full body endurance program for rehabilitation of neck 
pain disorders.

Use of a problem-solving impairment approach tends to fol-
low components of all three possible recommendations depend-
ing on the fi ndings of the clinical examination and reexamination 
of patients as they proceed through the rehabilitation process. 
If weakness is noted in the deep neck fl exors or parascapular 
muscles, specifi c exercises should be instructed to target the 
strength and endurance of these muscles. If tightness is noted 
in specifi c muscles of the upper quarter, specifi c stretching 
should be integrated into the treatment approach. Self-
mobilization techniques for the thoracic spine (see Box 5-1 in 
Chapter 5) can also be helpful to enhance the patient’s home 
program for pain control and thoracic mobility. As specifi c 
impairments are addressed, a general exercise program is rec-
ommended that includes endurance training to enhance the 
patient’s tolerance to functional activities and to assist in pain 
control through the benefi cial analgesic eff ects associated with 
aerobic exercise.

Th e ultimate goal of the rehabilitation program is to restore 
mobility, inhibit pain, and return the patient to full functional 
activity. In the process, the physical therapist provides the 
patient with strategies to self treat and maintain the improve-
ments made in the physical therapy sessions. Early in the reha-
bilitation process, a good deal of manual therapy procedures 
are provided and only mild low-level exercises are instructed. 
As the physical therapy program progresses, less manual ther-
apy is needed and the exercise program duration and intensity 
are progressed under the direction of the physical therapist. 
Once the patient is independent in the exercise program and in 
self-management principles, further skilled physical therapy is 
no longer needed.

Specifi c exercises emphasize cervical stabilization and con-
trol, thoracic mobility, and scapular muscle strengthening (Box 
6-4). Th e primary goals of the exercise program are to enhance 
neuromuscular control of the upper quarter, correct posture, 
and maintain mobility att ained with the manual therapy tech-
niques. In addition to the specifi c strengthening program, most 
patients benefi t from the addition of a low-impact aerobic exer-
cise program with an exercise that interests the patient and can 
fi t into the patient’s lifestyle, such as a walking program or use 
of an elliptical trainer.

CERVICOGENIC HEADACHE
Cervicogenic headaches are believed to originate from muscu-
loskeletal dysfunction of the cervical spine.66 Th e incidence of 
cervicogenic headache is estimated to be 14% to 18% of all 
chronic headaches.67 Box 6-5 provides the diagnostic criteria 
developed by Sjaastad and colleagues68 for diagnosis of cervico-
genic headache, with one of the primary criteria being head-
ache pain elicited by pressure on the posterior neck, especially 
at one of the three upper cervical joints.

Th e clinical tests that have been shown to further assist in 
diff erentiating patients with cervicogenic headache from 
patients with migraine with an aura and controls include, in 
patients with cervicogenic headache, less cervical range of 
motion fl exion/extension, a signifi cantly higher incidence of 
upper three cervical joint dysfunctions (facet joint hypomobil-
ity and tenderness to palpation assessed by manual examina-
tion), and muscle length limitations (tightness of upper 
trapezius, levator scapula, scalenes, and suboccipital extensor 
muscles). Zito66 found that manual examination could discrim-
inate the cervicogenic headache group from other subjects 
(migraine with an aura and control subjects combined) with an 
80% sensitivity. Zito66 found that not all hypomobile joints 
were painful, but all painful joints were hypomobile in the 
patients with cervicogenic headaches. However, no diff erences 
were found among groups in this study for examination results 
of static posture, pressure pain threshold, mechanosensitivity 
of neural tissues, and measures of cervical kinesthetic sense. 
Th e patients in the cervicogenic headache group demonstrated 
poorer performance in the craniocervical fl exion test, but 
this fi nding did not reach statistical signifi cance.66 Th erefore, 
patients with cervicogenic headache present with a similar set 

BOX 6-3  Six Variables That Form the Clinical Prediction 
Rule for Thoracic Manipulation to Treat Neck 
Pain30

■ Symptoms <30 days
■ No symptoms distal to the shoulder
■ Looking up does not aggravate symptoms
■ Fear Avoidance Beliefs Questionnaire Physical Activity 

(FABQPA) score <12
■ Diminished upper thoracic spine kyphosis (visual 

estimate)
■ Cervical extension ROM <30 degrees (inclinometer)
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BOX 6-4 Therapeutic Exercises for Cervical Spine Disorders

Supine craniocervical flexion (nodding)

Standing craniocervical flexion with mid cervical 
manual stabilization

Continued

Supine craniocervical flexion with sustained lift

Supine cervical rotation with manual resistance

Supine resistive shoulder D2 flexion
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BOX 6-4 Therapeutic Exercises for Cervical Spine Disorders —cont’d

Standing resistive scapular retraction: bilateral and 
reciprocal

Standing resistive shoulder extension: reciprocal

Standing resistive shoulder external rotation
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BOX 6-4  Therapeutic Exercises for Cervical Spine 
Disorders —cont’d

Standing resistive shoulder horizontal abduction

BOX 6-5 Diagnostic Criteria for Cervicogenic Headache

Major Criteria
1. Symptoms and signs of neck involvement (one or more 

of points 1 (a-c) must be present to diagnose)
a. Precipitation of head pain, similar to the usually 

occurring one, by:
 i.  Neck movement or sustained awkward head posi-

tioning and/or
 ii.  External pressure over the upper cervical or occipi-

tal region on the symptomatic side
b. Restriction of range of motion in the neck
c. Ipsilateral neck, shoulder, or arm pain

2. Confirmatory evidence by diagnostic anesthetic blocks 
(i.e., reduce headache with block of major or minor 
occipital nerves, C2 nerve root, or the third occipital 
nerve) necessary for research, but not clinical purposes 
to confirm diagnosis

3. Unilateral head pain without sideshift (i.e., primary head-
ache is on one side of the head most of the time)

4. Head pain characteristics
a. Moderate-severe, nonthrobbing and non-lancinating 

pain, usually starting in the neck
b. Episodes of varying duration
c. Fluctuating continuous pain

Other Characteristics of Importance
5. a.  Only marginal effects or lack of effect of medication 

(indomethacin, ergotamine, and sumatriptan)
b. Female sex
c. Not infrequent history of head or indirect neck 

trauma, usually of more than medium severity

Other Features of Lesser Importance
6. Various attack-related phenomena, only occasionally 

present, and/or moderately expressed when present
a. Nausea
b. Phonophobia and photophobia
c. Dizziness
d. Ipsilateral blurred vision
e. Difficulties swallowing
f. Ipsilateral edema, mostly in the periocular area

Adapted from Sjaastad O, Fredriksen TA, Pfaffenrath V: Headache 38:442-445, 
1998.

of impairments as do patients with cervical spine instability or 
hypomobility, but their primary complaint is headache.

Jull55 completed a randomized controlled trial comparing 
physical therapy interventions for treatment of 200 patients 
who met the diagnostic criteria for cervicogenic headache 
developed by Sjaastad and collegues68 who were randomly 
placed in one of the four physical therapy treatment groups of 
manual therapy, exercise therapy, combined manual therapy 
and exercise, and a control group. Benefi cial eff ects were found 
for headache frequency and intensity and neck pain and dis-
ability for both manual therapy and exercise used alone and in 
combination at both 7 weeks and 12 months follow-up.55 Of the 
participants receiving combined manual therapy and exercise, 
10% more obtained good and excellent results, lending support 
for the combined use of specifi c therapeutic exercise and man-
ual therapy to treat patients with cervicogenic headaches.55

Th e manual therapy procedures employed by the physical 
therapists participating in Jull’s study55 included both thrust 
and nonthrust manipulation techniques to the cervical spine. 
Th e therapeutic exercise regimen incorporated use of a pres-
sure biofeedback unit to train the deep neck fl exors, the longus 
capitus and colli, which are believed to be important in sup-
porting the function of the cervical region.55 Additionally, the 
exercise regimen included training the muscles of the scapula, 
particularly the lower trapezius and serratus anterior muscles, 
to hold scapular adduction and retraction postural positions.55 

Postural instruction and training of the deep neck rotator 
muscles were also included in the exercise regimen.55 Muscle-
lengthening exercises were also incorporated based on the 
needs of the patient. Patients received 8 to 12 treatment 
sessions with a physical therapist over a 6-week period. Th e 
physical therapists were allowed to vary their treatments based 
on the initial examination and subsequent re-examinations of 
the patients in the treatment groups.55 Jull’s study illustrates 
the eff ectiveness of an impairment-based manual physical ther-
apy approach that combines manual therapy and exercise for 
treatment of patients with cervicogenic headache.
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Examination Techniques

SELECTED SPECIAL TESTS FOR CERVICAL SPINE EXAMINATION

Sharp-Purser Test

Sharp-Purser test with use of forearm and 
shoulder to glide head

PURPOSE Th is test is used to detect atlantoaxial instability.

PATIENT POSITION Th e patient is seated and asked to relax the head in a semifl exed position.

THERAPIST POSITION Th e therapist stands at the side of the patient.

HAND PLACEMENT Cranial hand: Th e upper arm is placed across the front of the patient’s forehead and the 
occiput is cupped with the hand.

Caudal hand: Th e web space between the index fi nger and thumb is placed horizontally 
across the spinous process of C2.

PROCEDURE Th e patient’s forehead is pressed posteriorly with the cranial arm in a plane parallel with 
the superior aspect of C2 as the caudal hand provides a stabilizing force at C2. A sliding 
motion of the head posteriorly in relation to the axis is indicative of atlantoaxial instability. 
Th e manual maneuver reduces the atlantoaxial (AA) subluxation that occurs with a semi-
fl exed posture in patients with AA instability. Perception of excessive posterior glide of 
the cranium on the stabilized C2 or relief of pain with the manual gliding motion are 
considered positive fi ndings.

NOTES A positive Sharp-Purser test has been correlated with AA instability in patients with rheu-
matoid arthritis (RA ) at a specifi city of 96% and predictive value of 85%.69 In this study, 
the results of the Sharp-Purser test were compared with fl exion radiograph results and 
were considered positive for instability if the results measured greater than 4 mm at the 
interval between the anterior arch of the atlas and the axis. Positive Sharp-Purser test 
results indicate AA instability, which is a contraindication to cervical manipulation 
techniques that place strain through the craniovertebral region. Atlantoaxial instability 
is common in RA  from weakening of the transverse portion of the cruciate ligament that 
stabilizes the dens to the anterior arch of the atlas.
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Spurling’s Test70

Spurling’s test A Spurling’s test B

 PURPOSE Results of this pain provocation test are considered positive for cervical nerve root irrita-
tion if the patient reports reproduction or intensifi cation of peripheral symptoms with 
application of the test maneuver.

 PATIENT POSITION Th e patient is seated in a straight-backed chair. Having the patient face a mirror is also 
helpful to monitor pain facial expressions during the test.

 THERAPIST POSITION Th e therapist stands behind the patient.

 PROCEDURE Th e therapist passively side bends the head toward the symptomatic side and applies 
overpressure (≈7 kg) to the patient’s head in the direction of the side bending to perform 
Spurling’s test A.

 NOTES If the patient reports neck or arm symptom reproduction related to the condition at any 
point during performance of the test, results are considered positive and no further appli-
cation of force is needed. Th e procedure for Spurling’s test B combines cervical extension 
and rotation with ipsilateral lateral fl exion. Application of overpressure for Spurling’s test 
B is the same as in Spurling’s test A.60 Wainner et al60 reported Kappa of 0.60 (0.32, 0.87) 
for Spurling’s test A and Kappa of 0.62 (0.25, 0.99) for Spurling’s test B.

Spurling’s test B was used on 255 patients who were referred for electrodiagnosis of the 
upper extremity nerve disorders.71 Test results were scored positive if symptoms were 
reported beyond the elbow, and results were correlated with the results of the electrodiag-
nositic tests. Th e Spurling’s test had a sensitivity of 30% and a specifi city of 93%, which 
means that it is not a very useful screening tool but that it is clinically useful to help 
confi rm cervical radiculopathy.71

Spurling’s test A is one of the four fi ndings for the clinical prediction rule for cervical 
radiculopathy.60
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Shoulder Abduction Test

Neck Distraction Test

 PURPOSE If this position alleviates the patient’s radicular arm pain, nerve root irritation is suggested 
as the cause of the arm pain.

 PATIENT POSITION Th e patient is positioned sitt ing.
 PROCEDURE Th e patient is seated and asked to place the hand of the symptomatic extremity on 

the head. Positive test results occur with reduction or elimination of symptoms.60 Th e 
therapist should ask open-ended questions with this test, such as, “Does this change your 
symptoms in any way?”

 NOTES Wainner et al60 reported a Kappa value of 0.20 (0.00, 0.59).

Neck distraction test with hand on forehead

 PURPOSE Test results are positive if the patient reports a reduction of symptoms with application of 
cervical distraction force. Th e test is used to assist in diagnosis of cervical radiculopathy.

 PATIENT POSITION Th e patient is supine with the head resting on a small pillow and the crown of the head even 
with the top edge of the table.

 THERAPIST POSITION Th e therapist sits or stands at the head of the treatment table.
 HAND PLACEMENT Dominant hand: Th e fi ngers are together with the thumb spread across the occiput to 

cradle the posterior aspect of the patient’s cranium.
Nondominant hand: Th e therapist cups the patient’s chin with the fi ngers or cups the 
anterior aspect of the patient’s forehead.

 PROCEDURE Th e therapist fl exes the patient’s neck to a position of comfort by lift ing the head off  the 
pillow (20-25 degrees from horizontal) and gradually applies a distraction force up to 
14 kg.60

 NOTES If this test alleviates symptoms, manual or mechanical cervical traction should be incor-
porated into the plan of care. Th e therapist should ask open-ended questions with this test 
such as, “Does this change your symptoms in any way?” Wainner et al60 reported a Kappa 
value of 0.88 (0.64, 1.0). Th is test is one of the four fi ndings for the clinical prediction rule 
to diagnose cervical radiculopathy.60
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Neck Traction Test

 PURPOSE Test results are positive if the patient reports a reduction of upper-extremity radicular 
symptoms with application of cervical distraction force. Th e test is used to detect signs of 
cervical radiculopathy.

 PATIENT POSITION Th e patient sits or stands (preferably facing a mirror).

 THERAPIST POSITION Th e therapist sits or stands directly behind the patient.

 HAND PLACEMENT Th e thumbs and thenar eminences of both hands are molded across the inferior aspect of 
the patient’s occiput and the mastoid processes, with the forearms placed across the supe-
rior aspect of the patient’s shoulders.

 PROCEDURE Th e therapist gradually applies a distraction force by lift ing the patient’s head superiorly to 
create cervical traction. Test results are positive if the patient’s symptoms are alleviated 
during the traction.

 NOTES If this test alleviates symptoms, manual or mechanical cervical traction should be incor-
porated into the plan of care. Th e therapist should ask open-ended questions with this test 
such as, “Does this change your symptoms in any way?” Bertilson, Grunnesjo, and Stren-
der72 reported Kappa scores of 0.49 if the therapist did not have knowledge of the patient’s 
history and Kappa scores of 0.45 if the therapist had knowledge of the patient’s history 
when this test was performed on 100 patients with neck or shoulder problems with or with-
out radiating pain.
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Vertebral Artery Test: Cervical Rotation Supine

 PURPOSE Th e purpose of this test is to screen for vertebral artery insuffi  ciency and collateral circula-
tion to the brain.

 PATIENT POSITION Th e patient is supine with the head on a pillow and the top of the head even with the top 
edge of the table.

 THERAPIST POSITION Th e therapist stands at the head of the patient.

 HAND PLACEMENT Left  hand: Th e hand supports the left  side of the patient’s head with the fi ngers spread.

Right hand: Th e hand supports the right side of the patient’s head with the fi ngers 
spread.

 PROCEDURE Th e therapist must instruct the patient to look at the therapist’s forehead throughout the 
procedure, and the therapist must move with the patient to maintain a clear view of the 
patient’s eyes throughout the procedure to assess for nystagmus. Th e therapist must also 
continually seek verbal feedback from the patient throughout the test. A delayed response 
or a report of dizziness, lightheadedness, or nausea is considered positive. As the therapist 
supports the patient’s head, the cervical spine is slowly rotated to the right to the end 
of available range. Th e therapist pauses in this position for 3 to 5 seconds to assess the 
patient’s response. If the test results are still negative, the therapist gently adds lateral fl ex-
ion to the right and extension and holds this position for 5 to 10 seconds. If the test results 
are negative, the therapist repeats to the opposite side.

 NOTES If the patient has a positive response, the therapist repositions the head to a neutral or 
slightly fl exed position immediately and continues to monitor the patient. Th e therapist 
supports the patient’s head on one or two pillows and passively positions the patient’s legs 
in a 90/90 position either on a stool or on the therapist’s shoulders. Th e therapist continues 
to monitor the patient until the positive response completely subsides.

Cote et al75 showed that this test has a sensitivity of approximately 0, which indicates a 
high likelihood of false-negative results from this commonly performed screening exami-
nation procedure. See Chapter 3 for more information regarding premanipulation 
screening.
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Vertebral Artery Test: Standing (Body on Head Rotation Test)

 PURPOSE Th is test screens for vertebral artery insuffi  ciency and collateral circulation to the brain 
while avoiding vestibular activation by avoiding inner ear movements.

 PATIENT POSITION Th e patient stands directly facing the therapist.

 THERAPIST POSITION Th e therapist stands in front of the patient and holds each side of the patient’s head.

 PROCEDURE As the therapist holds the patient’s head, the patient is asked to rotate the body fully toward 
one side and hold that position for 10 seconds as the therapist monitors the patient’s 
response. Th e procedure is repeated toward the opposite direction.

 NOTES If this test provokes patient dizziness, the patient should be referred for a medical consulta-
tion to further assess the vertebral artery and collateral circulation to the brain. If dizzi-
ness is noted with the supine test but does not occur with this test, the patient may be a 
candidate for vestibular rehabilitation.
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Upper Limb Neurodynamic Test 173,74

Upper limb neurodynamic test 1, start position Upper limb neurodynamic test 1, end position

 PURPOSE Th e purpose of this test is to apply tension though the brachial plexus and nerve root 
sleeves of the cervical spine to determine whether the cause of upper extremity symptoms 
originates from irritation of the cervical nerve roots and surrounding connective tissues. 
In theory, ULNT 1 is designed to focus tension on the median nerve and its corresponding 
nerve roots.

 PATIENT POSITION Th e patient lies supine with the arm to be tested in the start position of 90 degrees shoulder 
abduction, 10 degrees horizontal extension, and 90 degrees elbow fl exion.

 THERAPIST POSITION Th e therapist stands with a diagonal stance on the side to be tested with the most lateral leg 
forward and the thigh positioned up against the inferior aspect of the upper arm and the 
patient’s shoulder positioned at 90 degrees abduction.

 HAND PLACEMENT Left  hand: Th e left  hand reaches up and under the posterior aspect of the patient’s scapula 
to place the hand across the posterior and superior aspect of the scapula to depress the 
shoulder girdle.

Right hand: Th e therapist’s other hand is placed across the palmar surface of the patient’s 
left  hand and fi ngers.

 PROCEDURE Th e therapist passively depresses the patient’s scapula with the shoulder in 90 degrees 
abduction and 10 degrees horizontal extension and holds this position as the left  hand 
sequentially: (1), supinates the patient’s forearm; (2), laterally rotates the shoulder; (3), 
extends the wrist and fi ngers; and (4), extends the elbow. Th e patient is asked to report 
upper-extremity symptoms throughout the maneuver. Typically, symptoms occur during 
the fi nal phase of the test with elbow extension. Th e therapist can document the test results 
as positive and note the degree of elbow extension where the symptoms occur. Both sides 
should be tested, and a diff erence between sides of greater than 10 degrees is considered a 
positive test result.
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Upper Limb Neurodynamic Test 1—cont’d

 NOTES If the test is nonprovocative, cervical lateral fl exion to the contralateral side can be added 
before repeating the test to further sensitize the neural structures to att empt to elicit posi-
tive test results. If contralateral neck lateral fl exion is needed to elicit a positive test, this is 
an indication of low level of irritability with the neural structures, and more vigorous neu-
ral mobilizing techniques can be used for treatment. Ipsilateral lateral neck fl exion could 
also be added as a follow-up to a positive test to confi rm the fi ndings. If a greater degree 
of elbow extension is required to elicit positive test results when the neck is placed in 
ipsilateral lateral fl exion, this confi rms the positive test fi ndings are from a neural dynamic 
disorder likely originating from the cervical spine rather than tight upper-extremity mus-
cles. Further tension to the neural system can be added by having a second therapist add a 
passive straight leg raise on the ipsilateral side before retesting, which applies further ten-
sion to dural and neural structures to determine whether loss of central dural extensibility 
has occurred. Also, end range of motion sensations of tension, tautness, and tingling may 
be considered normal, especially if they are at the end of the test range and are present 
bilaterally. Wainner et al60 reported a Kappa value of 0.76 (0.51, 1.0). Th is test is one of the 
four fi ndings for the clinical prediction rule for cervical radiculopathy.60
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Upper Limb Neurodynamic Test 2a73,74

Upper limb neurodynamic test 2a, start position Upper limb neurodynamic test 2a, end position

 PURPOSE Th e test is used to apply tension though the brachial plexus and nerve root sleeves of the 
cervical spine to determine whether the cause of upper extremity symptoms originates 
from irritation of the cervical nerve roots and surrounding connective tissues. In theory, 
ULNT 2a is designed to focus tension on the median nerve and its corresponding nerve 
roots.

 PATIENT POSITION Th e patient lies supine with the arm to be tested positioned in a start position of 10 degrees 
shoulder abduction and 90 degrees elbow fl exion.

 THERAPIST POSITION Th e therapist stands with a diagonal stance on the side to be tested with the left  hip placed 
fi rmly across the superior aspect of the patient’s shoulder girdle.

 HAND PLACEMENT Left  hand: Th e left  hand supports the patient’s upper arm and elbow.

Right hand: Th e therapist’s right hand is placed across the palmar surface of the patient’s 
right hand and fi ngers.

 PROCEDURE Th e therapist passively depresses the patient’s scapula with the hip with the shoulder in 10 
degrees abduction and 10 degrees horizontal extension and holds this position as the right 
hand sequentially: (1), supinates the patient’s forearm; (2), laterally rotates the shoulder; 
(3), extends the wrist and fi ngers; and (4), extends the elbow. Th e patient is asked to report 
upper extremity symptoms throughout the maneuver. Typically, symptoms occur during 
the fi nal phase of the test with elbow extension. Th e therapist can document the test results 
as positive and note the degree of elbow extension where the symptoms occur. Both sides 
should be tested, and a diff erence between sides of greater than 10 degrees is considered a 
positive test result.

 NOTES If the test is nonprovocative, cervical lateral fl exion to the contralateral side can be added 
before repeating the test to further sensitize the neural structures to att empt to elicit posi-
tive test results. If contralateral neck lateral fl exion is needed to elicit positive results, this 
is an indication of low level of irritability with the neural structures, and more vigorous 
mobilizing techniques can be used for treatment. Ipsilateral lateral neck fl exion could also 
be added as a follow-up to a positive test to confi rm the fi ndings. If a greater degree of 
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Upper Limb Neurodynamic Test 2a—cont’d

elbow extension is needed to elicit positive test results when the neck is placed in ipsilat-
eral lateral fl exion, this confi rms that the cause of the positive test fi ndings is from a neural 
dynamic disorder likely originating from the cervical spine rather than tight upper-
extremity muscles. Further sensitization can be added by having a second therapist add a 
passive straight leg raise on the ipsilateral side before retesting, which applies further 
tension to dural and neural structures to determine whether a loss of central dural 
extensibility has occurred. Also, end range of motion sensations of tension, tautness, and 
tingling may be considered normal, especially if they are at the end of the test range and are 
present bilaterally.
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Upper Limb Neurodynamic Test 2b73,74

Upper limb neurodynamic test 2b, start position Upper limb neurodynamic test 2b, end position

 PURPOSE Th is test is used to apply tension though the brachial plexus and nerve root sleeves of the 
cervical spine to determine whether the cause of upper-extremity symptoms originates 
from irritation of the cervical nerve roots and surrounding connective tissues. In theory, 
ULNT 2b is designed to focus tension on the radial nerve and its corresponding roots.

 PATIENT POSITION Th e patient lies supine with the arm to be tested positioned in a start position of 10 degrees 
shoulder abduction and 90 degrees elbow fl exion.

 THERAPIST POSITION Th e therapist stands with a diagonal stance on the side to be tested with the left  hip placed 
fi rmly across the superior aspect of the patient’s shoulder girdle.

 HAND PLACEMENT Left  hand: Th e left  hand supports the patient’s upper arm and elbow.

Right hand: Th e therapist’s right hand is placed across the dorsal surface of the patient’s 
right hand and fi ngers.

