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Abstract
THE USE OF COMPUTERIZED DYNAMIC POSTURCGRAPHY TO ASZESS THE
BALANCE IN INDIVIDUALS WITH PARKIMSON’S DISEASE
By Theresa Erin McGuirk, BS
A thesis submitted in partial fulfillment of the requiremer:is for the degree o Master of
Science of Biomedical Engineering at Virginia Coriimonwealth Unive:sity.

Virginia Commonwealth University, 2005

Major Director: Dr. Peter S. Lum
Associate Professor, Department of Biomedical Engineering

Postural instability is one of the hallmarks of Parkinson’s disease (PD}, currently
evaluated using several subjective tools. However, the nature and degree of the resuliing
balance deficit is not well specified by these tools. Computerized dynamic
posturography (CDP) provides an objective assessment by isolating and quantifying
sensory and motor contributions to balance control. The purpose of this study was to
compare balance in individuals with PD to a control group using CDP (NeuroCom Smart
Balance Master® system). Testing took place at the Southeast Parkinson’s disease
Research Education and Clinical Center (PADRECC), an interdisciplinary center of
excellence for people with PD within a Veterans Affairs Medical Center. The 51 PD

patients (mean age = 72.18 + 6.98 years;) were compared to 55 age-matched controls



X1
supplied by the CDP manufacturer. Subjects were assessed with three test scales defined

by the Smart Balance Master” system: Sensory Organization Test (SOT), Adaptation
Test (ADT), and Limits of Stability Test (LOS). All PD population CDP scores were
significantly different (¢=0.05) than those of a healthy population, except for the SOT
Somatosensory subscale (p=0:28), LOS Directional Control subscale (p=0.08), ADT
Toes Up subscale (p=0.16) and ADT Toes Down subscale (p=0.23). The Smart Balance
Ma}gter® system’s LOS Movement Velocity, Endpoint Excursion, Maximum Excursion,
an‘d Reaction Time stibscores and the SOT Composite, Visual, and Vestibular subscores
unjquely describe the varying symptoms of the disease. These disease specific

abnormalities may provide insight into focused treatment intervention strategies.



CHAPTER 1: INTRODUCTION

Parkinson’s disease (PD) is a progressive neurodegenerative movement discrder
associated with a loss of dopaminergic nigrostriatal neuroins. An estimated .5 miliion
Arﬁericans are affected by PD with 26 new cases per 100,60 people per year. *~ The ;ur
primary symptoms of PD are tremor, rigidity, bradykinesia, and postural instabiiity.
Postural instability usually occurs in the late stages of the disease, as a result ¢f increzsed
extrémity and truncal i;ne, motor incoordination, and dystonomia. More than 35% of
people with advanced PD experience falls and 18% sustain fractures as a result of these
falls. *

There is no cure for PD, but symptoms can be managed using medicine, surgery
and rehabilitative physical therapy. Once PD is diagnosed, the gold standarc¢ of present
therapy is the drug levodopa (L-3,4-dihydroxyphenylalanine). L-dopa is used by ncrve
cells in the brain to make dopamine. L-dopa is effective in approximately 75% of
patients diagnosed with PD. Other medications include Bromocriptine, Selegiiine,
Anticholinergics, and Amantadine.. When medication is not found to be effective,
surgery is sometimes used to reduce PD symptoms. Procedures such as
cryothalamotomy and thalamic stimulation are used to affect the area found to produce

tremor in the body. ¢



it can improve body strength and balance helping PD patients overcome gait problems.

Just as importantly, exercise gives the PD patient a sense of accomplishment and

freedom

1.1. A Rationale for this Study.
Postural instability is one of the hallmarks of Parkinson’s disease, even in the

early stages of presentation. The inability to maintain balance predisposes affected PD
¢

9.4
47 Researchers have

patients to a loss of equilibrium and falls leading to more disability.
reported that 38-68% of individuals with PD had fallen in the recent past and 13% fell
more than once a week. **” Prior studies have found that balance impairment is a primary

11.15.60.668088.96 pyrther, PD patients walk with

risk factor in the occurrence of falls.
significantly reduced speed ;ﬁd mean step length compared to control subjects. '*7°
Based on these studies, the accurate assessment of postural instability is a significant
issue for the PD population. Interestingly, despite the high prevalence of PD and the
severity of the functional limitations resulting from balance deficits, there is little

agreement among health professionals about the most appropriate tools with which to

quantify this impairment.

1.2. Tools Currently Used to Measure Postural Instability in the PD Population.

There are several measurement tools used in clinics as well as research when

evaluating a PD patient.
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The retropulsion test, which measures a patient’s ability to recover equilibrium

after sudden pulling backward on the shoulders, has been suggested as the most valid test
for postural stability in Parkinson’s disease. '**® However, this test is subjective and no

standard method of administration exists.

The Hoehn and Yahr Rating Scale **-™® and the modified Schwab and England

Capacity for Daily Living Scale ***** are also frequently used to evaluate the impact of
Parkinson’s disease, but do not directly assess postural instability.

Two current tools are discussed in detail below: The Unified Parkinson’s Disease
Rating Scale (UPDRS) and the Berg Balance Scale (BBS).v While these methods of

measuring functional impairment in Parkinson’s disease¢ exist, at present no ‘gold

standard’ exists for assessing postural instability.

1.2.1. The Unified Parkinson’s Disease Rating Scale (UPDRS).

The UPDRS is currently the most widely accepted scale for measuring the
components of PD. 232% It was developed in 1987 by combining the PD rating scales
available at the time. *® The UPDRS is used in clinical research and drug trials to follow
the longitudinal course of PD. 4%

The UPDRS is divided into four subscales, including 1) Mentation, Behavior, and
Mood, 2) Activities of Daily Living, 3) Motor, and 4) Complications of Therapy
[APPENDIX A]. In its entirety it provides an overall assessment that quantifies all the
motor and behavioral aspects of the disease. The motor component (UPDRS-III) has

been used to assess postural instability. **#*™*>7*#7 UPDRS-III evaluates 14 items with 27
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distinct functions. Each item is scored on a scale of 0 to 4. A total of 108 points is

possible, with 108 representing maximum (or total) disability and O representing no

disability.

1.2.1.1. UPDRS Validity.

The UPDRS is one of the most evaluated, valid and reliable scales currently
a\}ailable. 8 Several studies have investigated the structure and measurement capabilities
of the UPDRS and have found a high inter-rater consistency. 818 A videotay:e of the
UPDRS motor exams has alse. been found to be useful when diagnosing PD, contributing

34.57

to the validity of the scale.

1.2.1.2. UPDRS Reliability.

The inter-rater >>%

and intra-rater 3578 (test-retest) reliability of the UPDRS scale
has been examined and shown to be a highly reliable measurement of PD. Intra-test
reliability of UPDRSm has also been studied and found to possess a high test-retest

reliability. >>%

1.2.2. The Berg Balance Scale (BBS).

The Berg Balance Scale is an objective measure of balance abilities. It has been
used to identify and evaluate balance impairment, >*'*'233727330818 The BBS has also
been used to validate other scales including the Activities-specific Balance Confidence

(ABC) scale, " the Lower Extremity Motor Coordination Test (LEMOCOT), 2 the
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Dynamic Gait Index (DGI); **-and several functional balance tests used on post-stroke

patients. ¥

The BBS is a detailed balance examination that evaluates 14 tasks comrimon to
everyday life. * The items test a subject’s ability to maintain positions or movements of
increasing difficulty by diminishing the base of support from sitting to standing to single-
leg starice [APPENDIX B].- One’s ability to change positions i¢ also assessed. Ezch item
is scored on a scale of 0-to 4. A total of 56 points is possible, with 0 reprcsenting

maximum (or total) disability and 56 representing no disability.

The BBS has recently been demonstrated to be a valid measure of balaace and
disease severity in PD as well. **”" Although the scale has been validated nu:merous
times, one recent study péfformed on a chronic stroke population found the BES to be
unclear and recommend cautioh when interpreting BBS score:. It is suggested clinicians
who want to determine fall risk look at reactive balance as opposed to walking balance. *

Improvements on the condensed item-rating categories of the BBS have also been

suggested. 3%

1.2.2.2. BBS Reliability.
The inter-rater and intra-rater (test-retest) reliability of the BBS scale has been

examined and shown to be a reliable measurement of PD. **#



1.2.%. Computerized Dynaniic Posturography (CDP)

Computerized dynamic posturography (CDP) is defined by the American
Academy of Otolaryngology-Head and N:ck Surgery and the American Academy bf
Neurology as a system which “isolates anc. quantifies sensor and motor contribuiions to
balance control and assesses sensorimc¢:or integration in people with normal and
abnormal sensorimotor- skills.” " In 200, the American Medical Association added
posturography as a criteria method for docu mentation of disability and impairmer::. *'

CDP systems were designed to e-aluate and trair static and dynamic balance
performance. *****' The designs, once validated, provide an objective assessmen: of the
sensory and voluntary motor control of bal.mce with visual biofeedback on either a stable
or unstable support surface and in a stable or dynamic visua! environment. ®’ CDP is the
only: method validated by controlled research studies to isolate the functional
contributions of vestibular inputs, visual i puts, somatosensory inputs, central integrating
mechianisms, and neuromuscular system ¢+ ;puts for postural and balance control. ** CDP
systéms have allowed clinicians to objc stively measure the postural components of

: 7 ,46,65,92,95
balanée 137 1415.16,17,18,19,22,26,29,36,37,39,40,42.4.,16,65,92,8

and are able to differentiate between
elderly fallers and non-fallers. **

CDP is more effective than standard diagnostic tests in differentiating between
PD and PSP in their early stages. " Early differentiation improves outcome, because PSP

patie"r’fts do not respond well to dopaminergic medication. In its early stage, PSP is often

mistaken for PD. CDP (NeuroCom’s® EquiTest system) has been shown to be the only
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/

test that quantified differences in sensory impairments among idiopathic bilateral
vestibular loss (BVL) patients. *

CDP (NeuroCom’s* EquiTest system) has demonstrated the ability to describe the
neuro-otological abnormalities associated with dizziness and was the most sensitive
diagnastic test for identifying abnormality in dizzy patient population. *

CDP has also shown the ability to detect malingering: the false or exaggeration of
a physical or mental disease in order to obtain money, drugs, or evade duty or criminal
responsibility.>* The systems have been used to document posturographic evidence on
nonorganic sway patterns; identifying patients exaggerating sway from those with
balance disorders for which treatment was medically necessary. ***!

. CDP has also demonstrated the ability to identify athletes with pcor ankle
strategy, effectively predicting those athletes likely to suffer ankle sprains during the
course of a season. %

CDP can play an important role of the function evaluation and management of PD
patients and offers the opportunity to more objectively evaluate the nature and degree of

postural instability in PD.

1.2.3.1. CDP Validity.

Controlled research studies have shown CDP to be the only method validated to

isolate vestibular inputs, visual inputs, somatosensory inputs, central integrating

: 7.81
mechanisms and neuromuscular system outputs. 6.8



1.2.3.2. CDP Reliability.

The test-retest reliability of CDP has been measured on several different systems
such as NeuroCom’s® ProBalance Master ** and NeuroCom’s® Smart Balance Master **
systems. The measurements evaluated on these systems have shown reliability *

although it is suggested that clinicians use caution when interpreting CDP scores.

1.3. Objectives for this Study.

This study was designed to -identify the clinical utility and wvalidity of
computerized, dynamic posturography,‘-using the NeuroCom® Smart Balance Master
system as a tool used to quantify a balance deficit. There are two objectives for this
study:

1) Determine whether PD patient population scores produced by the Smart
Balance Master system are significantly different than those of a typical
healthy population, demonstrat‘ing that the Smart Balance Master®
(SBM) system is capable of describing the balance characteristics of a
typical idiopa;thic PD patient population.

2) Determine which SBM scores have a strong correlation with currently
accepted measures of postural instability among the PD patient

population: the UPDRS and BBS.



CHAPTER 2: THE SMART BALANCE MASTER® SYSTEM

The Smart Balance Master® (SBM) system is a computerized dynamic
posturography (CDP) system designed to assess a patient’s balance or provide balance-
retaining therapy, (Figure 1). The system provides visual feedback to a patient on either
a stable or unstable support surface and in a stable or dynamic visual environment,

(Figure 2). Version 8.2 was used in this study.

Figure 1. The Smart Balance Master system.

9



Figure 2. Moving surface and moving surround. (Courtesy of NeuroCom® International, Inc.)

