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ABSTRACT OF DISSERTATION

CLINICAL AND FUNCTIONAL ASSESSMENT FOLLOWING AUTOLOGOUS
CHONDROCYTE IMPLANTATION TO THE KNEE:
THE ROLE OF PATIENT REPORTED OUTCOMES, PERFORMANCE BASED
ASSESSMENT, AND RESPONSE SHIFT

Autologous chondrocyte implantation (ACI) is a cell based therapy for the
treatment of articular cartilage defects. Numerous studies have reported outcomes
following ACI using a variety of patient reported outcomes (PROs), but no clear
recommendations exist regarding which PRO is the most responsive to changes following
ACI. Few studies have documented changes in performance based assessments (PBAS)
following ACI. Response shift theory proposes that residual changes in self-report
measures occur over time. Failing to account for response shift may result in over or
under reporting of outcomes from which clinical decisions are made. The purposes of this
dissertation were 1) review the literature concerning ACI outcomes to determine the
responsiveness of PROs to changes in self-reported function following ACI, 2) evaluate
the reliability of PBAs among ACI patients, 3) develop a descriptive timeline for the
return of function 1 year following ACI using both PROs and PBAs, and 4) utilize PROs
and PBAs to evaluate patients undergoing ACI for evidence of response shift.

All PRO and PBA measures were collected preoperatively and 3, 6, and 12
months postoperatively. A retrospective then-test PRO evaluation of function prior to
surgery was completed at 6 and 12 months. Response shift was calculated by subtracting
the original pre-test score from the then-test score.

A systematic review and meta-analyses of existing ACI outcome studies resulted
in the recommendation of the International Knee Documentation Committee Subjective
Knee Form (IKDC) and Lysholm Knee Scale as highly responsive PROs among ACI
patients of varying activity levels. Despite significant increases in PRO scores as early as
6 months following ACI, improvement in PBAs at 12 months following ACI were limited
to stride length, walking speed, and step-up force. Finally, no evidence of a group level
effect for response shift was observed. These results support the validity of traditional
pre-test/post-test research designs with no need to account for response shift when
evaluating treatment effects of ACI on the group level. However, the Western Ontario
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and McMasters University Osteoarthritis Index (WOMAC) did show evidence of a
measurable response shift on a patient by patient basis.
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CHAPTER 1: INTRODUCTION AND SYSTEMATIC REVIEW AND META-
ANALYSIS OF PATIENT REPORTED OUTCOME INSTRUMENTS FOLLOWING

AUTOLOGOUS CHONDROCYTE IMPLANTATION

Avrticular cartilage defects of the knee are a complex and challenging pathology
with limited options for treatment and clinical management. The poor healing of these
defects has been documented for over 200 years,” and when left untreated can progress to
osteoarthritis.”® Defects have been observed to occur in 63% of all knee arthroscopies,*
and may be associated with trauma or be idiopathic in nature. One report observed
defects present in 16 to 46% of ACL reconstructions.* If not treated appropriately
defects to the articular cartilage can become increasingly painful and disabling. This is
particularly true for lesions of the knee where biomechanical stresses result in both shear
and compressive forces during normal activities of daily living.

Treatment of articular cartilage injuries represents a complex and challenging
problem for both orthopedic surgeons and rehabilitation specialists. Treatment options for
articular cartilage defects can range from simple debridement to marrow stimulating
techniques or more complex auto- and allograft treatments. One emerging form of
treatment is cell based therapies. These treatments are based on the implantation of
chondrocytes into the symptomatic defect. The use of autologous chondrocyte
implantation/transplantation (ACI or ACT) in a human population was first reported in
1994.% The ACI procedure involves a two step surgical process. During the first surgery
a biopsy of healthy chondrocytes is obtained from a low weight bearing portion of the
knee such as the intracondylar notch. These cells are then cultured and expanded in a

laboratory and then transplanted into the defect in a second surgery. The original

www.manaraa.com



procedure called for cells to be transplanted under a periosteom flap harvested from the
patient during the second surgery.?® The procedure has since been modified to commonly
use a porcine type I/111 collagen membrane to cover the defect in place of the periosteal
flap (ACI-C).%**% |n some regions the seeding of chondrocytes on a porcine type I/11I
collagen bilayer matrix (MACI) prior to implantation has also been introduced into

