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Comparing Responsiveness of Six Common
Patient-Reported Outcomes to Changes
Following Autologous Chondrocyte
Implantation: A Systematic Review and
Meta-Analysis of Prospective Studies

Jennifer S. Howard'"?, Christian Lattermann?, Johanna M. Hoch®,
Carl G. Mattacola', and Jennifer M. Medina McKeon'

Abstract

Objective: To compare the responsiveness of six common patient-reported outcomes (PROs) following autologous
chondrocyte implantation (ACI). Design: A systematic search was conducted to identify reports of PROs following ACI.
Study quality was evaluated using the modified Coleman Methodology Score (mCMS). For each outcome score, pre- to
postoperative paired Hedge’s g effect sizes were calculated with 95% confidence intervals (Cls). Random effects meta-
analyses were performed to provide a summary response for each PRO at time points (TP) | (<I year), Il (I year to
<2 years), lll (2 years to <4 years), IV (24 years), and overall. Results: The mean mCMS for the 42 articles included
was 50.9 + 9.2. For all evaluated instruments, none of the mean effect size Cls encompassed zero. The International
Knee Documentation Committee Subjective Knee Form (IKDC) had increasing responsiveness over time with TP-IV,
demonstrating greater mean effect size [confidence interval] (1.78 [1.33, 2.24]) than TP-1 (0.88 [0.69, 1.07]). The Knee
Injury and Osteoarthritis Outcome Score—Sports and recreation subscale (KOOS-Sports) was more responsive at TP-I|
(1.76 [0.87, 2.64]) and TP-IV (0.98 [0.81, I.15]) than TP-I (0.61 [0.44, 0.78]). Overall, the Medical Outcomes Study 36-ltem
Short Form Health Survey Physical Component Scale (0.60 [0.46, 0.74]) was least responsive. Both the Lysholm Scale (1.42
[1.14, 1.72]) and the IKDC (1.37 [1.13, 1.62]) appear more responsive than the KOOS-Sports (0.90 [0.73, 1.07]). All other
KOOS subscales had overall effect sizes ranging from 0.90 (0.74, 1.22) (Symptoms) to 1.15 (0.76, 1.54) (Quality of Life).
Conclusions: All instruments were responsive to improvements in function following ACI. The Lysholm and IKDC were
the most responsive instruments across time. IKDC and KOOS-Sports may be more responsive to long-term outcomes,
especially among active individuals.

Keywords

articular cartilage, cartilage, knee, outcomes assessment, self-report

Introduction

'Division of Athletic Training, Department of Rehabilitation Sciences,

The limited ability of articular cartilage to heal on its own
has been a topic of discussion for more than 200 years.' The
treatment and management of articular cartilage damage
can be particularly challenging in the knee joint where
such defects are frequently observed during arthroscopy.””
Restorative and reparative treatment of these defects is
highly desirable to prevent the progression of osteoarthri-
tis.® Over the last three decades, approaches to treating
chondral defects have shifted toward cell-based therapies.
One of the most frequently used and well studied is the
autologous chondrocyte implantation (ACI).”
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Treatment Evaluation

As new methods for treating cartilage are developed, it is
necessary to evaluate these treatments to determine their
effectiveness. Although second look arthroscopies with
cartilage biopsies may provide the most diagnostic method
of evaluating cartilage repair, they are not always feasible
or ethical to perform. Furthermore, biopsies allow for the
assessment of the histological tissue repair but cannot
be used to evaluate patient-oriented outcomes such as pain
and function. To evaluate patient-oriented outcomes, inves-
tigators have relied on patient-reported outcome (PRO)
instruments. Many 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 used to document patient
response to cartilage repair. Although the widespread use
of PROs is beneficial for documenting treatment outcomes,
the wide variety in PROs makes comparison across studies
and instruments difficult. Ideally, a standard instrument or
battery of instruments would be advantageous for reliable
and valid assessment of 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),*"” the International Knee Documentation Committee
Subjective Knee Form (IKDC),'" the Lysholm Knee Scale
(Lysholm),'*"® the Modified Cincinnati Knee Rating
System (MCKRS),'* the Western Ontario and McMaster
Universities Osteoarthritis Index (WOMAC),'>'® and the
Knee Injury and Osteoarthritis Outcome Score (KOOS)."”
Test-retest reliability and validity among cartilage patients
has previously been established for a version of each of
these instruments.'®?' Although all 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 effects 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
ACThasnot been compared among instruments. Identification
of the most responsive instrument for an ACI population will
provide clinicians and researchers with a specific PRO instru-
ment to compare treatment effects between therapies.

The purpose of this study was to systematically review
and summarize the scientific literature evaluating changes
in PRO scores after ACI. For analysis, we selected com-
monly used outcome instruments in cartilage repair studies,
including the IKDC, Lysholm, MCKRS, KOOS, WOMAC,
and SF-36. The outcome of interest was PRO responsive-
ness following ACI treatment. Meta-analyses of PRO score
changes (“Hedge’s g effect sizes with 95% ClIs) were plot-
ted among instruments to visually reflect the responsive-
ness of each instrument at specified postoperative time

points (TPs) forest plots of mean effect sizes for each
instrument at each TP were used to provide a graphical rep-
resentation of how responsive each instruments is to
changes in self-reported knee function at varying postoper-
ative TPs. A better understanding of the responsiveness of
each instrument will allow for improved selection of out-
come instruments in future cartilage research.

Methods

This nonregistered review was prepared in accordance with
the “The PRISMA Statement for Reporting Systematic
Reviews and Meta-Analyses of Studies that Evaluate Health
Care Interventions.”*

Evidence Acquisition

Search strategy. In February 2011, 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 informa-
tion 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.

Selection criteria. All studies were required to meet the
following inclusion criteria: (a) publication in English;
(b) investigations with human participants; (c) prospective
evaluation of patient outcomes following cell-based treat-
ment of articular cartilage defects with some form of cul-
tured autologous chondrocytes; (d) utilization of at least
one of the following PRO instruments: IKDC, Lysholm,
MCKRS as described by Browne et al.,14 KOOS, WOMAC,
or SF-36 Physical Component Scale (SF-36 PCS) preopera-
tively and at a minimum of one postoperative TP; and
(e) reporting of statistics from which effect sizes and 95%
confidence intervals (CIs) could be calculated.

Assessment of Methodological
Quality and Level of Evidence

The quality of all studies included was assessed using the
Coleman Methodology Score modified by Kon, Verdonk,
and others.”?* This assessment tool was specifically
adapted to evaluate the quality of cartilage repair studies
and includes 11 parameters on a 100-point scale (100 =
highest quality): study sample size (10 points), average
follow-up (10), number of concomitant surgical procedures
(10), study design (15), description of the surgical proce-
dure (5), description of postoperative rehabilitation (5), the
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inclusion of MRI outcome (10), the inclusion of histologi-
cal outcome (10), outcome criteria (5), procedure for
assessing clinical outcomes (7), and description of subject
selection process (8).2

Level of evidence was evaluated based on criteria from
the Centre for Evidence Based Medicine (CEBM).* Using
this taxonomy, the quality of the evidence for the studies
included was determined and a grade of recommendation
was generated for the use of each PRO as a measure of ACI
treatment effect.”> Methodological quality assessment and
the rating of the level of evidence were assessed indepen-
dently by two investigators. Discrepancies in scoring were
discussed until a consensus score was agreed upon.