2.1. NeuroCom International, Inc.

The Smart Balance Master® (SBM) system was designed by NeuroCom
International, Inc.?, a company founded by Lewis Nashner in 1984. The company works
in the development of computerized tools for the assessment and rehabilitation of patients
with balance and mobility disorders.

NeuroCom International, Inc.
9570 SE Lawnfield Road
Clackamus, Oregon 97015
1-800-767-6744 Tel

1-500-653-1991 Fax
www.onbalance.com

2.2. Specifications of Electrical and Mechanical Components.

The SBM system utilizes a dual forceplate, (Figure 3). The forceplate consists of
two 9” x 18” footplates which are connected by a pin joint. The footplates are supported
by four strain gauges, which are mounted on a supporting center plate. A fifth transducer

is attached to the center plate directly beneath the pin joint.
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Figure 3. Dual forceplate configuration. (Courtesy of NeiroCom™ International, Inc.)

The five strain gauges transduce force. The center strain gauge, located directly
below the pin joint measures shear forces along the y-axis. The y-axis is considered the
plane parallel to tﬁe floor. The other four strain gauges measure vertical force applied.
directly to the forceplate. The pin joint, mentioned earhier, is used to aliow the wvertical
forces to be measured separately on the right and lefi footplates. Each transducer
requires a separate differential amplifier to condition: the outputs. The electrical
characteristics of the forceplate transducers are listed in Table 1.

Table 1. Electrical characteristics of forceplate transdwcers.

Sensitivity 25 mV/1b (55V/kg)
Calibration
. Gain 0.11b45g)
Zero 01lb45g)
Gain Temperature Coefficient | 0.01 1b/°C (4.5 g/°C)
Gain Zero Coefficient 0.01 16/°C (4.5 g/°C)
Linearity 0.051b (2.3 g)
Output Range 175 1b (79.4 kg)
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The forceplate is -moved by two long-life direct-current instrumentation

st'éri/omotors in response to command signals from the computer, (Figure 4).

Linear Direct
Current Amplifier
Dual Forceplate
l Power
Computer # Servomotor ﬁ 5 fOI'Ce tl‘ansducers

| !

=== Optical Position
Separate feed back circuit

ey

Figure 4. Flowchart representing the Smart Balance Master system collecting and recording data.

Ball bearing gears provide approximately 95 percent of the motors’ power to the
forceplate surface rotations. The gear ratio for the two servomotors to forceplate turns is
212:1. The gear ratio for the two servomotors to the visual surround turns is 840:1. Each
sepvomotor is powered by a separate linear direct current amplifier. Rotational positions
of,the servomotors are measured by optical position encoders and controlled by separate

feedback circuits. The performance characteristics of the servemotors are listed in Table

2:};’

Table 2. Performance characteristics of the two servomotors.

Tilt
Output sensitivity 1 deg/volt
Range +10 deg
Maximum velocity 50 deg/sec (at 4 deg rotate)

Time to maximum velocity | 50 msec
Maximum torque (static) 1 | 200 ft-1b (271 J)
Visual surround tilt
Output sensitivity 1 deg/volt
Range +10 deg

Maximnm szelocity 15 deg/sec
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The data is collected at a sampling rate of 100 Hz and recorded using a 2™ order

Butterworth filter with a 12-bit resolution. The cutoff frequency is 0.85 Hz.

2.3. Calculation of Surface Forceplate Measurements.
_The SBM system measures and calculates five diiferent forces, which the patient
exerts (;n the dual forceplate. These five forces are the total vertical force (Fv), total
"horizontal force (Fh), lateral center of vertical force (Px). left AP y-axis center of vertical
force (PyL), and right AP y-axis center of vertical force (PyR).

Fv is the subject’s weight. It is measured by the four corner transducers
(described previously) and then calculated by summing them together. The corner
transducers are described as RF (right front transducer), RR (right rear iransducer), LF
(left front transducer) and LR (left rear transducer).

Fv=RF+RR+LF+LR Equation 1.

“Fh is measured directly by the center force transducer.

“The SBM system creates a hypothetical point on the forceplate. This point is a
vertical projection of the patient’s center of gravity onto the dual forceplate at any given
instant in time. Px is the distance between this hypothetical point and the y-axis. There

are 4.00 inches between each of the force transducers and the y-axis.

py _ (RF +RR)~(LF + LR)
RFE+RR+LF+ LR

LRI Equation 2.

Py is the distance between the hypothetical point and the x-axis. There are 4.20

inches between each of the force transducers and the x-axis.



LF+RF)Y=LR+ RR)]
Py = [( ) )] x4.20 Equation 3.
LE+RF +LR+RR

The SBM system calculates the components of Py. PyL is the left component of

the distance between the hypothetical point and the x-axis.

LF -LR
PyL = m 4,20 Equation 4.
PyR is the fight component of the distance between the hypothetical point and the
X-axis.
PyR = RE-RR *x4.20 Equation 5.
. RF+RR .

2.4. Calculation of Center of Gravity Measurements.
To calculate the center of gravity (COG) of the subject, the following references

were used, (Figure 5). Experimentally, in the upright stance, a subject’s COG is

positioned at a height 55% of the total height of the subject and 14% of the foot length in

front of the medial malleolus bone in the ankle joint. This positicns the COG at an

inclined angle of 2.3° forward from the vertical line passing through the ankle joint.
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u-

——— ceniter of gravity (COG)

Heog = 055 x wal heght

cenvter of foot Reppore

Figure 5. Illustration of center of gravity and center of foot placement. (Courtesy of NeuroCom™
International, Inc.)

2.5. Calculation of the COG Sway Angle.

The SBM system' software computes 0, (Figure 6), using values of Pcog and

Hcog, (Equation 6).
. | Peog o ” :
6 = arcsin| —— [—2.3 Equation 6.
coG

P
snA- § sinenpﬁ

Figure 6. Geometric relationship between 6 and Py. (Courtesy of NeuroCom® International, Inc.)



CHAPTER 3: DATA COLLECTIC:N METHODS

The author began data collection by recruiting :‘abjects for this study from the
PADRECC patient list. Admissible subjects must have i 2en dizgnosed with Parkinson’s
disease, be able to stand without the use of an assist:ve device and not suffer from
dementia. In general, this limited testable subjects te patients with mild Parkinson’s
disease. The diagnosis of PD was confirmed by th:: PADXECC neurologist (i.e.,
appropriate clinical findings, and confirmed responsiv::iess to :Jopamine or dopamine-
agonists), and all participants were ambulatory without -y assistive device or physical
assistance during their initial clinical evaluation. Each s.bject was either called at home
or approached while already visiting PADRECC for a proviously scheduled appointment.
Subjects or caretakers were presented with the purpose of the balance study as well as
what would be expected of the subject before, during «nd after testing along with any
risks involved. Interested participants were scheduled t<: come in for testing and given a
study card with the date, time and location of the testing as well as contact information of

the author.

3.1, Testing Location and Protocol,
The Hunter Holmes McGuire Veterans Affairs Mzdical Center in Richmond,

Virginia, is one of six Veterans Health System centers of excellence for the treatment of

16
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PD. Patients referred to the Parkinson’s Disease Research, Education, and Clinical

Center (PADRECC) at this facility underwent a comprehensive interdisciplinary

‘e,valuat_i_(z)n that included examinations by a neurologist, neuropsychologist, trained

s ™
I8

movement disorders nurse, and physiatrist. Eligible participants were evaluated by
PADRECC clinicians between September, 2004 and August, 2005. The only ambulatory
subJ ect; excluded from participation were those ascertained to be cognmvely impaired to
the pom‘t of being unable to understand procedural instruction and safely comnplete the
testing p¥otocol. Demographic data was collected from patients’ medical records, clinical

interviews, and a directed physical examination. A signed consent form, consistent with

Internal Review Board processes, was obtained, [APPENDMX C].

3 . Subject Examination.

The examination of each subject began by presenting each subject with a consent
form consistent with Internal Review Board (IRB). The purpose and procedure of the
;tudy as well as what would be expected of the subject during testing and any risks
involved were reiterated. The consent form was then signed.

An objective evaluation of the subject’s balance was then taken to determine
motor functioning, stage of disease, and daily living skills. The instruments used were the
UPDRS motor section (UPDRS-III) and the BBS. These scales are described in detail in
sections 1.2.1 and 1.2.2, [APPENDIX A and APPENDIX B, respectively].

If PADRECC did not already have scores from the subject dated within three

months of the date of testing, they were obtained during the examination. The author
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performed the BBS and requested the service of a trained clinician to obtain the UPDRS

score.

3.3 Subject Testing Preparation Protocol.

The demographic data of each subject including the subject’s age and height were
entered into the Smart Balance Master® (SBM) system computer. Name and the last four
digits of the social security number were also recorded irto the system for future
reference. Subjects were asked to remove socks and shoes. Height was measured by
asid-ng the patient to stand with his/hér back to a wall where a measurement device is
located.

A common physical constraint of PD is a slouch ¢f the back. The height of the
subject with slouch was measured. This slouch does affect the placement of the center of
gravity of the subject, moving it forward. This may have some affect on the validness of
using a COG calculation as opposed to using center of pressure calculation.

The patient was then fitted with a safety harness, (Figure 7), which connects two
suspension straps extending down from an overhead bar. The harness and suspension
system are used to help prevent falls if the patient loses balance. Three harnesses were
provided with the SBM system; small (S), medium (M) and large (L). Harness size was
determined based on the subject’s height and girth. The harness was fitted to be

comfortabie, but snug.



Gold D Ring
‘Shoulder Strap
Plastic Connector

aist Strap

===- ©high Strap

Figure 7. Safety harness front (A) and back (B).

The subject was then assisted into the SBM, stepping onto the forceplate. The
subject faced the visual surround during testing. As soon as the subject was inside the
SBM, the safety harness was attached to the suspension straps, (Figure 1). The straps
were then adjusted to allow for subject movement from side to side, but could still safely
break a fall, should the subject lose balance.

The subject’s feet were then positioned on the forceplate by the author, (Figure 8).
The medial malleolus of each foot was centered directly over a thick line on the dual
forceplate positioned perpendicular to the subject. The lateral calcaneus was positioned
according to the subject’s height. The forceplate is marked with lines named S’, ‘M’
and ‘T’ where | |
S = Short 30-55 inches/76-140 cm

M = Medium 56-65 inches/141-165 cm
T = Tall 66-80 inches/166-203 ¢cm
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Figure 8. Subject’s feet positioned on forceplate. .

Once the patient was properly positioned and comfortable, tests utilizing the SBM

may begin.

3.4. Subject Testing with the Smart Balance Master.

Testing involved examination and data collection, with a time span of
approximately forty-five minutes to one hour, depending on the subject. Before testing
began, each subject was informed that breaks would be permitted as needed during
testing. Subjects were also reminded of the restraining harness designed to provide
support and prévent a fall in the chance the subject did lose balance. Subjects were
advised to stand as relaxed and still as possible during each test, and to stand as close to

vertical as possible. The system was then prepped by the author for the first test.
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Three CDP assessment tests were used to analyze the balance capabilities of the

‘-“r‘JJhJects, the Sensory Organization Test (SOT), the Adaptaiion Test (ADT), and the

Limits of Stability Test (LOS). ' These three tests are desc:ibed in detail bziow.

)
arl

&
3;41 The Sensory Organization Test (SOT).

" The SOT is designed to assess a patient’s use of ths three Sensory s systems that

?tﬂﬁ

contrlbute to balance and identify any abnormalities in tk: systems The:: three

3 i

sénsory systems are the somatosensory. system, visual sysiem and vestibiiiar system.

e SOT;.. protocol 1is comprised of six conditions in whick the somatosensr ry and visual

‘e;zwromgents are systematlcally altered, as described in 7'able 3;, (Flgure L\ The
patient’s:responses to these environmental changes are mizasured and recoided. The
énvironment is altered by systematically eliminating information normally delivered to
the patient’s eyes, feet and joints. The SBM handbook refers to this technique as
calibrated “sway-referencing.” "' Sway-referencing allows the forceplate and/or visual
surround to tilt, following the patient’s anteroposterior body sway. Sway-referencing,
combined with asking the patient to either open or close the eyes creates sensory
conflict situations for the subject and isolates vestibular balance control, as well as the

adaptive - responses of the central nervous system.



Sensory Organization Test

Figure 9. The 6 sensory conditions of SOT protocol. (Courtesy of NeuroCom® International,

Inc.)

Table 3. Description of the six SOT tasks.