practice as the third generation of the ACI procedure.'®

PURPOSE
For each generation of ACI introduced, numerous reports of treatment outcomes

have been presented. However these outcomes have focused primarily on patient
reported outcomes (PROs) and disease oriented outcomes such as magnetic resonance
imaging (MRI) or tissue biopsy. Very few investigators have documented ACI outcomes
using performance based assessments (PBAs). PBAs provide a direct, objective measure
of patient function that can be combined with PROs to form a full picture of clinical
outcomes following treatment without regard for the biologic outcome that is assessed by
MRI or tissue biopsy. This study was an investigation of clinical and functional outcomes
following ACI to the knee and the methodology for documenting those outcomes. The

primary purposes of this dissertation were the following:

1. To systematically review and evaluate via meta-analysis the responsiveness of
common instruments used to measure PROs following ACI at varying time points.
Hypothesis: All instruments will demonstrate improved self-reported function and
health related quality of life following ACI with the simplest instruments showing the

greatest treatment effect.
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2. To determine among articular cartilage patients the reliability of the following
NeuroCom Balance Master® long force plate assessments: Walk Across, Weight
Bearing Squat, Unilateral Stance, Sit-to-Stand, Step Up/Over, and Forward Lunge
tests. Hypotheses: The reliability of all measures of time, distance, and force will
demonstrate acceptable ICC values>0.75. There will be poor reliability of measures
of sway and balance with ICC values <0.75.

3. To document the clinical outcomes of ACI patients over one year following surgery
utilizing both patient reported outcomes (PROs) and performance based assessments
(PBAs), and to examine the relationship between PROs and PBAs. Hypotheses: All
PROs and PBAs will demonstrate an initial decrease in function at the three month
time point. There will be improved function at 6 months and improvements from
baseline at the 12 month time point based on PRO and PBA evaluations.

4. To determine if patients undergoing ACI experience a response shift between
preoperative assessment and evaluation at 6 and 12 months postoperative.
Hypotheses: There will be evidence of a response shift as assessed via PROs.
Further evidence of this response shift will be supported by changes in the

relationship between PROs and PBASs over time.

OVERVIEW
This dissertation is organized according to the following: Chapter 1 consists of a

systematic review of the use of PROs to document patient outcomes following ACI. This
chapter will provide a historical context of the use of PROs and treatment outcomes
following ACI. Chapter 2 presents the reliability of a series of PBAs utilizing the
NeuroCom Balance Master® long force plate in an ACI patient population. Reliability

was evaluated both preoperatively and 12 months following ACI to determine the
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reliability of the chosen measures across time points. Chapter 3 reports PRO and PBA
outcomes prior to ACI and at 3 months, 6 months and 12 months following ACI. This
information will provide a time line for recovery and return of function following ACI.
Chapter 4 investigates the evidence of a response shift phenomenon influencing PROs
following ACI. The relationship between PROs and PBAs across time will be examined
in an attempt to validate the occurrence of a response shift. Chapter 5 will summarize the
results of all portions of this dissertation and interpret these finding for future research

and clinical application.

OPERATIONAL DEFINITIONS

Autologous Chondrocyte Implantation (ACI):
Two stage, cell based surgical therapy for the treatment of articular cartilage

defects. Stage one involves the biopsying of healthy articular cartilage from a non-or
low-weight bearing portion of the knee. This cartilage is then cultured and expanded, and

these chondrocytes are transplanted into the defect during a second surgery.

Patient Reported Outcome (PRO):
Self report questionnaires or instruments intended to document the patients’

perspective of their level of function and/or health related quality of life.

Performance Based Assessment (PBA):

Form of an objective evaluation requiring physical or mental function, ability, or
competence of a task that is typically measured in a quantifiable variable such as time,

speed, force, distance, or errors.
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Response Shift:
A residual change in perception that occurs over time and can affect PROs based on

the patient’s internal frame of reference pre- or post-intervention. These changes are due
to recalibration, reconceptualization, and reprioritization of internal standards and

references utilized for self-appraisal.