Data Extraction

The primary outcome variables of interest were scores on
six specified PROs: the IKDC, Lysholm, MCKRS, KOOS,
WOMAC, and SF-36 PCS. Because of the variation in
Modified Cincinnati Knee Rating Systems reported in the
literature, only the MCKRS presented by Browne et al™
was reviewed. To avoid inappropriate comparisons of vari-
ous versions of the MCKRS, the studies included had to
have either published the scale in the article or provided a
clear reference. From each study all data that could be used
to calculate effect sizes for PROs were extracted.

For each outcome score, individual pre to postoperative
standardized effect sizes were calculated using bias-corrected
Hedge’s g for paired samples with 95% confidence inter-
vals (CIs) to examine the magnitude and precision of the
difference between pre- and postoperative PRO scores.
These effect sizes are unitless measures, corrected to repre-
sent a parametric distribution of the effects. For the purpose
of this study, Hedge’s g effect sizes were used as a measure
of responsiveness with larger effect sizes representing
increased responsiveness of an instrument—that is, greater
change in the instrument score over time.'® Separate meta-
analyses were performed to provide a summary response
for each PRO at specified TPs. For the purposes of analysis,
follow-up TPs were grouped into four categories, TP-I
(<1 year), TP-II (1 year to <2 years), TP-III (2 years to
<4 years), and TP-IV (4 years or more). Most studies made
multiple comparisons across separate TPs, and each com-
parison was treated independently during statistical analy-
ses. If a study reported multiple results within a given TP
category (e.g., 3 months and 6 months are both within the
<1 year TP category), only the latest data point (i.e., 6 months)
was analyzed. Therefore, within each study, only a single
result per instrument was included for a given TP category.
For each PRO, an additional meta-analysis to determine the
overall responsiveness across all TPs was conducted using
the pooled standardized effects averaged across all available
TPs. For each meta-analysis, a random effects model was
employed.*®

Effect sizes, 95% ClIs, and Z-distribution P values were
calculatedin Comprehensive Meta Analysis(Comprehensive
Meta Analysis Version 2.0, Biostat, Englewood, NJ). A
positive effect size indicated improvement in postoperative
PRO score compared with preoperative score. Effect sizes
for which ClIs did not overlap were considered to be sub-
stantially different. Effect size values were interpreted as
small if they were between 0.20 and 0.49, moderate if
between 0.50 and 0.79, and large if more than 0.80.

Assessment of Bias

Methodological bias was assessed using part B of the
modified Coleman Methodology Score.** To assess the
likelihood of publication bias, a funnel plot of all measures
was generated by plotting standard error against Hedge’s g
effect size for each included study. To assess the robust-
ness of the observed overall effects of the variations in
study design on PRO score, Orwin’s Fail-Safe N test was
employed.”” For this test, a Hedge’s g effect size of 0.1 was
assumed for all missing studies, or studies excluded due to
publication bias, and the number of missing studies neces-
sary to reduce the overall mean effect size for each instru-
ment to a 0.4 was calculated.

Results
Study Selection

The initial literature search yielded 216 results. Application
of inclusion and exclusion criteria resulted in the inclusion
of 42 articles.'"**** Study selection and inclusion is
depicted in fig 1. The included studies are summarized in
Table 1. A total of 2,016 patients with a mean age of
approximately 34.5 years are reported on across all studies.
Overall, 16 studies reported outcomes using the IKDC, 11
used the KOOS (2 reporting only total KOOS scores), 18
used the Lysholm, 12 used the MCKRS, 9 studies used the
SF-36 PCS, and 2 studies used the WOMAC. A single
study reported on four instruments.® All other studies
reported on three or fewer instruments.

Methodology Scoring and Level of Evidence

The mean modified Coleman Methodology Score for all
included articles was 50.9 + 9.2 (range = 35-68). The
mean modified Coleman Methodology Score for studies
using each PRO instrument was as follows: IKDC 51.4
(standard deviation [SD] = 7.5), KOOS-Sports 51.9 (5.8),
KOOS-all other subscales 53.7 (7.7), Lysholm 49.2 (8.8),
MCKRS 48.2 (8.8), and SF-36 PCS 56.2 (7.8). The least
reported parameters were inclusion of MRI and histologi-
cal outcomes and description of the subject selection
process. CEBM level of evidence was 2b for 38 articles
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Searched:

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

Keywords: autologous, chondrocyte, outcome, and knee

216 studies
identified.

| |143 studies excluded following
abstract and title review

73 studies included
based on abstract -
and title

40 studies excluded due to
insufficient data reporting

33 studies included
after full —
manuscript review

| | 9 additional studies identified
from review of reference lists

42 studies
selected for e
final inclusion

Figure 1. Study selection results.

and 1b for 4 articles included. Based on the consistent
reporting of level 2 studies, a grade B recommendation
was made for the use of the IKDC, KOOS, Lysholm,
MCKRS, SF-36 PCS, and WOMAC as outcome measures
following ACI.*

Assessment of Bias

The mean score for Part B of the modified Coleman
Methodology Score assessing individual study bias was
13 + 3 out of a possible 22 points. The assessment of pub-
lication bias revealed an asymmetrical distribution of stud-
ies with a disproportionate number of studies above the
mean effect size at the bottom of the funnel (Fig. 2). This
indicated a slight publication bias toward studies demon-
strating large treatment effects, particularly for studies
with smaller sample sizes. However, the results of Orwin’s
Fail Safe N test (Table 2) demonstrate that an additional
14 (SF-36 PCS) to 196 (KOOS) studies with a trivial effect
size of 0.10 are necessary to reduce the mean effect size
for any of the PROs to a weak value of 0.40. Therefore,
the observed overall effects are very robust and not likely
to be artificially influenced by this potential publication
bias.

Responsiveness of PROs

Mean effect sizes and 95% CIs for each instrument at each
of the four TPs are reported in the forest plots in fig 3. For
an instrument to be included in the meta-analysis at a given
TP, a minimum of four individual data points must have
been reported. The WOMAC did not meet this require-
ment at any time point, and the SF-36 PCS only met this
requirement at TP-III. The MCKRS could only be evalu-
ated at TP-III and TP-IV and only the patient perception
scale could be evaluated.