SOT Tasks Condition Description

Condition 1 Eyes open, surround and platform stable

Condition 2 Eyes closed, surround and platform stable

Condition 3 Eyes open, sway-referenced surround

Condition 4 Eyes open, sway-referenced platform

Condition 5 Eyes closed, sway-referenced platform

Condition 6 Eyes open, sway-referenced surround and platform, measured

over three trials each

A printout of this assessment was produced by the computer, [APPENDIX D].

The SOT Comprehensive Report provides four types of analysis: equilibrium score,

sensory analysis, strategy analysis and center of gravity alignment.

The equilibrium score quantifies the Center of Gravity (COG) sway or postural

stability under each of the three trials for each of the six sensory conditions. The

composite equilibrium score is the weighted average of the scored of all sensory

conditions. It is designed to measure the overall level of performance.
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The sensory analysis ratios are used in combination with the equilibrium score
to identi:fy specific impairments of the individual’s sensory system. The four ratios
calculated are: Somatosensory (SOM), Visual (VIS), Vestibular (VEST) and

\1}1

Breferential (PREF), (Equations 7-10).

- Condition2
SomatosensoryRatio = M Equation 7.
Conditionl
; dition4
VisualRatio = Condition4 Equation 8.
2 Conditionl
VestibularRatio = M Equation 9.
Conditionl
ition3 + 6
Pr eferehiialRatio Mr' Equation 10.

{“mm'.‘.fl'm:l# 5

Sltrategy analysis and center of gravity (COG) alignment are also.calculated by the
system, but were not used as analysis techniques for this study. Strategy analysis
calculates the relative movement of the body about the ankle and hips. These are
cgmmonly referred to as ankle strategy and hip strategy, respectively. Healthy
individuals primarily move about the ankle joints on a stable surface, and move about the

hip join‘t.s: when the surface comes unstable. COG alignment measures the subject’s

I;osition on the forceplate at the start of each SOT trial.

The SOT is designed to measure how a subject organizes sensory information.
An inability to properly organize sensory information can result in balance instabilities
when the environment is shifted. This can include diminished visual clues (darkness,

lack of contrast/depth cues), unstable surface (sand, gravel, boat dock), or conflicting
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visual stimuli (being in a crowded shopping mall, watching a moving bus.) The SOT

attempts to determine if the subject is appropriately able 3 organize sensory information.

3.4.2. The Adaptation Test (ADT).

The Adaptation Test (ADT) consists of two different conditions (toes-up, toes-
down) with five trials of each condition, (Figure 10). The ADT assesses a patient's ability
to minimize sway when exposed to surface irregularities znd unezpected changes in
support surface inclination. Sequences of platform rotatics in the toes-up or toes-down
direction elicit automatic motor responses. For each platfc:rm rotation trial, a sway energy
score quantifies the magnitude of the force response requ:ired to overcome induced
postural instability. Unanticipated toes-up or toes-down rctations elicit automatic

responses, which terid to destabilize the patient's balance.

During the first (unexpected) trials, the initial distuptive responses are corrected
by secondary responses in the opposing muscles. With esch subsequent trial, initial
reactions are attenuated and secondary responses strengthened to reduce overall sway.
Performance on the ADT requires adequate ankle range of motiori and muscle strength,
as well as effective motor adaptation. The last of the five trials was utilized per the
standard SBM protocol. ' Here it is assumed that as each trial progresses, the subject
learns what to expect and the energy score improves. A good performance score on the
ADT requires adequéte ankle range of motion and muscle strength, as well as effective

motor adaptation.



Toes Up and Toes Down Rotations

Figure 10, Toes up and toes down rotations. (Courtesy of NeuroCom® International, Inc.)

For each platform rotation trial, a sway energy score, (Equation 11), quantifies the

magnitude of the force response required to overcome induced postural instability.

SwayEnergy = C1* PY'(RMS) + C2 * PY"(RMS) Equation 11.

0.025

Where the constants C1 and C2 are defined as C1 = and C2 = =

in/sec sec

A printout of this assessment is then produced by the computer, [APPENDIX E].
The average, raw sway and center of force data for all five trials is also provided,

however this data was not used during analysis of the study.

The ADT attempts to determine if the subject is appropriately able to suppress
inappropriate automatic reactions, as well as ankle joint weakness and restricted range of

motion.



3.4.3. The Limits of Stability Test (LOS).

The Limits of Stability (LOS) quantifies the maximum distance a person can
intentionally displace their center of gravity (COG), i.e. lean their body in a given
direction without losing balance, stepping, or reaching for assistance. For each of eight
trials, the patient maintains their COG over the base of support as indicated by a cursor
display of the COG position relative to a center target, (Figure 11). On command, the
patient moves the COG cursor as quickly and accurately as possible towards a second
target located on the LOS perimeter (100% of theoretical limits of stability) and then
holds the position as close to the target as possible. The patient is allowed up to 8 seconds

to complete each trial.

X

N

Figure 11. LOS screen.

Based on the eight trials of the LOS test, five parameters are calculated: reaction
time (RT), movement velocity (MVL), endpoint excursion (EPE), maximum excursion,
and directional control (DCL). A printout of this assessment is then produced by the

computer, [APPENDIX F].
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The RT is measured in seconds and is the time between the command 0 move

given by the system operator and the patient’s first move. The MVL is measured in
degrees per second and is the average speed of the COG movement. The EPE is
expressed as a percentage. It is the distance of the first movement made by t}:= subject

.f-'l'\ -}

towards the designated target. The MXE is expressed as a percentage and is the

"y ol

maximum distance achieved during each trial. The DCL is expressed as a percentage. It
e

compares the amount of movement in: the intended direction (towards the designated
v d

target) to the amount of extraneous movement (away from the target.) The 1.OS test

£y ar

attempts to determine if the subject is voluntarily able to move his/her COG tu positions
s

within the LOS.

‘3.5. Completion of Subject Testing.

At the completion of testing cn the Smart Balance Master® system, the patient
was released from the safety straps and asked to slowly tarn around, rotating 180°. Once
the subject was facing the operator, the operator removed the safety vest and assisted the
subject with stepping down from the system. The subject then sat down and put socks
apd shoes back on. 5<'The re_sults of the test were printed and reviewed with the subject for
his/her infonnatiog. The §ubject was then informed that testing was complete and was

walked out of the hospital.



CHAPTER 4: DATA ANALYSIS METHODS

1M

Data was analyzed with SPSSb, version 11.0, for Windows and Miciosoft Fixcel,
version 9.0.0.3822 for Windows. Means and standard deviations (SDs) fus each «f the
CDP measured were computed for the PD population and compared to thos:: of a healthy

pbpulation.

4.1. Data Variables.

All demographic data (age), scale measurement data (UPDES, BE®) and $mart
Balance Master® data (SOT, ADT, and LOS test scores) were tabulated 1nto an Excel
sheet, [APPENDIX G]. The name and last 4 digits of the subiect’s social security
number were also recorded, but were not published.

Based on the parameters each test is designed to measure, SBM tests were divided
into two groups for statistical analysis. The first group, (Table 4) lists tests in which the
PD subjects were expected to receive lower numerical scores when compared to the
healthy population data provided by NeuroCom" International. All of the SOT scores, as
well as the LOS endpoint excursion, maximum excursion and directional contr& measure
a percentage or a ratio. The LOS movement velocity measures how quickly the subject 1s

moving in degrees/second.



Table 4. Smart Balance Master tests the PD population is expected to score significantly lower in
when compared to a healthy population.

CDP Test Units
SOT Composite ratio (%)
SOT Somatosensory . ratio (%)
SOT Visual ‘ ‘ ratio (%)
SOT Vestibular . ratio (%)
SOT Preferential ratio (%)
LOS Movement Velocity degrees/second
LOS Endpoint Excursion ratio (%)
LOS Maximum Excursion . ratio (%)
LOS Directional Control : ratio (%)

Thg second group, (Taﬁble 5) lists tests in which the PD subjects were expected to
receive hi gher numeric;al sco-rés wheﬁ compared to the healthy population data provided
by NeuroCom” International. The ADT test produces a number score measuring the
magnitude of force a subject is required to exert onto the forceplate in order to maintain
balance. The smaller the force required to prevent a fall, the ‘better’ the score. LOS
reaction time is measured in seconds and is the other test in which the lower the number
the subject receives, the ‘better’ the score.

Table 5. Smart Balance Master tests the PD population is expected to score significantly higher
in when compared to a healthy population.

CDP Test Units
ADT Toes Up L : energy sway
ADT Toes Down energy sway
LOS Reaction Time seconds

4.2. Adjusting the NeuroCorrfiHealthV Population Data.

Healthy subjects were not tested by the author for this study. Healthy population
scores on the SBM system were provided in the appendix of the NeuroCom" International,
Inc operator’s manual. * However, the raw data from was unavailable. Only healthy

population means and standard deviations, divided by age groups 60-69, and 70-79,
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[APPENDIX H], were available from the NeuroCom" International, Inc for statistical

analyses. Calculations were performed to combine these two subpopulations into a single
control group with an age range of 60-79 years (Equations 6-9).

The only other demographic information known regarding this data was the
breakdown by gender. In the age group 60-69, there were 12 males and 14 females. In

the age group 70-79 there were 15 males and 14 females.

¥ ZE x5 {-]F. *mllj+tF. *m_)
m

L5k Equation ¢.
m, -+ m,

Where, Y. : mean of the NeuroCom healthy population, age range 60-69

m,, : NeuroCom healthy population size, age range 60-69

Y5 : mean of the NeuroCom healthy population, age range 70-79

m, : NeuroCom healthy population size, age range 70-79

S (v, -7)’
&, = |z'— . Equation 7

. 1I =1

Rearrange Equation 7:
S(¥,-Y)’ =S;(m~1)=s2(m, —1)+s; (m, ~1) Equation 8.

Where, s, : standard deviation of the NeuroCom healthy population, age range 60-69
s, : standard deviation of the NeuroCom healthy population, age range 70-79

_ Il-ﬂ:{m,, - |]+.ﬁ3[arrn -1)
1| {m, +m,1—1

5, Equation 9.

The newly calculated m, Y ,and S, [APPENDIX I] were then used to compare

the performance of patients with PD to that of normal subjects of a similar age. A sample

calculation is included in Appendix K.
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4.3. Data Population Characteristics.

Before any statistical test can be performed on the acquired data sets, there are
two characteristics, which were described:
1) * Are the data sets from each population of a normal distribution?

2) * Are the comparing data sets of equal variances?

4.3.1. Determining Normal Distribution of Population Data

NeuroCom® Internatioﬁ’al, Inc has stated the published collection of data for a
healthy population reflects a normal distribution. n

Outliers were defined in this study as any value greater or less than 3-standard
deviation from the norm. Specifically, this rule applied to subjects deemed un-
measurable by the SBM system, as a result of recurring falls during testing. This
assumption was made based on observation that falls during testing were not determined
to be a normal occurrence in the PD population. Therefore, any subject’s test with
recurring falls, resulting in a score of zero on a SOT or LOS test or a score of 200 on the
ADT test was removed from the population before data analysis. With removal of these
outliers, this lowered the size of the PD study group depending on the specific tests from
45-51 subjects.

Data distribution for both the UPDRS and BBS scores as well as the twelve CDP
measurement scores of the PD population was characterized by referring to a
combination of skewness and kurtosis values, (Table 6) as well as histogram and P-P

plots, [APPENDIX J]. All visual representations were calculated and developed utilizing
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SPSS software. Skewness and kurtosis calculations were performed utilizing Micros« ft

Excel. Calculated skewness and kurtosis statistics, (Equations 10 and 11), showed al:

data sets to have a normal distribution, (¢=0.05). Further observation of data set

histograms and P-P plots appeared to agree with these findings. A sample calculatior: is

included in Appendix K.

SkewnessValue = TestStatistic £1.96 x S tan dardDeviation

KurtosisValue = TestStatistic +1.96 x S tan dardDeviation

Table 6. Skewness and Kurtosis Tests: Normal Distribution Results.

Equation (9.

Equation 1.