 PROCEDURE Th e therapist passively depresses the patient’s scapula and holds this position with the 
front of the left  hip and sequentially introduces: (1), shoulder medial rotation; (2), full 
elbow extension; and (3), wrist and fi nger fl exion. Th e patient is asked to report any upper 
extremity symptoms throughout the maneuver. Typically, symptoms occur during the 
fi nal phase of the test with wrist fl exion. Th e therapist can document the test results as 
positive and note the degree of wrist fl exion where the symptoms occurred. Both sides 
should be tested, and a diff erence between sides of greater than 10 degrees is considered a 
positive test result.

 NOTES If the test is nonprovocative, cervical lateral fl exion to the contralateral side can be added 
before repeating the test to further sensitize the neural structures to att empt to elicit posi-
tive test results. If contralateral neck lateral fl exion is needed to elicit positive test results, 
this is an indication of low level of irritability of the neural structures, and more vigorous 
neural mobilizing techniques may be needed for treatment. Ipsilateral lateral neck fl exion 
could also be added as a follow-up to positive test results to confi rm the fi ndings. If a 
greater degree of wrist fl exion is needed to elicit positive test results when the neck is 
placed in ipsilateral lateral fl exion, this helps to confi rm that the cause of the positive test 
fi ndings is a neural tension disorder likely originating from the cervical spine rather than 
tight forearm muscles. Further sensitization can be added by having a second therapist add 
a passive straight leg raise on the ipsilateral side before retesting, which applies further 
tension to dural and neural structures to determine whether a loss of central dural extensi-
bility has occurred. Wainner et al60 reported a Kappa value of 0.83 (0.65, 1.0).
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Upper Limb Neurodynamic Test 373,74

Upper limb neurodynamic test 3, start position Upper limb neurodynamic test 3, end position

 PURPOSE Th is test is used to apply tension through the brachial plexus and nerve root sleeves of the 
cervical spine to determine whether the cause of upper-extremity symptoms originates 
from irritation of the cervical nerve roots and surrounding connective tissues. In theory, 
ULNT 3 is designed to focus tension on the ulna nerve and its corresponding nerve 
roots.

 PATIENT POSITION Th e patient lies supine with the arm to be tested positioned in a start position of 10 degrees 
shoulder abduction and full elbow extension.

 THERAPIST POSITION Th e therapist stands with a diagonal stance on the side to be tested.

 HAND PLACEMENT Left  hand: Th e therapist’s left  hand is placed across the palmar surface of the patient’s 
right hand and fi ngers. 

Right hand: Th e right hand reaches up and under the posterior aspect of the patient’s right 
scapula to place a hand across the posterior and superior aspect of the shoulder girdle to 
depress the scapula.

 PROCEDURE Th e therapist passively depresses the patient’s scapula and holds this position as the left  
hand of the therapist sequentially introduces: (1), shoulder lateral rotation; (2), full elbow 
fl exion; (3), forearm pronation; (4), wrist and fi nger extension; and (5), shoulder abduc-
tion (applied with the thigh of the therapist’s front right leg). Th e patient is asked to report 
any upper extremity symptoms throughout the maneuver. Typically, symptoms occur 
during the fi nal phase of the test with shoulder abduction. Th e therapist can document the 
test results as positive and note the degree of shoulder abduction where the symptoms 
occur. Both sides should be tested, and a diff erence between sides of greater than 10 
degrees is considered to a positive test result.

 NOTES If the test is nonprovocative, cervical lateral fl exion to the contralateral side can be added 
before repeating the test to further sensitize the neural structures to att empt to elicit posi-
tive test results. If contralateral neck lateral fl exion is needed to elicit positive test results, 
this is an indication of low level of irritability with the neural structures, and more vigor-
ous neural mobilizing techniques may be needed for treatment. Ipsilateral lateral neck 
fl exion could also be added as a follow-up to positive test results to confi rm the fi ndings. If 
a greater degree of elbow fl exion is needed to elicit positive test results when the neck is 
placed in ipsilateral lateral fl exion, this helps to confi rm that the cause of the positive test 
fi ndings is a neurodynamic disorder likely originating from the cervical spine rather than 
tight upper-extremity muscles. Further sensitization can be added by having a second 
therapist add a passive straight leg raise on the ipsilateral side before retesting, which 
applies further tension to dural and neural structures to determine whether a loss of 
central dural extensibility has occurred.
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Upper Trapezius Muscle Length Test and Hold/Relax Stretch

 PURPOSE Th e purpose is to assess the length and stretch the upper trapezius muscle.

 PATIENT POSITION Th e patient is supine with the head resting on a pillow.

 HAND PLACEMENT Left  hand: Th e left  hand cradles the patient’s occiput.

Right hand: Th e web space and radial aspect of the metacarpal phalange joint are placed 
fi rmly across the superior aspect of the fi rst rib and the superior aspect of the scapula.

 PROCEDURE Th e therapist depresses and holds the right shoulder girdle as the neck is moved into slight 
forward bending, full contralateral (left ) lateral fl exion, and ipsilateral (right) rotation. 
For the stretch, once positioned in the end-range position, the patient is asked to elevate 
the right shoulder as the therapist holds the shoulder into a depressed position to create 
an isometric contraction of the upper trapezius. Aft er a 10-second isometric hold, the 
patient is instructed to relax and the tissue slack is taken up and held 10 seconds with fur-
ther shoulder depression or further cervical left  side bending, forward bending, or right 
rotation. Th is sequence is repeated for three to four repetitions and can be followed with 
instruction in a home stretching program, with the stretch position sustained for 30 to 60 
seconds two to three times per day.
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Levator Scapula Muscle Length Test and Hold/Relax Stretch

 PURPOSE Th e purpose is to assess the length and stretch the levator scapula muscle.

 PATIENT POSITION Th e patient is supine with the head resting on a pillow with the ipsilateral (right) arm fully 
fl exed.

 HAND PLACEMENT Left  hand: Th e left  hand cradles the patient’s occiput.

Right hand: Th e web space and radial aspect of the metacarpal phalange joint are placed 
fi rmly across the superior aspect of the fi rst rib and superior medial angle of the scapula.

 PROCEDURE Th e therapist depresses and holds the right shoulder girdle as the neck is moved into slight 
forward bending, full contralateral (left ) lateral fl exion, and contralateral (left ) rotation. 
For the stretch, once positioned in the end-range position, the patient is asked to elevate 
the right shoulder as the therapist holds the scapula into a depressed position to create an 
isometric contraction of the levator scapula. Aft er a 10-second isometric hold, the patient 
is instructed to relax and the tissue slack is taken up and held 10 seconds with further 
shoulder depression or further cervical left  side bending, forward bending, or left  rotation. 
Th is sequence is repeated for three to four repetitions and can be followed with instruction 
in a home stretching program, with the stretch position sustained for 30 to 60 seconds two 
to three times per day.
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 PURPOSE Th e purpose of this test is to evaluate the passive forward and backward bending of the 
cranium (C0) in relation to C1 and C2.

 PATIENT POSITION Th e patient is supine with the head on a pillow and the top of the head even with the edge 
of the table.

 THERAPIST POSITION Th e therapist stands at the head of the patient.

 HAND PLACEMENT Both hands gently grasp the posterior and lateral aspect of the cranium.

 PROCEDURE Both hands are used to gently isolate craniovertebral backward and forward bending while 
avoiding full cervical spine movement. Overpressure is applied to assess the end feel and 
the level of reactivity.

 NOTES Th e normal amount of craniovertebral forward and backward bending is approximately 10 
to 30 degrees of each (see Table 6-2). Passive movement restrictions are commonly found 
with patients with cervicogenic headache, forward head posture, and mid cervical insta-
bility. Th e chin tends to deviate toward the side of the craniovertebral restriction with 
backward bending and away from the side of the restriction with forward bending.
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Craniovertebral Side-Bending PPIVM Test

 PURPOSE Th e test evaluates the passive side bending of the cranium (C0) in relation to C1 and C2.

 PATIENT POSITION Th e patient is supine with the head on a pillow and the top of the head even with the edge 
of the table.

 THERAPIST POSITION Th e therapist stands at the head of the patient.

 HAND PLACEMENT Both hands gently grasp the head.

 PROCEDURE Both hands are used to gently side bend the patient’s head to the right while avoiding neck 
movement. Th e amount of passive side bending available to the right is noted. Overpres-
sure is applied to assess the end feel and the level of reactivity. Th e procedure is repeated 
with side bending the head to the left . Th e amount of motion is noted and compared with 
the other side. Another variation of this technique is to att empt to palpate movement of 
transverse process of C1 toward the direction of the side-bending motion as passive side 
bending is induced.

 NOTES Th e axis of the movement should be through the patient’s nose. Th e normal amount of cra-
niovertebral side bending is approximately 5 to 15 degrees. Passive movement restrictions 
are commonly found with patients with cervicogenic headache, forward head posture, and 
mid cervical instability.

Th is technique can be modifi ed to assess the integrity of the alar ligament, which connects 
the occiput to C2, by palpating the lateral aspect of the C2 spinous process with the pad of 
the third digit as the therapist induces passive craniovertebral side bending. If the alar liga-
ment is intact, the C2 spinous process moves the instant the cranium is passively side 
bent.

Olson et al40 assessed interrater reliability of craniovertebral side bending in fi ve diff erent 
positions and found poor interrater (Kappa values, −0.03 to 0.18) and intrarater (Kappa 
values, −0.02 to 0.14) reliability in all positions. Th e “Paris physiological position” with 
neck fl exed approximately 20 degrees proved to be the most reliable position to test cra-
niovertebral side bending.40 Piva et al76 reported Kappa values of 0.35 (0.15, 0.49) for 
assessment of mobility asymmetry and 0.35 (0.15, 0.55) for pain provocation intertester 
reliability tested on 30 patients.
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Craniovertebral Rotation Passive Intervertebral Motion Test in Full Cervical 

Forward Bending

Start position for craniovertebral rotation PIVM test in 
full cervical forward bending

End position for craniovertebral rotation PIVM test in full 
cervical forward bending

 PURPOSE Th e purpose is to evaluate the passive craniovertebral rotation primarily of the C1-C2 
segment with the lower cervical spine locked with ligamentous tension.

 PATIENT POSITION Th e patient is supine with the head on a pillow and the top of the head even with the edge 
of the table.

 THERAPIST POSITION Th e therapist stand at the head of the patient.

 HAND PLACEMENT Both hands gently grasp the side of the patient’s head.

 PROCEDURE Th e therapist holds the patient’s head and neck in a fully fl exed position with the posterior 
aspect of the cranium supported with the therapist’s abdomen. While holding the head 
and neck in the fully fl exed position, the therapist gently rotates the head to end range in 
one direction and then repeats in the other direction. Left  versus right is compared.

 NOTES Asymmetry of movement or pain provocation is noted. Limitations in movement with this 
test are believed to be the result of stiff ness of the C1-C2 spinal segment.

Piva et al76 reported Kappa values of 0.21 (0.08, 0.34) for assessment of mobility asymme-
try and 0.36 (0.24, 0.49) for pain provocation intertester reliability tested on 30 patients.



www.manaraa.com

CHAPTER 6 Examination and Treatment of Cervical Spine Disorders 281

Craniovertebral Rotation Passive Intervertebral Motion Test in Full Cervical 

Lateral Flexion

 PURPOSE Th is test evaluates the passive craniovertebral rotation primarily of the C1-C2 segment 
with the lower cervical spine locked with ligamentous and joint capsular tension.

 PATIENT POSITION Th e patient is supine with the head on a pillow and the top of the head even with the edge 
of the table.

 THERAPIST POSITION Th e therapist stands at the head of the patient.

 HAND PLACEMENT Both hands gently grasp the side of the patient’s head.

 PROCEDURE Th e therapist brings the patient’s head and neck to a fully laterally fl exed position and then 
gently rotates the head to the opposite direction of the lateral fl exion to the end range in 
one direction and then repeats in the other direction. Left  versus right is compared.

 NOTES Asymmetry of movement or pain provocation is noted. Limitations in movement with this 
test are believed to be the result of stiff ness of the C1-C2 spinal segment.

Piva et al76 reported Kappa values of 0.30 (0.17, 0.43) for assessment of mobility asymme-
try and 0.61 (0.5, 0.72) for pain provocation intertester reliability tested on 30 patients.
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Cervical Downglide Passive Intervertebral Motion Test

Hand placement for mid cervical downglide PIVM Cervical downglide PIVM (frontal view)

Cervical downglide PIVM (lateral view)

 PURPOSE Th is test is used to evaluate the passive downglide of cervical segments C2-C3 through 
C7-T1.

 PATIENT POSITION Th e patient is supine with the head on a pillow and the top of the head even with the top 
edge of the table.

 THERAPIST POSITION Th e therapist stands at the head of the patient.

 HAND PLACEMENT Left  hand: Th e radial border of the metacarpophalangeal joint of the index fi nger is used 
to contact the articular pillar of the specifi ed segment, and the fourth and fi ft h fi ngers are 
used to support the patient’s head.

Right hand: Th e radial border of the metacarpophalangeal joint of the index fi nger is used 
to contact the articular pillar of the specifi ed segment, and the fourth and fi ft h fi ngers are 
used to support the patient’s head.
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Cervical Downglide Passive Intervertebral Motion Test—cont’d

 PROCEDURE Both hands are used to gently grasp the patient’s head and neck. Th e neck is brought into 
slight fl exion (approximately 20 degrees), and the top of the patient’s head rests on the 
therapist’s abdomen. Th e radial border of the metacarpophalangeal joint of the index fi n-
gers on both hands is used to contact the articular pillars of C2. Th e fourth and fi ft h fi ngers 
of both hands are used to support the base of the patient’s skull. Right side bending is 
induced by applying a force (through the contact point of the right hand) that is directed 
to the left  and slightly caudally as the top of the patient’s head continues to rest on the sta-
tionary therapist’s abdomen. Th e amount of passive downglide available at the segment is 
noted. Also, any swelling or tenderness is noted. Left  side bending is induced by applying 
a force (through the contact point of the left  hand) that is directed to the right and slightly 
caudally as the top of the patient’s head continues to rest on the stationary therapist’s abdo-
men. Th e amount of passive downglide available is noted, as is any swelling or tenderness. 
Th e procedure is repeated with assessment of the mobility of the remaining cervical seg-
ments. Th e amount of passive downglide available at each segment and in each direction is 
noted and compared.

 NOTES Th is technique can be performed by starting at C2 and proceeding caudally. When the 
right C2 articular pillar is contacted, the segment being tested is described as a downglide 
PIVM test of the right C2-C3 facet joint. Counting down from C2 allows for easy location 
of the cervical vertebrae. When the patient’s head is supported, the therapist does not 
apply excessive downward pressure through the abdomen. Th e top of the patient’s head 
should not move, but rather, the side bending is induced from the passive downgliding 
motion imparted from the therapist’s hand. Also, the therapist should be sure that the top 
of the patient’s head is even with the edge of the table and not off  the edge of the table. If 
this procedure induces a pain response at a particular spinal segment, the therapist should 
slightly readjust the hand placement cephalic or caudal or use the soft er volar surface of the 
hand to induce the force. If the technique continues to cause pain, the cause is likely a 
reactive facet joint capsule at the level being tested. Smedmark, Wallin, and Arvidsson77 
reported a Kappa value of 0.43 and a 70% agreement for lateral fl exion PIVM between 
two physical therapists when testing 61 patients with neck pain See Table 6-9 for inter-
examiner reliability for cervical spine PIVM testing.
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TABLE 6-9 Passive Intervertebral Motion Test Interexaminer Reliability for Patients with Neck Pain

TEST AND 
MEASURE

TEST PROCEDURE AND DETERMINATION OF 
POSITIVE FINDINGS POPULATION

INTEREXAMINER RELIABILITY VALUES

LIMITED 
MOVEMENTS

PAIN

RIGHT LEFT RIGHT LEFT

C0-C183 Patient supine. Passive flexion is 
performed.
Motion classified as limited or not limited, 
and patient pain response assessed on 
11-point numeric pain rating (NPR) scale.

32 Patients with neck 
pain.

κ = 0.29* ICC = 0.73

C1-C283 Patient supine. Rotation is performed and 
classified as limited or not limited, and 
patient pain response assessed on 11-point 
NPR scale.

κ = 0.20 κ = 0.37 ICC = 0.56 ICC = 0.35

C2-C3 Patient supine. Fixation of lower segment 
with side bending to right and left.
Motion classified as limited or not limited, 
and patient pain response assessed on 
11-point NPR scale.

κ = 0.34 κ = 0.63 ICC = 0.50 ICC = 0.78

C3-C4 κ = 0.20 κ = 0.26 ICC = 0.62 ICC = 0.75

C4-C5 κ = 0.16 κ = 0.09 ICC = 0.62 ICC = 0.55

C5-C6 κ = 0.17 κ = 0.09 ICC = 0.66 ICC = 0.65

C6-C7 κ = 0.34 κ = 0.03 ICC = 0.59 ICC = 0.22

C7-T1 κ = 0.08 κ = 0.14 ICC = 0.45 ICC = 0.34

T1-T283 κ = 0.33 κ = 0.46 ICC = 0.80 ICC = 0.54

From Cleland J: Orthopedic clinical examination: an evidence-based approach for physical therapists, Carlstadt, NJ, 2005, Icon Learning Systems.
*Kappa and ICC values were calculated only for flexion of C0-C1. Data from Pool J, Hoving J, de Vet H, et al: J Manipulative Physiol Ther 27:84-90, 2003.
ICC, Interclass correlation coefficient.

Cervical Downglide Passive Intervertebral Motion Test—cont’d
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Cervical Upglide Passive Intervertebral Motion Test

Finger placement for cervical upglide PIVM test

 PURPOSE Th e purpose is to evaluate the passive upglide of cervical segments C2-C3 through 
T1-T2.

 PATIENT POSITION Th e patient is supine with the head on a small-sized to medium-sized soft  pillow.

 THERAPIST POSITION Th e therapist stands at the head of the patient.

 HAND PLACEMENT Right hand: In testing of left  rotation, the index fi nger is hooked around the posterior and 
lateral aspect of the articular pillar of the superior member of the segment; in testing of 
right rotation, the right hand is used to support the patient’s head.

Left  hand: In testing of left  rotation, the left  hand is used to support the head; in testing 
right rotation, the index fi nger is hooked around the posterior and lateral aspect of the 
articular pillar of the segment.

 PROCEDURE Th e index fi nger of the right hand is used to palpate the right articular pillar of C2. Th e 
volar pad of the index fi nger is hooked posteriorly around the articular pillar and into the 
lamina. Left  rotation is induced by pulling the articular pillar anteriorly cranially 45 
degrees and across to the left  side. Th e left  hand is used to gently support the head to induce 
slight right side bending and backward bending and to return the head to midline aft er the 
rotation. Th e amount of passive rotation available at the segment is noted. Th e procedure 
is repeated with assessment of the left  rotation at the remaining cervical segments. Th e 
amount of passive rotation available at each segment is noted and compared. Th e proce-
dure is repeated with the index fi nger of the left  hand passively rotating each segment to 
the right. Th e amount of passive rotation available at each segment and in each direction is 
noted and compared.

 NOTES Th is technique can be performed by starting at C2 and proceeding caudally, which allows 
for easy location of the cervical vertebrae (by counting down from C2). Th e therapist 
should ensure that the top of the patient’s head is even with the edge of the table and not off  
the edge of the table.
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Cervical Lateral Glide Passive Intervertebral Motion Test

 PURPOSE Th is test evaluates the passive lateral glide (joint play) of cervical segments C2-C3 through 
C7-T1.

 PATIENT POSITION Th e patient is supine with the head on a pillow and the top of the head even with the top 
edge of the table.

 THERAPIST POSITION Th e therapist stands at the head of the patient.

 HAND PLACEMENT Left  hand: Th e radial border of the metacarpophalangeal joint of the index fi nger is used 
to contact the articular pillar of the specifi ed segment, and the fourth and fi ft h fi ngers are 
used to support the patient’s head.

Right hand: Th e radial border of the metacarpophalangeal joint of the index fi nger is used 
to contact the articular pillar of the specifi ed segment, and the fourth and fi ft h fi ngers are 
used to support the patient’s head.

 PROCEDURE Both hands are used to gently grasp the patient’s head and neck. Th e neck is brought into 
slight fl exion (approximately 20 degrees), but the top of the patient’s head does not rest on 
the therapist’s abdomen. Th e radial border of the metacarpophalangeal joint of the index 
fi ngers on both hands is used to contact the articular pillars of C2. Th e fourth and fi ft h fi n-
gers on both hands are used to support the base of the patient’s skull. Right lateral glide is 
induced by applying a force (through the contact point of the left  hand and with passive 
head movement) that is directed to the right. Th e amount of passive lateral glide available 
at the segment is noted. Also, tenderness or pain provocation is noted. Left  lateral glide is 
induced by applying a force (through the contact point of the right hand) that is directed 
to the left . Th e cranial cervical spine segments and the head are allowed to move in the 
same lateral direction. Th e amount of passive lateral glide available is noted, as is any ten-
derness or pain provocation, and compared with the right side. Th e procedure is repeated 
with assessment of the mobility of the remaining cervical segments. Th e amount of passive 
lateral glide available at each segment and in each direction is noted and compared.

 NOTES Th is technique can be performed by starting at C2 and proceeding caudally, which allows 
for easy location of the cervical vertebrae (by counting down from C2). If this procedure 
induces a pain response at a particular spinal segment, the therapist should readjust the 
hand placement slightly cephalic or caudal or use the soft er volar surface of the hand to 
induce the force. If the technique continues to cause pain, the cause is likely an irritable 
capsule tissue at the spinal segment being tested. Th e lateral glide is a general assessment 
of segmental joint play that tests the mobility of the uncovertebral joints, the facet joints, 
and neural tissues of the segment. If a restriction is found with the lateral glide PIVM test, 
graded end-range oscillations (grade III or IV manipulations) can be used with this same 
maneuver to free segmental restrictions.
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Cervical Lateral Glide Passive Intervertebral Motion Test—cont’d

Fernandez-de-las-Penas, Downey, and Miangolarra-Page78 compared cervical lateral glide 
test results with a radiographic assessment of segmental lateral fl exion and found a strong 
correlation between the lateral glide PIVM test with the radiographic assessment in the 25 
patients with neck pain assessed in the study.

Lateral Glide Combined with Upper Limb Neurodynamic 1 Mobilization

A lateral glide mobilization of the C5-C6 away from the symptomatic upper extremity can 
be used combined with ULNT 1 AROM to treat cervical radiculopathy. Typically, a sus-
tained lateral glide stretch is used at the mid cervical spine as the patient moves the elbow 
in and out of end range elbow extension for 10 to 15 repetitions.

  Th oracic Passive Intervertebral Motion Testing and Manipulation
  For completion of the cervical spine examination, palpation and PIVM testing must also 

be completed of the thoracic spine and rib cage. In addition, most patients with cervical 
spine disorders benefi t from manual therapy techniques directed toward correction of 
thoracic spine dysfunctions. Chapter 5 provides a detailed description of examination and 
treatment procedures for the thoracic spine.
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Cervical Spine Downglide Manipulation
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Cervical spine downglide manipulation (cradle hold) Cervical spine downglide manipulation (chin hold)

Cervical spine downglide manipulation (lateral view)

 PURPOSE Th is technique is used to manipulate a specifi c cervical segment (C2-C3 though C7-T1) 
into side bending.

 PATIENT POSITION Th e patient is supine with the head on a pillow and the top of the head even with the top 
edge of the table.

 THERAPIST POSITION Th e therapist stands at the head of the patient.

 HAND PLACEMENT Nonmanipulating hand: Th is hand supports the patient’s head and neck, with fi ngers 
draped across the occiput for the cradle hold or the hand wrapped across the chin and 
forearm across the posterior lateral aspect of the cranium for the chin hold.

Cervical spine downglide manipulation with 
demonstration of therapist diagonal stance and 
forearm positioning
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Cervical Spine Downglide Manipulation—cont’d

Manipulating hand: Th e radial border of the metacarpophalangeal joint of the index fi n-
ger is used to contact the articular pillar of the specifi ed segment.

 PROCEDURE Th e radial border of the metacarpophalangeal joint of the index fi nger on the right hand is 
used to contact the right articular pillar of the specifi ed cervical segment. Th e left  hand 
supports the patient’s head. Side bending of the patient’s head slightly to the right is 
induced by taking up the joint motion in a downglide direction. Th e therapist then shift s 
the stance to the right and places the elbow at the hip with the forearm aligned with the 
direction of the force. Th e patient’s neck is moved into rotation to the left  down to the 
targeted spinal level. Further slack can be taken up by side gliding the neck away from 
the direction of side bending (to the left ) and adding cervical distraction. Th e therapist 
manipulates into right side bending by applying a force through the contact point of the 
right hand that is directed to the left  and slightly caudally toward the patient’s axilla. On 
completion of the manipulation, right side bending is retested.

Th e therapist manipulates into left  side bending by side bending the head slightly to the left  
and applying a force through the contact point of the left  hand that is directed to the right 
and slightly caudally. On completion of the manipulation, left  side bending is retested.