Responsiveness by Instruments across TPs

For all evaluated instruments, none of the mean effect sizes
or CIs encompassed zero. This indicated that there was
evidence of positive treatment effects following ACI
regardless of the PRO used (Fig. 3). The IKDC increased
responsiveness over time, with TP-IV demonstrating a
greater mean effect size (mean effect size [95% CI]: 1.78
[1.33, 2.24]) than TP-I (0.88 [0.69, 1.07]). The responsive-
ness of the Lysholm varied little across TPs, with mean
effect sizes only ranging from 1.29 to 1.69. There was also
no difference in responsiveness for the MCKRS between
TP-II and TP-III. Finally, the only KOOS subscale to show
noticeable improvements in responsiveness over time was
the KOOS-sports and recreation subscale (KOOS-Sports)
for which TP-III (1.76 [0.87, 2.64]) and TP-IV (0.98 [0.81,
1.15]) demonstrated larger effect sizes than TP-I (0.61
[0.44, 0.78]). Effect sizes for the remaining KOOS sub-
scales did not change over time and fell in the following
ranges: KOOS-Activities of Daily Living 0.78 [0.27, 1.29]
to 1.90 [1.02, 2.78], KOOS-Pain subscale 0.75 [0.40, 1.10]
to 1.88 [1.12, 2.63], KOOS-Quality of Life 0.88 [0.32,
1.44] to 2.38 [1.20, 3.56], and KOOS-Symptoms 0.75
[0.50, 1.00] to 1.60 [0.79, 2.41].

Responsiveness by TP

At TP-I, the Lysholm (1.52 [0.92, 2.11]) appears more
responsive than the KOOS-Sports subscale (0.61 [0.44,
0.78]). At TP-11, both the IKDC (1.37 [0.93, 1.80]) and the
Lysholm (1.53 [0.96, 2.11]) were more responsive than the
KOOS-Sports subscale (0.57 [0.23, 0.92]). There were no
identifiable differences between any of the instruments at
TP-1II. Finally, at TP-IV the IKDC (1.78, [1.33, 2.24])
demonstrated a larger effect size than the KOOS-Sports
subscale (0.98 [0.81, 1.15]).

Overall Responsiveness

The final comparison was of the overall responsiveness of
each instrument with data from all available TPs averaged
(Fig. 4). Both the Lysholm (1.43 [1.14, 1.72]) and the
IKDC (1.37 [1.13, 1.62]) had overall mean effect sizes that
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Figure 2. Funnel plot to evaluate publication bias. The observed
funnel plot suggests a slight publication bias toward studies
demonstrating larger effect sizes, with an asymmetrical distribution
of studies at the bottom of the funnel.

Table 2. Orwin’s Fail Safe N Analysis to Evaluate Publication
Bias

Instrument N?
IKDC 95
Lysholm 83
KOOS 196
MCKRS 48
SF-36 PCS 14
Overall across all instruments 399

IKDC = International Knee Documentation Committee Subjective
Knee Form; Lysholm = Lysholm Knee Scale; KOOS = Knee Injury and
Osteoarthritis Outcome Score; MCKRS = Modified Cincinnati Knee
Rating System; SF-36 PCS = Medical Outcomes Study 36-Item Short
Form Health Survey Physical Component Scale.

*Number of studies with an effect size of 0.1 needed to reduce the
overall mean effect size to 0.4.

were greater than the overall mean effect size for the
KOOS-Sports subscale (0.90 [0.73, 1.07]) and SF-36 PCS
(0.78 [0.52, 1.05]). CIs for all other instruments and all
other KOOS subscales can be observed to overlap, suggest-
ing no differences in responsiveness.

Discussion

Our purpose was to evaluate the responsiveness of common
PROs to the treatment effects of ACI. An underlying
assumption was that ACI would have a common effect
across studies and varying ACI procedures. Evaluating ACI
efficacy was not a purpose of this review, and the results
are in agreement with previous reviews documenting ACI
to be a viable procedure resulting in positive patient out-
comes.”*** The large mean effect sizes and narrow Cls
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Figure 3. Effect sizes by patient-reported outcome instrument.
Random effects model summary mean effect sizes for each patient-
reported outcome instrument by time point. IKDC = International
Knee Documentation Committee Subjective Knee Form; Lysholm=
Lysholm Knee Scale; KOOS-ADL = Knee Injury and Osteoar-
thritis Outcome Score Activities of Daily Living subscale; KOOS-
pain = Knee Injury and Osteoarthritis Outcome Score Pain sub-
scale; KOOS-QOL = Knee Injury and Osteoarthritis Outcome
Score Quality of Life subscale; KOOS-Sports = Knee Injury and
Osteoarthritis Outcome Score Sports and Recreation subscale;
KOOS-Symptoms = Knee Injury and Osteoarthritis Outcome
Score Symptom subscale; MCKRS Patient = Modified Cincinnati
Knee Rating System Patient Perspective; SF-36 PCS = Medical
Outcomes Study 36-Item Short Form Health Survey Physical
Component Scale; WOMAC = Western Ontario and McMaster
Universities Osteoarthritis Index.

observed in this review support the use of ACI for the gen-
eralized treatment of articular cartilage defects.

Responsiveness

The results of this review demonstrate that regardless of
the duration of postoperative follow-up all instruments
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Figure 4. Overall effects sizes for each patient-reported
outcome. Random effects model summary mean effect sizes
for each patient-reported outcome instrument across all time
points combined. IKDC = International Knee Documentation
Committee Subjective Knee Form;Lysholm = Lysholm Knee Scale;
KOOS-ADL = Knee Injury and Osteoarthritis Outcome Score
Activities of Daily Living subscale; KOOS-Pain = Knee Injury and
Osteoarthritis Outcome Score Pain subscale; KOOS-QOL = Knee
Injury and Osteoarthritis Outcome Score Quality of Life subscale;
KOOS-Sports = Knee Injury and Osteoarthritis Outcome Score
Sports and Recreation subscale; KOOS-Symptoms = Knee Injury
and Osteoarthritis Outcome Score Symptom subscale; MCKRS
Patient = Modified Cincinnati Knee Rating System Patient
Perspective; SF-36 PCS = Medical Outcomes Study 36-Item Short
Form Health Survey Physical Component Scale;WWOMAC =Western
Ontario and McMaster Universities Osteoarthritis Index.

were responsive to patient improvement; however, the IKDC
and Lysholm may be more responsive than the MCKRS,
KOOS, or SF-36 PCS. There was insufficient data to ade-
quately evaluate the WOMAC.

Responsiveness of PROs across TPs

The Lysholm demonstrated large mean effect sizes (1.30-
1.70) with little variation across time (Fig. 2). The observed
CIs for the Lysholm at all TPs overlap by more than 50%,
suggesting little changes in responsiveness as time since
ACI progresses. Common rehabilitation recommendations
following ACI restrict return to sports participation for 12
to 18 months following surgery.”"”® This delayed return to
physical activity may result in lower scores on instruments
that emphasize higher sport demands. Because the Lysholm
primarily assesses everyday activities (walking, squatting,
stair-climbing) and does not address sports activity, delayed
return to higher level physical activity has little influence
on Lysholm score. Therefore, the Lysholm scale may be
ideal for evaluating short-term outcomes or outcomes
among patients not intending to return to sports, but less
responsive to changes during long-term recovery as indi-
viduals return to higher demand activities. Additionally, it

should be noted that some authors and investigations
have called into question the current weighting system for
Lysholm items.”*"

The IKDC also demonstrated large effect sizes. With a
noticeable increase in mean effect size observed between
TP-I and TP-IV, with mean effect size increasing from 0.88
to 1.78 with no overlap between CIs. This difference dem-
onstrates increased treatment effects over time when evalu-
ating outcomes with the IKDC. Greco et al.”® observed a
similar trend with responsiveness of the IKDC increasing
between 6 and 12 months in a cohort of surgical cartilage
patients. It has previously been reported”®”® that functional
and structural improvements following cartilage repair con-
tinue beyond 1 year postoperatively. The observed increases
in mean effect size over time may represent the IKDC’s
responsiveness to continual improvements in function that
occur in the years following ACI. The responsiveness of the
IKDC to continued improvements over time can be consid-
ered a strength of this instrument and may be due to its
inclusion of sporting activities. The IKDC allows for con-
tinued improvement as individuals initiate return to strenu-
ous activity and sports participation beyond 1 year
postoperatively.