2 |
CDP Test ol il ki O on
siatlstle | +CI -1 | Distribution? | gtatistie | +¢C¥| -C1T Distribiiion?
UPDRS | 00926 | 1598 | 0.254 0020 | 12 | 25l Y
BES 4503 | 0.068 | -1.175 0.7 | bei | -1.916 Ve
SOT Comp | 0935 | 0282 | -1.588 ooz | o152 [ 281 | Yoo ,
SOT Sem 0071 | 5% | -0.732 034 | oed | -287 _Yes |
SOT Vis 1709 | -1aqB | 237 a0y [ 400 | -5.238 Ye
| SOT Vest U606 | U047 | -1.239 0.731 ¢ 0.3 ) -1.819 ye
| SOT Pref | 0535 | 1231 | 111 703 ¢ 3.01 1 -4.201 ¥en
| ADTToeUp | 0728 | 14 | 0.056 0166 [ 140 | 2749 Ve:
| ADT ToeDn | 0672 | 1325 | 0.019 0337 | 095 | 2197 Ye.
LOS BT 01,085 060 | -7 0530 |08 | 206 | Wi
LOS MVL 185 1846 | 0.524 2,57 387 | -5.011 ¥o
LOS EPE 0202 | 0863 [ -D459 022 | 152 | 2755 Yo
LOS MXE 029 | 0371 | -0.85] 078 | 102 | -2373 Yo
LOSDCL | 0518 [ 0176 | -1.112 0.202 | 1.6 | -2476 Yes

4.3.2. F-Test: Equal Variance Test.

Equal variance between population data sets was determined by calculating the F-

statistic, (Equation 12).

5
Fasy

Equation 2.
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Where S| = sample variance of:the PD Population and S, - sample variance of the

healthy population. A sample dalculation is included in Appendix K. The populations

were found to have unequal variances for each of the twelve CDP measurements,

excluding ADT Toes Down, LOS Endpoint Excursion, L3S Maximum Excursion and

LOS Directional Control, (Table 7). The critical F-value was found using a Student’s ¢-

distribution table. 2

_Table 7. F-Test: Unequal Varianc¢ Results.

SR P NeuroCom | Reject

C VP Test __5;__ - '_ N | g' N, Fobs Fo.os Ho
50T Compasite 12377 0l 5681 | 38 0 4797 1.5757 X |
___SOT Somatsensory | 3046 50 i, 0431 55 2.383 1.5757 X i

SOT Visal 1413 "} 50 5845 | 355 5.844 1.5757 X

SOT Vesiibular 24340 5 4 804 55 6.168 1.5757 X

SOT Prefesential 14563 .| 49 11.271 55 1.669 1.5757 X

ADT Toes Up (5th) 21085 .| 4% 14.505 55 2.113 1.5859 X

ADT Toes Down (5th) 17957 .| 51 20,045 55| 1247 1.5757

LOS Reaction Time 0.527 45 | n3e2 55 2.119 1.6096 - X

LO¥S Movement Velocity | 0998 <) 50 | 1374 55 1.895 1.5757 X
| L0 EndpointExcursion | 15.06% &0 12134 85 | 1541 1.5757 ]
LOS Maximum Excur. | 17379 | 50 1413 | 35 1.513 1.5757 ]
LS Directuonral Control 107 -| 45 RO | 55 | 1572 1.6031 |

4.4. T-Test: Significantly Different Population Means Test.

Once the data sets were found to have a normal distribution, the twelve CDP test

score means of the PD population were compared to the twelve test score means of a

population without PD, provided by the NeuroCom® International, Inc. As the

comparative populations have unequal sample sizes and unequal sample variances (F-

test, a=0.05), a one-tailed Student’s ¢-test (P<0.05) for independent samples was used

(equation 11).



The ¢-distribution test is the tool used to measure the degree of significant
difference between the mean test scores '® of the PD population (N=51) and the
NeuroCom healthy population (N=55).

Studies have shown the validity of the unpaired #-test is not severely comprom; “=d
by assuming equal variance, when they are not actually equal, as long as the populatic
sizes are equal. *® However, when population sizes are not equal (for this study, the
population size varies) and sample variances are not always equal, the accurac, of th:
test ratio can be affected. Therefore, the s-test ratio is modified so that it is no longer
based on a pooled variance estimate, but is based on the separate variances of the two
populations, (Equation 11).

: X-Y
T =—F/— Equation 11
[5, 8

+
1II ] m

Where, X : mean of the PD population
S, : standard deviation of the PD population
n : PD population size
Y : mean of the NeuroCom healthy population
S, : standard deviation of the NeuroCom healthy population
m : NeuroCom healthy population size

The degrees of freedom were also adjusted, modifying the critical ¢-value,

(Equation 12). The critical t-value was found using a Student’s #-distribution table. 2

df = ; e Equation i 2.
_"' P S._. .|' I.' I %

Lm—1

\ n J\an—1) (m ) J
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The t-test chosen is designed only to compare twe separate sample population

means. Tests of significant difference were 1-tailed with «« = 0.05. A sample calculation

is included in Appendix K.

4.4.1. P-Value Test. - £

The p-values were calculated to determine the probability that the PD sample
population tested could-have been drawn from the worldwide PD population. The p-
value is a statistical significance test representing the protability of obtaining values of
the test statistics that are equal to or greater in magnitude than the observed test statistic.

The p-values were obtained from the Student’s t-distribution table. **

4.5. Correlation Analysis.

A correlation analysis was performed, to determine which CDP measurements
held a strong correlation when compared to UPDRS and BBS scores. ‘Pearson’s Product
Moment Correlation (Pearson’s correlation) was performed utilizing SPSS statistical
software. Pearson's correlation feﬂects the degree of linear relationship between two
variables ranging from +1 to -1. A correlation of +1 means that there is a perfect positive
linear relationship between variables. The analysis was two-tailed, with a population size
of 48. Three subjects were not included in the correlation portion of the analysis because

their UPDRS and BBS scores were not available.



CHAPTER 5: RESULTS

5.1. Demographic Data

Participants were 49 male patients and 2 female patients at ti:e PADRECC cli ic.
The average age of patients at study initiation was 72.18 + 6.98 ye::s [range: 59-82],
(Table 7).

i

5.2. Clinical Data

The average score on the UPDRS motor examination for ! subjects was 16.75
6.77 [range: 7-33], (Table 8). The average BBS score for all subjc:ts was 45.35 + 6.1
[range: 31-55], (Table 8).

Table 8. Demographic and clinical variables of study subjz=cts (N=51)

Variables Mean + SD Rangs
Age (years) 72.18 +6.98 59 - 82
UPDRS 16.75+6.77 7-33
BBS 4585+ 6.41 31-53

5.3. Comparative Population Means Data

The first group, (Table 4) was analyzed under the hypothesis of the PD population
scores measuring significantly lower when compared to a healthy population, (Table 9).

They were tested with the null hypothesis:

Ho: /_Y_ZY;Ha: X<Y
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Table 9. Significant difference of Smart Balance Master test scores comparing PD population
(N=51) and NeuroCom healthy population (N=55), 0. = 0.05: Part 1.

. Healthy t-test P-value )
CDP Test PD Population Population . T ) Rgec ¢

X S, N, Y s, N, am . 0 0.05 0.05 o
SOT Comp 6649 12377 51 75.09 5651 55 -454 688 -1.667 <0.0005 X
SOT Som 9571 3946 50 96.49 6.091 55 -0.79 934 -1.66l 0.28
SOT Vis 8195 14132 50 88.76 5.845 55 -3.17 64 -1.689 0.001 X
SOT Vest 4449 24349 51 6924 9804 55 -6.77 648 -1.669 <0.0005 X
SOT Pref 101.5 14563 49 9698 1127 55 1.753 90.1 1.662 0.04 X
LOS MVL 202 0998 50 3.736 1374 55 -737 984 -1.661 <0.0005 X
LOS EPE 4754 15069 50 7042 12.14 55 -8.51 941 -1.661 <0.0005 X
LOS MXE : :,6096 17379 50,87.18 1413 55 -843 946 -1.661 <0.0005 X

LOSDCL 6967 10079 45 72.18 8.038 55 -1.35 833 -1.663 0.08

{

The second group, (Table 5) was analyzed under the hypothesis of PD population
scores measuring significantly higher when compared to « healthy population, (Table 10).

They were tested with the null hypothesis:

Ho:
Ha:

<Y.
i Lo

alkal
~ 1~

>

Table 10. Significant difference of Smart Balance Master test scores comparing PD population
(N=51) and NeuroCom healthy population (N=35), a = §.05: Part 2.

CDP Test PD Population  Healthy Population t-test P-value Rgzct
’_‘“ X S] Nl Y Sz Nz Tm dof To_os PO 05

ADT Toes IS
= 66, ; ~- 62.92 Sl 0.949 81. 1.664 0.1

Up (5th) 66.35 21.09 48-- 62.9 14.5 55 7 66 6

ADT Toes .

. . . . 755 1 . .
DN (5th) 57 6.1 17.96 51““ 54.82 20.05 55 0.75 04 1.66 0.23
LOS RT 1.66 0527 45 0979 . 0362 55 7.363 754 1.665 < 0.0005 X

All CDP measurements of the PD population, with the exception of SOT

i

Somatosensory subscore (p=0.28), LOS Directional Control subscore (p=0.08), ADT

Toes Up 5t ‘(p=0.16), ahd ADT Toes Down (p=0.23), were significantly different in

comparison to the healthy population at a level of a=0.05.



5.4. Correlational Data

Correlation analysis utilizing Pearson’s p found that not all of the CDP
measurements arc indicative of what the UPDRS ¢r BBS are designad to measure,<(T:ble
11). The correlation analysis was used to determine which CDP subscores are most
appropriate to use when determining PD postural instabilities.

A strong positive correlation was found between the BBS and SOT Composite,
SOT Visual, SOT Vestibular, LOS Movement Veiocity, LOS Endpoint Excursion, Lio S
Maximum Excursion and LOS Directional Control subscores. A positive correlation
indicates that as the BBS score decreases (measures more postural instability) the CL:-
subscores also decrease. A strong negative correlation (¢=0.01) was found berween th:=
BBS and ADT Toes Down (5" trial) subscore and Age. A strong negative correlatior:
was also found between the UPDRS and SOT Composite and SOT Vestibular subsca:es.
‘A moderate negative correlation (0=0.05) was found between the UUPDRS and LOS
Maximum Excursion subscore. A negative correlation indicates that as the BES scor+
decreases (measures more postural instability) the CDP subseores ¢s well as age increse.

Table 11. Pearson’s p correlation of CDP measurements to UPDRS and BBS scores.

CDP Tests UPDRS (r value) Significance BBS (r vaiue) Significar.e
SOT Comp -0.428 ** - 0.501  **
SOT Som -0.015 0.089
SOT Vis -0.224 0478 **
SOT Vest . -0.474 ** 0.443 **
SOT Pref -0.006 0.059
ADT Toes Up Sth 0.125 -0.21
ADT Toes Down 5th 0.118 -0.37 **
LOS RT 0.086 -0.05
LOS MVL -0.22 0.399 **
LOS EPE -0.23 0.552 **
LOS MXE -0.311  * 0.562 **
LOS DCL -0.101 0.4 **

_Age 0.116 -0.43  **




CHAPTER 6: DISCUSSION

6.1. Describing the Balance Deficits of the PD Patient.

This study demonstrates that there were significar:! differences measured by CDP,
0

using the Smart Balance Master® system, when comparing a PD population to an age-

4

matched healthy population. While these abnormalities of postural instability were
. , "f;'

expected given the nature of PD, the specific areas of normal balance functioning in this

it

patient population was not anticipated. The specific aspects of postural instability

iy

identified by the SOT, LOS and ADT tests and their resp:ctive subscales may point to
either the selective neurologic deficits associated with PD) or the effect of varying -
severity of i’D in this iﬁ\;estigation. It is important to note, the nature of this study utilized
only relativéiy high-fun’;:tionin; PWP who could fully pariicipate in the testing |

procedures.” This requirement limited the generalizability of these results to those with

early or mild PD. ) i



6.1.1. The Sensory Organization Test (SOT).

The Sensory Organization Test provides five measurements or subscales whos:
values can provide insight to the clinician as to which sensory systetn(s) may be:

contributing to instability, as well as a more detailed treatment approach. The i:ean

Composite subscore of the PD population was significantly lower than that of 2 healtl.

population. This subscore represents an overall performance level of the patieri. A
lower score s.ggests the PD ﬁopulation was unable to maintain baiance and.a srable
ﬁosition during the SOT test procedﬁre. The lower score may imply the overali balan-
deficit of the PWP is related to an off balance center of gravity, hip or ankle de¢-iinan:
strategy analysis or abnormal sensory scores. The mean Visual and Vestibular ::ubscc
of the PD population were both significantly lower than those of a healthy pop::lation.
These subscores are designed to indicgte how well the patient utilizzs their vissul an¢
vestibular systems, respectively. The mean Preferential Visual subscore of the ¥D

population was hypothesized to be significantly lower than that of a healthy pcoulatic

However, analysis revealed the mean subscore to be significantly greater in comparis- -

to a healthy population, suggesting a PWP will use the visual system more thar: other

sensory systems when compared to a healthy population. These findings are

counterintuitive, given the increased prevalence of visual scanning difficulties seen with

PD. Further investigation into this observation is warranted. The mean Somatosensory

subscore of the PD population was not significantly lower than that of a healthy
population. This finding suggesfs that when working to maintain balance, the PD

population utilized the somatosensory system to the same degree that a healthy



4]
population does. Therefore the Somatosensory subscore does not appear to be a useful

tool for evaluating the postural instabilities specific to a PD patient.