 NOTES Indication for use of this technique is decreased side bending (downglide) of a specifi c 
cervical segment (C2-C3 through C7-T1). Also, the top of the patient’s head should be 
even with the edge of the table and not off  the edge of the table. If the point of contact is 
uncomfortable for the patient, the therapist can att empt to adjust the position of the point 
of contact slightly superiorly or inferiorly or can att empt to use the volar aspect of the 
index fi nger metacarpal phalangeal joint to provide a soft er point of contact. Once a fi rm 
barrier is att ained, graded oscillations or a thrust may be used to manipulate the targeted 
spinal segment.
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Cervical Spine Upglide Manipulation

Mid cervical spine rotation/upglide manipulation (cradle 
hold)

Mid cervical spine rotation/upglide manipulation (chin 
hold)

Mid cervical spine rotation/upglide manipulation with 
use of secondary levers

Mid cervical spine rotation/upglide manipulation 
with demonstration of therapist body and forearm 
position

 PURPOSE Th e technique is used to manipulate a specifi c cervical segment (C2-C3 though C7-T1) 
into rotation.

 PATIENT POSITION Th e patient is supine with the head on a pillow.

 THERAPIST POSITION Th e therapist stands at the head of the patient in a diagonal athletic stance.

 HAND PLACEMENT Left  hand: With manipulation into left  rotation, the left  hand supports the patient’s head 
with fi ngers draped across the occiput for the cradle hold or the hand wrapped across the 
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Cervical Spine Upglide Manipulation—cont’d

chin and forearm across the posterior lateral aspect of the cranium for the chin hold; with 
manipulation into right rotation, the volar pad of the index fi nger is hooked around the 
posterior and lateral aspect of the articular pillar of the segment.

Right hand: With manipulation into right rotation, the right hand supports the patient’s 
head with fi ngers draped across the occiput for the cradle hold or the hand wrapped across 
the chin and forearm across the posterior lateral aspect of the cranium for the chin hold; 
with manipulation into left  rotation, the volar pad of the index fi nger is hooked around the 
posterior and lateral aspect of the articular pillar of the segment.

 PROCEDURE Th e index fi nger of the right hand palpates the right articular pillar of the specifi ed seg-
ment. Th e index fi nger hooks posteriorly around the articular pillar and into the lamina. 
Th e therapist manipulates into left  rotation by lift ing the articular pillar anteriorly crani-
ally 45 degrees and across to the left  side. Th e left  hand supports the head and provides a 
counterforce to establish secondary levers of side bending to the right, side glide to the left , 
extension above the targeted level, and distraction. Once a fi rm barrier is established, the 
therapist oscillates or thrusts the targeted facet joint in the left  rotation/upglide direction 
(i.e., primary lever). On completion of the manipulation, left  rotation is retested.

Th e therapist manipulates into right rotation by repeating the procedure with the left  hand 
to contact the left  side of the specifi ed segment. On completion of the manipulation, right 
rotation is retested.

Th e chin hold of the head creates a broader point of contact for the patient’s head and may 
assist in control of the multiple planes of motion used to create the fi rm joint barrier, which 
may assist with patient relaxation during the manipulation.

 NOTES Indication for use of this technique is decreased rotation (upglide) of a specifi c cervical 
segment (C2-C3 through C7-T1). Th e patient’s head should be kept on the pillow during 
this technique. Also, the top of the patient’s head should be even with the edge of the table 
and not off  the edge of the table. Th e technique can be performed with very small oscilla-
tions at the end range (grade IV) or larger oscillations at end (III) or mid (II) range or with 
an end-range, small-amplitude, high-velocity thrust. Measurement with an inclinometer 
of supine cervical active rotation can be used as an eff ective premanipulation and postma-
nipulation range-of-motion test. Use of multiple planes of motion (levers) allows the 
therapist to create an eff ective fi rm manipulative joint barrier without extreme degrees 
of cervical rotation to take up the tissue slack. Th is technique builds safety into the tech-
nique by avoiding potential strain on the vertebral artery and other cervical soft  tissue 
structures.
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Prone Cervical Unilateral (Upglide) Posterior-to-Anterior Passive Accessory 

Intervertebral Motion Test and Mobilization

 PURPOSE Th e test assesses the passive accessory motion in a posterior to anterior direction for 
segments C2-C3 through C7-T1 and manipulates a specifi c cervical or upper thoracic 
segment (C2-C3 through T3-T4) in a posterior to anterior direction.

 PATIENT POSITION Th e patient is prone with a pillow under the chest and the forehead resting on a towel and 
the cervical spine in a neutral position.

 THERAPIST POSITION Th e therapist stands in a diagonal athletic stance at the head of the patient.

 HAND PLACEMENT Th e therapist places both thumbs together with fi ngers in a mid/relaxed position across 
the posterior lateral aspect of the patient’s neck. Th e tips of both thumbs are placed on the 
posterior aspect of the targeted articular pillar.

 PROCEDURE Th e therapist gently applies pressure in an anterior-posterior direction in the plane of the 
facet joint to assess mobility, resistance, end feel, and pain provocation. Gentle oscillations 
can be used to either inhibit pain (grade I and II) or restore motion (grades III and IV). 
Slight variations in depth and direction of force can be used to optimize the therapeutic 
eff ects of this technique.

 NOTES Th e forces used in this procedure are very gentle, and the patient should be monitored 
verbally throughout the procedure to ensure comfort.
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Prone Cervical Unilateral (Upglide) Posterior-to-Anterior PAIVM Test 

and Mobilization: Alternative “Dummy Thumb” Method

Th is procedure can be modifi ed by having the therapist stand at the side of the patient with 
a diagonal stance with the more lateral leg forward and a dummy thumb hand placement. 
Th e more lateral hand is used as the dummy thumb that is placed at the posterior aspect of 
the articular pillar and the distal pad of the more medial thumb is placed across the top of 
the dummy thumb (on the thumb nail) to provide the manipulative force.

 NOTES Th is alternative method works well for lower cervical and upper thoracic spinal segments 
to maintain the force along the plane of the facet joint surfaces, which is 45 degrees in the 
mid cervical spine and 30 degrees in the upper thoracic spine.

Prone upper thoracic unilateral (upglide) posterior-to-
anterior PAIVM and mobilization with dummy thumb 
method
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Suboccipital Release/Inhibitive Distraction

Suboccipital release/inhibitive distraction with shoulder 
counterpressure

 PURPOSE Th e purpose is to relax the suboccipital muscles and distract the cranium from C1 to 
restore craniovertebral mobility.

 PATIENT POSITION Th e patient is supine with the head on a pillow.

 THERAPIST POSITION Th e therapist sits at the head of the treatment table.

 HAND PLACEMENT Left  hand: Th is hand contacts the base of the occiput (just caudal to the nuchal line) with 
the tips of digits 2 to 5.

Right hand: Th is hand contacts the base of the occiput (just caudal to the nuchal line) 
with the tips of digits 2 to 5.

 PROCEDURE Th e tips of digits 2 to 5 of both hands gently lift  the patient’s head anteriorly. Th e dorsum 
of the hands rest on the pillow. With the tips of the fi ngers only, the therapist gently pulls 
the head cranially as the patient’s suboccipital muscles relax. Th e therapist continues with 
this position and takes up tissue slack with distraction as it becomes available. Distraction 
may continue for up to 5 minutes. Once relaxation of the suboccipital muscles is achieved, 
the therapist can position the anterior aspect of the shoulder across the patient’s forehead 
to create a fi rm vice on the head and apply greater suboccipital distraction.

 NOTES Indications for use of this technique is decreased craniovertebral motion or muscle hold-
ing of the suboccipital muscles. During the performance of this technique, the forces 
should be applied to the base of the skull and not to C1. Patient relaxation is the key to the 
eff ectiveness of this technique.
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Craniovertebral Distraction with C2 Stabilization

Craniovertebral distraction with C2 stabilization with 
demonstration of therapist stance and body position

 PURPOSE Th e purpose is to distract the cranium and C1 from C2 to restore craniovertebral 
mobility.

 PATIENT POSITION Th e patient is supine with the head on a pillow.

 THERAPIST POSITION Th e therapist stands at the head of the patient.

 HAND PLACEMENT Left  hand: Th e therapist uses the thumb and index fi nger to stabilize C2 (through the 
articular pillar and lamina).

Right hand: Th e therapist uses the thumb and index fi nger to grasp the patient’s occiput 
and the anterior shoulder to create a vice on the patient’s forehead.

 PROCEDURE Th e thumb and index fi nger of the left  hand are used to stabilize C2. Th e thumb and index 
fi nger of the right hand are used to grasp the patient’s occiput. Th e right anterior shoulder 
is used to create a vice on the patient’s forehead. Th e right hand distracts the cranium. Th is 
technique can be performed with a sustained stretch or slow grade III oscillations.
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Occipitoatlantal Distraction Manipulation

Occipitoatlantal distraction manipulation with 
demonstration of therapist body positioning

 PURPOSE Th e technique is used to distract/stretch the occipitoatlantal (OA) joint.

 PATIENT POSITION Th e patient is supine with the head on a pillow and positioned with the head slightly side 
bent toward and rotated away from the side to be manipulated.

 THERAPIST POSITION Th e therapist stands at the side of the patient’s head with the legs in a lunge position.

 HAND PLACEMENT Left  hand: Th e hand contacts the occiput with the volar surface of the MC-P joint and 
forearm in a sagitt al plane.

Right hand: Th e hand and forearm support the patient’s head and chin.

 PROCEDURE Th e therapist take up the slack with a distractive force with the left  hand. Next, to create a 
more eff ective barrier, the therapist side glides the patient’s head and neck toward the side 
of rotation to further lock the mid cervical spine. As the position of the head is held fi rm, 
the weight is shift ed quickly onto the cranial foot with a lunging motion to create a thrust. 
Most of the force is applied with the left  hand into the patient’s occiput.
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Cervical Spine Rotation Isometric Manipulation in Supine

 PURPOSE Th is technique is used to restore (mobilize) the downglide component of cervical 
rotation.

 PATIENT POSITION Th e patient is supine with the head on a medium-sized pillow.

 THERAPIST POSITION Th e therapist stands or sits at the head of the treatment table.

 HAND PLACEMENT Right hand: Th is hand guides the head movements and applies resistance at the patient’s 
temple on the side of the rotation motion that is limited.

Left  hand: Th e thumb and index or third fi nger stabilize the posterolateral aspect (articu-
lar pillars) of the caudal member of the segment.

 PROCEDURE Th e thumb and index fi nger of the left  hand palpate and stabilize the posterolateral aspect 
(articular pillars) of C3. Th e right hand guides the patient’s head into right rotation with 
slight ipsilateral side bending to the point of resistance or pain. Th is procedure is repeated 
throughout the cervical segments, stabilizing the caudal member of the segment, until the 
position of the limited or painful motion is located. Once the painful or restricted segment 
is located, the thumb and index fi nger of the left  hand are used to stabilize the caudal mem-
ber of the segment. Th e patient’s head is guided into the right rotated position to the point 
of pain or resistance and backed off  slightly. A light resistance with the pad of the index 
fi nger of the right hand is applied at the patient’s temple toward left  rotation, and the 
patient is asked to hold against that resistance for 10 seconds. Th e head is guided slightly 
farther into the right rotation, and the isometric resistance is repeated. Th is motion is 
repeated for a total of four to fi ve repetitions. On completion of the technique, the painful 
segment is reexamined.

 NOTES Indication for use of this technique is a positive Spurling’s B test result for neck pain or mid 
cervical pain reported on the same side of neck rotation tested in supine or standing. Fol-
low-up of this technique with manual cervical distraction or manual resistive cervical 
rotation in the supine position is oft en useful.
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Cervical Spine Isometric Manipulation in Sitting

Inferior hand placement for cervical spine 
isometric manipulation in sitting

Bilateral hand placement for cervical spine 
isometric manipulation in sitting

Cervical spine downglide PIVM in sitting

 PURPOSE Th e purpose is to restore the downglide component of pain-free cervical side bending and 
rotation.

 PATIENT POSITION Th e patient is in a sitt ing position.

 THERAPIST POSITION Th e therapist stands to the side of the patient on the opposite side of the joint to be 
manipulated.

 HAND PLACEMENT Right hand: Th is hand guides the head movements and applies resistance (with the fi ft h 
fi nger contacting the cranial member of the segment’s articular pillar).
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Cervical Spine Isometric Manipulation in Sitting—cont’d

Left  hand: Th e thumb and index fi nger are used to stabilize the posterolateral aspect 
(articular pillars) of the caudal member of the segment.

 PROCEDURE Th e therapist stands on the patient’s right side and uses the thumb and index fi nger of the 
left  hand to palpate and stabilize the posterolateral aspect (articular pillars) of C3. Th e 
right hand guides the patient’s head into the left  posterior quadrant (side bending com-
bined with ipsilateral rotation and backward bending). Th is procedure is repeated through-
out the cervical segments, stabilizing the caudal member of the segment, until the position 
of the painful entrapment (motion limited by pain/guarding) is located. Once the painful 
or restricted segment is located, the thumb and index fi nger of the left  hand stabilize the 
caudal member of the segment. Th e patient’s head is guided into the left  posterior quadrant 
to the point of pain and backed off  slightly. Th e cranial member of the segment is contacted 
with the volar aspect of the right fi ft h fi nger (the remaining fi ngers and palm contact the 
posterolateral aspect of the patient’s head). With the contact points of the right hand, the 
therapist gently pulls the patient’s head out of the left  posterior quadrant (into forward 
bending, side bending, and rotation) while the patient isometrically resists. Th e position is 
held for 10 seconds. Th e head is guided slightly farther into the left  posterior quadrant, and 
the isometric resistance is repeated. Th e motion is repeated for a total of four to fi ve repeti-
tions. On completion of the technique, the painful segment is reexamined.

If the painful entrapment is located on the patient’s right side, the procedure is repeated 
with the therapist standing on the patient’s left  side and reversing the roles of the hands.

 NOTES Indication for use of this technique is a Spurling’s B test result that is positive for neck pain. 
One should note the placement of the caudal hand of this technique: the thumb and index 
fi ngers of the caudal hand should be stabilizing the posterolateral aspect of the caudal ver-
tebral member of the segment.

Cervical manual distraction in sitting

Follow-up of the cervical spine isometric manipulation sitt ing  technique with manual cer-
vical distraction or manual resistive cervical rotation either in the supine or sitt ing posi-
tion is oft en useful. Th e sitt ing cervical distraction technique should be combined with 
deep breathing. Th e head should be held fi rmly, with the hands positioned at the patient’s 
mastoid processes, as the patient lets the air out.
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Craniovertebral Rotation Isometric Manipulation in Supine

 PURPOSE Th e purpose is to restore craniovertebral rotation.

 PATIENT POSITION Th e patient is supine with the head on a medium-sized pillow.

 THERAPIST POSITION Th e therapist stands or sits at the head of the treatment table.

 HAND PLACEMENT Left  hand: Th e thumb and index or third fi nger stabilize the posterolateral aspect (articu-
lar pillars) of the axis (C2 vertebra).

Right hand: Th is hand is spread across the patient’s forehead to guide cervical rotation.

 PROCEDURE Th e thumb and index fi nger of the left  hand palpate and stabilize the posterolateral aspect 
(articular pillars) of C2. Th e right hand guides the patient’s head into right rotation with 
slight ipsilateral side bending to the point of resistance or pain, and the patient is asked to 
hold that position. A light resistance with the pad of the index fi nger of the right hand is 
applied at the patient’s temple toward left  rotation, and the patient is asked to hold against 
that resistance for 10 seconds. Th e head is guided farther into the right rotation, and the 
isometric resistance is repeated. Th e motion is repeated for a total of four to fi ve repeti-
tions. On completion of the technique, craniovertebral rotation is reexamined.

 NOTES Follow-up of this technique with manual craniovertebral distraction or manual resistive 
cervical rotation in the supine position is oft en useful.
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Craniovertebral Side-Bending (Lateral Flexion) Isometric Manipulation 

in Supine

 PURPOSE Th e purpose is restoration of craniovertebral side bending.

 PATIENT POSITION Th e patient is supine with the head on a medium-sized pillow.

 THERAPIST POSITION Th e therapist stands or sits at the head of the treatment table.

 HAND PLACEMENT Left  hand: Th e thumb and index or third fi nger stabilize the posterolateral aspect 
(articular pillars) of the axis (C2 vertebra).

Right hand: Th e hand is spread across the top of the patient’s head to guide cranioverte-
bral side bending.

 PROCEDURE Th e thumb and index fi nger of the left  hand palpate and stabilize the posterolateral aspect 
(articular pillars) of C2. Th e right hand guides the patient’s head into right craniovertebral 
side bending (lateral fl exion) to the point of resistance or pain, and the patient is asked to 
hold that position. A light resistance with the pad of the index fi nger of the right hand is 
applied just above the patient’s right ear, and the patient is asked to hold against the resis-
tance for 10 seconds. Th e head is guided farther into the right lateral fl exion, and the iso-
metric resistance is repeated. Th e motion is repeated for a total of four to fi ve repetitions. 
On completion of the technique, craniovertebral side bending (lateral fl exion) is re -
examined.

 NOTES Follow-up of this technique with manual craniovertebral distraction and the active 
craniocervical fl exion exercise is oft en useful.
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First Rib Depression Manipulation

First rib depression manipulation with demonstration of 
therapist body and forearm position

 PURPOSE Th e purpose is to manipulate (depress) a hypermobile fi rst rib to restore fi rst rib mobility.

 PATIENT POSITION Th e patient is supine with the head on a pillow.

 THERAPIST POSITION Th e therapist stands with a diagonal stance at the head of the patient toward the side to be 
manipulated.

 HAND PLACEMENT Left  hand: Th e radial or volar aspect of the index fi nger metacarpophalangeal joint manip-
ulates the left  fi rst rib.

Right hand: Th e radial or volar aspect of the index fi nger metacarpophalangeal joint 
manipulates the right fi rst rib.

 PROCEDURE Th e radial or volar aspect of the index fi nger metacarpophalangeal joint of the right hand 
palpates the right fi rst rib. Th e fi rst rib is located in the space lateral to the C7 transverse 
process, posterior to the clavicle and anterior to the scapula. Th e therapist side bends and 
rotates the head and neck slightly towards the right and takes up the slack and oscillates 
the fi rst rib. Th e manipulation is coordinated with the patient’s breathing, with progres-
sive oscillation into slightly more depression with each oscillation. Th e procedure is 
repeated through three breathing cycles. On completion of the manipulation, the mobility 
of the right fi rst rib is retested.

Th e therapist manipulates the left  fi rst rib by repeating the procedure with the radial or 
volar aspect of the index fi nger metacarpophalangeal joint of the left  hand to contact the 
left  fi rst rib. On completion of the manipulation, the mobility of the fi rst rib is retested.

 NOTES Indication for use of this technique is elevation and decreased mobility of the fi rst rib. 
During the performance of this technique, the manipulating hand is reinforced with brac-
ing the elbow with the ipsilateral hip. Th e direction of the manipulating force should be 
toward the patient’s umbilicus. An elevated and hypomobile fi rst rib is commonly associ-
ated with signs and symptoms characteristic of thoracic outlet syndrome.
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First Rib Posterior Glide Manipulation in Supine

 PURPOSE Th e purpose is manipulation of a stiff  fi rst rib and restoration of fi rst rib and T1-T2 rotation 
mobility.

 PATIENT POSITION Th e patient is supine with the head on a pillow.

 THERAPIST POSITION Th e therapist stands on the opposite side to be manipulated.

 HAND PLACEMENT Left  hand: Th e ulnar aspect of the left  hand on the anterior aspect of the right fi rst rib just 
superior and posterior to the clavicle manipulates the right fi rst rib.

Right hand: Th e pad of the long fi nger is placed at the left  lateral aspect of the T2 spinous 
process to block T2 rotation.

 PROCEDURE Th e ulnar aspect of the fi ft h metacarpal of the left  hand provides an anterior-to-posterior 
force into the fi rst rib as the right hand blocks T2. Th e therapist takes up the slack and 
oscillates the fi rst rib. Th e manipulation is coordinated with the patient’s breathing, with 
progressive oscillation into slightly more posterior glide with each oscillation. Th e proce-
dure is repeated through approximately three breathing cycles. On completion of the 
manipulation, the mobility of the right fi rst rib is retested.

 NOTES Indication for use of this technique is decreased mobility of the fi rst rib and limited rota-
tion of the T1-T2 spinal segment. Ipsilateral pain and limited motion at the cervicotho-
racic junction during cervical rotation AROM testing is an indication of this technique. 
Supine cervical rotation AROM can be used as a pretest and postt est for this 
manipulation.
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Case Studies and Group Problem Solving

Th e following patient case reports can be used by the student to develop problem-solving skills 
by considering the information provided in the patient history and tests and measures and 
developing appropriate evaluations, goals, and plans of care.

Ms. Head Ache

History
A 32-year-old female secretary has a diagnosis of cervicogenic 
headache with pain focused in the right ocular area and the 
right upper cervical spine.

Tests and Measures
■ Structural examination: Moderate forward head posture 

(FHP) with protracted scapulas
■ Cervical AROM: 75% Left  side bending and left  rotation, 

50% right side bending and right rotation with provocation 
of pain, 60% forward bending with deviation to the right

■ Cervical passive range of motion (PROM): Overpressure to 
right rotation increases pain and has a capsular end feel

■ Shoulder AROM and strength: Normal
■ Muscle length: Moderately tight right levator scapula and 

minimally tight bilateral pectoralis major and minor 
muscles

■ Strength: 3+/5 Bilateral lower trapezius, middle trapezius, 
and serratus anterior

■ Spurling’s B test: Positive to the right for provocation of 
neck pain

■ Distraction test: Decreased pain in the head and neck
■ Neurological screen: Negative
■ Palpation: Tender and guarded in area of right C2-C3 facet 

joint and right suboccipital muscles
■ Passive intervertebral motion tests: Hypomobility right 

C23 upglide and downglide and craniovertebral right 
sidebending

Evaluation
Diagnosis
Problem list
Goals

Treatment Plan/Intervention

Ms. Whip Lash

History
A 16-year-old female high school student has a diagnosis of 
neck pain with pain focused in the left  mid cervical region aft er 
a motor vehicle accident caused a whiplash injury 4 weeks 
before the initial visit. Th e patient has been using a Philadel-
phia collar since the injury.

Tests and Measures
■ Structural examination: Moderate FHP with protracted 

scapulas
■ Cervical AROM in standing: 50% in all planes of motion 

with provocation of pain at the end of range of motions with 
poor control noted

■ Cervical AROM in supine: 80% in all planes with less pain 
reported

■ Cervical PROM: Overpressure to left  and right rotation 
increased pain with a muscle holding end feel

■ Shoulder AROM and strength: Normal
■ Muscle length: Moderately tight right levator scapula and 

minimally tight bilateral pectoralis major and minor
■ Strength: 3+/5 Bilateral lower trapezius, middle trapezius, 

and serratus anterior; 2/5 longus capitis, longus colli, and 
cervical multifi dus; poor control with craniocervical test 
and unable to hold contraction for 10 seconds beyond 
22 mm Hg

■ Spurling’s B test: Positive bilaterally for provocation of neck 
pain

■ Distraction test: Decreased pain in the head and neck
■ Neurological screen: Negative
■ Palpation: Tender and guarded and infl ammation through-

out the mid cervical facet joints and surrounding muscle/
soft  tissues

■ Ligament stability tests: Alar and Sharp-Purser tests are 
both negative

■ Passive intervertebral motion tests: Hypomobility T2-T3 
and T3-T4 left  and right rotation

Evaluation
Diagnosis
Problem list
Goals

Treatment Plan/Intervention
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Mr. Neck A. Armpain

History
A 55-year-old male police offi  cer has a diagnosis of neck and 
arm pain with the pain focused in the right lateral upper arm, 
right shoulder, right scapula, and right cervical/thoracic 
junction.

Tests and Measures
■ Structural examination: Moderate FHP with protracted 

scapulas; holds the right arm close to the body and supports 
it with the opposite arm

■ Cervical AROM in standing: 50% in all planes of motion 
with provocation of pain at the end of range of motions with 
poor control noted; upper thoracic mobility is 25% of 
expected range of motion

■ Cervical AROM in supine: 45 degrees right rotation, 55 
degrees left  rotation

■ Cervical PROM: Overpressure to left  and right rotation 
increased pain with a capsular end feel

■ Right shoulder screen:
 ●  AROM: 120 fl exion and 110 abduction with pain arm 

pain at end range
 ●  PROM: 120 fl exion and 110 abduction with pain arm 

pain at end range

 ●  Tissue tension signs: Strength was normal and pain free 
with resistance

 ● Accessory motion tests: Normal for right shoulder
 ●  Nerve tension tests: Positive ULNT 1 at −60 elbow 

extension
■ Muscle length: Moderately tight right levator scapula and 

minimally tight bilateral pectoralis major and minor
■ Strength: 3+/5 Bilateral lower trapezius, middle trapezius, 

and serratus anterior; 3/5 longus capitis, longus colli, and 
cervical multifi dus

■ Spurling’s A: Positive right for provocation right arm pain
■ Distraction test: Decreased arm pain
■ Neurological screen: Diminished biceps refl ex, but normal 

sensation
■ Palpation: Tender and guarded and infl ammation at the 

right C5-C6 and C6-C7 facet joints and surrounding 
muscle/soft  tissues

■ Passive intervertebral motion tests: Hypomobility T3-T4 
and T4-T5 left  and right rotation

Evaluation
Diagnosis
Problem list
Goals

Treatment Plan/Intervention
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CHAPTER 7

Temporomandibular Disorders

CHAPTER OVERVIEW

This chapter includes descriptions of the kinematics and functional anatomy of the temporomandibular 
joint (TMJ) and related structures and the examination, diagnostic classification, and treatment of 
temporomandibular disorders (TMD).