The KOOS-Sports subscale had the lowest mean effect
at TP-I and TP-II, whereas the KOOS-Symptoms subscale
had the lowest mean effect of all the KOOS scales at TP-II1
and TP-IV. Effect sizes for the KOOS-Sports subscale were
lower at TP-I compared with TP-III and TP-IV. These
results are similar to those observed with the IKDC, and this
progressive increase in effect sizes over time may be related
to the slow, progressive return to sports following ACI. For
all other KOOS subscales no changes were seen for mean
effect size between TPs. Overall, the KOOS was responsive
to changes following ACI; however, the KOOS-Sports sub-
scale was the only subscale to demonstrate increasing
responsiveness over time, suggesting that it responded to
increasing treatment effects as healing progressed and may
be more sensitive to improvements in function among active
individuals than other instruments or KOOS subscales.

There were only sufficient data to evaluate the MCKRS
at TP-III and TP-IV, limiting any conclusions that can be
drawn regarding the changes in its effect sizes over time.
Our results suggest the MCKRS is responsive to changes in
patient function following ACI; however, caution is urged
regarding the use of this instrument. Many different ver-
sions of the MCKRS exist and many authors fail to refer-
ence the version of MCKRS they use. Several articles were
excluded, at least in part, because the authors did not refer-
ence the version of the MCKRS used, or because a different
version than the one presented by Browne ez al.'* was used
as an outcome measure.”*’**” Because of ambiguity regard-
ing the use of “modified” Cincinnati Knee Rating Systems,
the developers of the original Cincinnati Knee Rating Scale
discourage the use of any modified versions.® However,
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because of the frequency with which the Browne et al.'

version of the MCKRS has been clearly referenced in ACI
outcomes studies, it was chosen for inclusion in this review.
Both the SF-36 PCS and the WOMAC had limited data
available for analysis. For the SF-36 PCS, there was only
sufficient data for analysis of responsiveness at TP-III. For
this TP, the SF-36 PCS did demonstrate a positive mean
effect 2 to 4 years following ACI with an effects size of 0.92
[0.55, 1.28]. There were insufficient data to include the
WOMAC in any of the meta-analyses performed.***!
Although additional studies have included the WOMAC as
an outcome measure, the results were only reported using
nonparametric statistics and/or without the reporting of
means and standard deviations or other data necessary for
calculating effect sizes.**** As a result no clear conclusions
regarding the responsiveness of the WOMAC as an out-
come instrument can be reached based on this review.

Responsiveness between PROs

The forest plots of PRO instruments for each TP can be
seen in fig 3, whereas the overall mean effect sizes aver-
aged across all TPs can be seen in fig 4. The IKDC and the
KOOS-Sports were the only instruments to demonstrate
changes in effect sizes over time. These changes may be
related to activity restriction and gradual return to sports
following ACI. The restrictions on sporting activity during
the first year post-ACI may also explain the significant dif-
ferences observed between the responsiveness of the
KOOS-Sports and the Lysholm at TP-I and TP-II. At TP-II
and TP-1V, the IKDC appears more responsive than the
KOOS-Sports. These differences may be the result of the
wider range of physical functioning addressed in the IKDC
as compared with the KOOS-Sports. The responsiveness of
the MCKRS was not different from any other instrument
evaluated at both TP-III and TP-IV. The SF-36 PCS had the
lowest responsiveness overall and at TP-III. This finding is
not surprising as the SF-36 was the only included instru-
ment not specifically designed for the knee.

The Lysholm and the IKDC demonstrated the largest
overall effect sizes, regardless of TP. These had appreciably
greater responsiveness than the KOOS-Sports subscale and
the SF-36 PCS (Fig. 4). Should investigators or clinicians
wish to explore patient outcomes for individual constructs
(quality of life, activities of daily living, sports, etc.), the
KOOS via its subscales is the only instrument that allows
for this multifaceted investigation, and along with the IKDC
has been recommended for use by the International Cartilage
Repair Society.” Although both the KOOS and IKDC
include sports participation as components of evaluating
knee function, the IKDC appears more responsive to overall
changes in function following ACI (Fig. 4). This overall
difference, combined with the observed differences in
responsiveness between the IKDC and KOOS-Sports

subscales at TP-IT and TP-IV, leads us to propose that the
IKDC may be the preferred outcome instrument for evaluat-
ing long-term outcomes following ACI, particularly among
patients whose goals include return to sporting activity.
Although all KOOS subscales are responsive to treatment
effects following ACI, the IKDC and Lysholm are shorter
instruments with single score outcomes and overall are
more responsive to change than some subscales included in
the KOOS. Based on these observations, the IKDC and the
Lysholm may be preferable to the KOOS for documenting
treatment effects following ACI.

Study Quality

The mean modified Coleman Methodology Score (50.9 £
9.2) among studies was comparable to other recent reviews
of ACI and other cartilage repair procedures.***”** Although
the modified Coleman Methodology Score provides a set of
standardized criteria by which to evaluate cartilage research,
it is not without limitations. The scale is heavily weighted
toward diagnostic, clinician-oriented outcomes, with up to
25% of the score dependent on MRI and histological evalu-
ation. The relationship between MRI and clinical outcomes
is not definitive; some authors observed low to moderate
correlations between MRIs and PROS,60’94’95 and others
failed to observe such a relationship.”®®’ Similarly, histo-
logical analysis can involve a wide variety of techniques
and may not be ethical in cases where reoperation is not
otherwise indicated. Of the 42 studies included, only a
single study® received full credit for both histological and
MRI outcomes, suggesting that the requirement of these
outcomes may not be applicable in a clinical research set-
ting. Furthermore, only five studies scored a full 10 points
for >90% of subjects undergoing one surgical procedure
with <10% undergoing concomitant procedures, #6363
Notably, although concomitant procedures reduced the
overall methodological score, studies that include con-
comitant procedures are more generalizable to real clinical
practice than studies of single isolated defects.”

In future research, more well-designed, well-documented,
high-level clinical trials that use PROs with comprehensive
data reporting are needed. Adopting uniform methodologi-
cal reporting requirements for cartilage repair studies will
improve the quality of the body of literature in this area.
This review may provide a basis for this effort.