3

6.1.2. The Adaptation Test (ADT).

'y

The Adaptation Test provides measurements usec :o-describe a patient’s ability to
stabilize balance using 4'minimum force when successive.y shifted off balance. The
mean ADT Toes Up 5™ subscore and ADT Toes Down 5" subscore of the PD populatior
were not significantly greater than that of a healthy population. This finding suggests
that when successively shifted:forward or backward and «if balance, the PD patient does
not supply a.significantly greater force to maintain balanc:: in comparison to a patient

without PD.: L d

m

6.1.3. The Limits of Stability Fest (LOS).

The Limits of Stability test provided five measurements used to describe the
subject’s mobility and range of motion, and can be used to quantify the current abilities
of the patient. Our findings suI;port the theory that the Smart Balance Master”™ system
has the capability to accuratel}t/ﬁquantify balance deficits specific to PD as seen during

cue-induced motion. The mean Reaction Time subscore of the PD population was

significantly higher than that of a healthy population. This subscore quantified the degree



42
o which this response time has slowed and supports the observation that a PD patient

‘often take longer to respond to a motion cue. The mean Movement Velocity subscore «f
the PD population was significantly lower than that of a healthy population. Ti«is
subscore quantified the velocity of a PWP once mction beings and supports the
observation of a slower motion. Following that same concept of a slower velocity,:th:
mean Endpoint Excursion and Maximum Excursion subscores of the PD population w:re

¥t

also significantly lower than that of a healthy population. This supported the cnserva: m
i;)f a PWP will not shifting their weight as far as a patient without PD. Further, a lowe
MXE subscore suggested the PWP, even if they are able to shift their weight (c.g., pa.
glajority of weight on the right foot), may not be able to maintain that new position f¢:- an
éxtended period of time. The MXE subscore alsc allows the clinician to ignor: over: ot
by a patienf who is able to weight shift; but not alile to direct their position to a specitis

target.

6.2. Interpreting Abnormal SBM Scores for a PD Patient.

Once it has been determined a PD patient possesses a particular balance deficit, it
is vital the operator correctly interpret the meaning of the different test scores, and th«ir

functional implications for a patient.
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6.2.1. The Implications of an Abnormal SOT Score for a PD Patient.

Sy

Patients with abnormal éOT scores usually experience difficulty with surface
irregularities or misunderstood visual cues (standing on a street corner, watching a bus
drive by). These measurements, particularly the composite and vestibular ratios, can
prove valuable when attemptir‘;g to quantify the particular valance deficits of each PD

patient.
AL

The SOT composite scare, which takes into consideration all six conditions, is
determined abnormal when it'falls below the 5™ percentile of the correct age-matched
population. As a guideline, foria patient to be considered as possessing normal postural

stability, the:compositescore mixist be normal.

6.2.2. The Implications of an Abnormal ADT Score for a PD Patient.

Patients with abnormal ADT scores will usually experience difficulty with surface
irregularities (gravel) or changes in inclination (tripping). PD patients are often unable to
suppress inappropriate automatic reactions. PD batients are often characterized by their
diminished ankle strategy. One current method of determining the ankle strategy of a
patient is part of the UPDRS-III. During this retropulsion test the patient is asked to face
away from the clinician: The clinician braces behind the patient, grasps the patient’s
shoulders and pulls the patient towards the clinician. Retropulsion is described as how

many steps the patient requires before regaining balance. A patient without a balance
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deficit would not require any steps and would be able to use ankle strategy to regain

balance. PD patients sometimes require 2-4 steps before regaining balance, or must be

caught by the clinician.

The ADT test provides a very appropriate and satc inethod of discerning and evsn

quantifying the ankle strategy of a patient.

6.2.3. The Implications of an Abnormal LOS Score for a PD Patient.

Patients with abnormal LOS subscores will usually experience difficulty with
weight shifting activities such as taking an object off a shelf or climbing in and out of a
bathtub. Patients with a fear a falling may show even lower subscores as they may be
unwilling to lean as far as they actually are capable of doing. PD patients who have a
history of fallé may present this in their Endpoint Excursion and Maximum Excursion
scores. The EPE and MXE may also prove to be another valuable guantification of atkle
strategy. PD patients often move at a slower speed, something quantified by the - -
Movement Velocity score. The Reaction Time of the PD population also proved to b= an

indicator of a patient’s ability to shift weight.



6.3. Corrélation between the SBM subscores and UPDRS :nd BBS scores.

A majority of the Smart Balance Master subscores hold a strong positive or
negative correlation (¢=0.01) to the BBS. This may be du2 to the design of the BBS,
which is intended to specificallyameasure postural instabiiity. UPDRS, however,
measures the overall motor control of the PD patient, incit.ding facial expression, finger

taps and tremor as examples.

[ would like to propose a future look into the ratic: provided by the SBM for the
SOT and LOS tests. In retrospect, it might have been more valuable to correlate the raw
data from each of the six conditions between the two populations, as opposed to
correlating the calculated ratios computed by the system. This type of analysis would
require testing a minimum of 30 subjects with no known s:eurological disorders,
dementia, orbalance deficit. Ipropose 30 subjects because this number defines a large
population. ‘However, after 5-10 subjects are test, a power test should be performed to

determine exactly how many subjects are required to test.

While the ratios calculated by the SBM provide valuable insight into the varying

postural instability of each PD patient, raw measurements might show a stronger

correlation to the findings of the UPDRS or BBS.

Further a breakdown of the UPDRS or BBS scales might also show a stronger
correlation. Because different parts of the scales measure different aspects of postural

instability, it might prove more meaningful to correlate matching numbers. For example,
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3 the measurements of the SOT test might be compared to numbers 6, 7, 8 and 9 scores in

the BBS, [APPENDIX B]. The measurements of the ADT test might be compared to the

‘Postural Instability’ score in the UPDRS, [APPENDIX A].

158

e

6.4. Addressing the Design Specifications of NeuroCom’s SBM Svstem.

The data collection and analysis performed in this study pr::nt the SB systen

as a clinical tool, which can be used to measure the postural instaki!:ty of a patient.: A

deeper look will now be taken into the overall reliability of the sys:zm when used on tne

Parkinson’s disease population.

6.4.1. The Testing Protocol of the Smart Balance Master system.

The PD population contains a number of p2rsons constrainsc to abnormal foot
positioning. Of concern is the requirement by the SBM system to position the feet prior
to testing. During data collection for this study, subjects with abnu:mal foot positiomag
were increasing uncomfortable and unstable during testing. This suggests the data
collected was not solely a function of PD, but also abnormal foot placement somethiny
this study was not designed to test. The SBM tests were not a measure of the subject’s
Ilay to day balance requirements, but were instead a measure of the subject’s postural
instability as a result of PD and a new foot position. In general, the foot positioning

requirements did not seem to have an effect on the slighter positioning issues of subject
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with for example aregular “duck foot” stance. It did affect subjects with an exasperated

“duck foot” stance, and those who stood with toes pointing inwar¢

A suggestion to correct this foot placement requirement is 0 base all SBM
measurements and calculations on the present position of the footiug prior to testing,
instead of requiring subjects to fit a designed mold. This would rzquire a system that can
identify the foot placement of the subject, and then calculate the lication of the center of
mass of the subject based on his/her individualized foot placemer::

o
ik

6.4.2. The Implications of Instrument Filter Use on PD Su'qect Rr-sponse Time.

et -
A person affected with Parkinson’s disease (PWP? 2xhibits a slowed reaction time

and motor response. NeuroCom’s use of a second-order i+atterweth filter in the SBM
biofeedback system implies any processed signal reportert back to the subject is no longer
areal time signal. The problem with this is this signal is :<lsely presented as real time to
the"lpatient, as well as the clinical operator. What 153 the e 2ct of 2 non-real time
biofeedback signal \l;éing presented as a real time signal ¢ a PWT subject’s response
time? A response tiﬁle, which has already slowed due to t1ie disense?

If this delaygd response time can be determined tc further affect the response of
the PWP subject, tflé‘_Smart Balance Master is no ionger mieasuring the pure unaffectéd
mo:vements of PWP“s‘ubject. The only Way to remedy this delay time issue is to use
insﬁ'umentation SO vg;ecise that no ﬁlte"r-ing system is necessary. The resulting signal may
have aliases, but thére is an opportunity to adjust for these without further distressing an

already inhibited PWP reaction time.
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APPENDIX A

The UNIFIED PARKINSON’S DISEASE RATING SCALE: PART 3

Speech

Facial Expression

Tremor at Rest
RUE
LUE
RLE
LLE

~ Head

Action or Postural

Tremor of Hands
R
L

Rigidity
RUE
LUE
RLE
~LLE
~_Head

MOTOR EXAMINATION (UPDRS-III)

0=Normal

1=Slight loss of expression, diction and/or volume
2=Monotone, slurred but understandable; moderately impaired
3=Marked impairment

4=Unintelligible

0=Normal

1=Minimal hypomimia, could be normal “poker face”

2=Slight but definitely abnormal diminution of facial expression

3=moderate hypomimia; lips parted some of the time

4=Masked or fixed facies with severe or complete loss of facial expression; lips
parted Y4 inch or more

0=Absent

1=Slight and infrequently present

2=Mild in amplitude and persistent or moderate in amplitude, only
present intermittently

3=Moderate in amplitude and present most of the time

4=Marked in amplitude and present most of the time

0=Absent

1=Slight; present with action

2=Moderate in amplitude; present with action

3=Moderate in amplitude, with posture holding as well as action
4=Marked in amplitude, interferes with feeding

O=Absent

1=Slight or detectable only when activated by mirror or other
movements

2=Mild or moderate

3=Marked, but full range of motion easily achieved

4=Severe, range of motion achieved with difficulty



Finger Taps
R

L

Hand Movements

Rapid Alternating
Movement of Hands
R
L

Leg Agility

Arising From A
Chair

Posture

Gait

H4a
0=Normal
1=Mild slowing and/ox reduction in amplitude
2=Moderately impaired. Definite and eariy fatiguing. May have occasional
arrests in movement.
3=Severely impaired. Frequent hesitation in initiating movements or arrests in
ongoing movements
4=Can barely perform the task

0=Normal

1=Mild slowing and/or reduction in amplitude

2=Modérately impaired. Definite and early fatiguing. May have occasional
arrests in movement.

3=Severely impaired. Frequent hesitation in initiating movements

4=Can barely perform the task

1=Mild slowing and/or reduction in amplitude

2=Moderately impaired. Definite and early fatiguizig. May have
occasional arrests in movement.

3=Severely impaired. Frequent hesitation in initiating movements or arrests in
ongoing movements

4=Can barely perform the task

1=Mild slowing and/or reduction in amplitude

2=Moderately impaired. Definite and early fatiguing. May have
occasional arrests im movement.