OBJECTIVES

■ Describe the functional anatomy and kinematics of the TMJ

■ Identify the classification of TMD and describe the components of each disorder

■ Perform a comprehensive examination of the TMJ and related structures

■ Perform treatment procedures for TMD, including soft tissue mobilization, joint mobilization/
manipulation, and exercise instruction

■ Describe the functional interrelationships between the TMJ and the cervical spine and identify why 
examination and treatment of the cervical spine are important to include with the management of 
TMDs

SIGNIFICANCE OF THE PROBLEM
More than 17 million people in the United States are estimated 
to have temporomandibular disorders (TMDs).1 Th e lifetime 
incidence rate of TMD is reported to be 34%, with a 2% annual 
incidence rate.2 Dworkin and LeResche2 estimate that 178 lost 
activity days per 1000 persons per year can be att ributed to 
TMD. Although temporomandibular joint (TMJ) problems 
can occur in individuals of any age, they are most common in 
individuals 13 to 35 years of age and are four times more preva-
lent in women than in men.3 Temporomandibular disorder is a 
musculoskeletal condition that results in craniofacial pain, 
functional limitations, and disability.4 Symptoms associated 
with TMD can include TMJ pain, decreased jaw motion, joint 
clicking, headaches, neck pain, facial pain, and pain with chew-
ing.5 Temporomandibular disorders may be the result of osteo-
arthritic degeneration, articular disc subluxation, or muscle 
guarding of the muscles of mastication.5

Treatment options for TMD include surgery, injections, 
medications, intraoral appliances, biofeedback, and physical 
therapy. Outcomes reported with the use of surgery and intra-
oral appliances in treatment of TMD have been disappointing. 
A retrospective cohort study revealed that at a 6-month follow-
up examination only 50% of patients who underwent TMJ 
arthroplasty viewed the outcome as favorable.6 Intraoral appli-

ances, which are used in theory to create a natural resting posi-
tion of the mandible to inhibit excessive tension in the muscles 
of mastication and relieve pain, have been shown to be less 
eff ective than a manual physical therapy approach in the man-
agement of TMJ articular disc anterior displacement without 
reduction syndrome.7 Th e group that used manual therapy 
combined with active exercise showed signifi cant reductions in 
pain and increases in range of motion (ROM), and the group 
with the soft  repositioning splint did not show signifi cant 
changes in either dependent measure.7

Th is chapter focuses on the physical therapy diagnosis and 
management of TMJ conditions. High-quality randomized 
controlled studies are not available to guide treatment decision 
making for TMD. However, published case series studies sup-
port the use of an impairment-based manual physical therapy 
approach for treatment of TMD and form the basis for the 
approach presented in this chapter.8-10

TEMPOROMANDIBULAR KINEMATICS: 
FUNCTIONAL ANATOMY AND MECHANICS

Th e temporomandibular joint is a synovial articulation between 
the mandible and the temporal bone of the cranium with an 
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articular disc interposed between the two bony structures. Th e 
articular disc divides the joint into an upper and lower com-
partment. Th e TMJ is classifi ed as a hinge joint with a moveable 
socket because of the hinge-like motion of the lower compart-
ment and the gliding movement of the upper compartment.11 
Th e articular disc is biconcave, with the thin intermediate por-
tion composed of an avascular and aneural fi brous structure 
that is well suited for the stresses of the joint surfaces.12 Th e 
anterior and posterior portions of the disc are two to three 
times thicker than the intermediate portion and have vascular 
and nerve supplies.13 Th e biconcave shape of the disc off ers con-
gruency of the articular surfaces and contributes greatly to the 
stability of the TMJ.

Th e posterior aspect of the TMJ is referred to as the bilami-
nar region and is composed of the posterior ligament, which 
has two heads: the inferior stratum, which att aches the disc to 
the neck of the mandibular condyle; and the superior stratum, 
which att aches the disc to the posterior aspect of the temporal 
bone. Th e retrodiscal pad is interspersed between the two heads 
of the posterior ligament and includes highly vascularized and 
innervated loose connective tissue that att aches to the poste-
rior wall of the capsule.11 Th e superior head of the lateral ptery-
goid muscle att aches to the anterior medial portion of the disc, 
and additional fi brous capsular tissues att ach to the anterior 
portion of the disc.11 Th e lateral and medial collateral ligaments 
connect the disc to the lateral and medial poles of the condyle 
to form a bucket-handle confi guration, which allows the disc to 
slide anterior/posterior on the condyle.12 Th e fi brous joint cap-
sule envelops the entire joint and is reinforced laterally by the 
temporomandibular ligament. With hypermobility of the TMJ, 
the posterior ligament and collateral ligaments tend to lose 
their ability to stabilize the disc on the mandibular condyle and 
the lateral pterygoid tends to pull the disc anterior and medially 
as the disc dysfunction progresses to cause a disc dislocation.12

Th e innervation of the TMJ is from the auriculotemporal 
and masseteric branches of the mandibular nerve, and the 
blood supply is from the superfi cial temporal and maxillary 
arteries.11

Th e osteokinematics of the mandible include depression 
(opening), elevation (closing), protrusion, retrusion, and lat-
eral excursion. Mandibular depression is measured as the space 
between the maxillary and mandibular incisors; normal range 
of motion can vary from 35 mm to 50 mm, depending on the 
size and shape of the mouth and teeth.11,13 Lateral excursion 
and protrusion motions are approximately 10 mm. A 4 : 1 ratio 
of depression to lateral excursion is considered ideal and is 
an important consideration in restoration of motion to a stiff  
TMJ.12

Arthrokinematically, mandibular depression begins with 
the fi rst 25 mm of opening that occurs primarily as a rotational 
motion (roll-gliding) of the condyle in the inferior joint space 
(Figure 7-1). Once the collateral ligaments tauten, the opening 
continues as primarily a translatory gliding motion in the upper 
joint space until 35 mm is reached and the posterior and collat-
eral ligaments are taut. Opening greater than 35 mm results 
from further translation with overrotation and further stretch-
ing applied to the posterior and collateral ligaments.12 Th e lat-
eral pterygoid, inferior head, provides a protracting force on 
the condyles and discs; the geniohyoid and digastic muscles 
produce a depressing and retracting force on the chin; and the 
mylohyoid muscle pulls downward on the body of the mandible 
to combine to produce the rotatory and translatory movements 
of the jaw that occur with mandibular depression12 (Figure 
7-2).

Elevation of the mandible to close the mouth is initiated by 
the posterior fi bers of the temporalis muscle contracting to 
retract the condyle of the mandible and clear the articular emi-
nence of the temporalis bone. Th e temporalis, masseter, and 

Early phase Late phase
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retrodiscal

laminaOblique portion of 
lateral ligament

Intermediate 
region
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Mandibular fossa A
rticular 

em
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Articular disc  
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FIGURE 7-1 Arthrokinematics of opening mouth: early phase and late phase. From Neumann DA: Kinesiology of the 
musculoskeletal system. foundations for physical rehabilitation, St Louis, 2002, Mosby.
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medial pterygoid contract on both sides to elevate the mandi-
ble, and the lateral pterygoid stabilizes the disc/condyle com-
plex against the articular eminence during closing.11,12

Protusion of the mandible is created with symmetrical ante-
rior translation of both condyle/disc complexes on the articular 
eminence, and the motion occurs at the superior joint space. 
Protrusion is created by contraction of the inferior head of the 
lateral pterygoid and holding action of the masseter and medial 
pterygoid muscles.12 Th e lateral pterygoid pulls the condyle and 
disc forward and down along the articular eminence while the 
elevator and depressor muscles maintain the mandibular posi-
tion.12 Retrusion is the return to rest position from the protru-
sion position and is created by the contraction of the middle 
and posterior fi bers of both temporalis muscles while the 
depressors and elevators maintain a slight opening of the 
mouth.12

Lateral excursion occurs when the condyle and disc of the 
contralateral side are pulled forward, downward, and medially 
along the articular eminence. Th e condyle on the ipsilateral 
side performs minimal rotation around a vertical axis and a 
slight lateral shift .12 Th ese motions take place primarily in the 
upper joint space. Lateral excursion is created by contraction of 
the lateral pterygoid muscles on the contralateral side of the 
direction of the motion combined with the ipsilateral side tem-
poralis muscle contracting to hold the rest position of the con-
dyle to prevent the mandible from deviating anteriorly.12

Cervical Spine Influence on 
the Temporomandibular Joint
Th e cervical spine can infl uence TMJ function in a variety of 
ways, and postural interrelationships have been noted through 
a series of studies. McClean et al14 found that occlusional con-
tacts change as the body position is altered on a tilt table. Th e 

mandible was consistently in a more retruded position with the 
subjects in supine, and the occlusional contact became more 
anterior as the subjects assumed a more upright position.14

Funakoshi et al15 measured jaw muscle activity changes 
associated with head position and found that with cervical for-
ward bending, increased electromyographic (EMG) activity 
was noted in the bilateral digastric muscles. With cervical back-
ward bending, increased EMG activity was noted in the bilat-
eral temporalis muscles. With cervical rotation and side 
bending, increased EMG activity was noted in the ipsilateral 
temporalis, masseter, and digastric muscles. Th is increased 
EMG activity was believed to occur in an att empt to maintain 
the rest position of the mandible in various head and neck 
postural positions.15

Darling et al16 showed that head and neck postural position-
ing could be improved with 4 weeks of physical therapy and 
that an increase in the vertical postural position of the mandi-
ble occurred as the head and neck postural positioning 
improved. Th e vertical postural position is the rest position of 
the mandible in which the teeth are not occluded, the lips are in 
light contact, and only minimal amount of muscular activity 
occurs to maintain and balance the postural position. In other 
words, as the patient’s head and neck posture improved, the 
mandible assumed a more relaxed neutral position.

Goldstein et al17 found that the vertical distance of mandib-
ular closure from the rest position of the mandible decreased 
signifi cantly as a maximum forward head posture was assumed 
in comparison with the same subjects in their best “normal” 
posture. As a result, they also saw a change in trajectory of man-
dibular occlusion with forward head posture positioning and a 
change in initial tooth contact.17 Th ese postural infl uences on 
mandibular function have been postulated as causing a “pseu-
domalocclusion” that could contribute to increased strain on 

1
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FIGURE 7-2 Normal functional movement of condyle and 
disc during full range of opening and closing. From 
Magee DJ: Orthopedic physical assessment, ed 5, 
Philadelphia, 2008, Saunders.
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the joint capsule and myofascial structures associated with 
TMJ function.18

Not only can head and neck posture aff ect TMJ function, 
but also mandibular rest position change can aff ect head and 
neck posture. Daly19 had 30 subjects sit with an 8-mm spacer 
between the teeth for 1 hour and found that all subjects had an 
altered craniovertebral angle aft er 1 hour, with 27 subjects hav-
ing a more extended position of the head on the neck and three 
subjects assuming a more fl exed position. One hour aft er 
removal of the spacer appliance, all subjects showed at least 
partial recovery toward the original head position.19 Th ese 
study results reinforce the interdependence of cervical, cranial, 
and mandibular positioning and function and may assist in 
explaining why patients occasionally have worse symptoms in 
the head and neck aft er initiation of an intraoral appliance 
therapy.

Th e cervical spine can also be a source of referred pain to the 
head and face and must be thoroughly screened as part of the 
comprehensive examination of a patient with symptoms of 
head and facial pain. Th e most likely anatomical sources of 
referred pain to the head and face include impairments of the 
suboccipital muscles and the upper cervical and C2-C3 facet 
joints and entrapment neuropathies of the greater and lesser 
occipital nerves. Th e strain associated with suboccipital muscle 
guarding may impinge on the greater occipital nerve and may 
result in referred pain into the craniofacial region, most typi-
cally into the distribution of the trigeminal nerve.20 In a study 
by Aprill, Axinn, and Bogduk,21 21 of 34 participants who 
underwent a nerve block to C1-C2 had complete resolution of 
headache symptoms. Th ese fi ndings suggest a high prevalence 
rate of headache and facial pain symptoms referred from the 
upper cervical spine.

Th erefore, palpation and provocation tests for the both the 
TMJ and upper cervical spine must be completed to diff erenti-
ate the source of the symptoms. A thorough examination of the 
cervical and thoracic spine is a necessary component of exami-
nation of patients with primary symptoms of headaches and 
facial pain to diff erentiate the source of the symptoms and bio-
mechanical factors that could potentially contribute to perpet-
uation of a temporomandibular disorder.

TEMPOROMANDIBULAR DISORDERS
Th e classifi cation system presented in this chapter is useful to 
guide clinical decision making in management of TMD. Table 
7-1 provides a summary of the common signs and symptoms 
associated with each disorder. Patients may have a combination 
of temporomandibular disorders, which makes management 
of this condition challenging.

Capsulitis/Synovitis
Capsulitis/synovitis is an infl ammatory condition of the artic-
ular capsule and soft  tissues that surround the TMJ, especially 
the highly vascularized and innervated extracapsular articular 
tissues. Th e patient has pain with palpation and loading the 
TMJ. Pain may also be noted with accessory motion testing. 

Chewing and biting down with the molars on the contralateral 
side of the involved TMJ tend to be painful. If capsulitis contin-
ues chronically over time, capsular fi brosis could form. Capsu-
litis can be combined with any of the other common TMJ 
disorders or can present in isolation.

Th e cause of capsulitis/synovitis has been explained as 
microtrauma or macrotrauma.12 Microtrauma includes low-
level repeated stresses and strains on the TMJ and surrounding 
tissues that may occur with parafunctional habits, such as 
clenching and grinding the teeth, chewing gum, or chewing 
on a pencil. Macrotrauma occurs with greater force, such as a 
blow to the jaw or surgery to the TMJ.

Antiinfl ammatory treatment, such as iontophoresis, gentle 
range of motion activities, and ice, can oft en be helpful. In a 
study by Majwer and Swider,22 27 of 32 cases of postt raumatic 
TMD benefi ted with decreased pain from the application of 
dexamethasone (n = 8) or xylocane (n = 24) through iontopho-
resis. Reduction of the parafunctional activities through behav-

TABLE 7-1 Signs and Symptoms of Temporomandibular Disorders

TMD 
CLASSIFICATION SIGNS AND SYMPTOMS

Capsulitis/
synovitis

Tender to palpation at TMJ lateral condyle 
or posterior compartment
Pain with biting on opposite side
Pain with retrusive overpressure
Pain with accessory motion testing

Capsular fibrosis Limited AROM mandibular dynamics
Limited mobility with TMJ accessory 
motion tests
No joint sounds
Deviation of mandible with opening 
toward limited side
History of trauma or surgery

Masticatory 
muscle disorders

No joint sounds
Pain with palpation muscles of mastication
Inconsistent alterations in mandibular 
control
Parafunctional oral behaviors
Pain with biting on same side of facial pain

Hypermobility Excessive AROM with opening >40 mm
Joint sound at end range of opening
Hypermobility with accessory motion 
testing

Anterior disc 
displacement 
with reduction

Reciprocal joint sound with opening and 
closing
S curve with opening
Full AROM (unless combined with acute 
capsulitis)

Anterior disc 
displacement 
without reduction

History of joint sounds
Limited opening <25 mm if acute
Deviation of mandible with opening 
toward limited side

Osteoarthritis TMJ crepitus as noted with stethoscope
Pain with TMJ palpation
Radiographic evidence of osteoarthritis
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ior modifi cation may assist as well. Creation of a good 
environment for proper TMJ function, such as postural correc-
tion exercises and treatment of cervical and upper thoracic 
impairments, can also facilitate the rehabilitation process.

Furto et al8 had successful outcomes that included reduc-
tion of pain and disability in a case series of 15 patients with 
TMD as the primary symptoms. At a 2-week follow-up exami-
nation, the group had received a mean of 4.3 physical therapy 
treatment sessions. Specifi c interventions included manual 
physical therapy techniques, such as intraoral soft  tissue mobi-
lization and nonthrust joint mobilization/manipulation to the 
cervical spine, TMJ, and thoracic spine. Five of the patients 
also received iontophoresis with dexamethasone to the symp-
tomatic TMJ. Eighty percent of the patients received instruc-
tion in TMJ proprioception and postural exercises. Th e mean 
TMD disability index (Box 7-1) scores were 32.1% at baseline 
and 18.3% at the 2-week follow-up examination, an improve-
ment of 13.9% (confi dence interval [CI], 8.2%, 19.5%; P < .05). 
Eleven patients (73%) reported they were “somewhat bett er” to 
“a very great deal bett er” on the global rating of change ques-
tionnaire, and Patient Specifi c Functional Scale (PSFS) scores 
improved 3.1 points (CI, 2.3, 3.9; P < .05).8 Th e treatment 
approach used in this case series is representative of an 
impairment-based approach in which manual physical therapy 
and exercise interventions were used to address the specifi c 
impairments noted at the cervical spine and craniomandibular 
region. Iontophoresis was used as an adjunct to reduce the pain 
and infl ammation at the TMJ capsular tissues.

Furto et al8 used a TMJ exercise program developed 
by Rocabado23 to facilitate dynamic neuromuscular control 
through the use of repetitive lateral deviation motions with a 
0.5-inch piece of surgical tubing placed between the incisors to 
assist with mobility, proprioception, and pain inhibition. Box 
7-2 provides an illustration of TMJ proprioception exercises. 
Th e fi rst (ROM) phase involves active range of motion lateral 
excursion while the surgical tubing is rolled between the inci-
sors, with movement away from the side of TMJ pain or hyper-
mobility; the second (bite) phase involves a submaximal biting 
down contraction in the lateral excursion position with the bite 
let off  before a return to midline; and the third phase involves 
biting down on the tube with the lateral excursion motion and 
with return to midline. In theory, the biting with motion 
recruits the muscles of mastication to apply a compressive force 
to the disc to improve the condylar-disc-eminence congruency 
and TMJ function.23 Phases 4 to 6 of this program involve a 
similar progression with mandibular protrusion active motions. 
Patients are instructed to perform six repetitions every 2 hours. 
Although limited evidence exists to support the theoretical 
eff ect of this treatment approach, the patients in the case series 
had improvements in function, pain, and disability.8

Capsular Fibrosis
Capsular fi brosis is characterized by a mandibular opening of 
less than 25 mm because of adhesions that limit extensibility of 
the TMJ capsule. Th e mandible deviates toward the side of the 
restricted TMJ with opening, lateral excursion to the opposite 

side of the stiff  joint is limited, and protrusion deviates toward 
the aff ected side. Accessory motion testing of the TMJ shows 
hypomobility. Th e causes of capsular fi brosis may include a 
chronic infl ammatory condition, trauma, immobilization, or 
a subluxed articular disc without reduction relationship that 
places the mandibular head in a posterior and superior 
position.12

When the capsular fi brosis is coupled with capsulitis or a mas-
ticatory muscle disorder, these conditions need to be addressed 
as part of the treatment. Cervical spine and postural disorders 
should also be appropriately addressed if present with TMD. 
Joint mobilization/manipulation, active and passive mandibu-
lar range of motion exercises, and sustained TMJ stretching 
techniques are indicated to restore TMJ mobility. Sustained 
TMJ stretching can be accomplished with a stack of tongue 
depressors placed between the molars on the ipsilateral side 
of the stiff  TMJ (Box 7-3; see p. 316). Th e patient is instructed 
to maintain the stretch for 15 to 20 minutes, three times per 
day. Th is technique can be combined with a heat modality, 
such as moist heat or therapeutic ultrasound. TMJ range of 
motion and proprioception exercises for opening and lateral 
excursion should be performed at least fi ve to six times per day.

Masticatory Muscle Disorders
Masticatory muscle disorders are most commonly associated 
with painful guarded muscles of mastication and may progress 
to include tendonitis, commonly of the temporalis tendon. Pal-
pation of the involved muscles and chewing/biting on the ipsi-
lateral side of the pain provoke the symptoms. Neuromuscular 
control defi cits may also be noted with altered trajectory of 
opening and closing with inconsistent S and Z movement pat-
terns in the absence of joint sounds. TMJ palpation, compres-
sion, and accessory motion tests are nonprovocative if the 
masticatory muscle disorder is present in isolation. Mastica-
tory muscle disorders can occur in isolation or can be combined 
with other TMJ disorders. Th e most common cause is para-
functional behaviors that cause irritation and infl ammation 
of the muscles of mastication; most commonly, the closing/
clenching muscles are involved, especially the masseter, tem-
poralis, and lateral pterygoid muscles. Oral habits such as gum 
chewing, chewing on ice, repetitive nonfunctional jaw move-
ments, and frequent leaning of the chin on the palm have been 
associated with the presence of TMJ disorders in females of 
high school age.24

Treatment may include use of heat modalities, such as moist 
heat, therapeutic ultrasound, or warm water rinses. Instruction 
in proper tongue/teeth/lip positioning and isometric opening 
exercises may assist in inhibition of the guarded closing/clench-
ing muscles. Th e controlled mandibular opening exercise can 
facilitate muscle relaxation and strengthen the proper tongue 
function and placement (Box 7-4; see p. 317). Intraoral and 
extraoral soft  tissue mobilization (STM) techniques are also 
indicated. Th e patient can be instructed in self-STM techniques 
and educated to inhibit parafunctional activities. Muscle reed-
ucation and TMJ proprioception exercises can assist to improve 
masticatory muscle control and function.
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BOX 7-1 Temporomandibular Disorder Disability Index

Please check the statement that best pertains to you (not 
necessarily exactly) in each of the following categories.
 1. Communication (talking).

—I can talk as much as I want without pain, fatigue, or 
discomfort.

—I can talk as much as I want, but it causes some pain, 
fatigue, or discomfort.

—I can’t talk as much as I want because of pain, fatigue, 
or discomfort.

—I can’t talk much at all because of pain, fatigue, or 
discomfort.

—Pain prevents me from talking at all.
 2. Normal living activities (brushing teeth/flossing).

—I am able to care for my gums and teeth in a normal 
fashion without restriction and without pain, fatigue, 
or discomfort.

—I am able to care for all my teeth and gums, but I must 
be slow and careful, otherwise pain/discomfort or jaw 
tiredness results.

—I do manage to care for my teeth and gums in a normal 
fashion, but it usually causes some pain/discomfort or 
jaw tiredness no matter how careful I am.

—I am unable to properly clean all my teeth and gums 
because of restricted opening or pain.

—I am unable to care for most of my teeth and gums 
because of restricted opening or pain.

 3. Normal living activities (eating, chewing).

—I can eat and chew as much of anything I want without 
pain/discomfort or jaw tiredness.

—I can eat and chew most anything I want, but it 
sometimes causes pain/discomfort or jaw tiredness.

—I can’t eat much of anything I want because it often 
causes pain/discomfort or jaw tiredness or because of 
restricted opening.

—I must eat only soft foods (consistency of scrambled 
eggs or less) because of pain/discomfort, jaw fatigue, 
or restricted opening.

—I must stay on a liquid diet because of pain or 
restricted opening.

 4. Social/recreational activities (singing, playing musical 

instruments, cheering, laughing, social activities, play-

ing amateur sports/hobbies, etc).

—I am enjoying a normal social life or recreational 
activities without restriction.

—I participate in a normal social life or recreational 
activities, but pain/discomfort is increased.

—The presence of pain or fear of likely aggravation only 
limits the more energetic components of my social life 
(sports, exercise, dancing, playing musical 
instruments, singing).

—I have restrictions socially as I can’t even sing, shout, 
cheer, play, or laugh expressively because of 
increased pain/discomfort.

—I have practically no social life because of pain.
 5. Nonspecialized jaw activities (yawning, mouth opening, 

and opening my mouth wide).

—I can yawn in a normal fashion, painlessly.

—I can yawn and open my mouth fully wide open, but 
sometimes there is discomfort.

—I can yawn and open my mouth wide in a normal 
fashion, but it almost always causes discomfort.

—Yawning and opening my mouth wide are somewhat 
restricted by pain.

—I cannot yawn or open my mouth more than two finger 
widths (2.8 to 3.2 cm) or, if I can, it always causes 
greater than moderate pain.

 6. Sexual function (including kissing, hugging, and any and 

all sexual activities to which you are accustomed).

—I am able to engage in all my customary sexual 
activities and expressions without limitation or causing 
headache, face, or jaw pain.

—I am able to engage in all my customary sexual 
activities and expressions, but it sometimes causes 
some headache, face, or jaw pain or jaw fatigue.

—I am able to engage in all my customary sexual 
activities and expressions, but it usually causes enough 
headache, face, or jaw pain to markedly interfere with 
my enjoyment, willingness, and satisfaction.

—I must limit my customary sexual activities and 
expressions because of headache, face, or jaw pain or 
limited mouth opening.