Limitations

The results of this review are limited by the quantity,
quality, and strength of the studies and PROs selected for
inclusion. Any recommendations made are based solely
on the available evidence, and it should be noted that the
IKDC and Lysholm were used in the literature more often
than other instruments, strengthening the validity of
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recommendations regarding these two instruments and
limiting our ability to draw conclusions regarding other
PROs. As evidenced by the low modified Coleman
Methodology Score observed in this review and others,
the quality of reporting in cartilage outcomes studies is
variable and generally poor. A random effects analysis
was used to account for the variability between studies
allowing our results to be generalized to a broad clinical
population.

A statistical limitation of our study is the use of multiple
measures at multiple TPs from within the same study popu-
lations. We acknowledge that outcome scores obtained
from within the same sample are likely correlated, but given
that the correlation between outcome measures and TPs is
rarely reported and no studies documented all instruments
at all TPs, correction for this relationship was not feasible.
Fortunately, the observed mean effect sizes are so large and
the CIs so small for the included outcome instruments that
we do not believe this assumption violation significantly
influences the overall conclusions of this review.

Conclusions

Evidence for the use of ACI as a treatment for chondral
defects consists primarily of level 2b observational cohort
studies. The methodological quality of many of these stud-
ies is limited by the absence of diagnostic outcomes such as
MRI and histological analyses, small sample size, short
follow-up, and high frequency of concomitant procedures.
In addition, documentation of recruitment rate and investi-
gator independence was lacking from many studies. The
IKDC, Lysholm, KOOS, MCKRS, and SF-36 PCS were all
responsive to improvements in function following ACI. A
positive treatment effect for ACI was observed using all
instruments with follow-up ranging from <1 year to beyond
4 years. The Lysholm and the IKDC were the most respon-
sive instruments across time. The Lysholm was highly
responsive as early as <1 year following ACI and was con-
sistently responsive throughout follow-up. However, this
instrument may not be responsive to changes in function
associated with the resumption of higher demand activities
such as sports that occurs after | year. For the evaluation of
long-term outcomes among patients with intent to return to
physical activity, this review supports the use of the IKDC,
which was able to detect increasing treatment effects over-
time. The use of the Lysholm and IKDC together represents
a responsive combination of PRO instruments that are able
to efficiently document both short-term and long-term
treatment effects among patients of a variety of activity
levels following ACI.

Acknowledgments and Funding

We acknowledge Heather Bush, PhD, Assistant Professor of
Biostatistics, and the Applied Statistics Laboratory at the University

of Kentucky for assistance with the preparation of this article.
This research was completed at the University of Kentucky,
Lexington, Kentucky, USA.

Declaration of Conflicting Interests

The author(s) declared the following potential conflicts of inter-
est with respect to the research, authorship, and/or publication of
this article: CL serves as a paid consultant for Zimmer Inc. and
for Sanofi/Genzyme Corporation. After initial submission of this
article, JSH became a paid consultant for Sanofi/Genzyme
Corporation. However, the relationships with these corporations
did not influence this research in any manner.

References

1. Hunter W. Of the structure and diseases of articulating carti-
lages. Philos Transact. 1742;42:514-21.

2. Widuchowski W, Widuchowski J, Trzaska T. Articular car-
tilage defects: study of 25,124 knee arthroscopies. Knee.
2007;14:177-82.

3. Curl WW, Krome J, Gordon ES, Rushing J, Smith BP,
Poehling GG. Cartilage injuries: a review of 31,516 knee
arthroscopies. Arthroscopy. 1997;13:456-60.

4. Brophy RH, Zeltser D, Wright RW, Flanigan D. Anterior
cruciate ligament reconstruction and concomitant articu-
lar cartilage injury: incidence and treatment. Arthroscopy.
2010;26:112-20.

5. Hjelle K, Solheim E, Strand T, Muri R, Brittberg M. Articular
cartilage defects in 1,000 knee arthroscopies. Arthroscopy.
2002;18:730-4.

6. Mandelbaum BR, Browne JE, Fu F, Micheli L, Mosely JB,
Erggelet C, et al. Articular cartilage lesions of the knee. Am
J Sports Med. 1998;26:853-61.

7. Brittberg M, Lindahl A, Nilsson A, Ohlsson C, Isaksson O,
Peterson L. Treatment of deep cartilage defects in the knee
with autologous chondrocyte transplantation. N Engl J Med.
1994;331:889-95.

8. McHorney CA, Ware JE Jr, Lu JF, Sherbourne CD. The
MOS 36-Item Short-Form Health Survey (SF-36): III. Tests
of data quality, scaling assumptions, and reliability across
diverse patient groups. Med Care. 1994;32:40-66.

9. McHorney CA, Ware JE Jr, Raczek AE. The MOS 36-Item
Short-Form Health Survey (SF-36): II. Psychometric and
clinical tests of validity in measuring physical and mental
health constructs. Med Care. 1993;31:247-63.

10. Ware JE Jr, Sherbourne CD. The MOS 36-Item Short-Form
Health Survey (SF-36). I. Conceptual framework and item
selection. Med Care. 1992;30:473-83.

11. Trrgang JJ, Anderson AF, Boland AL, Harner CD, Kurosaka M,
Neyret P, et al. Development and validation of the Interna-
tional Knee Documentation Committee Subjective Knee
Form. Am J Sports Med. 2001;29:600-13.

12. Lysholm J, Gillquist J. Evaluation of knee ligament surgery
results with special emphasis on use of a scoring scale. Am J
Sports Med. 1982;10:150-4.



Howard et al.

107

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Tegner Y, Lysholm J. Rating systems in the evaluation of
knee ligament injuries. Clin Orthop Relat Res. 1985;(198):
43-9.

Browne JE, Anderson AF, Arciero R, Mandelbaum B,
Moseley JB Jr, Micheli LJ, ef al. Clinical outcome of autolo-
gous chondrocyte implantation at 5 years in US subjects. Clin
Orthop Relat Res. 2005;(436):237-45.

Bellamy N, Buchanan WW, Goldsmith CH, Campbell J,
Stitt LW. Validation study of WOMAC: a health status instru-
ment for measuring clinically important patient relevant
outcomes to antirheumatic drug therapy in patients with osteo-
arthritis of the hip or knee. J Rheumatol. 1988;15:1833-40.
Bellamy N, Buchanan WW, Goldsmith CH, Campbell J,
Stitt LW. Validation study of WOMAC: a health status
instrument for measuring clinically-important patient-relevant
outcomes following total hip or knee arthroplasty in osteoar-
thritis. J Orthop Rheum. 1988;1:95-108.

Roos EM, Roos HP, Lohmander LS, Ekdahl C, Beynnon BD.
Knee injury and osteoarthritis outcome score (KOOS)—
development of a self-administered outcome measure. J Orthop
Sports Phys Ther. 1998;28:88-96.

Kocher MS, Steadman JR, Briggs KK, Sterett WI,
Hawkins RJ. Reliability, validity, and responsiveness of the
Lysholm Knee Scale for various chondral disorders of the
knee. J Bone Joint Surg Am. 2004;86:1139-45.