3=Severely impaired. Frequent hesitation in initiating movements or arrests in
ongoing movements

4=Can barely perform the task

0=Normal

1=Slow; or may need more than one attempt

2=Pushes self up fromx arms of chair

3=Tends to fall back and may have to try more thdn once, but can get up without
help

4=Unable to arise without help

0=Normal erect

1=Not quite erect, slightly stooped posture, could be normal for older person

2=Moderately stooped posture, definitely abnormal, can be slightly leaning to
one side

3=Severely stooped posture with kyphosis; can be moderately leaning to one
side

0=Normal

1=Walks slowly, may shuffle with short steps, no festination

2=Walks with difficubty, requires little to no assistance, may have some
festination, short steps or propulsion

3=Severe gait disturbance requiring assistance

4=Can not walk at all even with assistance



Postural Instability

Body Bradykinesia

Part 3 Score:

0=Normal

1=Retropulsion, but recovers unaided

2=Absence of postural response; would fall if not caught by examiner
3=Very unstable, tends to lose balance spontaneously

4=Unable to stand without assistance

0=None

1=Minimal slowness, movements deliberate character, could be normal for older
person

2=Mild degree of slowness and poverty of movemer:t which is definitely
abnormal. Some reduced amplitude

3=Moderate slowness, poverty or small amplitude ¢t movement

4=Marked slowness, poverty or small amplitude of movement



APPENDIX B

The Berg Balance Scale (3BS)

1. SITTING TO STANDING
INSTRUCTIONS: Please stand up. Try mot to use your hauds for s: pport.

able to stand without using hands and stabilize independently
able to stand independently using hands

able to stand using hands after several tries

needs minimal aid to stand or to stabilize

needs moderate or maximal assist to stand

e W N W N
N N N N
O =N WP

2. STANDING UNSUPPORTED
INSTRUCTIONS: Please stand for 2 minutes without holding.

able to stand safely for 2 minutes

able to stand 2 minutes without supervision

able to stand 30 seconds unsupported

needs several tries to stand 30 seconds unsupported
unable to stand 30 seconds unassisted

PN SN NN N
R e
O = N WA

If Subject is able to stand 2 minutes unsupported, score full points fr:.. sitting ansupported.
Proceed to item #4.

3. SITTING WITH BACK UNSUPPORTED BUT FEET SUPP<JRTED ON FLOOE. OR
ON A STOOL
INSTRUCTIONS: Please sit with arms fokded for 2 minutes.

able to sit safely and securely for 2 minutes
able to sit 2 minutes under supervision

able to sit 30 seconds

able to sit 10 seconds

unable to sit without support 10 seconds

P W NN
O~ WA

)
)
)
)
)



4. STANDING TO SITTING
INSTRUCTIONS: Please sit down.

() 4 sits safely with minimal use of hands

()3 controls descent by using hands

() 2 uses back of legs against chair to control descent
() 1 sits independently but has uncontrolled descent
() 0 needs assistance to sit

5. TRANSFERS

INSTRUCTIONS: Arrange chair(s) for a pivot transfer. Ask subject to transfer one way
toward a seat with armrests and one way toward a seat without armrests. You may use 2 chairs
(one with and one without armrests) or a bed and a chair.

()4 able to transfer safely with minor use of hands

() 3 able to transfer safely definite use of hands

()2 able to transfer with verbal cuing and/or supervision
() 1 needs one person to assist

() 0 needs two people to assist or supervise to be safe

6. STANDING UNSUPPORTED WITH EYES CLOSED
INSTRUCTIONS: Please close your eyes and stand still for 10 seconds.

)4 able to stand 10 seconds safely

) 3 able to stand 10 seconds with supervision

} 2 able to stand 3 seconds

) 1 unable to keep eyes closed 3 seconds but stays steady
) 0 needs help to keep from falling

A~ N SN N

7. STANDING UNSUPPORTED WITH FEET TOGETHER
INSTRUCTIONS: Place your feet together and stand without holding.

() 4 able to place feet together independently and stand 1 minute safely

() 3 able to place feet together independently and stand for 1 minute with supervision
() 2-@able to place feet together independently but unable to hold for 30 seconds

() 1 needs help to attain position but able to stand 15 seconds feet together

() 0 needs help to attain position and unable to hold for 15 seconds
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8. FACING FORWARD WITH OUTSTRETCHED ARM WHILE STANDING
INSTRUCTIONS: Lift arm to 90 degrees. Stretch out your fingers and reach forward as far as
you can. (Examiner places a ruler at end of fingertips when arm is at 90 degrees. Fingers should
not touch ruler while reaching forward. The recorded measure is the distance forward that the
fingers reach while the subject is in the most forward lean position. When possible, ask subject
to use both arms when reaching t¢ avoid retation of the trunk.) ’

4 can reach forward confidently > 25 cm 10 inches)
3 can reach forward > 12 c¢m safely (5 inches)

2 can reach forward > 5 c¢m safely (2 inches)

1 reaches forward but needs supervision

0 loses balance while trying/requires external support

P~

9. PICK UP OBJECT FROM THE FLOOR FROM A STANDING POSITION
INSTRUCTIONS: Pick up the shoe/slipper, which is placed in front of your feet.

4 able to pick up slipper safely and easily

3 able to pick up slipper but needs supervision

2 unable to pick up but reaches 2-5 ¢cm (1-2 inches) from slipper and keeps balance independently
1 unable to pick up and needs supervision while trying

0 unable to try/needs assist to keep from losing balance or falling

W W N NIV N

10. TURNING TO LOOK BEHIND OVER LEFT & RIGHT SHOULDERS WHILE
STANDING

INSTRUCTIONS: Turn to look directly behind you, over your left shoulder. Repeat to the

right.

() 4 looks behind from both sides and weight shifts well

() 3 looks behind one side only, other side shows less weight shift
() 2 looks sideways only but maintains balamce

() 1 needs supervision when turning

() 0 needs assist to keep from losing balance or falling

11. TURN 360 DEGREES
INSTRUCTIONS: Turn completely around in a full circle. Pause. Then turn a full circle in the
other direction.

)4 able to turn 360 degrees safely in 4 seconds or less

) 3 able to turn 360 degrees safely one side only in 4 seconds or less
) 2 able to turn 360 degrees safely, but slowly

) 1 needs close supervision or verbal cuing

) O needs assistance while turning
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12. PLACING ALTERNATE FOOT ON STEP OR STOOL WHILE STANDING
UNSUPPORTED

INSTRUCTIONS: Place each foot alternately on the step/stool. Continue until each foot has

touched the step/stool 4 times.

()4 able to stand independently and safely and complete 8 steps in 20 seconds
() 3 able to stand independently and complete 8 steps > 20 seconds

() 2 able to complete 4 steps without aid with supervision

() 1 able to complete > 2 steps needs minimal assist

() 0 needs assistance to keep from falling/unable to try

13. STANDING UNSUPPORTED ONE FOOT INFRONT

INSTRUCTIONS: (DEMONSTRATE TO SUBJECT) Place one foot directly in front of the
other!{ If you feel that you cannot place your foot directly in front, try to step far enough ahead
that the heel of your forward foot is ahead of the toes of the other foot. (To score 3 points, the
length of the step should exceed the length of the other foot and the width of the stance should
approximate the subject’s normal stride width.)

() 4 able to place foot tandem independently and hold 30 seconds

() 3 able to place foot ahead of other independently and hold 30 seconds
() 2 able to take small step independently and hold 30 seconds

() 1 needs help to step but can hold 15 seconds

() 0 loses balance while stepping or standing

14. STANDING ON ONE LEG
INSTRUCTIONS: Stand on one leg as long as you can without holding.

able to lift leg independently and hold > 10 seconds

able to lift leg independently and hold 5-10 seconds

able to lift leg independently and hold = or > 3 seconds

tries to lift leg, unable to hold 3 seconds but remains standing independently
unable to try or needs assist to prevent fall

o~ o~~~
— e e e
O =N WA



APPENDIX C

IRB CONSENT FORM



Title of Research:

Sponsor:

Protocol No:

investigator name and address:

Pace 10f6 Smart Balance Master Camnsent

Title of Study: The Use of Computerized Posturography Testing to Assess Balance in
Individuals with Parkinson’s Disease

Principal | igator: Abu Qutubuddin, MWD VAMC: Richmand

. Will | get paid? (Compensation)

gesNporeNs

10. Are s&tmnhwwwm ity of Records)
0 my records
11. Do | have to participate in this study or can: | withdraw fsom the study? (Voluntar;

12. Who should | contact for emergency questiions? (Contats)
13. Date of Consent Form Revision {Consent \Wersion Date)

| b TR0 v L= T B

t Name: L Dats:.. ||

What is this research study about? (Introdumon)
What is exp d of me? (P d

Will the research benefit me? (‘Beneﬁts)

What are my altematives to being a reseamh subject? (Al’ternauve Therapy)
What are my risks? (Risks,

Will | have to pay anything? (Cost of Pasticiipation)
participatting?

DOoes pregnancy prevent me (Pregrancy)
What if | get injured? (Reseasch

Participation and Withdrawal)

. .

NERB Approved Consent me
Approval Date:
e i D e _|_|_.,|_| 1

January 25, 2005 Patient Initials

i



TITLE: The Use of €1 tterized Postn graphy Testing to Asses: Balance in

P

Individuals with Pdrkinsaa’s Disease
SPONSOR: N/A
PROTOCOL NUMBER:

SITE INVESTIGATOR: Abu Qutubuddin, B4.D.
McGuire VA Medical Center
1201 Broad Rock Bivd.
Rictunond, VA 23249
Phone No. — (804) 675-5931
Fax No. — (804) 675-5939

1. What s this research study ahout? {introduction)

You are being asﬁéd to bi"i ficipate in a ch study b you have
Parkinson's Disease. As pawt of this studly, we will check your balancs using
computerized posturography, called the Smart Balance Master sysh:n,

The purpose of this research is to check the usefulness of the Smart Balance
Master System by comparing the results of this System with ofher muasures taken -1
the evaluation of patients with Parkinsos’s Disease. The siudy doc.crs will also
evaluate how well the system predicts wihether a patient will fall in the future.
Approximately 50 patients will be enrollee into this study.

We will only need your participation for tiis one hour visit.

2. Whatis exp 1 of me? (Pr )
The study doctor will review your medicasl records and discuss you Parkinson's
Disease symptoms with you. If you are sslecied for this study, you will be testert 3
the Smart Balance Master System. Youw will be secured in a Safety harmess and vl
be asked to step into an open booth. Thas booth has a moveable flocr-plate and «
computer screen on the inside wall. The her wil provide i and ask
you to move pictures o the: computer mecreen by shifing your body weight - Duriry
different parts of this study you will be asked to close your eyes arc/or to stand o
one foot. Atall limes you will be secures! by the safety hamess to prevent you frrn
falling and there will be a person nearbwy should you need help. This test will tak:
approximately 80 minutes. You will alser undergo the standard of cane physicat
examination that every Parkinson's Diserase patient receives.

If at any time during the testing you feef uncomfortable and wish fo stop you can sell
the study person in the room with you and they will stop the testing.
MIRB Approved Qogsent Form
Approval Date: g M1

Page 2 of 6 Smart Batance Master ‘Consent
January 25, 2005 Patient initials



3. Will this research benefit me? (Banefits)

There are no direct benefits to you from partscipating in this study. Future patients
may benefit from the knowledge gained froms this study.

4. What are my alternatives to being a ressearch subject? (Alternative Therapy)

This is not a treatment study. Your alt wreis not to par

5. What are my risks? (Risks, 1 D forts)

The balance testing is performed under conkrolied conditions and you will have a
safety harness (a padded vest that is attache2d to stable overhead supports} on
during the entire testing pruoedule w|th any eamg of balance, there is a risk of
falling. The safety isd d to gv duce that risk and to pravent
injury.

Your Parkinson's d
are participating in this study

mp , magy get worse of may not change: while you

6. Will | be paid? (Compensation)
You will not be paid to participate in this stuscly
7. Will | have to pay anything? (Cost of FParticipation)

The office visit, medical history, physical exeamnination, and balance testing in this
study will be provided to you at no cost.

8. Does pregnancy prevent me from p: P ? @ )

Every effort will be made to hawe females eswlier this study. Pregnancy does not
prevent you from'participating i this study._.

9. Whatif| getinjured? (R Relasted Injury)

In the event of an injury reswulting from wour participation in this h stucly,
McGuire Veterans Affairs Medical Centerr may or may not pravide compensation,
depending on applicable federal requlatiaens. f injury occurs at the VAMC, medical
treatment will be available at the VAMC.

No other compensation such as lost wagees or payments for tional di will
be paid.

] e T P
drmerl Dighe = 1y
vk s e wgrnn ek L [t
[
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10. Are my recérds sa¥e from the public? (Confidentiality of Records)

Federal law requires that we get your permission to use and share your health
information. Thispermission is called an Authorization. The information we will use
may include your medical history, the resuits of physical exams, blead tests, x-rays
and other tests and procedures. 1t aiso includes information from your medical
records, and the information we collect while you are in this study.

Your health information will be used to see if you qualify for this study. kwill also be
used to follow ydtir heallh during the studly, ancl to measure the affects of study
devices. Your haalth ifférmation will be used to determine the results of the study.
and possibly to dévelopnew tests, procadures, and ial p

for sale). 't may be chékked to see if studies are being done correctly.

L 4

Authorized VA employees, the McGuire Institutional Review Board, feceral
agencies, such'as the Bdod and Drug Administration, and the Office fus Human
Research Protections may review your records. Allofthese persons or groups ara
required by law to protect your health information. The results of this iesearch stuoy
may also be presented at meetings or in publications, but your name will not be
used.