—I abstain from almost all sexual activities and 
expression because of the head, face, or jaw pain it 
causes.

 7. Sleep (restful, nocturnal sleep pattern).

—I sleep well in a normal fashion without any pain 
medication, relaxants, or sleeping pills.

—I sleep well with the use of pain pills, antiinflammatory 
medication, or medicinal sleeping aids.

—I fail to realize 6 hours of restful sleep even with the use 
of pills.

—I fail to realize 4 hours of restful sleep even with the use 
of pills.

—I fail to realize 2 hours of restful sleep even with the use 
of pills.

 8. Effects of any form of treatment, including, but not lim-

ited to, medications, in-office therapy, treatments, oral 

orthotics (e.g., splints, mouthpieces), ice/heat, etc.

—I do not need to use treatment of any type to control or 
tolerate headache, face, or jaw pain and discomfort.

—I can completely control my pain with some form of 
treatment.

—I get partial, but significant, relief through some form of 
treatment.

—I don’t get “a lot” of relief from any form of treatment.

—There is no form of treatment that helps enough to make 
me want to continue.

 9. Tinnitus, or ringing in the ear(s).

—I do not experience ringing in my ear(s).

—I experience ringing in my ear(s) somewhat, but it does 
not interfere with my sleep or my ability to perform my 
daily activities.

—I experience ringing in my ear(s) and it interferes with 
my sleep or daily activities, but I can accomplish set 
goals and can get an acceptable amount of sleep.

—I experience ringing in my ear(s), and it causes a marked 
impairment in the performance of my daily activities or 
results in an unacceptable loss of sleep.

—I experience ringing in my ear(s), and it is incapacitating 
or forces me to use a masking device to get any sleep.

10. Dizziness (lightheadedness, spinning, or balance 

disturbance).

—I do not experience dizziness.

—I experience dizziness, but it does not interfere with my 
daily activities.

—I experience dizziness that interferes somewhat with my 
daily activities, but I can accomplish my set goals.

—I experience dizziness that causes a marked impairment 
in the performance of my daily activities.

—I experience dizziness that is incapacitating.

Adapted from Streigerwald DP, Maher JH: The Streigerwald/Maher TMD disability questionnaire, Today Chiropract 26:86-91, 1997.
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BOX 7-2 Temporomandibular Joint Proprioception Exercises with a Rubber Tube

Start position for TMJ proprioception 
exercises with rubber tube.

ROM phase (phase 1): Perform active 
lateral deviation away from painful TMJ 
within pain-free range of motion and 
without joint sounds.

Bite phase (phase 2): At end of lateral deviation ROM, 
patient applies submaximal bite onto tube and holds bite 
for 5 seconds. Mandible is then returned to midline. This is 
repeated for five to six repetitions. Next progression (phase 
3) is to maintain bite as mandible is returned to midline.

Phases 4 to 6: Protrusion range of motion, bite at end range, 
and bite as return to starting position can be progressed in 
similar fashion to lateral deviation progression.

Final progression is to gently pull tube and resist in either 
protrusion or laterally deviated position.
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BOX 7-3 Passive Mandibular Range of Motion and Sustained Mandibular Stretching

Finger position to offer active assistive and 
passive mandibular depression ROM.

Stack of wooden tongue blades can be 
used to apply sustained stretch to facilitate 
mandibular depression.

Hypermobility

Hypermobility of the TMJ is characterized by a mandibular 
opening greater than 40 mm with an end range opening click 
and chin deviation away from the hypermobile joint that clicks. 
Th e joint sound in this case is the result of the mandibular con-
dyle snapping across the distal edge of the articular crest. 
Hypermobility also is noted with accessory motion testing. 
Hypermobility of the TMJ may be asymptomatic unless com-
bined with a capsulitis/synovitis condition and is postulated as 
being a precursor to articular disc displacement conditions.12 
Treatment is a TMJ stabilization treatment program with an 
emphasis on multidirectional mandibular isometric exercises, 
proprioception exercise, and education to avoid full wide open-
ing (see Box 7-4). Five to 10 repetitions of each of the TMJ sta-
bilization exercises should be performed at least 5 to 6 times per 
day. Th e isometric exercises are held 5 to 6 seconds each. Short, 
frequent doses of exercise can assist in muscle reeducation and 
pain inhibition. A strategy that is oft en helpful to avoid end 
range stresses on the TMJ is to instruct the patient to maintain 
the tip of the tongue up on the roof of the mouth with yawning. 
Cervical spine impairments should also be addressed as part 
of the rehabilitation program of all TMDs.

Articular Disc Displacement with Reduction
Articular disc displacement with reduction is considered a pro-
gression of the dysfunction of a hypermobile TMJ. As the joint 
becomes more lax, the posterior ligament and collateral liga-
ments elongate and are unable to maintain the articular disc in 

its ideal position in relation to the mandibular condyle through-
out the range of mandibular motion. As the mouth closes, the 
disc tends to slide forward and medial, which produces a joint 
noise.12 With mandibular depression, a joint sound occurs 
as the condyle translates far enough anterior to recapture 
the disc–condyle relationship to create an opening click. 
Th e mandible tends to deviate to the ipsilateral side because 
of the in -itial restriction of condyle anterior translation by 
the anterior medial position of the disc. Once the disc is 
recaptured, a joint click is produced at the apex of the mandibu-
lar deviation and then the mandible moves back toward mid-
line as the opening proceeds. Th e greater the degree of 
ligamentous laxity, the later in the range of the motion the 
joint sound occurs with mandibular depression (Figure 7-3).12 
Th e most reliable method to detect joint sounds is to use a 
stethoscope (Figure 7-4; see p. 319).

Treatment is similar to TMJ hypermobility with an att empt 
to stabilize the joint and improve the neuromuscular control. If 
capsulitis or masticatory muscle involvement is evident, these 
conditions also need to be addressed. Education on joint stress 
reduction (Box 7-5; see p. 319) combined with an exercise pro-
gram is used to prevent the condition from progressing to an 
acute articular disc displacement without reduction.

Th e proprioception exercises described in Box 7-2 can be 
modifi ed fi rst to protrude the mandible to recapture the disc 
and then to perform the lateral excursion progression of ROM, 
ROM with the end range bite, and ROM with the sustained 
bite. Rocabado25 theorizes that this exercise regimen can assist 
in remodeling the disc and reeducating the local TMJ muscles 
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BOX 7-4 Temporomandibular Joint Stabilization Exercises

Continued

TMJ controlled opening with tongue up 
and palpation to isolate spinning of 
condyle and limit excessive translation. 
Mirror can be used to assist in retraining 
symmetrical opening. Keeping tongue up 
strengthens tongue and avoids excessive 
translation of TMJ.

TMJ controlled opening with tongue up.

Lateral excursion AROM with tongue blade 
guidance.

Mandibular lateral excursion isometric; use 
only force of weight of finger.
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BOX 7-4 Temporomandibular Joint Stabilization Exercises—cont’d

Mandibular depression isometric; use only 
force of weight of finger.

Mandibular protrusion isometric; use only 
force of weight of finger.

FIGURE 7-3 Anterior disc dislocation with reduction. Note 
joint sound that occurs with opening as disc is reduced 
and joint sound with closing that occurs as disc 
dislocates. From Magee DJ: Orthopedic physical 
assessment, ed 5, Philadelphia, 2008, Saunders.

to att empt to correct and stabilize the disc displacement. If the 
disc displacement is a more chronic condition, TMJ capsular 
tightness may be evident as a result of the tendency of the man-
dibular condyle to rest in a more superior, retracted position 
with the disc displaced.25 TMJ distraction mobilization tech-
niques may be needed to assist in restoration of normal capsu-
lar mobility.

In a randomized clinical trial, Yoda et al26 compared an exer-
cise program with an education program for patients with ante-
rior disc displacement with reduction. Th e results showed that 

the exercise program group had bett er outcomes for decreased 
pain and increased ROM (P = .0001).26 Forty-two patients par-
ticipated in the study; 61.9% of the exercise group had favorable 
outcomes (13/21 patients), and 0% of the control (education 
program) group had favorable results.26 Success was measured 
on the severity of joint sounds or pain with maximal mouth 
opening. Of the 13 patients with a successful outcome, only 
three patients’ TMJ articular discs (23.1%) were recaptured 
with reexamination with magnetic resonance imaging 
(MRI).26

click

click
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Likewise, Nicolakis et al10 reported on the outcomes of 30 
patients with TMJ anterior disc displacement with reduction 
who underwent treatment with temporomandibular joint and 
soft  tissue mobilization, range of motion and isometric exer-
cises, and postural education for an average of nine visits with a 
physical therapist. Seventy-fi ve percent of the patients had suc-
cessful outcomes in this case series, with outcome measures 
that included pain level and mouth opening measurements at 
the 6-month follow-up examination; 13% had reduction in 
TMJ sounds.10 Th is study supports the use of exercise com-
bined with gentle manual therapy techniques for treatment of 
anterior disc displacement with reduction.

Articular Disc Displacement without Reduction
Articular disc displacement without reduction is a progression 
of articular disc displacement with reduction. When the condi-
tion is acute, the opening is limited to less than 25 mm with an 
end range deviation toward the aff ected joint, limited contra-
lateral lateral excursion, and with deviation of the mandible 
toward the aff ected side with protrusion. Because this patt ern 
of limited mandibular AROM is the same as with capsular 
fi brosis, a history of joint sounds can help to distinguish the 
likelihood of a disc displacement without reduction. Th e disc 
displacement without reduction disorder typically has a his-
tory of an opening and closing joint sound, but the joint sounds 
disappear when the acute limitation in mandibular motion 
occurs. Th is condition occurs when the articular disc displaces 
anterior to the condyle and is unable to be reduced with move-
ment of the mandible. Th e disc blocks further anterior trans-
lation with opening, contralateral lateral excursion, and 
protrusion (Figure 7-5). Accessory motions of the aff ected joint 
are also limited. When the condition is chronic, the posterior 
ligament and capsular tissues can be stretched to allow nearly 
full normal mandibular motion.

Cleland and Palmer27 showed a good clinical outcome in a 
single case design study of a patient with bilateral articular disc 
displacement without reduction that was confi rmed with MRI. 

Th e treatment approach included TMJ mobilization tech-
niques, cervical spine mobilization/manipulation techniques, 
postural and neck exercises, and patient education regarding 
parafunctional habits, soft  diet, relaxation techniques, activity 
modifi cation, and tongue resting position. Th e patient had 
a return of normal mouth opening and a reduction in pain 
and disability measures as a result of the physical therapy 
approach.27

Patients with anterior disc displacement without reduction 
can make functional and symptomatic improvements with the 
use of joint mobilization and therapeutic exercise. Over time, 
the shape of the articular disc tends to change and the likeli-
hood of reducing and maintaining a normal disc condyle rela-
tionship is minimal. Some speculation exists that over time the 
posterior ligament can become more fi brous and function simi-
lar to a disc. However, without a properly positioned and func-
tioning disc, the TMJ may be more susceptible to development 
of osteoarthitic changes. On occasion, the anterior disc dis-
placement begins to reduce again and the joint sounds return as 
the range of motion and function of the mandible improves. In 
this situation, the rehabilitation program should progress as 
outlined for an anterior disc displacement with reduction.

Temporomandibular Joint Osteoarthritis
Osteoarthritis (OA) of the TMJ is common and may be an 
added source of pain and limited mandibular motion. Joint 
crepitus is present with OA of the TMJ and is best noted with 
use of a stethoscope (see Figure 7-4). Radiographs or artho-
scopic visualization are needed to confi rm the diagnosis. Israel 
et al28 tested 84 subjects with symptoms of TMJ pain with aus-
cultation for crepitus with a stethoscope and compared the 
fi ndings with arthroscopic visualization results to fi nd a sensi-
tivity of 0.70, a specifi city of 0.43, a positive likelihood ratio 
(+LR) of 1.23, and a negative likelihood ratio (−LR) of 0.70 for 
detection of OA with positive fi ndings of TMJ crepitus.

Nicolakis et al9 had successful outcomes in a series of 20 
patients with OA of the TMJ with improved measures of pain at 

BOX 7-5 TMJ Education

■ Limit parafunctional activities: nail biting, gum chewing, 
clenching and grinding teeth

■ Tongue position: at rest, the tip of the tongue should be 
at the ridge of the roof of the mouth with the front one 
third of the tongue on the roof of the mouth

■ Teeth position: the teeth should be 2 to 3 mm apart at 
rest

■ Lips should be lightly together with breathing through 
the nose

■ Keep the tip of the tongue up on the roof of the mouth 
when yawning

■ Avoid sleeping in the prone position
■ Do not rest chin in hands
■ Soft diet: avoid hard crunchy foods
■ Cut food up into small pieces
■ Warm water rinses
■ Postural exercises 5 to 6 times per day

FIGURE 7-4 Auscultation of TMJ with stethoscope during 
mandibular AROM testing can assist in identification of joint 
sounds.
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rest, incisional opening, and function. Th e interventions 
included joint mobilization of the TMJ, soft  tissue techniques, 
active and passive TMJ exercises, and postural exercises.9 Data 
collected on these patients at a 12-month follow-up examina-
tion continued to suggest favorable results for the use of exer-
cise and manual physical therapy in the management of 
TMD.10 

Postsurgical Temporomandibular Joint
A variety of surgical procedures are performed to treat TMDs. 
A detailed surgical report and the surgeon’s postsurgical pre-
cautions should be obtained. A common example of TMJ sur-
gery is an arthroscopy procedure in which a small scope is used 

to remove joint adhesions. Aft er TMJ surgery, the patient oft en 
has fi ndings similar to the capsulitis/synovitis classifi cation; 
therefore, interventions to reduce infl ammation and restore 
joint function are indicated. In addition, underlying impair-
ments may be present, such as articular disc, muscle, and pos-
tural/cervical spine disorders that need to be addressed as part 
of the overall treatment plan. Education as outlined in Box 7-5 
can assist with management of postsurgical conditions. TMJ 
range of motion exercises also are a vital part of the treatment 
approach. Joint mobilization techniques and sustained stretch-
ing with tongue depressors are indicated if joint mobility 
restrictions are present and the surgeon has cleared the patient 
for passive stretching techniques.

1
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FIGURE 7-5 Anterior disc dislocation without reduction. Disc 
remains dislocated anterior and medial to the condyle, 
which limits the distance the condyle can translate 
forward. From Magee DJ: Orthopedic physical assessment, 
ed 5, Philadelphia, 2008, Saunders.
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In addition to the normal physical therapy examination questions as outlined in Chapter 2, the TMJ examination should 
include completion of the TMJ disability questionnaire (see Box 7-1) and additional TMD history questions (Box 7-6) for 
identifi cation of whether the facial and jaw pain originates from the TMJ and for determination of whether the patient has 
parafunctional oral habits that could be perpetuating the TMD. Th e TMJ disability questionnaire29 is scored 1 through 5 
for each of the 10 categories, and these numbers are added and multiplied by 2 to report the percentage score for the ques-
tionnaire. If categories are not marked, the score is divided by the total possible score to determine the percentage. Th e 
TMJ disability questionnaire is interpreted in a similar fashion to the neck disability index and Oswestery LBP question-
naires as described in Chapter 2, but the psychometric properties of the TMJ disability questionnaire have not been 
established. Th e TMJ examination should also include a thorough cervical spine and upper thoracic examination as 
described in Chapters 2, 5, and 6.

321
Temporomandibular 

Joint Examination

BOX 7-6 History/Interview Questions for a TMJ Examination

I. SUBJECTIVE EXAMINATION

A. PAIN

1. Jaw pain with opening, closing, chewing, or yawning?

2. Ear symptoms of pain, fullness, or ringing?

3. Headaches? If yes, where ________________

B. FUNCTION

1. Difficulty opening?

2. History of locking?

3. Joint sounds, such as popping, clicking, or grinding?

4. Recent changes in occlusion (the way teeth seem to come together)?

5. Difficulty swallowing?

6.  Parafunctional habits, such as clenching, grinding, nail biting, smoking, pen chewing, or 
other?

7. Sleeping posture?

Supine_____________________ Prone___________________________ Side: Right______ Left______

Assessment of teeth and occlusion should also be completed; obvious malocclusions, such as premature contact or worn 
patt erns characteristic of bruxism, should be noted and brought to the att ention of the patient’s dentist.

Th e following is a detailed description of TMJ examination procedures, including active range of motion (AROM), pal-
pation, provocation tests, and accessory motion tests, which when completed and considered in clusters of positive fi nd-
ings should allow the therapist to properly diagnose/classify the TMD and create a problem list that can be addressed 
with physical therapy interventions.

Occlusion and teeth assessment. Use two tongue 
depressors to move lips and cheeks out of the way to 
allow inspection of occlusion. Note signs of premature 
contacts, crossbite, or teeth wear patterns characteristic 
of bruxism.
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Each mandibular active range of motion is tested at least three times. With the fi rst trial of AROM, the therapist observes 
for the quality and range of motion. With the subsequent trials, the therapist palpates the TMJ to att empt to identify joint 
sounds and notes at what point in the range of motion the joint sound occurs. Th e therapist should note whether the joint 
sound occurs during opening or closing and whether deviation from midline occurs with the joint sound. Th ese deviations 
and joint sounds are mapped on the mandibular dynamics chart. With the fi nal trial, a millimeter ruler is used to measure 
the range of motion.

P

O

R L

Mandibular dynamics mapping chart: line is drawn to 
document path of opening and closing and “x” is used to 
mark joints sounds within range of motion. Small slash 
mark is used to mark end of range of motion. Therapist 
should also note whether pain is provoked with each 
motion.

Th e amount of mandibular depression has been found to be aff ected by the head and neck position; therefore, the patient 
should be instructed to att ain and hold the best natural comfortable postural position before and throughout the testing 
of mandibular AROM.30 Th e postural position should be reproduced for subsequent reassessments of mandibular AROM 
to att ain a valid measure of the eff ects of the therapy.
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TEMPOROMANDIBULAR JOINT ACTIVE RANGE OF MOTION AND MAPPING MOTION
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Mandibular Protrusion

Mandibular protusion AROM.

 PATIENT POSITION Th e patient sits or stands with good postural alignment.

 THERAPIST POSITION Th e therapist stands or sits in front of the patient.

 PROCEDURE Protrusion refers to the anterior movement of the mandible in the horizontal plane. Th e 
patient is instructed to actively protrude the mandible. Th e therapist observes for sym-
metrical protrusion. A deviation to either side during protrusion is noted. (Deviation usu-
ally occurs toward the side of TMJ restriction.) Th e amount of protrusion is noted with a 
millimeter ruler to measure the distance between the maxillary and mandibular central 
incisors.

 NOTES Th is motion is diffi  cult to measure, but the mandibular incisors should move past the max-
illary incisors by several millimeters. Walker, Bohannon, and Cameron31 used a millimeter 
ruler to measure protrusion on 15 subjects with TMD and 15 subjects without TMD and 
reported an ICC for interexaminer reliability of 0.95 for subjects without TMD and 0.98 
for subjects with TMD. Th e presence of a joint sound should also be noted. Interexaminer 
reliability for detection of joint sounds has been reported as a Kappa value of 0.47 on 79 
patients referred to a craniomandibular disorder clinic.32
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Mandibular Depression

Mandibular depression AROM.

Interincisor measurement of mandibular 
depression with millimeter ruler.

Therapist positioning for mapping mandibular dynamics.

 PATIENT POSITION Th e patient sits or stands with good postural alignment.

 THERAPIST POSITION Th e therapist stands or sits in front of the patient.

 PROCEDURE Depression refers to opening the mouth in the sagitt al plane. Th e patient is instructed to 
actively open the mouth as wide as possible. Th e therapist observes for symmetrical open-
ing. A deviation to either side during opening is noted. (Deviation usually occurs to the 
side of TMJ restriction.) Th e amount of mandibular depression is noted with a millimeter 
ruler to measure the distance between the maxillary and mandibular central incisors.

 NOTES Th e distance between the incisors at maximal opening should be 35 to 50 mm, and the 
mandible should track in midline throughout the AROM. Walker, Bohannon, and Cam-
eron31 used a millimeter ruler to measure the opening on 15 subjects with TMD and 15 
subjects without TMD and reported an interclass correlation coeffi  cient (ICC) for inter-
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examiner reliability of 0.98 for subjects without TMD and 0.99 for subjects with TMD. Of 
the six motions measured (opening, left  excursion, right excursion, protrusion, overbite, 
and overjet) by two therapists in this study, mouth opening (mandibular depression) was 
the only TMJ ROM measurement to discriminate between subjects with and without 
TMJ disorders (mean, 36.2 ± 6.4 mm versus 43.5 ± 6.1 mm).31 Th e presence of a joint 
sound should also be noted. Interexaminer reliability for detection of joint sounds has 
been reported as a Kappa value of 0.24 on 79 patients referred to a craniomandibular dis-
order clinic.32 Th e presence of an audible palpable joint click has been correlated with MRI 
confi rmation of an anterior disc displacement with reduction in 146 patients seen at a cra-
niofacial pain clinic with a sensitivity of 0.51, a specifi city of 0.83, a +LR of 3.0, and a 
−LR of 0.59. No clicking with opening has been correlated with an anterior disc displace-
ment without reduction with a sensitivity of 0.77, a specifi city of 0.24, a +LR of 1.01, and a 
−LR of 0.96.33 Box 7-7 provides an illustration of use of a stethoscope to facilitate identifi -
cation of a TMJ sound with mandibular AROM testing.

Mandibular Depression—cont’d

BOX 7-7 Auscultation of the Temporomandibular Joint  with Stethoscope for Detection of Joint Sounds



www.manaraa.com

CHAPTER 7 Temporomandibular Disorders326

Mandibular Lateral Excursion

Mandibular lateral excursion AROM. Mandibular lateral excursion measurement 
with millimeter ruler.

 PATIENT POSITION Th e patient sits or stands with good postural alignment.

 THERAPIST POSITION Th e therapist stands or sits in front of the patient.

 PROCEDURE Lateral excursion refers to the mandible moving laterally in the horizontal plane. Th e 
patient is instructed to actively move the mandible laterally to the right. A millimeter ruler 
can be used to measure the amount of lateral excursion with use of the space between the 
two central maxillary incisors as a landmark for measurement in relation to the space 
between the two mandibular central incisors. A more accurate measurement can be made 
with marking a vertical line along the maxillary and mandibular central incisors with a 
marking pencil while in a neutral position and measuring the horizontal distance between 
the two marks at the end range of lateral excursion left  and right.

 NOTES Th is motion is diffi  cult to measure, but the mandibular canine should move past the maxil-
lary canine by several millimeters. Lateral excursion of 10 mm in each direction is consid-
ered a normal range of motion. Most importantly, the motion should be equal in each 
direction. Walker, Bohannon, and Cameron31 used a millimeter ruler to measure lateral 
excursion on 15 subjects with TMD and 15 subjects without TMD and reported an ICC 
for interexaminer reliability of 0.95 for subjects without TMD and 0.94 for subjects with 
TMD for left  lateral excursion and reported an ICC for interexaminer reliability of 0.90 for 
subjects without TMD and 0.96 for subjects with TMD for right lateral excursion. Th e 
presence of a joint sound should also be noted. Interexaminer reliability for detection of 
joint sounds has been reported as a Kappa value of 0.50 on 79 patients referred to a cranio-
mandibular disorder clinic.32
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Palpation of the muscles of mastication.

 PATIENT POSITION Th e patient is supine with the head on a pillow.

 THERAPIST POSITION Th e therapist stands at the head of the patient.

 PROCEDURE Th e therapist uses the pads of the second and third digits to palpate the temporalis, the 
masseter, the suprahyoid muscles, and the infrahyoid muscles. Swelling, tenderness, or 
excessive tension in the muscles is noted.

 NOTES Cacchiott i et al34 examined 41 subjects who sought treatment for TMD and 40 normal 
subjects and graded the results of palpation examination on a 0 to 3 scale, with 0 indicating 
no response and 3 indicating that the patient pulled the head away in anticipation of palpa-
tion and reported signifi cant pain. Th e results for use of palpation of the muscles of masti-
cation for identifi cation of patients with TMD were sensitivity of 0.76, specifi city of 0.90, 
+LR of 7.6, and −LR of 0.27.
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PALPATION

Muscles of Mastication External Palpation
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Muscles of Mastication Intraoral Palpation

Intraoral palpation of muscles of mastication.

 PATIENT POSITION Th e patient is supine with the head on a pillow.

 THERAPIST POSITION Th e therapist stands next to the patient.

 PROCEDURE Th e therapist wears a latex glove and uses the tip of the fi ft h digit to palpate the upper lat-
eral corner of the patient’s mouth between the teeth and cheek. Pain provocation and 
swelling, tenderness, or excessive tension in the muscles are noted. Th e therapist palpates 
and compares both sides.

 NOTE Th is technique is designed to palpate the lateral pterygoid muscle, but debate exists as to 
whether the fi ft h digit can actually reach far enough to palpate this muscle.35 Th e tendon of 
the temporalis is also near this site of palpation, as is the masseter muscle. Th is palpation 
can be turned into a trigger point soft  tissue mobilization treatment technique by simply 
sustaining the pressure for 30 to 90 seconds until tension and tenderness ease with the 
pressure. Dworkin et al36 reported a Kappa value of 0.90 for intraoral palpation interexam-
iner reliability on 64 healthy volunteers.
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Temporomandibular Joint Lateral Pole Palpation

Palpation of the lateral condyle.