Bekkers JE, de Windt TS, Raijmakers NJ, Dhert WIJ,
Saris DB. Validation of the Knee Injury and Osteoarthritis
Outcome Score (KOOS) for the treatment of focal cartilage
lesions. Osteoarthritis Cartilage. 2009;17:1434-9.

Greco NJ, Anderson AF, Mann BJ, Cole BJ, Farr J, Nissen CW,
et al. Responsiveness of the International Knee Documentation
Committee Subjective Knee Form in comparison to the Western
Ontario and McMaster Universities Osteoarthritis Index,
Modified Cincinnati Knee Rating System, and Short Form
36 in patients with focal articular cartilage defects. Am J
Sports Med. 2010;38:891-902.

Engelhart L, Nelson L, Lewis S, Mordin M, Demuro-
Mercon C, Uddin S, ef al. Validation of the Knee Injury and
Osteoarthritis Outcome Score subscales for patients with
articular cartilage lesions of the knee. Am J Sports Med.
2012;40:2264-72.

Liberati A, Altman DG, Tetzlaff J, Mulrow C, Gotzsche PC,
Ioannidis JP, ef al. The PRISMA statement for reporting sys-
tematic reviews and meta-analyses of studies that evaluate
health care interventions: explanation and elaboration. PLoS
Med. 2009;6:¢1000100.

Coleman BD, Khan KM, Maffulli N, Cook JL, Wark JD. Stud-
ies of surgical outcome after patellar tendinopathy: clinical
significance of methodological deficiencies and guidelines
for future studies. Scand J Med Sci Sports. 2000;10:2-11.
Kon E, Verdonk P, Condello V, Delcogliano M, Dhollander A,
Filardo G, et al. Matrix-assisted autologous chondrocyte
transplantation for the repair of cartilage defects of the knee.
Am J Sports Med. 2009;37:156S-66S.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Oxford Centre for Evidence-based Medicine—Levels of Evi-
dence. Vol. 2011; March 2009.

Borenstein M, Hedges LV, Higgins JPT, Rothstein H. Intro-
duction to meta-analysis. Chichester, England: John Wiley;
2009.

Orwin RG. A fail-save N for effect size in meta-analysis. ] Ed
Stat. 1983;8:157-9.

Basad E, Ishaque B, Bachmann G, Stiirz H, Steinmeyer J.
Matrix-induced autologous chondrocyte implantation ver-
sus microfracture in the treatment of cartilage defects of the
knee: a 2-year randomised study. Knee Surg Sports Trauma-
tol Arthrosc. 2010;18:519-27.

Behrens P, Bitter T, Kurz B, Russlies M. Matrix-
associated autologous chondrocyte transplantation/implantation
(MACT/MACI)—5-year follow-up. Knee. 2006;13:194-202.
Bhosale AM, Myint P, Roberts S, Menage J, Harrison P,
Ashton B, et al. Combined autologous chondrocyte implan-
tation and allogenic meniscus transplantation: a biological
knee replacement. Knee. 2007;14:361-8.

Briggs TW, Mahroof S, David LA, Flannelly J, Pringle J,
Bayliss M. Histological evaluation of chondral defects after
autologous chondrocyte implantation of the knee. J Bone
Joint Surg Br. 2003;85:1077-83.

de Windt TS, Bekkers JE, Creemers LB, Dhert WJ, Saris DB.
Patient profiling in cartilage regeneration. Am J Sports Med.
2009;37:58S-62S.

Della Villa S, Kon E, Filardo G, Ricci M, Vincentelli F,
Delcogliano M, et al. Does intensive rehabilitation permit early
return to sport without compromising the clinical outcome after
arthroscopic autologous chondrocyte implantation in highly
competitive athletes? Am J Sports Med. 2010;38:68-77.

Ebert JR, Robertson WB, Lloyd DG, Zheng MH, Wood DJ,
Ackland T. Traditional vs accelerated approaches to post-
operative rehabilitation following matrix-induced autologous
chondrocyte implantation (MACI): comparison of clinical,
biomechanical and radiographic outcomes. Osteoarthritis
Cartilage. 2008;16:1131-40.

Erggelet C, Steinwachs M, Reichelt A. The operative treat-
ment of full thickness cartilage defects in the knee joint
with autologous chondrocyte transplantation. Saudi Med J.
2000;21:715-21.

Farr J, Rawal A, Marberry KM. Concomitant menis-
cal allograft transplantation and autologous chondrocyte
implantation: minimum 2-year follow-up. Am J Sports Med.
2007;35:1459-66.

Gobbi A, Kon E, Berruto M, Filardo G, Delcogliano M,
Boldrini L, et al. Patellofemoral full-thickness chondral
defects treated with second-generation autologous chondro-
cyte implantation: results at 5 years’ follow-up. Am J Sports
Med. 2009;37:1083-92.

Gobbi A, Kon E, Berruto M, Francisco R, Filardo G,
Marcacci M. Patellofemoral full-thickness chondral defects
treated with hyalograft-C: a clinical, arthroscopic, and histo-
logic review. Am J Sports Med. 2006;34:1763-73.



108

Cartilage 4(2)

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

Henderson I, Francisco R, Oakes B, Cameron J. Autologous
chondrocyte implantation for treatment of focal chondral
defects of the knee—a clinical, arthroscopic, MRI and histo-
logic evaluation at 2 years. Knee. 2005;12:209-16.
Henderson I, Gui J, Lavigne P. Autologous chondrocyte
implantation: natural history of postimplantation periosteal
hypertrophy and effects of repair-site debridement on out-
come. Arthroscopy. 2006;22:1318-24.

Henderson 1JP, Lavigne P. Periosteal autologous chondro-
cyte implantation for patellar chondral defect in patients with
normal and abnormal patellar tracking. Knee. 2006;13:274-9.
Horas U, Pelinkovic D, Herr G, Aigner T, Schnettler R.
Autologous chondrocyte implantation and osteochondral
cylinder transplantation in cartilage repair of the knee joint:
a prospective, comparative trial. J Bone Joint Surg Am.
2003;85:185-92.

Knutsen G, Engebretsen L, Ludvigsen TC, Drogset JO,
Grontvedt T, Solheim E, et al. Autologous chondrocyte
implantation compared with microfracture in the knee: a ran-
domized trial. J Bone Joint Surg Am. 2004;86:455-64.

Kon E, Gobbi A, Filardo G, Delcogliano M, Zaffagnini S,
Marcacci M. Arthroscopic second-generation autologous
chondrocyte implantation compared with microfracture for
chondral lesions of the knee: prospective nonrandomized
study at 5 years. Am J Sports Med. 2009;37:33-41.

Kreuz PC, Miiller S, Ossendorf C, Kaps C, Erggelet C. Treat-
ment of focal degenerative cartilage defects with polymer-
based autologous chondrocyte grafts: four-year clinical
results. Arthritis Res Ther. 2009;11:R33.