ASSUMPTIONS
The primary assumptions of this dissertation were the following;

1. Subjects provide honest answers and best effort when completing PROs
and PBAs.

2. Subjects clearly understood and followed instructions for both PROs and
PBAs.

3. Changes in PBAs were related to changes in knee health and not other,
unknown, unreported, underlying conditions.

4. All patients were compliant with activity restrictions and rehabilitation

protocols.

DELIMITATIONS
1. For the meta-analysis portion of this dissertation, only those studies presenting

statistics from which effect sizes could be calculated were be included.

2. For the meta-analysis portion of this dissertation only those studies reporting
PROs using the Medical Outcomes Study 36-Item Short Form Health Survey
Physical Component Scale (SF-36 PCS), the International Knee
Documentation Committee Subjective Knee Form (IKDC), the Lysholm Knee

Scale (Lysholm), the modified Cincinnati Knee Rating System (MCKRS), the
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Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC),
or the Knee Injury and Osteoarthritis Outcome Score (KOOS) were included

3. All surgeries were performed by a single surgeon and all patients were
recruited from a single practice.

4. All physical therapy was completed in individual outpatient clinical settings
and was not directly supervised or controlled.

5. No direct measures of cartilage healing such as MRI or tissue biopsy were
utilized in this study.

6. All patients undergoing ACI regardless of defect locations or the occurrence of
realignment procedures have been included

7. Previous injury or surgery was not controlled for.

8. The “then-test” method was used to test for response shift among ACI

patients, and this method may be susceptible to recall bias.

LIMITATIONS
1. A number of patients (n=5) were lost to follow-up during the course of this

study. Despite multiple attempts to contact these patients complete data for
these patients could not be obtained and is therefore missing from the
presented results.

2. A number of patients (n=6) were declared clinical failures during the course of
this study and either underwent surgical revision prior to study completion or
performance testing was contraindicated by the treating physician. When

possible data from these patients were included in the results of this study.
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SYSTEMATIC REVIEW AND META-ANALYSIS OF PATIENT REPORTED
OUTCOME INSTRUMENTS FOLLOWING AUTOLOGOUS CHONDROCYTE
IMPLANTATION

Introduction

The limited ability of articular cartilage to heal on its own has been a topic of
discussion for over 200 years.” The treatment and management of articular cartilage
damage can be particularly challenging in the knee joint where such defects have been

frequently observed during arthroscopic surgery. 3 368182

Restorative and reparative
treatment of these defects, whether they penetrate to the subchondral bone (osteochondral
lesions) or remain limited to the cartilage surface (chondral lesions), is highly desirable to
prevent the progression of osteoarthritis.*
Autologous Chondrocyte Implantation

Over the last three decades, approaches to treating chondral defects have shifted
towards cell based therapies. These therapies have focused predominantly on the
implantation of autologous chondrocytes directly into pathologic defects. The first
published reports of human outcomes following autologous chondrocyte implantation
were presented in 1994.% As originally described, autologous chondrocyte implantation/
transplantation (ACI or ACT) is a two stage treatment where a cartilage biopsy is taken in
one surgery and during a later surgery cultured chondrocytes are implanted into the
defect.® Due to complications with graft hypertrophy considered to be linked to the use
of the periosteal flap used to cover the defect and to reduce concomitant trauma, the
procedure has since been modified to commonly use a porcine type I/111 collagen

membrane to cover the defect in place of the periosteal flap (ACI-C).?> % 9 In efforts to

further advance the procedure, a third generation of ACI involves the seeding of
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chondrocytes on a porcine type I/111 collagen bilayer matrix (MACI) prior to
implantation.”>** Finally, the 4™ generation of ACI to become commercially available is
characterized chondrocyte implantation (CCI).*** This method involves the use of a gene
marker profile to determine the cartilage forming potential of cells to selectively choose
cells for expansion and implantation.
Treatment Evaluation

As new methods for treating cartilage are developed it is necessary to evaluate
these treatments to determine their effectiveness. While second look arthroscopies with
cartilage biopsies provide the most diagnostic method of evaluating cartilage repair, they
are not always feasible or ethical to perform. In addition, biopsies allow for the
assessment of the histological tissue repair, but they cannot be used to evaluate patient
oriented outcomes such as pain and function. To evaluate patient oriented outcomes
researchers and clinicians have relied on patient reported outcome instruments (PROSs).
Numerous PROs have been developed to address outcomes associated with a specific
body part or region, a specific disease, or health related quality of life as a whole.
Numerous PROs have been utilized to document patient response to cartilage repair.
While the widespread use of PROs is beneficial for documenting treatment outcomes, the
wide variety in the PROs makes comparison across studies and instruments difficult.
Ideally, a standard instrument or battery of instruments would be more advantageous for
reliably and validly assessing patient response to treatment.