 PATIENT POSITION Th e patient is supine with the head on a pillow.

 THERAPIST POSITION Th e therapist stands at the head of the table.

 PROCEDURE Th e pad of the third digit is used to palpate the lateral pole of the TMJ just anterior to the 
ear. Any swelling or tenderness is noted. Th e therapist palpates the opposite side, noting 
any swelling or tenderness.

 NOTE Tenderness of the lateral pole is an indication of infl ammation of the TMJ capsule or lat-
eral TMJ ligament. de Wiker37 reported a Kappa value of 0.33 for interexaminer reliability 
for pain provocation with palpation of the lateral pole of the TMJ on 79 patients referred 
to a TMJ disorder and orofacial pain department. Manfredini et al38 reported intraexam-
iner reliability of Kappa of 0.53 for pain provocation for palpation of lateral pole of the 
TMJ on 61 patients with TMJ pain and correlated pain with palpation with the presence of 
joint eff usion as seen on MRI fi ndings with a sensitivity of 0.83, a specifi city of 0.69, a +LR 
of 2.68, and a −LR of 0.25.
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Posterior Compartment Palpation

 PATIENT POSITION Th e patient is supine with the head on a pillow.

 THERAPIST POSITION Th e therapist stands at the head of the table.

 PROCEDURE Th e pad of the third digit palpates just posterior to the condyle of the mandible. Th e patient 
is instructed to actively open the mouth. Th e therapist palpates for tenderness or swelling 
of the posterior compartment during opening of the mouth. Th e procedure is repeated 
with assessment of the opposite side. Any diff erences between right and left  sides are 
noted.

 NOTES Tenderness and swelling of the posterior compartment of the TMJ is an indication of 
infl ammation/irritation of the posterior ligaments and joint capsule of the TMJ. Man-
fredini et al38 reported intraexaminer reliability of Kappa of 0.48 for pain provocation with 
palpation of the posterior compartment of the TMJ on 61 patients with TMJ pain and cor-
related pain with palpation with presence of joint eff usion as seen on MRI fi ndings with 
a sensitivity of 0.85, a specifi city of 0.62, a +LR of 2.24, and −LR of 0.24.

Palpation of posterior compartment of TMJ.
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 PATIENT POSITION Th e patient is in a sitt ing position.

 THERAPIST POSITION Th e therapist stands in front of the patient and on the opposite side of the TMJ to be 
tested.

 PROCEDURE Th e thumb and index fi nger are used to grasp the patient’s chin. Th e opposite hand stabi-
lizes the back of the patient’s head. With the patient relaxed and the teeth slightly apart, the 
therapist applies a pressure directed posteriorly and slightly superiorly. Pain provocation 
is noted.

 NOTES Test results are considered positive if the test increases or reproduces the patient’s symp-
toms. Th is test is not specifi c to either the right or left  TMJ, but the force can be directed 
toward one joint at a time to att empt to isolate each joint. de Wiker37 reported a Kappa 
value of 0.47 for interexaminer reliability of pain provocation with a TMJ compression test 
on 79 patients referred to a TMJ disorder and orofacial pain department.
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PROVOCATION TESTS

Forced Retrusion (Compression) Temporomandibular Joint Provocation Test
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Forced Biting Provocation Test

 PATIENT POSITION Th e patient is in a sitt ing position.

 THERAPIST POSITION Th e therapist stands in front of the patient.

 PROCEDURE Th e therapist places gauze, a cott on ball, or a tongue depressor between the patient’s back 
molars. Th e patient is instructed to bite down. Pain provocation is noted. Test results are 
considered positive if the test increases or reproduces the patient’s symptoms.

 NOTES If pain is produced in the ipsilateral side, it is likely from muscle/tendon irritation; if the 
pain is reproduced on the contralateral TMJ, it is likely from TMJ capsulitis/synovitis.
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Distraction accessory motion test and mobilization of 
TMJ with hand placement on model.

 PATIENT POSITION Th e patient is supine with the head on a pillow.

 THERAPIST POSITION Th e therapist stands next the patient on the side opposite the TMJ to be tested or 
mobilized.

 PROCEDURE Th e therapist stands on the patient’s left  side and inserts the left  thumb into the patient’s 
mouth. Th e thumb is placed on top of the patient’s right mandibular molars, and digits 2 to 
5 are gently folded around the lateral inferior aspect of the mandible (externally). Th e 
thumb is used to apply an inferior scooping force against the molars along the ramus of the 
mandible to distract the joint. Th e pad of the third digit of the right hand is used to palpate 
the right TMJ (externally). Th e amount of motion available at the joint is noted, and the 
procedure is repeated with assessment of the left  side. Th e therapist stands on the patient’s 
right side and uses the right thumb on the right mandibular molars. Pain provocation and 
the amount of motion available at the joint are noted and compared with the left  side.

Th is technique can be turned into a nonthrust manipulation with application of a sus-
tained stretch to the joint or with oscillation of the joint. Th rust manipulation to the TMJ 
is rarely indicated. A successful outcome can be obtained with gentle nonthrust manipula-
tion techniques.

 NOTES Th e therapist stands on the side opposite of the joint to be assessed. Th e therapist should 
wear a latex glove during this technique. Gentle forces are used to assess and manipulate 
the joint. Th e amount of accessory motion of a normally functioning TMJ is very small. 
Manfredini et al38 correlated pain with joint distraction and joint eff usion as seen on MRI 
fi ndings on 61 patients with TMJ pain with a sensitivity of 0.80, a specifi city of 0.39, a +LR 
of 1.31, and a −LR of 0.51; joint play intraexaminer reliability was reported as Kappa of 
0.20. Lobbezoo-Scholte et al32 reported a Kappa value of 0.46 for interexaminer reliability 
for testing of TMJ joint play on 79 randomly selected patients referred to a craniomandib-
ular disorder department.
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ACCESSORY MOTION TESTS AND MOBILIZATIONS

Temporomandibular Joint Distraction Accessory Motion Test and Mobilization



www.manaraa.com

CHAPTER 7 Temporomandibular Disorders334

Temporomandibular Joint Lateral Glide Accessory Motion Test 

and Mobilization

TMJ lateral glide accessory motion test and mobilization 
with hand placement on model.

 PATIENT POSITION Th e patient is supine with the head on a pillow.

 THERAPIST POSITION Th e therapist stands next to the patient on the side opposite the TMJ.

 PROCEDURE Th e therapist stands on the patient’s left  side and inserts the left  thumb into the patient’s 
mouth. Th e pad of the thumb is used to contact the medial aspect of the patient’s right 
mandibular molars. Th e thumb is used to apply a lateral force towards the patient’s right 
side, and the pad of the third digit of the right hand is used to palpate the TMJ (externally). 
Th e amount of motion available at the joint is noted, and the procedure is repeated with 
assessment of the left  side. Th e therapist stands on the patient’s right side and uses the right 
thumb to contact the left  mandibular molars. Pain provocation and the amount of motion 
available at the joint are noted and compared with the other side. Th is technique can be 
turned into a nonthrust manipulation with application of a sustained stretch to the joint or 
with oscillation of the joint.

 NOTES Th e therapist stands on the side opposite the joint to be assessed and wears a latex glove 
during this technique. Gentle forces are used to assess and manipulate the joint. Th e 
amount of accessory motion of a normally functioning TMJ is very small. Lateral glide is a 
joint play motion for the TMJ being tested.
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Temporomandibular Joint Medial Glide Accessory Motion and 

Joint Mobilization

TMJ medial glide accessory motion and joint 
mobilization with hand placement on model.

 PATIENT POSITION Th e patient is supine with the head on a pillow.

 THERAPIST POSITION Th e therapist stands next to the patient on the side opposite of the TMJ.

 PROCEDURE While standing on the patient’s left  side, the therapist places the left  thumb between the 
patient’s maxillary and mandibular incisors. Th e pads of the second and third digits are 
used to contact the lateral pole of the right TMJ. Th e third digit applies a medial force 
toward the patient’s left  side. Th e amount of motion available at the joint is noted, 
and the procedure is repeated with assessment of the left  side. Th e therapist stands on the 
patient’s right side and uses the pad of the third digit of the right hand to apply a medial 
force to the lateral pole of the left  TMJ. Pain provocation and the amount of motion avail-
able at the joint are noted and compared with the other side.

Th is technique can be turned into a nonthrust manipulation with application of a sus-
tained stretch to the joint or with oscillation of the joint.

 NOTES Th e therapist stands on the side opposite of the joint to be assessed and wears a latex glove 
during this technique. Gentle forces are used to assess and manipulate the joint. Th e 
amount of accessory motion of a normally functioning TMJ is very small. Medial glide is a 
joint play motion for the TMJ being tested.
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Ms. TMJ Dysfunction

History
A 23-year-old college student has tightness, discomfort, and 
clicking in the right TMJ with intermitt ent occipital headaches. 
Pain is provoked with stressful situations and with chewing 
meat and crunchy foods.

Tests and Measures
■ Structural examination: Moderate forward head posture 

(FHP) with protracted scapulas
■ Cervical AROM in standing: 85% in all planes of motion 

and pain free except for backward bending, which is 50% 
and provokes occipital area pain

■ Th oracic AROM: 75% to 85% in all planes of motion and 
pain free

■ Mandibular dynamics: Opening to 35 mm with mid range 
deviation to the right and return to midline aft er a mid 
range of opening joint sound; joint sound also noted at mid 
range closing; lateral deviation is limited to the left  with a 
joint sound; protrusion also has a mid range click

■ Passive intervertebral motion (PIVM) testing: Limited cra-
niovertebral forward bending, right side bending, and left  
rotation; mid cervical spine PIVM testing reveals hypermo-
bility; upper thoracic is slightly restricted at T1-T2 left  and 
right rotation and forward bending

■ Shoulder screen: Full and pain-free bilateral shoulder 
AROM

■ Muscle length: Mild tightness right levator scapula and 
minimally tight bilateral pectoralis major and minor

■ Strength: Lower and middle trapezius are 4−/5; deep neck 
fl exors are 3+/5

■ Neurological screen: Negative
■ Special tests:
 ■ Forced biting: Painful right TMJ with biting on left  side
 ■ Retrusive overpressure: Provokes pain on right TMJ

Case Studies and Problem Solving

Th e following patient case reports can be used by the student to develop problem-solving skills 
by considering the information provided in the patient history and tests and measures and 
developing appropriate evaluations, goals, and plans of care.

■ Palpation: Tender and guarded right muscles of mastication 
with internal (intraoral) and external palpation, tender at 
lateral pole right TMJ, and tender at C2-C3 facet joint right

Evaluation
Diagnosis
Problem list
Goals

Treatment Plan/Intervention

Mr. Stiff TMJ

History
A 50-year-old construction worker has diffi  culty opening his 
mouth aft er trauma to his jaw from being hit in the jaw during 
a bar fi ght 3 months before the initial evaluation. Th e patient 
has no history of TMJ sounds. Recent radiographic results were 
negative for signs of mandibular fracture.

Tests and Measures
■ Structural examination: Mild FHP with protracted 

scapulas
■ Cervical AROM in standing: 85% in all planes of motion 

and pain free
■ Th oracic AROM: 75% upper thoracic rotation motion and 

pain free
■ Mandibular dynamics: 20 mm opening with deviation to 

the right, 5 mm left  lateral excursion, 8 mm right lateral 
excursion, 4 mm protusion with deviation to the right; no 
joint sounds noted

■ Accessory motion testing TMJ: Hypomobility with lateral 
and medial glide and joint distraction right TMJ

■ PIVM testing: Slight hypomobility craniovertebral forward 
bending and right side bending; hypomobility T1-T2 left  
and right rotation
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■ Shoulder screen: Active shoulder range of motion is full and 
pain free with normal strength

■ Muscle length: No limitations noted
■ Strength: Lower and middle trapezius are 4−/5; deep neck 

fl exors are 3+/5
■ Neurological screen: Negative
■ Special tests:
 ■ Forced biting: Negative
 ■ Retrusive overpressure: Negative

■ Palpation: Tender and guarded right muscles of mastication 
internally (intraoral) and externally and tender at right lat-
eral mandibular condyle

Evaluation
Diagnosis
Problem list
Goals

Treatment Plan/Intervention
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A
AAOMPT (American Academy of Orthopaedic Manual Physical 

Th erapy), 3, 4
Aberrant motions, during active movement, 103
Accessory motion, defi ned, 8b
Accessory motion testing

of hip joint, 147-148
of TMJ, 333-335

Accuracy, of manipulation, 80
Achilles deep tendon refl ex, 63b
Active range of motion (AROM)

of cervical spine, 247, 248t
of lumbar spine, 94, 94t

Active range of motion (AROM) examination, 32-48
cervical

backward-bending, 34
forward-bending, 33
rotation, 38

in supine, 40
side-bending (lateral fl exion), 36-37

with shoulder girdle supported, 35
documentation of, 49, 49f
hook-lying lower trunk rotation, 48
lumbar

extension-side-bending-rotation combined, 46
forward-bending, 42
side-glide (lateral shift  correction), 47

mandibular (TMJ), 322-326
auscultation during, 319f, 325, 325f
during depression, 324-325, 325b
during lateral excursion, 317b, 326
mapping of, 322
during protrusion, 323

shoulder elevation, 210, 211b
thoracolumbar

backward-bending, 43
forward-bending, 41
lateral fl exion, 44
rotation, 45

upper thoracic rotation, 39

Active straight leg raise (ASLR) test, 117, 119, 132-133
Active subsystem, for spinal stabilization, 102
Acute facet joint locking, 75
Adaptive shortening, 56b
Adhesions, 75
Adverse eff ects, of manipulation, 81-83, 81b
Aff erent input, to spinal cord, 76
Alar ligament, 250, 252f
American Academy of Orthopaedic Manual Physical Th erapy 

(AAOMPT), 3, 4
American Physical Th erapy Association (APTA), 2, 3, 4
Analgesia, endogenous, 76
Ankle dorsifl exion, 65t
Ankle eversion, 65t
Ankle plantar fl exion, 65t
Annulus fi brosis, vertical load and tensile stress in, 94, 96f
Anterior disc displacement, of TMJ

with reduction, 312t, 316-319, 318f, 319b, 319f
without reduction, 312t, 319, 320f

Anterior ileal rotation sacroiliac joint manipulation, 184-185
Anterior iliac tilt, 98f
Anterior neck fl exor muscles, strengthening exercise for, 255, 

256f
Anterior oblique view visual inspection, 23b
Anterior pelvic tilt, 99

with lumbar extension, 95f
Anterior sacral tilt, 98f
Anterior superior iliac spine (ASIS) compression, 117
Anterior superior iliac spine (ASIS) distraction, 117
Anterior view visual inspection, 21, 22b
Anxiety, 15
Apical ligament, 252f
APTA (American Physical Th erapy Association), 2, 3, 4
AROM. See Active range of motion (AROM).
Arthrokinematic, defi ned, 7b
Articular disc displacement, of TMJ

with reduction, 312t, 316-319, 318f, 319b, 319f
without reduction, 312t, 319, 320f

Articular pillars, of cervical spine, palpation of, 59
Articulation, 2
ASIS (anterior superior iliac spine) compression, 117
ASIS (anterior superior iliac spine) distraction, 117
ASLR (active straight leg raise) test, 117, 119, 132-133

Note: Page numbers followed by f indicate fi gures; t, tables; and b, 
boxed material.
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Assessment, defi ned, 7b
Associative phase, of learning motor skills, 85
Atlantoaxial rotation, 250
Audible joint “pop,” 78-79
Auscultation, of TMJ, 319f, 325, 325f
Autonomous phase, of learning motor skills, 85
Avoidance response, 16

B
Back pain, low. See Low back pain (LBP).
Back-related infection, 12t
Back-related tumor, 12t
Bent knee fall out, for lumbopelvic spinal stabilization, 106b
Beta-endorphin, 77
Biceps deep tendon refl ex test, 61b
Biomechanical approach, to clinical decision making, 79-81
Blood pressure, aft er manipulation, 77
Body chart

for fi ndings on palpation, 53f
pain drawing on, 14f, 17-20

Body on head rotation test, 269
Bone sett ers, 2
Bone to bone end feel, 50b
Bordering the scapula, 224
Brachioradialis deep tendon refl ex test, 61b
Brake test, 136

C
Canadian C-spine rule, 253
Capsular fi brosis, of TMJ, 312t, 313, 316f
Capsulitis/synovitis, of TMJ, 312-313, 312t, 315f
Case reports, 7
Case series, 7
Cat back exercise, 206b
Cauda equina syndrome, 12t, 83
Cavitation, 79, 80
CCFT (craniocervical fl exion test), 255, 255b, 255f
Central posterior-to-anterior PAIVM test, 162-163

backward bending, 214-215
Centralization

defi ned, 105
lumbar and leg pain with, 105-112, 112t, 113b
lumbar radiculopathy without, 114-116, 115b, 116b

Cervical AROM
backward-bending, 34
forward-bending, 33
rotational, 38

in supine, 40
side-bending (lateral fl exion), 36-37

with shoulder girdle supported, 35
Cervical downglide PIVM test, 282-283, 284t
Cervical hypomobility, 253t, 258-260, 259b-263b
Cervical lateral glide manipulation, neurophysiological eff ects of, 

76-77
Cervical lateral glide PIVM test, 286-287

with upper limb neurodynamic 1 mobilization, 287
Cervical manual distraction, in sitt ing, 299
Cervical mechanical traction, for cervical instability, 258, 

258f
Cervical myelopathy, 12b
Cervical neoplasms, 12b

Cervical pain, acute, 254-256
case study on, 304
classifi cation of, 254-255, 254t
evaluation of, 253t, 255, 255b, 255f
treatment of, 253t, 254-256, 255f, 256f

Cervical PPIVM tests, 278-287
craniovertebral

forward and backward bending, 278
rotation

forward bending, 280
in lateral fl exion, 281

side bending, 279
downglide, 282-283, 284t

in sitt ing, 298
lateral glide, 286-287

with upper limb neurodynamic 1 mobilization, 287
upglide, 285

Cervical radiculopathy (CR), 253t, 257-258, 258f, 305
Cervical rotation, supine, 268

with manual resistance, 261b
Cervical spine

active range of motion of, 247, 248t
articular pillars and facet joints of, palpation of, 59
coupled movement patt erns of, 250-251
dermatomes of, 64f
infl uence on TMJ of, 311-312
kinematics of, 247-251, 248t, 249f-252f
middle and lower

axial rotation of, 248-249, 248t, 251f
fl exion and extension of, 247-248, 248t, 249f, 250f
lateral fl exion of, 248, 249t, 252f

red fl ags for, 12b
referral pain to thoracic spine from, 203
upper, kinematics of, 249-250, 252f

Cervical spine disorder(s)
acute pain and whiplash-associated, 254-256

case study on, 304
classifi cation of, 254-255, 254t
evaluation of, 253t, 255, 255b, 255f
treatment of, 253t, 254-256, 255f, 256f

case studies on, 304-305
cervicogenic headache due to, 253t, 260-263, 263b, 304
classifi cation of, 253-254, 253t
diagnosis and treatment of, 251-254
epidemiology of, 247
hypomobility as, 253t, 258-260, 259b-263b
instability as, 253t, 256-257
radiculopathy as, 253t, 257-258, 258f, 305
screening for, 253

Cervical spine downglide manipulation, 288-289
Cervical spine downglide PIVM in sitt ing, 298
Cervical spine examination, 264-287

levator scapula muscle length tests and hold/relax stretch in, 
277

neck distraction test in, 266
neck traction test in, 267
PPIVM tests in, 278-287

craniovertebral
forward and backward bending, 278
rotation

forward bending, 280
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Cervical spine examination—cont’d
in lateral fl exion, 281

side bending, 279
downglide, 282-283, 284t
lateral glide, 286-287

with upper limb neurodynamic 1 mobilization, 287
upglide, 285

Sharp-Purser test in, 264
shoulder abduction test in, 266
Spurling’s test in, 265
thoracic PIVM testing in, 287
upper limb neurodynamic test in

1, 258, 270-271
lateral glide with, 287

2a, 272-273
2b, 274
3, 275

upper trapezius muscle length test and hold/relax stretch in, 
276

vertebral artery test in
standing, 269
supine, 268

Cervical spine instability, 253t, 256-257
Cervical spine isometric manipulation in sitt ing, 298-299
Cervical spine manipulation techniques, 288-303

adverse eff ects of, 81-83, 81b
craniovertebral distraction with C2 stabilization as, 295
downglide, 288-289
fi rst rib depression, 302
fi rst rib posterior glide, 303
isometric

craniovertebral
rotation in supine, 300
side-bending (lateral fl exion), 301

rotation, in supine, 297
craniovertebral, 300

in sitt ing, 298-299
occipitoatlantal distraction as, 296
prone upglide posterior to anterior PAIVM, 292

alternative “dummy thumb” method for, 293
suboccipital release/inhibitive distraction as, 294
upglide, 290-291

Cervical spine rotation isometric manipulation in supine, 297
Cervical spine upglide manipulation, 290-291
Cervical thrust manipulation, for cervical hypomobility, 259, 

259b
Cervical traction

for cervical instability, 258, 258f
in cervical spine examination, 267

Cervical unilateral (upglide) posterior to anterior PAIVM test and 
mobilization, prone, 292

alternative “dummy thumb” method for, 293
Cervical upglide PIVM test, 285
Cervicogenic headache, 253t, 260-263, 263b, 304
Chiropractic, history of, 2
Classifi cation system, 5
Clinical decision making, in use of spinal manipulation, 79-81
Clinical practice guidelines, 7
Clinical prediction rules (CPR), 6-7

for thoracic spine, 244
Close-packed position, 8b

Coccyx direct internal manipulation, 185
Coccyx isometric manipulation, 187
Cognitive stage, of learning motor skills, 85
Collagen, in connective tissues, 73-74
Component motion, 8b
Compression fractures, thoracolumbar, 203
Compression provocation sacroiliac joint test, 139
Conditioning program, for chronic low back pain, 121
Confrontation, 16
Connective tissues, framework of, 73-74
Contingency table, 6, 6t
Contraindications, to manipulation, 83-84, 84b
Control impairment, chronic low back pain due to, 120
Controlled mandibular opening exercise, 313, 317b-318b
Corrective feedback, individualized, 85-87
Costotransverse joints, functional anatomy and mechanics of, 200, 

200f
Costovertebral joints, functional anatomy and mechanics of, 

200, 200f
CPR (clinical prediction rules), 6-7

for thoracic spine, 244
CR (cervical radiculopathy), 253t, 257-258, 258f, 305
“Crack,” audible, 78-79
Craniocervical fl exion

standing, 261b
supine, 261b

with sustained lift , 261b
Craniocervical fl exion test (CCFT), 255, 255b, 255f
Craniovertebral (CV) coupling, 250-251
Craniovertebral (CV) distraction with C2 stabilization, 295
Craniovertebral (CV) dysfunctions, diagnosis of, 51
Craniovertebral (CV) isometric manipulation

rotation in supine, 300
side-bending (lateral fl exion) in supine, 301

Craniovertebral (CV) PPIVM tests
forward and backward bending, 278
rotation

forward bending, 280
in lateral fl exion, 281

side bending, 279
Creep phase, of stress/strain curve, 74
Cruciate ligament, 250, 252f
CV. See Craniovertebral (CV).
Cyriax, James, 3

D
Deep tendon refl ex (DTR) testing, 61, 65

Achilles, 63b
biceps, 61b
brachioradialis, 61b
patella, 63b
triceps, 61b

Demonstration, for learning motor skills, 86
Depression, 15
Dermatomes, 61, 64f, 65f
Diagnosis, 11-67

defi ned, 7b
evaluation of fi ndings in, 65-66
medical screen for, 12-21

disability and psychosocial impact questionnaires in, 16-20, 
17f-19f
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Diagnosis—cont’d
list of medications in, 15
medical intake form in, 12-15, 13f-14f
patient interview and history in, 20-21
psychosocial issues (yellow fl ags) in, 15, 15b
red fl ags in, 12, 12b, 12t

neurologic screen for, 61-65
dermatomes in, 61, 64f, 65f
lower quarter, 61, 63b, 65t
myotomes in, 61, 62t, 65t
patient interview in, 20
upper quarter, 61, 61b-62b, 62t

palpation in, 49-60
of articular pillars and facet joints of cervical spine, 59
for end feeling, 50, 50b
of greater trochanter height, 29
of iliac crest height

in sitt ing, 30
in standing, 27

for joint reactivity, 49-50, 50t
muscle, 55, 56b
for passive intervertebral motion, 49-51, 49t, 50b, 50t
for position, 57-60
of posterior sacroiliac spine in sitt ing, 31
of posterior superior iliac spines in standing, 28
of skin for temperature and moisture, 54
and spring test of fi rst rib, 60
of subcutaneous tissue, 54-55
of supraspinous and interspinous ligaments, 56
for tissue condition, 51-56, 53f, 56b

plan of care and prognosis based on, 66-67
symptom-based, 66
tests and measures for, 21-49