During the study, you will not be allowed to look at the i ion that is coll

about you. If you ask, this information will be made available to you after the study
ends and the results are known. Howewver, some of the information collected abou:
you during this $tudy willl be put in your regular patient medical records. That

infc tion will be available to you, your doctor and athers providing you care.

This Authorization has no expiration date. By signing this consent form, you are
giving permission for the use and sharing of your heatth information for purposes =i
the study at any time i the future. You may revoke or cancel this Authorization «:
any time by contacting Dr. Abu Qu ddin in writing. If you revoke your
Authorization, you will be removed from the study. However, standard medical cara
and any other benefits to which you are entitled will not be changed. Revoking your
Authorization only affects the use and sharing of information after yuur written
request has been recéived. Information that has already been collected may stih Le

As part of your right to voluntarity participate in this study, you have the right o
refuse to sign this consent form and not be a part of the study. You can slso fell 1o
you want to withdraw $rom the study at any time without canceling the Authorization
to use your data. By signing this form, you. authorize the use andior sharing of your
health information. -

P L wt il

Page 4 of 6 Smart Balance Master Consent
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11. Do ! have to participate in this study or can 1 withdraw from the study?
(Voluntary participation and withd )

Participation in this study is voluntary and you may refuse & participate without
penalty or loss of benefits to which you are othenwise enifited. The investigators will
answer any guestions you may have aboult the study. You are fres io withdraw your
consent and discontinue participation at arvy time. 1f you decide to withdrew from
this study, you should or.Q din. Dis ion wil in no wary affect
or jeopardize #hw quality of care you receive alt his insSitution now or in the future or
your right to participate in other studies for which you are eligible.

Your study doctormay also withdraw you. i you do not follow the study doctor's
directions or if your medical conditions cheange. The sbudy doctor, McGuire IRB or
govemment reg ies, could dis. i the enlire study at any time if the
safety of research subjecb is found to be at significant risk. It this study is stopped
for any reason, you will be asked to go through a final examination to cherk your
general health.

Any significant naw findings that develop during the course of the research study
that in the opinion of the study doctor may affect waar willingness to continue to
participate will be provided to you as soom as possible.

12. Who should | for emorg ? (C

Y ¥ ¢ )

If you have anr questions regarding this study, unexpected reactions, or you an:
injured and become ill as a result of particzipation in thits study; please call (24 hours);

Telephone Numbers: ~ Z:30am - 4:.00 pm. Aftat Hours
Abu Qutubuddin, MD.  (w) (804) 675-5831 {804) 351-782C
David Cifu, MD. (w) (804) 675-53031 {804) 997-6468

lfyou areunabletoreaehanyofﬂehealhmprwﬂershstedandneev‘
fora d injury please call the VANC
hospital operator at 800-784-8381 and ask for the Ei Room ian i
obtain advice. You may also call the Emergency Room dwecﬂy at 804—675—5527 ¥
you have any questions concerning your rights as a research participant, you mzy
oontact the McGuire Institutional Rsvnew Board (lRB)at 804-875-5676. The IRB iz
ible for i and verifying that safeiy,
mtegrlty and human nghts of the sublecb are proteciied.

13. Date of COnsent Form Revision: damasary 25, 2005

January 25, 2005 Patient Initials
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Subject Name: - Date:
Title of Study: The use of P ized P graphy g to A ! Bk i
with Parkinson's Disease-- .
I
Principal investigator: Abu Ouhuncicio, MO VAMC: Richmond

2

RESEARCH SUBJECTS' RIGHTS:.I-have read or have had read to me all of the above.

1
Lic L ibsiocalelaly i o i i, bl hll-ﬂ‘l-lllllll m I-flll--'lﬂ —l-l-ﬂl-h_r-. i
Vo i k] e i il (el b il Saly, | Tk off ol ches
o rwwlree] pealalin b e =

| understand that ! do not have to take part in this study, and my refusal to v will involve no px y or
Iussofnghtslowhnchlamermned ,‘lm wnhdmwfromwsshnyatanymwm\oumnywbssdv.hm

otherbeneﬁtstowhlduan.\ ﬂ\eresmtsoﬂhissmdymaybepwished but my records will not be
revealed unless required by law.

1 understand my rights as a research subject, and | voh in this s?udy. | under:tand

wha!hsmdylsabwtarﬂhwandwhynisbsingm Iwilreneweaslgmdanddated <opy of this
consent form.

Subject's Signature Comba Thrran

Signature of Subject’s Representaiive * 1 P L o
Signature of Witness Print Name/Date

Signature of Person Obtaining Infqrmed Consent Print Name/Date

Signature of Investigator Prird FloraiTivm

*Only required if subject is not competent.

VA FORM 10-1086 IF MORE THAN ONE PAGE IS USED EACH PAGE WILINT Il ORI ITREY
NUMBERED

Page 6 of 6 Smart Balance Master Consent
January 25, 2005 Patient Initials
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APPENDIX D

THE SENSORY ORGANIZATION TEST (SOT) PRINTOUT EXAMPLE



[hiagnosis; Parkinson's Dissuze Eile; FD110.0RX
1D~ ‘Operator; McGuirk.Theresa £ Date; 11/90/2004
Date of Birth; 8/6/1935 Baferral Source; patient's reforrst Yimg; 142145
Hslal; 5% Comments:

Equif@brium Score

Data Range Note: NeuwoCom Data Range: 60—69

Post Tast Comment:
@ fow falls

NewroCom System Version 8.2.0, Copyriit 619852005 NeuroCom® Indermational Inc. All Rights Reserved
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APPENDIX E

THE ADAPTATION TEST PRINTOUT EXAMPLE

LE



. TSR Diagnosis: Parkinson's Disease

B Operator; McGuirk, Theresa E
Date of Birth: 8/6/1935 Refesral Source: patients referral
Height; 8" Comments; -

Adaptation Test
TOES UP

200 T

150 & ; 4

100 |

50

-FF>»m

85

1

&}

roes no

O % - =

TOES UP Raw Data

C. Force

= 5 degrees; 20 Ib force; 4 In force center diisplacement
L 2.5 saconds Samphing rate 100 Hz

Data Range Note: NeuroCom Data Range: 60-69
Post Test Comment:

NeuroGom System Version 8.2.0. Copyright ©1985--2005 NeuroCom® intemational inc. All Rights Reserwed.



APPENDIX F

THE LIMITS OF STABILITY TEST (I.OS) }RINTOUT EXAMPLE



Name - Diaginosls: Parkinson's Disease File: FD110.0127.
10; A ator: McGuirk, Theresa E Date: 11/3012004
Date of Birth: 8/6/1935 Referral Source: patient's referral Time; 14:30:29
58 Comments:
Limits Of Stability
( - RT MWL EPE  MXE  DCL
D Transition  (sec) (degisec) (%) (%) (%)
I I i I 1 iF¥ '8 0§ I g ]
- 1 ¥ 1.0fF &7 a 58 ™
L 5 A RIC E -] i S ]
D LT - D SFm 227 0@ = L T2
- ol 5 m thd OB MW s0 7T
1} 5 3 ne 35 43 L]
[ I — I ] T IS 12 Ly} an ™
= (. . Lan B 23 M il L]
100% LOS

Pl Bai Mg L Caep " Foward Back Right  Let  Comp

% Endpoint&Max Excursions(EPESMXE) % Directional ContmI(DCL)
m
I

=
il gy [.l,,_ B il

FHHH‘I'—H li-ﬂl“_-u

Data Range Note: NeuroCom Data e; 60-69
Post Test Comment

T NewoGom System Version 8.2.0, Copynght €1969-2005 NewroCom® Iternabonal Inc. AW Rights Reserved

n



APPENDIX G

PARKINSON’S DISEASE POPULATiION RAW DATA



SOT ADT 05
# | Age] UPDRS|BBS] comp| | 11 3 4 5 | & |SOM| VIS |VEST| PREF | Toe Up| Toc Down| RT [MVL]EPE[MXE]DCL
6| 72 o) sd] 77| 93| e233|ERe7]  H4|63.67) 62.33] GO.28] 90.32] 6B46] 9679 &0 57 1.78] 33| 47 8o s
7| TR 14| 4] 73] 91 20.87| %0.67] £3.33] 50.35) 67.33] G54 91.57] A5A1|11286] 123 1) 155 23| 6% TER| TT
IE| T4 1] 43] 68| 9167 &0 83 TVeT| 6133 336T] OT.00] 8473 G0 TVl 44 48 a] 2a] s1] es] ss)
| 77 Gl B4 BRAT]00GET]  TT]  JE{ X333 SO6S)B1O1] 2979 GAT 41 60] 2551 29] 43 57 64
| 78 | 53] 7| waa3] ei]9zs7]7aaa]  e0] 51| 9647 77.74] sae1] 9s.as Bg| s6] 2.26] 23] 57 73] sa
31| 7o) 16 53] 92.33] 84.33] 25,33 EI 61] 44.33] 91.34] 80.15] 86.07| 89.22] vuilier M) s ns] 44] 3| s
EHEEE | 6] 51| 7319333833  92f a4.67]47.67] 54.33] 95.71] w072 51.08] 106.81 &0 sa] 12] 28] ss| T &s)
23| 7sf 15] a4l  T4{9433]9n33] o0 767] ses7 5| o7.8s|#23a] e008] ®933] 117 as| 23| o8] 39 el
4| wof 12l 50l o6l 9633 26.67]  94] 6533] 3033 47| #9.97] 67.82] 40.83] 111.9 1§ sof 257] 1.5] a4] sa] e8]
35| 74| FIEE B EEEE T R 0| 9647 86.93] 17.67] 7832 Al IMfoutlied 05] 19] 27 NM |
sl Tl 25| 37] 35839233 Of 64.67] 35.67 0f 22 33] vutliee | 32,63 D wurdier a7 oi] ves] 25 as] 75| Ts)
7 0] 48] 72[edsr] e8| e7.67] eee7] 40.67) 60| 89.79[91.58]4296[11751] T3 s7] 13| 25 s0] 57| 53)
38| 78] 15| 43| 78] 93| 60.67| 90| B6.67) 6533 59| Sada| 93.19] 025 96.13 95 63] LiF] 2] 2] as] s3]
39| 63 18] si] 75| 92| 92| ee.33] 7167|6267  65] 100] 7500 sk.13] 99.7% 20 a3 1es] 18] a5] T 79|
an| 62 14| 54] 79| 96.33] &9 &9) 89.67| 68.33] 50.33] 62.39] 03.09] 70.93] 94.28 75 an] 199] 18] 47| a2] 75)
411 w9l ml 49l 77 o7 a3 2| Bp 33| 52.67 65| B5ER 29) 54.5| 10778 7 a6l 142] 14] e2] 71| &0O)
42| 76 17] 4] 73] od|90.33] 91.67] 2933 46.67] 50| 96.1{95.03| 49.65] 103.41 51 sof 135] 170 3] &6 T
43| aol 7l sl 56| o4 e3.47] m33a]sd.67] 2567] 41| 99.65] 6R.E)27.31) 104.18 £ 2] 147 1a4] s7] 75 Te]
44| 65 13| s3] &3 osa7foraa] wdfaszi] T 77| 97.8| 91.0] T5A] 10534 Bl gof 1.13] 25] ss] TE] 77
45] 68 16] 421 439433 s6[8567]  of34.33] 19 91.17|outlier 36.39] £6.99 i s8] 1.93] 18] 43] 39 64
46] 79| 13l 32 esl9233] oi]e033] 733367 62 93.5s] T0.06] 36.47) 12219 56 gs] Lio] 19] 38| 359 67
47| &I 16] 38] 63| 94.33] 03.67] 93.33] 38.67] 46.67] 50.67] 93] 40.99) 49.45) 102.61] satlics 5] 194] 120 331 401 49
at| od] 16| 500 55| va.67] 86.67) 80.67| 59  37]19.33] 93.53) 63.67] 30.93) 0.8 51 s2] 194] os] 32| 43| 78
Wl 7 15| 50| 66l9367 81]8433] #6] 17.67]63.33] 86.47|91.81] 18.86) 149.65) 109 #3] 1.26] 34] 67 m4] T4
| &1 19l 47 78] 02| &5.33| 82.33] 82] 71[62.33] 92.95[89.13] TTA7| 92.54] &l 40 219 1.7] 55 e4] 67
51 wo] 12| 51| sof W3] 92] 5133 84.67] 65.33] 66.33] U7.53] G4] 69.26/ 100 21} 0 42| nsal 48] os] s0] T
fall = 0 fall = 200 fcatlies} | MM ="mo¢ measureable”
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50T T aADT L%