Some of the most commonly used PROs to evaluate articular cartilage repair
outcomes include the Medical Outcomes Study 36-Item Short Form Health Survey (SF-
36),105:106.179 the International Knee Documentation Committee Subjective Knee Form

(IKDC),”" the Lysholm Knee Scale (Lysholm),® 1®® the modified Cincinnati Knee Rating
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System (MCKRS),%! the Western Ontario and McMaster Universities Osteoarthritis Index
(WOMAC),™ ™ and the Knee Injury and Osteoarthritis Outcome Score (KOOS)%,
While all of these instruments have been widely used to evaluate ACI treatment efficacy,
there is no clear standard regarding which outcome instrument is ideal for evaluating
treatment progress or overall treatment effect following ACI. PRO responsiveness is the
evaluation of change in the instrument score over time in response to treatment.® The
reported responsiveness in self-reported function following ACI has not been compared
among instruments. Identification of the most responsive instrument for an ACI
population will provide clinicians and researchers with a disease specific tool to compare
treatment effects between therapies.

The purpose of this study is to systematically review and summarize the scientific
literature in regards to changes in PRO scores after ACI treatment. For analysis, we have
selected the commonly utilized outcome instruments in cartilage repair studies including
the IKDC, Lysholm, MCKRS, KOOS, WOMAC, SF-36. The outcome of interest for this
systematic review is PRO responsiveness following ACI treatment. Meta-analyses of
PRO score changes will be compared among instruments to determine the responsiveness
of each instrument at specified postoperative time points. Secondarily, a within-
instrument comparison was performed to evaluate the responsiveness of individual PROs
at specified time points to determine if the instrument is more responsive to changes in
self-reported knee function at different time points during recovery. A better
understanding of the responsiveness of each instrument will allow for improved selection

of outcome instruments in future cartilage research.
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Methods

Evidence Acquisition

Search Strategy

In February 2010 investigators conducted a systematic search of the literature
using CINAHL (from 1981), Medline (from 1966), and SPORTDiscus (from 1800) to
identify reports of PROs following autologous chondrocyte implantation/ transplantation.
Search terms used were autologous, chondrocyte, outcome, and knee. All abstracts were
then reviewed for study inclusion/exclusion. In the event the abstract did not provide
sufficient information to determine study eligibility the full manuscript was reviewed.
Additionally the reference lists of all included studies were reviewed to identify other

potentially eligible studies (Figure 1.1.).

Selection Criteria

All studies were required to meet the following inclusion criteria; 1) publication in
the English language, 2) investigations with human participants, 3) prospective evaluation
of patient outcomes following cell based treatment of articular cartilage defects with some
form of cultured autologous chondrocytes, 4) utilization of at least one of the following
PRO instruments: IKDC, Lysholm Knee Scale, MCKRS as described by Browne et al.*",
KOOS, WOMAC, or SF-36 Physical Component Scale (SF-36 PCS) preoperatively and
at a minimum of 1 postoperative time point, and 5) reporting of statistics from which
effect sizes and 95% confidence intervals could be calculated. These included sample
sizes and any of the following: preoperative and postoperative means and standard
deviations, exact p-values for identified parametric statistical tests, preoperative and

postoperative means and standard errors, or mean change scores and standard deviations.
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Figure 1.1 Search Process and Study Selection Results for Patient Reported
Outcomes Following Autologous Chondrocyte Implantation

Searched:

Cumulative Index to Nursing and Allied Health Literature
(CINAHL), Medline, and Sports Discus.

Keywords: autologous, chondrocyte, outcome, and knee
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