AROM examination as, 32-48
cervical

backward-bending, 34
forward-bending, 33
rotation, 38, 40
side-bending (lateral fl exion), 35-37

documentation of, 49, 49f
hook-lying lower trunk rotation, 48
lumbar

extension-side-bending-rotation combined, 46
forward-bending, 42
side-glide (lateral shift  of correction), 47

thoracolumbar
backward-bending, 43
forward-bending, 41
lateral fl exion, 44
rotation, 45

upper thoracic rotation, 39
postural inspection as, 21-24, 21b-24b
structural examination as, 24-31

documentation of, 31, 32f
level of mastoid processes in, 25
level of shoulder girdles and scapulas in, 26
palpation of greater trochanter height in, 29
palpation of iliac crest height in

in sitt ing, 30
in standing, 27

palpation of posterior sacroiliac spines in sitt ing in, 31

Diagnosis—cont’d
palpation of posterior superior iliac spines in standing in, 28

Diagnostic classifi cations, physical therapy vs. medical, 11
Diagonal shoulder fl exion, for lumbopelvic spinal stabilization, 

109b
Disability questionnaires, 16-20, 18f, 19f
Distraction, of facet joints, 94, 97f
Distraction provocation sacroiliac joint test, 138
Documentation

of AROM examination, 49, 49f
of structural examination, 31, 32f

Drawing in maneuver, for lumbopelvic spinal stabilization, 106b
DTR testing. See Deep tendon refl ex (DTR) testing.
Dysfunction, defi ned, 4

E
Elastic zone, of stress/strain curve, 74, 74f
Elastin fi bers, in connective tissues, 73-74
Elbow extension, 62t
Elbow fl exion, 62t
Ely’s test, 136
Empty end feel, 50b
End feel, 50, 50b, 84
Endogenous analgesia, 76
Endogenous opioids, 77
Epicondylalgia, lateral, eff ect of manipulation on, 77
Epicondylitis, lateral, cervical lateral glide manipulation for, 77
Erhard, Dick, 4
Evaluation

defi ned, 7b
of fi ndings, 65-66

Evidence-based practice, 5-7, 6f, 6t
Examination, defi ned, 8b
Excessive force closure, pelvic girdle pain disorder with, 119
Exercises, prior to manipulation, 85

F
FABER test, 141
FABQ (Fear Avoidance Beliefs Questionnaire), 16, 17f, 121
Facet joint(s)

of cervical spine, 247-248
palpation of, 59

movements of, 94
of thoracic vertebrae, 199

Facet joint locking, acute, 75
Farrell, Joe, 4
Fear avoidance beliefs, 15, 15b, 16, 121
Fear Avoidance Beliefs Questionnaire (FABQ ), 16, 17f, 121
Feedback, individualized corrective, 85-87
Femoral nerve tension test, 136
Fibroplastic phase, of healing, 75
First rib

depression manipulation of, 302
palpation and spring test of, 60
posterior glide manipulation in supine of, 303

Flexion syndrome, 112-114
“Floating ribs,” 199
Forced biting provocation test, 332
Forced retrusion TMJ provocation test, 331
“Form closure,” 98
Forward lunge, for lumbopelvic spinal stabilization, 110b



www.manaraa.com

INDEX 343

Fracture(s)
spinal, 12t
thoracolumbar vertebral compression, 203

Function indexes, 16-20
Functional limitations, 8b, 20

G
Gaenslen’s provocation sacroiliac joint test, 117, 140
Gillet marching test, 137
Global muscles, 96

in lumbar instability, 103-104
Gluteus medius muscle isometric strength test, 136
Greater trochanter height, palpation of, 29
Grieve, Gregory, 3f
Grimsby, Ola, 4
Guidance, in learning motor skills, 86

H
Hamstring stretch, 122b
Hard capsular end feel, 50b
Headache, cervicogenic, 253t, 260-263, 263b, 304
Healing process, 74-75, 75b
Heart rate, aft er manipulation, 77
Herniated nucleus pulposus (HNP), lumbar radiculopathy that does 

not centralize due to, 114-116, 115b, 116b
High-velocity thrust, 71-72, 72t
Hip abduction, side-lying, for lumbopelvic spinal stabilization, 

107b
“clamshell,” 106b

Hip abduction/adduction isometric manipulation, 188
Hip abductor neuromuscular control test, 136
Hip extension, 65t
Hip extension neuromuscular control test, prone, 135
Hip fl exion, 65t
Hip joint, accessory motion testing of, 147-148
Hip joint anterior glide manipulation, 189
Hip joint manipulation, 188-191

abduction/adduction, 188
anterior glide, 189
with mobilization belt, 190-191

Hip long axis distraction test and manipulation, 147
Hip mechanics, 98-99
Hip passive rotation range of motion test

prone, 146
supine, 145

Hippocrates, 2
History, 20-21
HNP (herniated nucleus pulposus), lumbar radiculopathy that does 

not centralize due to, 114-116, 115b, 116b
Hood, Wharton, 2
Hook-lying lower trunk rotation, 48
Hook-lying lumbopelvic control test, supine, 134
Hook-lying marching motion, for lumbopelvic spinal stabilization, 

106b
H-refl ex, eff ect of manipulation on, 77
Hutt on, Richard, 2
Hyperalgesia, in whiplash-associated disorder, 254
Hypermobility, 52t

sacroiliac, 117-119
of TMJ, 312t, 316

Hypoalgesic eff ect, of spinal manipulation, 76-77

Hypomobility, 52t
cervical, 253t, 258-260, 259b-263b
isometric manipulation for, 78
lumbar, 100-101, 100b-102b
thoracic, 204-205, 204t

with low back pain, 204t, 208
with neck pain, 204t, 205-208, 208t
postural exercises for, 207b
self-mobilization and mobility exercises for, 206b
with shoulder impairment, 204t, 208
with upper extremity referral, 204t, 205

Hysteresis, 74

I
ICC (intraclass correlation coeffi  cient), 5
IFOMT (International Federation of Manipulative Th erapists), 

3, 3f, 4
Ileal rotation sacroiliac joint manipulation

anterior, 184-185
posterior, 182-183

Iliac crest height, palpation of
in sitt ing, 30
in standing, 27

Iliac tilt
anterior, 98f
posterior, 98f

Iliotibial band, loosening of, 122b
Iliotibial band length tests, 136-137
Immobilization, eff ect of prolonged, 74
Impairment, 8b
Impairment-based approach, 66
Impairment-based biomechanical approach, to clinical decision 

making, 79-81
Impairment-based classifi cation system, for low back pain, 

99-100, 100b
Individualized corrective feedback, 85-87
Infection, back-related, 12t
Inferior glide accessory hip motion test and manipulation, 148
Infl ammation phase, of healing, 74-75
Infl ammatory disease, aff ecting cervical spine, 12b
Instability

cervical, 253t, 256-257
lumbar, 100b, 101-105

case study on, 193
classifi cation system for, 100b
defi ned, 101
diagnosis of, 103
lumbar stabilization exercise program for, 103-105, 103b, 

106b-111b
spinal stability system and, 101-102

thoracic, 204t, 208-209
Instructions, for learning motor skills, 86
Interincisor measurement, of mandibular depression, 324
International Federation of Manipulative Th erapists (IFOMT), 

3, 3f, 4
Interrater reliability, 5
Interspinous ligament, palpation of, 56
Intervention, 8b
Intervertebral disc(s), of cervical spine, 247
Intervertebral disc pressure, 94, 96f
Intervertebral lumbar extension, 95f
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Intervertebral lumbar fl exion, 95f
Intraclass correlation coeffi  cient (ICC), 5
Intrarater reliability, 5
Intrinsic foot muscles, 65t
Intrinsic hand muscles, 62t
Isometric manipulation, 72, 72t

cervical
rotation in supine, 297
in sitt ing, 298-299

craniovertebral
rotation in supine, 300
side-bending (lateral fl exion), 301

for hypomobility conditions, 78
lumbar, with side-bending leg lowering technique, 179

J
Joint barrier, 84
Joint cavitation, 79, 80
Joint “crack,” 78-79
Joint dysfunction, 8b
Joint integrity, 8b
Joint mobility, 8b

palpation for, 53f
Joint play, 8b
Joint “pop,” audible, 78-79
Joint reactivity, 49-50, 50t

K
Kaltenborn, Freddy, 3, 3f, 4
Kappa coeffi  cient (k), 5-6, 6t
Kendall’s plumb line, 21, 24b
Kinematics, defi ned, 8b
Knee extension, 65t
Knee fl exion, 65t
Knowledge of performance (KP), in learning motor skills, 86
Knowledge of results (KR), in learning motor skills, 86
Kulig, Kornelia, 4
Kyphosis, thoracic

case study on, 244
natural, 199

L
Lateral condyle, palpation of, 329
Lateral epicondylalgia, eff ect of manipulation on, 77
Lateral epicondylitis, cervical lateral glide manipulation for, 77
Lateral lunges, for lumbopelvic spinal stabilization, 110b
Lateral pterygoid muscle, palpation of, 328
Lateral shift  correction, 47
Lateral view visual inspection, 21, 22b
Latissimus dorsi muscle isometric manual muscle test, 211b
LBP. See Low back pain (LBP).
Learning

of motor skills, 85-87
self-paced, 85

Learning materials, 85
Learning outcomes, 85
Leg lift s, for lumbopelvic spinal stabilization, 107b
Leg pain, that centralizes, 100b, 105-112, 112t, 113b
Levator scapula muscle length tests and hold/relax stretch, 

277
Levers of force, 84

Lift  training, for lumbopelvic spinal stabilization, 111b
Likelihood ratios, 6, 6f
LMM (lumbar multifi dus muscle), 97-98, 97f

in lumbar instability, 104
Load/elongation curve, 74, 74f
Local muscles, 96-98, 97f

in lumbar instability, 103-104
Loose packed position, 8b
Lordosis, lumbar, 94
Low back pain (LBP), 99-122

acute, 100-101, 100b-102b
case study on, 192

chronic, 119-121, 120b, 122b
case study on, 192

classifi cation of, 99-100, 100b
clinical practice guidelines for, 16, 18f72-73, 73b
epidemiology of, 93
guidelines for treatment of, 99
with lumbar and leg pain that centralizes, 100b, 105-112, 112t, 

113b
lumbar hypomobility with, 100-101, 100b-102b
due to lumbar spinal stenosis, 112-114
with lumbar spine instability, 100b, 101-105, 103b, 106b-111b
Modifi ed Oswestry Disability Index for, 16, 18f
postsurgical lumbar rehabilitation for, 116-117
with radiculopathy that does not centralize, 100b, 114-116, 115b, 

116b
due to sacroiliac joint dysfunctions, 117-119, 118b
signifi cance of, 93-99
thoracic hypomobility with, 208

Lower back region, red fl ags for, 12t
Lower extremity stretching exercises, 121, 122b
Lower fi nger, rule of the, 218-219, 230, 236, 237
Lower limb, myotomes of, 63b, 65t
Lower lumbar step, palpation for, 123
Lower quarter neurologic examination, 61, 63b, 65t
Lower trapezius muscle isometric manual muscle test, 211b
Lower trunk rotation, hook-lying, 48
LSS (lumbar spinal stenosis), 112-114

epidemiology of, 93
Lumbar axial rotation, range of motion for, 94, 94t

with coupled lateral fl exion, 96t
Lumbar backward-bending

kinematics of, 94, 97f
range of motion for, 94, 94t

Lumbar backward-bending PIVM test, modifi cation for, 151
Lumbar backward-bending segmental ROM, 94, 95t
Lumbar dermatomes, 65f
Lumbar disc surgery, rehabilitation aft er, 116-117
Lumbar extension

anterior pelvic tilt with, 95f
intervertebral, 95f
range of motion for, 94, 94t

Lumbar extension-side-bending-rotation combined motion, 46
Lumbar fl exion

intervertebral, 95f
posterior pelvic tilt with, 95f
range of motion for, 94, 94t

Lumbar forward-bending
kinematics of, 94, 97f
range of motion for, 94, 94t
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Lumbar forward-bending measurement, 42
Lumbar forward-bending PIVM test, side lying

with bilateral leg fl exion, 149
with single leg fl exion, 150-151

Lumbar forward-bending segmental ROM, 94, 95t
Lumbar fusion, 93
Lumbar hypomobility, 100-101, 100b-102b
Lumbar intervertebral disc surgery, rehabilitation aft er, 

116-117
Lumbar isometric manipulation

prone, 177
with side-bending leg lowering technique, 179

Lumbar lateral fl exion, range of motion for, 94, 94t
with coupled axial rotation, 96t

Lumbar lordosis, 94
Lumbar manipulation, isometric

prone, 177
with side-bending leg lowering technique, 179

Lumbar mobility exercises, 101, 102b
Lumbar multifi dus muscle (LMM), 97-98, 97f

in lumbar instability, 104
Lumbar pain, that centralizes, 100b, 105-112, 112t, 113b
Lumbar PAIVM test, central posterior to anterior, 162-163
Lumbar PIVM tests, 149-163

backward-bending, modifi cation for, 151
forward-bending

side lying with bilateral leg fl exion, 149
side lying with single leg fl exion, 150-151

rotation
prone lying

with raising the pelvis, 158-159
with rolling the legs, 156-157

spring testing through transverse processes, 160-161
side-bending (lateral fl exion)

in prone, 152
with mobilization table, 153

side lying with rocking the pelvis, 154
translatoric joint play segmental stability test as, 155

Lumbar posterior shear test, 124
Lumbar radiculopathy, that does not centralize, 114-116, 115b, 

116b
Lumbar rehabilitation, postsurgical, 116-117
Lumbar rotation manipulation

initiated caudally, 170
initiated cranially, 170
with lateral fl exion, 171
oscillation through transverse process, 173
in side lying, 166-169

Lumbar rotation PIVM test
prone lying

with raising the pelvis, 158-159
with rolling the legs, 156-157

spring testing through transverse processes, 160-161
Lumbar segmental coupled motions, 96, 96t
Lumbar side-bending, kinematics of, 97f
Lumbar side-bending (lateral fl exion) PIVM test

in prone, 152
with mobilization table, 153

side lying with rocking the pelvis, 154
Lumbar side-glide, 47
Lumbar spinal fusion procedures, 93

Lumbar spinal stenosis (LSS), 112-114
epidemiology of, 93

Lumbar spine
active range of motion of, 94, 94t
functional anatomy and mechanics of, 94-98, 94t-96t, 95f-97f
pinch test of, 58

Lumbar spine instability, 101-105
case study on, 193
classifi cation system for, 100b
defi ned, 101
diagnosis of, 103
lumbar stabilization exercise program for, 103-105, 103b, 

106b-111b
spinal stability system and, 101-102

Lumbar spine manipulation, 164-185
adverse eff ects of, 83
isometric

prone, 177
with side-bending leg lowering technique, 179

lumbar rotation manipulation as
initiated caudally, 170
initiated cranially, 170
with lateral fl exion, 171
with oscillation through transverse process, 173
side lying, 166-169

lumbopelvic (sacroiliac region), 164-165
lumbosacral lift  manipulation as, 172
lumbosacral manual traction with mobilization table as, 183
sacroiliac joint

anterior ilial rotation, 184-185
posterior ilial rotation, 182-183

side-bending (lateral fl exion)
with mobilization table and thumb block, 176
myofascial stretch, 176
prone abducting the leg with thumb or fi nger block, 174-175
side lying

raising and lowering the legs, 178-179
rocking the pelvis, 180-181

Lumbar spine side-bending (lateral fl exion) manipulation
with mobilization table and thumb block, 176
myofascial stretch, 176
prone abducting the leg with thumb or fi nger block, 174-175
side lying

raising and lowering legs, 178-179
rocking the pelvis, 180-181

Lumbar stabilization exercise program, 103-105, 103b, 106b-111b
Lumbar step, lower, palpation for, 123
Lumbar traction

contraindications and precautions for, 115b
indications for, 115b
for lumbar radiculopathy that does not centralize, 114-115, 

115b
proposed theoretical eff ects of, 115b

Lumbar translatoric joint play segmental stability test, 155
Lumbopelvic control test, supine hook-lying, 134
Lumbopelvic disorder(s), 99-122

chronic low back pain as, 119-121, 120b, 122b
classifi cation of, 99-100, 100b
guidelines for treatment of, 99
lumbar and leg pain that centralizes as, 100b, 105-112, 112t, 

113b
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Lumbopelvic disorder(s)—cont’d
lumbar hypomobility as, 100-101, 100b-102b
lumbar radiculopathy that does not centralize as, 100b, 

114-116, 115b, 116b
lumbar spinal stenosis as, 112-114
lumbar spine instability as, 100b, 101-105, 103b, 106b-111b
postsurgical lumbar rehabilitation for, 116-117
sacroiliac joint dysfunctions as, 117-119, 118b

Lumbopelvic examination, 123-146
femoral nerve tension test (Ely’s test) in, 126
Gillet marching test in, 137
hip abductor neuromuscular control test in, 136
hip passive rotation range of motion test in

prone, 146
supine, 145

iliotibial band length tests in, 126-127
lumbar posterior shear test in, 124
palpation for lower lumbar step in, 123
Patrick test (FABER test) in, 141
prone hip extension neuromuscular control test in, 135
prone instability test in, 125
prone transversus abdominis test in, 133
provocation sacroiliac joint test in

compression, 139
distraction, 138
Gaenslen’s, 140
sacral thrust, 143

sacroiliac joint posterior gapping test and thigh thrust provocation 
test in, 142-143

slump test in, 128-129
straight leg raise test in, 130-131

active, 132-133
modifi ed, 131

supine hook-lying lumbopelvic control test in, 134
Th omas test in, 144

Lumbopelvic extension
in prone, 112t

sustained, 112t
with pelvic translocation, 112t

repeated, in standing, 112t
in standing, 112t

repeated, 112t
sustained, 112t

sustained
in prone, 112t

with pelvic translocation, 112t
in standing, 112t

Lumbopelvic fl exion
in quadruped, 112t

repeated, 112t
repeated

in quadruped, 112t
in sitt ing, 112t
in standing, 112t

in sitt ing, repeated, 112t
in standing, 112t

repeated, 112t
Lumbopelvic kinematics, 94-99, 94t-96t, 95f-98f
Lumbopelvic manipulation, 164-165

factors related to inability to respond to, 101, 101b
indications for, 100-101, 100b

Lumbopelvic mobility exercises, 101, 102b
Lumbopelvic rhythm, 94, 98
Lumbopelvic side bending, in standing, 112t
Lumbopelvic spinal stabilization, 103-105, 103b, 106b-111b

for sacroiliac joint dysfunction, 119
Lumbosacral lift  manipulation, 172
Lumbosacral manual traction, with mobilization table, 183

M
Maitland, Geoff rey, 3, 3f
Mandible

depression of, 318b, 324-325, 325b
lateral excursion of, 311, 317b, 326
protrusion of, 311, 318b, 323
retrusion of, 311

Mandibular AROM testing, 322-326
auscultation during, 319f, 325, 325f
during depression, 324-325, 325b
during lateral excursion, 317b, 326
mapping of, 322
during protrusion, 323

Mandibular depression, 318b, 324-325, 325b
Mandibular dynamics mapping chart, 322
Mandibular lateral excursion, 311, 317b, 326
Mandibular opening exercise, controlled, 313, 317b-318b
Mandibular passive ROM, 316b
Mandibular protrusion, 311, 318b, 323
Mandibular rest position, and TMJ function, 312
Mandibular stretching, sustained, 316b
Manipulation

accuracy of, 80
adverse eff ects and safety of, 81-83, 81b
audible joint “pop” in, 78-79
clinical decision making in use of, 79-81
contraindications to, 83-84, 84b
defi ned, 8b, 71
eff ects of, 73-78

mechanical, 73-75, 74f, 75b
neurophysiological, 75-78
psychological, 78

evidence for, 72-73, 73b
grades of, 71, 72f, 72t
guiding principles for performance of, 84-85
history of, 2-4, 3f
introduction of, 71-72
positioning for, 84
psychomotor components of, 85-87
random selection of technique for, 80

Manual muscle test, of upper quarter, 62b
Manual physical therapy, treatment philosophy of, 4-7, 4b
Manual therapy techniques, defi ned, 8b
Mastery learning, 85
Masticatory muscles

disorders of, 312t, 313, 317b-318b
palpation of

external, 327
intraoral, 328

Mastoid processes, level of, 25
McKenzie prone extension exercise sequence, 113b
McKenzie repeated movement examination and treatment regime, 

105-112, 112t, 113b
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McMillan, Mary, 2
Measures. See Tests and measures.
Mechanical eff ects, of manipulation, 73-75, 74f, 75b
Mechanoreceptors, 76
Medical diagnostic classifi cations, 11
Medical history, 21
Medical intake form, 12-15, 13f-14f
Medical screen, 12-21

disability and psychosocial impact questionnaires in, 16-20, 
17f-19f

list of medications in, 15
medical intake form in, 12-15, 13f-14f
patient interview and history in, 20-21
psychosocial issues (yellow fl ags) in, 15, 15b
red fl ags in, 12, 12b, 12t

Medication list, in medical screen, 15
Mennell, James, 3
Mennell, John, 3
MET (muscle energy technique), 72, 72t

for hypomobility conditions, 78
Mid cervical spine rotation/upglide manipulation, 290-291
Mid thoracic lift  manipulation, 243
Middle trapezius muscle isometric manual muscle test, 211b
Mobility exercises

for chronic low back pain, 121
for thoracic hypomobility, 206b

Mobilization, 2
defi ned, 8b, 71

Modifi ed Ober test, 127
Modifi ed Oswestry Disability Index (ODI), 16, 18f
Modifi ed straight leg raise test, 131
Moisture, skin palpation for, 54
Moore, Michael, 4
Motion palpation, 49-51, 52t
Motivation, in learning motor skills, 86
Motor skills, learning of, 85-87
Motor system, eff ect of manipulation on, 77-78
Movement impairment, chronic low back pain due to, 120
Multifi dus muscle, 97-98, 97f

in lumbar instability, 104
Muscle energy technique (MET), 72, 72t

for hypomobility conditions, 78
Muscle guarding, 50b
Muscle holding

chemical, 56b
involuntary, 56b
voluntary, 56b

Muscle holding states, dysfunctional, 55, 56b
Muscle palpation, 55, 56b
Muscle spasm, 56b
Muscle splay, 55
Muscle strength, eff ect of manipulation on, 78
Muscle tone, eff ect of manipulation on, 77
Myofascial rolling technique, 122b
Myofascial stretch

sacral mobilization and, 186
side-bending, 176

Myofascial techniques, 121, 122b
Myotomes, 61

of lower limb, 63b, 65t
of upper limb, 62b, 62t

N
Neck Disability Index (NDI), 16, 19f
Neck distraction test, 266
Neck fl exion, 62t
Neck fl exor muscles, anterior, strengthening exercise for, 255, 

256f
Neck pain

epidemiology of, 247
thoracic hypomobility with, 205-208, 208b
thoracic manipulation for, 259, 260b
in whiplash-associated disorder, 254-256, 254t

Neck side fl exion, 62t
Neck traction test, 267
Negative likelihood ratio, 6, 6f
Neural control subsystem, for spinal stabilization, 

102
Neurogenic claudication, 112-113
Neurologic screen, 61-65

dermatomes in, 61, 64f, 65f
lower quarter, 61, 63b, 65t
myotomes in, 61, 62t, 65t
patient interview in, 20
upper quarter, 61, 61b-62b, 62t

Neurophysiological eff ects, of manipulation, 75-78
Nordic approach, 3
Numeric Pain Rating Scale (NPRS), 16, 20

O
OA (osteoarthritis), of TMJ, 312t, 319-320
Ober test, 127
Occipitoatlantal (OA) distraction, 296
Occlusion, assessment of, 321
ODI (Oswestry Disability Index), modifi ed, 16, 18f
Opioids, endogenous, 77
Orthopaedic manual physical therapy (OMPT), treatment 

philosophy of, 4-7, 4b
Oscillation techniques, 71-72, 72t
Osteoarthritis (OA), of TMJ, 312t, 319-320
Osteokinematics, defi ned, 8b
Osteomyelitis, spinal, 12t
Osteopathy, history of, 2
Osteoporosis, of thoracic spine, 203-204
Oswestry Disability Index (ODI), modifi ed, 16, 18f

P
Pain

acute cervical, 254-256
case study on, 304
classifi cation of, 254-255, 254t
evaluation of, 253t, 255, 255b, 255f
treatment of, 253t, 254-256, 255f, 256f

low back (See Low back pain (LBP))
lumbar and leg, that centralizes, 100b, 105-112, 112t, 