7 | Age] UPDRE] comp| 1 113 i 3 ] 6 | S0M | VIS [VEST] PREF | Toe Up[Toe Down] KT |MVL r:’lﬁ?u_:-;g]ﬁi
1| 6 15] #1] 66| 938233 R7| 86| 23.67] 52.33] H%.53] 9247] 25.45] 131.94] cutler 3] 1.54] 1.7] 25| 55| 68
1| &l 14] a2 60| 92| k167) 8433 69 38| 29.33] 95.29] 73| 41.3] o04d] 69 abfouther] 0.6] 29] 32| NM
3] 8 43| 03] o0|85.33/5433] 0] O 96.77|58.42] 0] #M.El 7 76] L1] 3] 4% %8| s2
4| 65 23 s3] eroeeda] o o] eaf TLaT] 60 ed.47|ead43| T4 0R87 45 312l 17 sl s2] 76l Es
gl T4 28| 3% Tl 0% 9133 8833 B3 AT 4967 46,67 6. 14| 8E07) 5228 Y62 aq i | (TR I.6] 3] M| MM
6| &l 13| 53 T4 O 54, 35| BOLGT B5| 51.67 S9) 10451 | 94.44] 58.52( 101.14 53 1 K] 3] RS o2 al
7 o I7 53' & a5 Gl 9367 85,33 6533 65.33] *EO5] BD_RZ] 6E.T7| 9979 Gl 53 1.46% 2.1] 50 i 2] il
3| 67 &| s4] 4| 94|83.67] 88|89.33] 74l 60| s9.01| 95.03] 7E 72| 10655 S0 3] 1.51] 22] 9] 59| o2
9 35 45[ 59 B5.35) B3] .67 7033 1] 55| 103.52] 82,42 O putlier 42 IR} 1.43 ] &4 Rl
1| 73 9] 18] 54 a| 67| 93.33 il 6l B.67] 9445 8438 625) 10550 g a3 258 Q8] M 35 _?T-I
1] &l 26] 35] 68| 95| 90.33] 92.67] 73.67| 36,67 52.33] 95.08| T1.55] 4070 1124] 79 s4] 206] 08| 34 38| 57
1%] 63 11] s0f 55 o5 '?&JH 0133 L i [&5 9719 §9.47 ] IIT.ZI-HI 0 521 1L Lol 44 T3 L |
13 66 19| 44] 72| 9a33| w0.33] 2] 7367|4367 64] 95.78| 78] 4629 11642] 40 36| 083 19 59] 76| 79
14] &6 | 73| 93] as[9i77ee7]  52] 58| ea.6H| BLA1] 54.74 Iﬂi.L!jj 36 37| La4] 18] 58] 74

5] = 32 42' 471 1,13 g1 TE| BRAT 'EI 18.33] HE.&U] V519 20911245 &2 Gl 146 31| 55 | 'HI
16| 73 10] 48] 2| va.67) 9267] 93 90.67] 65.33] 68.33] 05.86]93.79] 67.58] 10211 3 43 23] o09] s7] s&o] x|
17| 72 35| 41] 70| 95.33]9267] 94| 86.33] 36| 47.33| 97.21] 90.86] 37.76] 109.84] 5K Alfoutiicr]  0.4] 12] 19 M|
18] &9l ol sl 72|90.67| 87671 84| 8167 6033] 5267 96.69] 90.07] 66.54] 9234 53 aa 238] 15| #0] si| 70}
19| 74 il 371 70(92.33] 08.33] §5.67] 71.67] 62.33] 40.33] 95.67|84.12] 6751] 8363 &1 57 o9 zs| 27| 37| as)
0| &I 21] 2l 33| 8es7] 7R67] es|3es7] 0] 0| w077) 40]  0f 8389 76 1 ETED EX EIN ET |
11| 15 18] 39] %3] 0%.33| 91.67] #0.67] 62.33] 24.67) 16.33] 96.16] 65 38] 25.88] 91.11] 43 sl 23] 1.1} 35 42 T
12| 71 [ 0 47 88.33] 83.67] BO6T] 6l o 20| s4.726%06] 0] 120.3 9 7] 233] 1.5] 48] 35| ool
13l 6l 11| 551 75| 9567 B9l 52.33) 86,337 45.33]  To| 93.03) 20.24] 47.32) 117.87 i a3] 03a] s3] To] sl 74
4| T8 1 23l 7ol 0s.67] 92.67] 89.67] B2 67| 48.33] 44| 98.95] 86.41) 50.52] v3.48] B4 S6 212 1a] a3] s 7s
38| 78] 18] 51| 58| 54.67| 88.67] 67.67] 83.67] 43| 0 04 72[ 68 82| 49.6] 67.09) 46 __&outie] _21] 33] 48] NM

fall = O fall = 200 {ouilier})|  NM='not messureable”




APPENDIX H

NEUROCOM HEALTHY POPULATION MEANS AN STANDARD
DEVIATONS DVIDED BY AGE GROUEFS

Table H.1. Sensory Organization Test NeuroCom Healthy Popuiation Means and
Standard Deviations

Sensory Organization Test Ages 60 - 69 Ages 70-79
(SOT) Mean SD Mzan SD
Composite 77.59 5.99 72.85 543
Somatosensory 97.2 32 95.1 7.9
Visual . 90.9 5 85 6.6
Vestibular - 69.7 93 67.3 10.4
Preferential - 98.4 6.5 G4.9 14.4

Table H.2. Adaptation Test NeuroCom Healthy Population Means and Standard

Deviations
. Ages 60 - 69 Ages 70—-79
Adaptation Test (ADT) Mean SD Mean SD
Toes Up (5 trial) 59.56 14.10 65.93 15.10
Toes Down (5 trial) 49.13 15.87 52.93 23.46

Table H.3. Limits of Stability Test NeuroCom Healthy Population Means and Standard

Deviations
. : e Ages 60 - 69 Ages 70 - 79
Limits of Stability (LLOS) Mean SD Mean SD
Reaction Time (RT) 0.9 0.36 1.05 0.37
Movement Velocity (MVL) 4.0 1.1 3.5 1.6
End Point Excursion (EPE) 72.0 9.1 69.0 14.5
Maximum Excursion (MXE) 87.6 9.6 86.8 17.4

Directional Control (DCL) 70.7 7.9 73.5 8.3
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APPENDIX I
ADJUSTED NEUROCOM HEALTHY POPULATION MEAN AND SD
: DATA
. T 70 - 79 TRV | g 4079

¥ s2 m2| vy | s2 |m2] YV Y 52 N2
SOT Composite 77.589] 5.995/26 7285 5.43120]  1724.38214129.964] 75.09_ 5.651] 55
SOT Somatosensory 97,167 3.2{26| 95883  7.9[2 2003.48| 5306949 9644 6,091 55
SOT Visual 00,933, sl26 #6800 66/29] 1344 6R[4881.710) 8ET50) 5845 55
SOT Vestibular 69.653  9.3/26) 68.875 1042 5190.73/3808.353 69,243 9.804] 55
SOT Preferential  |vs30s] s zﬂ 95,706 144120  562.33|5334.014] 96.952 11.273] 5
ADT Toes Up (5th) 50.556] 14.104] 26} 65.920] 15.104/20  11360.733(3460.397 62.916] 14.503] 53
ADT Toes Down (5th) |- 49.13] 15.873] 26] 59.920] 23.457|20] 21705.267 3015.321) 54.524] 20.049] 55
LOS Reaction Time 09 03626 108 03729 7073 5388 0979 0362 55
ILOS Movement Velocity 4 1126l 33 1629 wire3 2055 3736 1.374) 55
|LOS Endpoint Excursion | 72] 9,126 69  14.5)2 798725 373] 70418 12,139 55
|LOS Maximum Excursion] 8§76 06{26) %68 17.4/200 1078128 4794.8{%7.17% H.HEI
ILOS Directional Control | 707]  70[26] 73] &3] 3am017] 3969.1]72.176] 8038 55




APPENDIX J

HISTOGRAMS'& P-P PLOTS OF PD POPULATION
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Figure J.1. UPDRS Histogram & P-P Plot of PD Data.
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Figure J.2. BBS Histogram & P-P Plot of PD Data.
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Figure J.3. SOT Composite Histogram & B-F Piot of PD Data.
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Figure J.4. SOT Somatosensory Histogram & P-P Plot of PD Data.
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SOT Visual

Std. Dev = 14.13
Mean = 81.9
N = 50.00

Expected Cum Prob

Normal P-P Plot of SOT Visual

Figure J.5. SOT Visual Histogram & P-P Plot of PD Data.
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Figure J.6. SOT Vestibular Histogram & P-P Plot of PD Data.
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Figure J.7. SOT Preferential Histogram & P-P Plot of PD Data.
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Figure J.8. ADT Toes UP (5™ Attempt) Histogram & P-P Plot of PD Data.
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Figure J.9. ADT Toes DOWN (5" Attempt) Eistogram & P-P Plot of PD Data.
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Figure J.10. LOS Reaction Time Histogram & P-P Plot of PD Data.
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Figure J.11. LOS Movement Velocity Histogram & P-P Plot of PD Data.
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.. Figure J.12. LOS Endpoint Excursion Histogram & P-P Plot of PD Data.
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Figure J.13. LOS Maximum Excursion Histogram & P-P Plot of D Data.
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Figure J.14. LOS Direstipnal Control Histogram & P-P Plot of PD Data.
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APPENDIX K

SAMPLE CALCULATIONS

All sample calculations use the SOT Composite test score as the example.

K.1. Adjusting NeuroCom Healthy Population Calculation.

NeuroCom Healthy Population (AGES 60 — 69):
v, =717.59

s, =599
n, =26

NeuroCom Healthy Population (AGES 70 — 79):
vy, =72.85
g, =5.43 (33
n, =29

= DY, (Ya*n)+(Ys*n,)  (77.59%26)+(72.85*29)

n n, +n, 26 +29

Y =75.09

o |52 =D +sp(n, —1) _ [5.995°(26-1) +5.431°(29 - 1)
? (n, +n,)—1 (26 +29)—1

8, =565
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Adjusted NeuroConr Healthy Population (AGES 60 — 79):

Y =75.09
S, =5.65
n=>55

K.2. Skewness and Kurtosis Value Calculation.

o=10.05
Hypothesis: Ho: Test Statistic falls within Skewness Critical Interval
Ha: Test Statistic does not fall within Skewness Critical interva

SkewnessValue = TestStatistic £1.96 x § tan dardDeviatior. = (—0.935) %:(1.96 x (0.333)

SkewnessValue = (-0.282,-1.588)

KurtosisValue = TestStatistic £1.96 x S tan dardDeviation = {0.302) £ (1.96) » {0.656)

KurtosisValue = (1.588,-2.81)

K~.3.- Egugl Vagiance Calculation: F-test.

0=0.05
Hypothesis: Ho: 61 =05
o Ha: 01 # 0,

Parkinson’s Disease Population:
S, =12.38
m=>51

NeuroCom Healthy Poputatien (AGES 60 — 79):
S, =5.65
n=355

_ 8¢ _(12.38)°
8,  (5.65)°

F=4797
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F,.(4.797) > F, _1y(1.5787) . Therefore, we reject Ho. The sample

1-a/2,m-1,n,

variance of the PD population is not equal to that of the healthy population, a = 0.05.

K.4. Significant Difference Population Means Calculation: ¢-test.

o=0.05
Hypothesis: Ho: X>Y
Ha: X dY

Parkinson’s Disease Paﬁulatié}i:
X =66.49
S, =12.38

m=>51 .
|

NeuroCom Healthy Population (AGES 60 — 79):

Y =75.09
S, =5.65
n=>55
o X-Y _ 6649-7509
» Jsf s? \/12.382 5.652
— +—= +
m n 51 55
T, =-4.542
52 s2Y 1238)  (5.68)" Y’
—l-+_i . + .
m n 51 - 55
T/ wn \2 5 N2 - g1 %2 2\2
SEY (L)L) (e (12.38) ]( 1 )+ (5.68) ( 1 j
m m—1 n n—1 2 51-1 95 55-1
df =68.8
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T, (—4.542) < T, _45(-1.6672) . There for, we reject Ho. The mean of the PI»

‘population is determined to be significantly less than the mean of NeuroCom’s healthy

-population, o = 0.05.
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