Mandelbaum B, Browne JE, Fu F, Micheli LJ, Moseley JB
Jr, Erggelet C, et al. Treatment outcomes of autologous chon-
drocyte implantation for full-thickness articular cartilage
defects of the trochlea. Am J Sports Med. 2007;35:915-21.
Marcacci M, Berruto M, Brocchetta D, Delcogliano A,
Ghinelli D, Gobbi A, et al. Articular cartilage engineering
with Hyalograft C: 3-year clinical results. Clin Orthop Relat
Res. 2005;(435):96-105.

McNickle AG, L’Heureux DR, Yanke AB, Cole BJ. Out-
comes of autologous chondrocyte implantation in a diverse
patient population. Am J Sports Med. 2009;37:1344-50.
Micheli LJ, Moseley JB, Anderson AF, Browne JE, Erggelet
C, Arciero R, et al. Articular cartilage defects of the distal
femur in children and adolescents: treatment with autologous
chondrocyte implantation. J Pediatr Orthop. 2006;26:455-60.
Minas T, Bryant T. The role of autologous chondrocyte
implantation in the patellofemoral joint. Clin Orthop Relat
Res. 2005;(436):30-9.

Mithofer K, Minas T, Peterson L, Yeon H, Micheli LJ. Func-
tional outcome of knee articular cartilage repair in adolescent
athletes. Am J Sports Med. 2005;33:1147-53.

Nehrer S, Domayer S, Dorotka R, Schatz K, Bindreiter U,
Kotz R. Three-year clinical outcome after chondrocyte trans-
plantation using a hyaluronan matrix for cartilage repair. Eur
J Radiol. 2006;57:3-8.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

Moseley JB, Anderson AF, Browne JE, Mandelbaum BR,
Micheli L], Fu F, ef al. Long-term durability of autologous
chondrocyte implantation: a multicenter, observational study
in US patients. Am J Sports Med. 2010;38:238-46.
Niemeyer P, Kostler W, Salzmann GM, Lenz P, Kreuz PC,
Stidkamp N. Autologous chondrocyte implantation for treat-
ment of focal cartilage defects in patients age 40 tears and
older. Am J Sports Med. 2010;38:2410-6.

Niemeyer P, Salzmann G, Steinwachs M, Sidkamp N,
Schmal H, Lenz P, et al. Presence of subchondral bone mar-
row edema at the time of treatment represents a negative prog-
nostic factor for early outcome after autologous chondrocyte
implantation. Arch Orthop Trauma Surg. 2010;130:977-83.
Ochi M, Uchio Y, Kawasaki K, Wakitani S, Iwasa J. Trans-
plantation of cartilage-like tissue made by tissue engineering
in the treatment of cartilage defects of the knee. J Bone Joint
Surg Br. 2002;84:571-8.

Ossendorf C, Kaps C, Kreuz PC, Burmester GR, Sittinger M,
Erggelet C. Treatment of posttraumatic and focal osteoar-
thritic cartilage defects of the knee with autologous polymer-
based three-dimensional chondrocyte grafts: 2-year clinical
results. Arthritis Res Ther. 2007;9:R41.

Pascual-Garrido C, Slabaugh MA, L’Heureux DR, Friel NA,
Cole BJ. Recommendations and treatment outcomes for patel-
lofemoral articular cartilage defects with autologous chondro-
cyte implantation. Am J Sports Med. 2009;37:33S-41S.
Peterson L, Vasiliadis HS, Brittberg M, Lindahl A. Autolo-
gous chondrocyte implantation: a long-term follow-up. Am J
Sports Med. 2010;38:1117-24.

Robertson WB, Fick D, Wood DJ, Linklater JM, Zheng MH,
Ackland TR. MRI and clinical evaluation of collagen-covered
autologous chondrocyte implantation (CACI) at two years.
Knee. 2007;14:117-27.

Rosenberger RE, Gomoll AH, Bryant T, Minas T. Repair of
large chondral defects of the knee with autologous chondro-
cyte implantation in patients 45 years or older. Am J Sports
Med. 2008;36:2336-44.

Rue JH, Yanke AB, Busam ML, McNickle AG, Cole BIJ.
Prospective evaluation of concurrent meniscus transplanta-
tion and articular cartilage repair: minimum 2-year follow-
up. Am J Sports Med. 2008;36:1770-8.

Saris DB, Vanlauwe J, Victor J, Almqvist KF, Verdonk R,
Bellemans J, et al. Treatment of symptomatic cartilage
defects of the knee: characterized chondrocyte implanta-
tion results in better clinical outcome at 36 months in a ran-
domized trial compared to microfracture. Am J Sports Med.
2009;37:10S-19S.

Saris DB, Vanlauwe J, Victor J, Haspl M, Bohnsack M,
Fortems Y, et al. Characterized chondrocyte implantation
results in better structural repair when treating symptomatic
cartilage defects of the knee in a randomized controlled trial
versus microfracture. Am J Sports Med. 2008;36:235-46.
Selmi TA, Verdonk P, Chambat P, Dubrana F, Potel JF,
Barnouin L, et al. Autologous chondrocyte implantation in



Howard et al.

109

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

a novel alginate-agarose hydrogel: outcome at two years.
J Bone Joint Surg Br. 2008;90:597-604.

Tohyama H, Yasuda K, Minami A, Majima T, Iwasaki N,
Muneta T, et al. Atelocollagen-associated autologous chon-
drocyte implantation for the repair of chondral defects of
the knee: a prospective multicenter clinical trial in Japan.
J Orthop Sci. 2009;14:579-88.

Zaslav K, Cole B, Brewster R, DeBerardino T, Farr J,
Fowler P, et al. A prospective study of autologous chondro-
cyte implantation in patients with failed prior treatment for
articular cartilage defect of the knee: results of the Study of
the Treatment of Articular Repair (STAR) clinical trial. Am J
Sports Med. 2009;37:42-55.

Zeifang F, Oberle D, Nierhoff C, Richter W, Moradi B,
Schmitt H. Autologous chondrocyte implantation using the
original periosteum-cover technique versus matrix-associated
autologous chondrocyte implantation: a randomized clinical
trial. Am J Sports Med. 2010;38:924-33.

Harris JD, Siston RA, Pan X, Flanigan DC. Autologous
chondrocyte implantation: a systematic review. J Bone Joint
Surg Am. 2010;92:2220-33.

Vasiliadis HS, Wasiak J, Salanti G. Autologous chondrocyte
implantation for the treatment of cartilage lesions of the knee:
a systematic review of randomized studies. Knee Surg Sports
Traumatol Arthrosc. 2010;18:1645-55.

Hambly K, Bobic V, Wondrasch B, Van Assche D, Marlovits
S. Autologous chondrocyte implantation postoperative care
and rehabilitation: science and practice. Am J Sports Med.
2006;34:1020-38.

Gillogly SD, Myers TH, Reinold MM. Treatment of full-
thickness chondral defects in the knee with autologous chon-
drocyte implantation. J Orthop Sports Phys Ther. 2006;36:
751-64.

Bailey A, Goodstone N, Roberts S, Hughes J, van Niekerk L,
Richardson J, ef al. Rehabilitation after oswestry autologous-
chondrocyte implantation: the OsCell protocol. J Sport Rehabil.
2003;12:104-18.