113b
neck

epidemiology of, 247
thoracic hypomobility with, 205-208, 208b
thoracic manipulation for, 259, 260b
in whiplash-associated disorder, 254-256, 254t

pelvic girdle, 119
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Pain—cont’d
referred

to thoracic spine, 203, 203t
to TMJ, 312
upper extremity, 205

Pain drawing, on body chart, 14f, 17-20
Pain history, 20
Pain indexes, 16-20
Pain thresholds, eff ect of manipulation on, 76-77
Palmer, B. J., 2
Palmer, Daniel David, 2
Palpation, 49-60

of articular pillars and facet joints of cervical spine, 59
body chart to document fi ndings on, 53f
for end feeling, 50, 50b
of greater trochanter height, 29
of iliac crest height

in sitt ing, 30
in standing, 27

for joint reactivity, 49-50, 50t
for lower lumber step, 123
of masticatory muscles

external, 327
intraoral, 328

motion, 49-51, 52t
muscle, 55, 56b
for passive intervertebral motion, 49-51, 49t, 50b, 50t
for position, 57-60
of posterior sacroiliac spine in sitt ing, 31
of posterior superior iliac spines in standing, 28
of skin for temperature and moisture, 54
and spring test of fi rst rib, 60
of subcutaneous tissue, 54-55
of supraspinous and interspinous ligaments, 56
for tissue condition, 51-56, 53f, 56b
TMJ, 327-330

lateral pole, 329
of muscles of mastication

external, 327
intraoral, 328

posterior compartment, 330
Parascapular manual muscle tests, 211b
Parascapular soft  tissue mobilization, bordering the scapula, 224
Paré, Ambrose, 2
Paris, Stanley, 3, 3f, 4, 4b
Passive accessory intervertebral motion (PAIVM) tests, 8b, 49, 

50-51
central posterior to anterior lumbar, 162-163
cervical unilateral (upglide) posterior to anterior, 292

alternative “dummy thumb” method for, 293
prone upper thoracic unilateral (upglide) posterior-to-anterior, 

with dummy thumb method, 293
rib, 220-223
thoracic

central posterior-to-anterior backward bending, 214-215
posterior-to-anterior forward-bending, 216-217
posterior-to-anterior rotation, 218-219

Passive intervertebral motion (PIVM) tests, 7, 8b, 49-51
cervical spine downglide, in sitt ing, 298
documenting results of, 49, 49t
end feel in, 50, 50b

Passive intervertebral motion (PIVM) tests—cont’d
lumbar, 149-163

backward-bending, modifi cation for, 151
forward-bending

side lying with bilateral leg fl exion, 149
side lying with single leg fl exion, 150-151

rotation
prone lying with raising the pelvis, 158-159
prone lying with rolling the legs, 156-157
spring testing through transverse processes, 160-161

side-bending (lateral fl exion)
in prone, 152

with mobilization table, 153
side lying with rocking the pelvis, 154

translatoric joint play segmental stability test as, 155
reactivity in, 49-50, 50t
reliability of, 51, 52t
technique for, 51, 53b
thoracic, 212-219

upper
forward-bending, 212
rotation, 213

uses for, 49, 50-51
Passive mandibular ROM, 316b
Passive physiological intervertebral motion (PPIVM) tests, 8b, 

49
for cervical spine, 278-287

craniovertebral
forward and backward bending, 278
rotation

forward bending, 280
in lateral fl exion, 281

side bending, 279
downglide, 282-283, 284t

in sitt ing, 298
lateral glide, 286-287

with upper limb neurodynamic 1 mobilization, 287
upglide, 285

Patella deep tendon refl ex, 63b
Patient education, based on fear avoidance model, 121
Patient history, 20-21
Patient interview, 20-21
Patient-Specifi c Functional Scale (PSFS), 16, 17
Patrick test, 141
Pectoralis minor muscle length test and stretch, 225
Pelvic girdle pain disorders, 119
Pelvic mechanics, 98, 98f
Pelvic motion, 98, 98f
Pelvic tilt

anterior, 99
with lumbar extension, 95f

and kinematics of lumbar spine, 94, 95f
posterior, 99

with lumbar fl exion, 95f
Pelvic translocation

in standing, 112t
sustained extension in prone with, 112t

Periaqueductal grey area (PAG), in endogenous analgesia, 76
Peripheralization, defi ned, 105
Phasic muscles, imbalance between postural and, 120
Philosophy of Dysfunction, 4, 4b
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Physical therapy, history of, 2
Physical therapy diagnostic classifi cations, 11
Pinch test, 58
Plan of care, 66-67
Plastic zone, of stress/strain curve, 74, 74f
Plumb line, 21, 24b
“Pop,” audible, 78-79
Position, palpation for, 57-60
Positional distraction, for lumbar radiculopathy that does not 

centralize, 115-116, 116b
Positioning, for manipulation, 84
Positive likelihood ratio, 6, 6f
Posterior ileal rotation sacroiliac joint manipulation, 182-183
Posterior iliac tilt, 98f
Posterior oblique view visual inspection, 23b
Posterior pelvic tilt, 99

with lumbar fl exion, 95f
Posterior sacral tilt, 98f
Posterior sacroiliac spine, palpation of, in sitt ing, 31
Posterior superior iliac spines (PSIS), palpation of, in standing, 28
Posterior view visual inspection, 21, 21b
Posterior-to-anterior forward-bending PAIVM test, 216-217
Posteroanterior (PA) mobilization

lumbar spine motion during, 79-80
neurophysiological eff ects of, 76, 78

Postsurgical lumbar rehabilitation, 116-117
Postsurgical TMJ, 320
Postural exercises, for thoracic spine disorders, 207b
Postural inspection, 21-24, 21b-24b
Postural muscles, imbalance between phasic and, 120
Practice, for learning motor skills, 86
Primary vector, 84
Prognosis, 66-67
Prone cervical unilateral (upglide) posterior to anterior PAIVM test 

and mobilization, 292
alternative “dummy thumb” method for, 293

Prone extension exercise sequence, 113b
Prone hip extension, for lumbopelvic spinal stabilization, 106b
Prone hip extension neuromuscular control test, 135
Prone hip passive rotation range of motion test, 146
Prone instability test, 125
Prone lumbar isometric manipulation, 177
Prone transversus abdominis test, 133
Prone upper thoracic unilateral (upglide) posterior-to-anterior 

PAIVM and mobilization, with dummy thumb method, 293
Provocation sacroiliac joint test, 119

compression, 139
distraction, 138
Gaenslen’s, 117, 140
sacral thrust, 143

Psoas release, 122b
Psychological eff ects, of manipulation, 78
Psychomotor components, of manipulation, teaching strategies for, 

85-87
Psychosocial impact questionnaires, 16-20, 17f
Psychosocial issues, 15, 15b

Q
Quadratus lumborum, in lumbar stabilization, 103-104
Quebec Task Force (QTF) classifi cation, of whiplash-associated 

disorder, 254, 254t

R
Radiculopathy

cervical, 253t, 257-258, 258f, 305
lumbar, that does not centralize, 114-116, 115b, 116b

Randomized controlled trial (RCT), 7
Range of motion (ROM)

active (See Active range of motion (AROM))
aft er manipulation, 73

Range of movement, 71, 72f
Reactivity, 49-50, 50t
Reciprocal shoulder girdle retraction, 207b
Red fl ags

for cervical spine, 12b
for lower back region, 12t
for spinal manipulation, 83, 84b

Reduced force closure, pelvic girdle pain disorder with, 119
Referred pain

to thoracic spine, 203, 203t
to TMJ, 312
upper extremity, 205

Refractory period, for joint pop, 78-79
Reliability, 5
Remodeling phase, of healing, 75
Repeated movement examination and treatment regime, for lumbar 

and leg pain that centralizes, 105-112, 112t, 113b
“Reproducible signs,” treatment of, 3
Resisted side stepping, for lumbopelvic spinal stabilization, 109b
Respiratory rate, aft er manipulation, 77
Rib(s)

fi rst
depression manipulation of, 302
palpation and spring test of, 60
posterior glide manipulation in supine of, 303

“fl oating,” 199
Rib cage, kinematics of, 199-202, 200f
Rib PAIVM tests and manipulation techniques, 220-223

bucket-handle, 222
exhalation, 223
forward rotation, 221
posterior-anterior, 220

Rib posterior-anterior manipulation in supine, 233
Rogers, Mike, 4
Rule of the lower fi nger, 218-219, 230, 236, 237

S
Sacral mobilization, and myofascial stretch, 186
Sacral thrust, 117
Sacral thrust provocation sacroiliac joint test, 143
Sacroiliac (SI) belt, 117-119, 118b
Sacroiliac (SI) displacement, 119
Sacroiliac (SI) hypermobility, 117-119
Sacroiliac joint (SIJ)

anterior rotation of, 98
counternutation of, 98, 98f
kinematics at, 98, 98f
nutation of, 98, 98f
posterior rotation of, 98

Sacroiliac joint (SIJ) dysfunctions, 117-119, 118b
Sacroiliac joint (SIJ) manipulation

anterior ileal rotation, 184-185
posterior ileal rotation, 182-183
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Sacroiliac joint (SIJ) posterior gapping test, 142-143
Sacroiliac joint (SIJ) provocation test, 119

compression, 139
distraction, 138
Gaenslen’s, 140
sacral thrust, 143

Sacroiliac joint (SIJ) stability, 98
Sacroiliac (SI) region manipulation, 164-165
Sacroiliac (SI) sprain, 117
Sacroiliac (SI) stabilization binders, 117-119, 118b
Safety, of manipulation, 81-83, 81b
Scapula(s)

bordering the, 224
level of, 26

Scapular mobility assessment and mobilization, 224
Scapular retraction, standing resistive, 262b
Scapulothoracic soft  tissue techniques, 224-225
Scar tissue formation, 75
Screen

medical (See Medical screen)
neurologic (See Neurologic screen)

Secondary vectors, 84
Segment mobility examination, 52t
Segment specifi city, of manipulation, 80
Segmental fi xations, 52t
Self correction, in learning motor skills, 86
Self-mobilization exercises, for thoracic hypomobility, 

206b
Self-myofascial rolling technique, 122b
Self-paced learning, 85
Sensation testing

of lower quarter, 63b
of upper quarter, 62b

Sensitivity, 6
Sharp-Purser test, 264
Shoulder abduction, 62t
Shoulder abduction test, 266
Shoulder D2 fl exion

supine resistive, 261b
supine theraband, 207b

Shoulder elevation, 62t
Shoulder elevation AROM testing, 210, 211b
Shoulder extension

for lumbopelvic spinal stabilization, 107b
standing resistive, 262b

Shoulder external rotation
standing resistive, 262b
standing theraband, 207b

Shoulder girdle(s), level of, 26
Shoulder girdle retraction, reciprocal, 207b
Shoulder horizontal abduction

for lumbopelvic spinal stabilization, 107b
standing resistive, 263b
standing theraband, 207b

Shoulder impairments, thoracic hypomobility with, 208
SI. See Sacroiliac (SI).
Side-bending myofascial stretch, 176
Side-lying hip abduction, for lumbopelvic spinal stabilization, 

107b
“clamshell,” 106b

SIJ. See Sacroiliac joint (SIJ).

Sit on physioball and march, for lumbopelvic spinal stabilization, 
108b

Sit squat, for lumbopelvic spinal stabilization, 111b
Skin palpation, for temperature and moisture, 54
Skin rolling, 54-55
Skultetus maternity binder, 117-119, 118b
SLR. See Straight leg raise (SLR).
Slump test, 128-129
Soft  tissue approximation, 50b
Specifi city, 6
Spinal fracture, 12t
Spinal instability

cervical, 253t, 256-257
lumbar, 100b, 101-105

case study on, 193
classifi cation system for, 100b
defi ned, 101
diagnosis of, 103
lumbar stabilization exercise program for, 103-105, 103b, 

106b-111b
spinal stability system and, 101-102

thoracic, 204t, 208-209
Spinal manipulation. See Manipulation.
Spinal osteomyelitis, 12t
Spinal stabilization, 101-105
Spinal stabilization exercise program, 103-105, 103b, 106b-111b

for sacroiliac joint dysfunction, 119
Spinal subluxations, 75
Spinal traction

cervical
for cervical instability, 258, 258f
in cervical spine examination, 267

lumbar
contraindications and precautions for, 115b
indications for, 115b
for lumbar radiculopathy that does not centralize, 114-115, 

115b
proposed theoretical eff ects of, 115b

Spine, neuroanatomy and physiology of, 76
Spinous processes, of thoracic vertebrae, 199
Spring testing

of fi rst rib, 60
through transverse processes, 160-161

Springy block end feel, 50b
Spurling’s test, 265
Stabilizing system, of spine, 101-105
Sterling classifi cation, of whiplash-associated disorder, 254, 254t
Sternocostal joints, functional anatomy and mechanics of, 200
Still, Andrew, 2
Stoddard, Alan, 3
Straight leg raise (SLR), for lumbopelvic spinal stabilization, 

106b
Straight leg raise (SLR) test, 130-131

active, 117, 119, 132-133
modifi ed, 131

Stress/strain curve, 74, 74f
Stretching exercises, for chronic low back pain, 121, 122b
Structural examination, 24-31

documentation of, 31, 32f
level of mastoid processes in, 25
level of shoulder girdles and scapulas in, 26
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Structural examination—cont’d
palpation in

of greater trochanter height, 29
of iliac crest height

in sitt ing, 30
in standing, 27

of posterior sacroiliac spines in sitt ing, 31
of posterior superior iliac spines in standing, 28

Subcutaneous tissue assessment, 54-55
Subluxations, spinal, 75
Suboccipital release/inhibitive distraction, 294
Succussion, history of, 2
Supraspinous ligament, palpation of, 56
Swensen, Bjorn, 4
Sympathoexcitatory response, to manipulation, 77
Symptom-based diagnosis, 66
Synovitis, of TMJ, 312-313, 312t, 315f
Systematic reviews, 7, 12
Systemic disease, aff ecting cervical spine, 12b

T
T4 syndrome, 205
Teaching strategies, for psychomotor components of manipulation, 

85-87
Teeth, assessment of, 321
Temperature, skim palpation for, 54
Temporomandibular disorder(s) (TMDs), 312-320, 312t

anterior disc displacement as
with reduction, 312t, 316-319, 318f, 319b, 319f
without reduction, 312t, 319, 320f

capsular fi brosis as, 312t, 313, 316f
capsulitis/synovitis as, 312-313, 312t, 315f
case studies on, 336-337
causes of, 309
defi ned, 309
epidemiology of, 309
hypermobility as, 312t, 316
of masticatory muscles, 312t, 313, 317b-318b
osteoarthritis as, 312t, 319-320
symptoms of, 309
treatment options for, 309

Temporomandibular disorder (TMD) disability index, 313, 314b, 
321

Temporomandibular disorder (TMD) disability questionnaire, 313, 
314b, 321

Temporomandibular joint (TMJ)
auscultation of, 319f, 325, 325f
cervical spine infl uence on, 311-312
kinematics of, 309-312, 310f, 311f
postsurgical, 320

Temporomandibular joint (TMJ) AROM, 322-326
auscultation during, 319f, 325, 325f
during mandibular depression, 324-325, 325b
during mandibular lateral excursion, 317b, 326
during mandibular protrusion, 323
mapping of, 322

Temporomandibular joint (TMJ) controlled opening, 313, 
317b-318b

Temporomandibular joint (TMJ) depression, 318b, 324-325, 325b
Temporomandibular joint (TMJ) distraction accessory motion test, 

333

Temporomandibular joint (TMJ) education, 319b
Temporomandibular joint (TMJ) examination, 321-335

accessory motion tests in, 333-335
distraction, 333
lateral glide, 334
medial glide, 335

AROM in, 322-326
during mandibular depression, 324-325, 325b
during mandibular lateral excursion, 317b, 326
during mandibular protrusion, 323
mapping of, 322

assessment of teeth and occlusion in, 321
history/interview questions for, 321b
palpation in, 327-330

lateral pole, 329
of muscles of mastication

external, 327
intraoral, 328

posterior compartment, 330
provocation tests in, 331-322

forced biting, 332
forced retrusion, 331

Temporomandibular joint (TMJ) lateral excursion, 311, 317b, 
326

Temporomandibular joint (TMJ) lateral glide accessory motion test, 
334

Temporomandibular joint (TMJ) medial glide accessory motion 
test, 335

Temporomandibular joint (TMJ) palpation, 327-330
lateral pole, 329
of muscles of mastication

external, 327
intraoral, 328

posterior compartment, 330
Temporomandibular joint (TMJ) proprioception exercises, with 

rubber tube, 315b
Temporomandibular joint (TMJ) protrusion, 311, 318b, 

323
Temporomandibular joint (TMJ) provocation tests, 331-322

forced biting, 332
forced retrusion, 331

Temporomandibular joint (TMJ) stabilization exercises, 316, 
317b-318b

Tests and measures, 21-49
AROM examination as, 32-48

cervical
backward-bending, 34
forward-bending, 33
rotation, 38

in supine, 40
side-bending (lateral fl exion), 36-37

with shoulder girdle supported, 35
documentation of, 49, 49f
hook-lying lower trunk rotation, 48
lumbar

extension-side-bending-rotation combined, 46
forward-bending, 42
side-glide (lateral shift  of correction), 47

thoracolumbar
backward-bending, 43
forward-bending, 41
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Tests and measures—cont’d
lateral fl exion, 44
rotation, 45

upper thoracic rotation, 39
postural inspection as, 21-24, 21b-24b
structural examination as, 24-31

documentation of, 31, 32f
level of mastoid processes in, 25
level of shoulder girdles and scapulas in, 26
palpation in

of greater trochanter height, 29
of iliac crest height

in sitt ing, 30
in standing, 27

of posterior sacroiliac spines in sitt ing, 31
of posterior superior iliac spines in standing, 

28
Th igh thrust, 117
Th igh thrust provocation test, 142-143
Th omas test, 144
Th oracic clinical instability, 204t, 208-209
Th oracic examination, 210-225

inspection of thoracic mobility with shoulder elevation AROM 
testing in, 210, 211b

PIVM testing in, 212-219
accessory posterior-to-anterior

backward bending, 214-215
forward-bending, 216-217
rotation, 218-219

upper thoracic
forward-bending, 212
rotation, 213

rib PAIVM tests and manipulation techniques in, 
220-223

scapulothoracic soft  tissue techniques in, 
224-225

Th oracic hypomobility, 204-205, 204t
with low back pain, 204t, 208
with neck pain, 204t, 205-208, 208t
postural exercises for, 207b
self-mobilization and mobility exercises for, 206b
with shoulder impairment, 204t, 208
with upper extremity referral, 204t, 205

Th oracic kyphosis
case study on, 244
natural, 199

Th oracic lift  manipulation
mid, 243
upper, 242

Th oracic mobility, with shoulder elevation AROM testing, 210, 
211b

Th oracic PIVM testing, 212-219
accessory posterior-to-anterior

backward bending, 214-215
forward-bending, 216-217
rotation, 218-219

in cervical spine examination, 287
upper

forward-bending, 212
rotation, 213

Th oracic posterior-to-anterior manipulation in prone
backward-bending, 226-227
forward-bending, 228-229
rotation, 230-231

Th oracic posterior-to-anterior rotation PAIVM test, 218-219
Th oracic rotation, upper, 39
Th oracic rotation manipulation

posterior-to-anterior in prone, 230-231
in supine, 234-236, 236b
upper

with movement, 238
in prone, 237

Th oracic side-bending manipulation in prone, 232
Th oracic spine

anatomy of, 199
kinematics of, 199-202, 201f, 202f
pinch test of, 58
referral pain to, 203, 203t
self-mobilization and mobility exercises for, 206b

Th oracic spine disorder(s)
causes of, 202
classifi cation of, 202, 203t, 204t
diagnosis and management of, 202-209, 203t, 204t
hypomobility as, 204-205, 204t

with low back pain, 204t, 208
with neck pain, 204t, 205-208, 208t
postural exercises for, 207b
self-mobilization and mobility exercises for, 206b
with shoulder impairment, 204t, 208
with upper extremity referral, 204t, 205

instability as, 204t, 208-209
osteoporosis as, 203-204
signifi cance of, 199

Th oracic spine manipulation, 226-243
mid thoracic lift , 243
posterior-to-anterior

backward bending, 226-227
forward-bending, 228-229
rotation, 230-231

rotation in supine, 234-236, 236b
side-bending in prone, 232
upper

gap
with facet locking, 239
in sitt ing, 240

lift , 242
press/kneading in sitt ing, 241
rotation

with movement, 238
in prone, 237

Th oracic spine PIVM testing, 212-219
accessory posterior-to-anterior

backward bending, 214-215
forward-bending, 216-217
rotation, 218-219

upper
forward-bending, 212
rotation, 213

Th oracic unilateral (upglide) posterior-to-anterior PAIVM and 
mobilization, prone, with dummy thumb method, 293
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Th oracic vertebrae, anatomy of, 199-200
Th oracolumbar AROM

backward-bending, 43
forward-bending, 41
lateral fl exion, 44
rotational, 45

Th oracolumbar axial rotation, kinematics of, 200, 201f
Th oracolumbar extension, kinematics of, 200, 201f
Th oracolumbar fl exion, kinematics of, 200, 201f
Th oracolumbar lateral fl exion, kinematics of, 202, 202f
Th oracolumbar vertebral compression fractures, 203
Th orax

functional anatomy and mechanics of, 199-202
stiff , 245

Th rust manipulation, technique for, 84
Th umb extension, 62t
Tissue condition, palpation for, 51-56, 53f, 56b
Tissue reactivity, 49-50, 50t
Tissue repair, stages of, 74-75
Tissue stretch, 50b
TMDs. See Temporomandibular disorder(s) (TMDs).
TMJ. See Temporomandibular joint (TMJ).
Toe extension, 65t
Toe region, of stress/strain curve, 74, 74f
TrA (transversus abdominis) muscle, in lumbar instability, 104, 105, 

106b, 107b
TrA (transversus abdominis) test, prone, 133
Traction

cervical
for cervical instability, 258, 258f
in cervical spine examination, 267

lumbar
contraindications and precautions for, 115b
indications for, 115b
for lumbar radiculopathy that does not centralize, 114-115, 

115b
proposed theoretical eff ects of, 115b

Training tools, for learning motor skills, 87
Translation, of facet joints, 94
Transverse processes

of adjacent transverse processes, 218-219
of same vertebra, 216-217
spring testing through, 160-161
of thoracic vertebrae, 199

Transversus abdominis (TrA) muscle, in lumbar instability, 104, 
105, 106b, 107b

Transversus abdominis (TrA) test, prone, 133
Trapezius muscle isometric manual muscle tests, 211b
Treadmill test, two-stage, 112-114
Treatment-based classifi cation system, for low back pain, 99-100, 

100b
Trendelenburg’s test, 136
Trial and error, in learning motor skills, 86
Triceps deep tendon refl ex test, 61b
2 × 2 contingency table, 6, 6t
Two-stage treadmill test, 112-114

U
Ulnar deviation, 62t
Upper cervical ligamentous instability, 12b

Upper extremity referred pain, upper thoracic hypomobility with, 
205

Upper limb, myotomes of, 62b, 62t
Upper limb neurodynamic test (ULNT)

1, 258, 270-271
lateral glide with, 287

2a, 272-273
2b, 274
3, 275

Upper quarter neurologic examination, 61, 61b-62b, 62t
Upper thoracic forward-bending PIVM test, 212
Upper thoracic gap manipulation

with facet locking, 239
in sitt ing, 240

Upper thoracic hypomobility, with upper extremity referred pain, 
205

Upper thoracic lift  manipulation, 242
Upper thoracic manipulation

gap
with facet locking, 239
in sitt ing, 240

lift , 242
press/kneading in sitt ing, 241
rotation

with movement, 238
in prone, 237

Upper thoracic press/kneading manipulation in sitt ing, 241
Upper thoracic rotation, 39

with movement, 238
in prone, 237

Upper thoracic rotation PIVM test, 213
Upper thoracic unilateral (upglide) posterior-to-anterior 

PAIVM and mobilization, prone, with dummy thumb method, 
293

Upper trapezius muscle length test and hold/relax stretch, 
276

V
Validity, 5
VAS (visual analog scale) pain scores, eff ect of spinal manipulation 

on, 77
VBI (vertebral basilar insuffi  ciency), 81-83
Vectors, primary and secondary, 84
Vertebral artery dissection, 81-83
Vertebral artery insuffi  ciency, 12b
Vertebral artery test

standing, 269
supine, 268

Vertebral basilar insuffi  ciency (VBI), 81-83
Vertebral compression fractures, thoracolumbar, 203
Viscoelastic properties, 74, 74f
Visual analog scale (VAS) pain scores, eff ect of spinal manipulation 

on, 77
Visual inspection, 21-24, 21b-24b

W
Wall dance exercise, 206b
Wall slide, for lumbopelvic spinal stabilization, 108b, 110b
Warm-up, prior to manipulation, 85
WCPT (World Confederation of Physical Th erapy), 3-4
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Whiplash-associated disorder (WAD), 254-256
case study on, 304
classifi cation of, 254-255, 254t
evaluation of, 253t, 255, 255b, 255f
psychosocial issues with, 15
treatment of, 253t, 254-256, 255f, 256f

World Confederation of Physical Th erapy (WCPT), 3-4
Wrist extension, 62t

Y
Yellow fl ags, for psychosocial issues, 15, 15b

Z
Zygapophyseal facet joints, of cervical spine, 247-248
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