Smith HJ, Richardson JB, Tennant A. Modification and vali-
dation of the Lysholm Knee Scale to assess articular cartilage
damage. Osteoarthritis Cartilage. 2009;17:53-8.

Roos EM, Engelhart L, Ranstam J, Anderson AF, Irrgang JJ,
Marx RG, et al. ICRS recommendation document: patient-
reported outcome instruments for use in patients with articu-
lar cartilage defects. Cartilage. 2011;2:122-36.

Kreuz PC, Steinwachs M, Erggelet C, Lahm A, Krause S,
Ossendorf C, et al. Importance of sports in cartilage regen-
eration after autologous chondrocyte implantation: a pro-
spective study with a 3-year follow-up. Am J Sports Med.
2007;35:1262-8.

Roberts S, McCall IW, Darby AJ, Menage J, Evans H,
Harrison PE, er al. Autologous chondrocyte implanta-
tion for cartilage repair: monitoring its success by mag-
netic resonance imaging and histology. Arthritis Res Ther.
2003;5:R60-R73.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

Bhosale AM, Kuiper JH, Johnson WEB, Harrison PE,
Richardson JB. Midterm to long-term longitudinal outcome
of autologous chondrocyte implantation in the knee joint. Am
J Sports Med. 2009;37:131S-8S.

Amin AA, Bartlett W, Gooding CR, Sood M, Skinner JA,
Carrington RW]J, et al. The use of autologous chondrocyte
implantation following and combined with anterior cruciate
ligament reconstruction. Int Orthop. 2006;30:48-53.

Bartlett W, Skinner JA, Gooding CR, Carrington RWJ,
Flanagan AM, Briggs TWR, ef al. Autologous chondrocyte
implantation versus matrix-induced autologous chondro-
cyte implantation for osteochondral defects of the knee:
a prospective, randomised study. J Bone Joint Surg Br.
2005;87:640-5.

Bentley G, Biant LC, Akmal M, Goldberg A, Williams AM,
Skinner JA, et al. Autologous chondrocyte implantation
was superior to mosaicplasty for repair of articular carti-
lage defects in the knee at one year. J Bone Joint Surg Am.
2003;85:2259.

Bentley G, Biant LC, Carrington RWJ, Akmal M, Goldberg
A, Williams AM, et al. A prospective, randomised compari-
son of autologous chondrocyte implantation versus mosa-
icplasty for osteochondral defects in the knee. J Bone Joint
Surg Br. 2003;85:223-30.

Gooding CR, Bartlett W, Bentley G, Skinner JA, Carrington R,
Flanagan A. A prospective, randomised study comparing two
techniques of autologous chondrocyte implantation for osteo-
chondral defects in the knee: periosteum covered versus type
I/III collagen covered. Knee. 2006;13:203-10.

Jaiswal PK, Macmull S, Bentley G, Carrington RW, Skinner JA,
Briggs TW. Does smoking influence outcome after autolo-
gous chondrocyte implantation? A case-controlled study.
J Bone Joint Surg Br. 2009;91:1575-8.

Krishnan SP, Skinner JA, Bartlett W, Carrington RWJ,
Flanagan AM, Briggs TWR, ef al. Who is the ideal candidate
for autologous chondrocyte implantation? J Bone Joint Surg
Br. 2006;88:61-4.

Krishnan SP, Skinner JA, Carrington RWJ, Flanagan AM,
Briggs TWR, Bentley G. Collagen-covered autologous
chondrocyte implantation for osteochondritis dissecans of
the knee: two- to seven-year results. ] Bone Joint Surg Br.
2006;88:203-5.

Steinwachs M, Kreuz PC. Autologous chondrocyte implanta-
tion in chondral defects of the knee with a type I/III colla-
gen membrane: a prospective study with a 3-year follow-up.
Arthroscopy. 2007;23:381-7.

Barber-Westin SD, Noyes FR, McCloskey JW. Rigorous sta-
tistical reliability, validity, and responsiveness testing of the
Cincinnati Knee Rating System in 350 subjects with unin-
jured, injured, or anterior cruciate ligament-reconstructed
knees. Am J Sports Med. 1999;27:402-16.

Minas T. Chondrocyte implantation in the repair of chon-
dral lesions of the knee: economics and quality of life. Am J
Orthop. 1998;27:739-44.



110

Cartilage 4(2)

90.

91.

92.

93.

94.

9s.

Minas T. Autologous chondrocyte implantation for focal
chondral defects of the knee. Clin Orthop Relat Res 2001;(391
suppl):S349-S61.

Minas T, Chiu R. Autologous chondrocyte implantation. Am
J Knee Surg. 2000;13:41-50.

Minas T, Gomoll AH, Solhpour S, Rosenberger R, Probst C,
Bryant T. Autologous chondrocyte implantation for joint
preservation in patients with early osteoarthritis. Clin Orthop
Relat Res. 2010;468:147-57.

Jakobsen RB, Engebretsen L, Slauterbeck JR. An analysis of
the quality of cartilage repair studies. J Bone Joint Surg Am.
2005;87:2232-9.

Caumo F, Russo A, Faccioli N, Vecchini E, Costa A,
Ricci M, et al. Autologous chondrocyte implantation: prospec-
tive MRI evaluation with clinical correlation. Radiol Med.
2007;112:722-31.

Marlovits S, Singer P, Zeller P, Mandl I, Haller Jr, Trattnig S.
Magnetic resonance observation of cartilage repair tissue

96.

97.

98.

(MOCART) for the evaluation of autologous chondrocyte
transplantation: determination of interobserver variability and
correlation to clinical outcome after 2 years. Eur J Radiol.
2006;57:16-23.

Takahashi T, Tins B, McCall IW, Richardson JB,
Takagi K, Ashton K. MR appearance of autologous chondro-
cyte implantation in the knee: correlation with the knee fea-
tures and clinical outcome. Skeletal Radiol. 2006;35:16-26.
Vasiliadis HS, Danielson B, Ljungberg M, McKeon B,
Lindahl A, Peterson L. Autologous chondrocyte implanta-
tion in cartilage lesions of the knee: long-term evaluation
with magnetic resonance imaging and delayed gadolinium-
enhanced magnetic resonance imaging technique. Am J
Sports Med. 2010;38:943-9.

Engen CN, Engebretsen L, Aroen A. Knee cartilage defect
patients enrolled in randomized controlled trials are not
representative of patients in orthopedic practice. Cartilage.
2010;1:312-9.



	Old Dominion University
	ODU Digital Commons
	2013

	Comparing Responsiveness of Six Common Patient-Reported Outcomes to Changes Following Autologous Chondrocyte Implantation: A Systematic Review and Meta-Analysis of Prospective Studies
	Jennifer S. Howard
	Christian Lattermann
	Johanna M. Hoch
	Carl G. Mattacola
	Jennifer M. Medina McKeon
	Repository Citation
	Original Publication Citation


	tmp.1530540874.pdf.A5ycc

