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Background: Multiple cartilage repair techniques are available for chondral defects in the knee. Optimal treatment is
controversial.

Purpose: To evaluate change from baseline in the 5 Knee injury and Osteoarthritis Outcome Score (KOOS) subscales among
different cartilage repair techniques of the knee.

Study Design: Systematic review and meta-analysis; Level of evidence, 1A.

Methods: Medline and Cochrane Central Register of Controlled Trials (CENTRAL) databases were searched for randomized con-
trolled trials with minimum 1 year follow-up reporting change from baseline KOOS (delta KOOS) subscale values. The PRISMA
(Preferred Reporting Items for Systematic Reviews and Meta-Analyses) guidelines were followed. A meta-analysis was performed
on the following surgery types: microfracture (Mfx); augmented microfracture techniques (Mfx 1 Augment); and culture-based
therapies, including autologous chondrocyte implantation (ACI) and matrix-assisted autologous chondrocyte implantation
(MACI). A random-effects metaregression model was used.

Results: A total of 14 randomized trials with a total of 775 patients were included. The KOOS Sport and Recreation (Sport) and
KOOS Quality of Life (QOL) were the 2 most responsive subscales after operative intervention. Outcomes from Mfx and
Mfx 1 Augment were not different in any of the 5 KOOS subscales (minimum P . .3). The mean delta KOOS Sport after ACI/
MACI was 9.9 points greater than after Mfx (P = .021) and 11.7 points greater than after Mfx 1 Augment (P = .027). Longer fol-
low-up time correlated with greater delta KOOS Sport (P = .028). Larger body mass index led to greater delta KOOS QOL (P =
.045). Larger cartilage defect size correlated with greater delta KOOS Pain and KOOS Activities of Daily Living scores (P = .023
and P = .002, respectively).

Conclusion: The KOOS Sport and QOL were the most responsive subscales after cartilage restoration surgery of the knee. Cul-
ture-based therapies (ACI/MACI) led to clinically relevant improvements in the KOOS Sport score compared with marrow stim-
ulation and may be a more appropriate treatment in younger and more active individuals. There were no benefits to
Mfx 1 Augment over Mfx alone in any of the KOOS subscales.

Keywords: articular cartilage resurfacing; knee articular cartilage; cartilage injury; systematic review and meta-analysis; micro-
fracture; autologous chondrocyte implantation

Injuries of knee cartilage are relatively common. An analy-
sis of 31,516 arthroscopy procedures found chondral lesions
in 63% of knees.7 On the modified Outerbridge scale, 60.2%
of these lesions were grade 3 or 4 chondromalacia.7 Flani-
gan et al11 reported that the overall prevalence of full-thick-
ness focal chondral defects in the knee among athletes was

36%; and 14% of these athletes were asymptomatic at the
time of diagnosis. Cartilage is an aneural and poorly vascu-
larized tissue with limited repair capacity. It is unclear why
cartilage injury can cause pain, effusion, and disability in
some patients while remaining asymptomatic in others.
Symptomatic lesions frequently require surgical manage-
ment. Goals of surgery include pain relief and return to
activity.

A variety of cartilage restoration procedures are available
and include marrow stimulation techniques, consisting of
microfracture (Mfx) with or without additional augmentation;
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culture-based therapies, including autologous chondrocyte
implantation (ACI) and matrix-assisted autologous chondro-
cyte implantation (MACI); autograft transplantation techni-
ques, including mosaicplasty and osteochondral autograft
transplantation (OAT); and allograft transplantation. Optimal
treatment is controversial.

After surgical intervention, patients may modify their
activity levels to a tolerable level of pain. Improvements
in functional capacity, as measured by patient-reported
outcome questionnaires (PROs), may be a more sensitive
indicator of disease process recovery than changes in
pain scores. There are multiple available PROs that are
widely used for assessing pain and functional capacity.
The Knee injury and Osteoarthritis Outcome Score
(KOOS) is a validated PRO with 5 subscales evaluating
the following knee-related domains: Pain, Sport and Recre-
ation (Sport), Quality of Life (QOL), Activities of Daily
Living (ADL), and Symptoms. The KOOS has several
advantages: the Sport function and QOL subscales are
more applicable to the often younger and more physically
active patients sustaining focal chondral injuries of the
knee.19 Thus, the KOOS has greater responsiveness in
this setting compared with other more generic PROs
such as the Western Ontario and McMaster Universities
Osteoarthritis Index and 36-Item Short Form Health Sur-
vey scores.19

We evaluated change from baseline KOOS (delta KOOS)
in the 5 subscales across a spectrum of cartilage repair tech-
niques via a systematic review and meta-analysis of avail-
able randomized controlled trials (RCTs). We hypothesized
that some KOOS domains may be more sensitive to disease
recovery after surgical intervention.

METHODS

A systematic review and meta-analysis was performed in
accordance with the PRISMA (Preferred Reporting Items
for Systematic Reviews and Meta-Analyses) guidelines.17

This study was registered through the International Pro-
spective Register of Systematic Reviews (PROSPERO)
(CRD42019119874). Institutional review board approval
was not obtained for this study, as all analyzed data had
been previously reviewed by ethics boards.

Search Strategy

Two independent reviewers conducted the study search.
The Cochrane Central Register of Controlled Trials (CEN-
TRAL) and Medline databases were queried. Search terms

were KOOS and cartilage. A multistep screening process
was performed—first by title review and then by abstract
review. Eligible studies were evaluated with full-text
review and duplicates were removed. Discrepancies were
resolved through consensus agreement with input from
the senior author (D.C.C). The search was reperformed
before the final statistical analysis.

We included any randomized trial evaluating cartilage
repair surgery of the knee published in the English lan-
guage in humans since 2003 (to evaluate relatively modern
surgical techniques and outcomes), with a minimum of
1-year follow-up. The following data were extracted: num-
ber of participants, repair technique, mean delta KOOS val-
ues for each subscale, mean age, body mass index (BMI),
defect size, length of follow-up, and sex distribution.

Unit of Analysis

The unit of analysis was a ‘‘study arm.’’ Control and inter-
vention groups within a study were treated as independent
study arms for the purpose of this review. Thus, each pub-
lished study contributed 2 study arms to the analysis,
where the 2 study arms used different surgical techniques
to be compared (eg, Mfx as ‘‘control’’ and ACI/MACI as
‘‘intervention’’).

Grouped Surgery Type Definitions

The surgery types were stratified into 6 groups: (1) Mfx;
(2) Mfx 1 Augment (augmented microfracture procedures,
including microfracture 1 adipose-derived mesenchymal
stem cell implantation, Mfx 1 AMIC, and Mfx 1 CartiFill
[Sewon Cellontech Co Ltd]); (3) ACI/MACI; (4) cartilage
autograft implantation system (CAIS; DePuy/Mitek); (5)
matrix-assisted autologous mesenchymal cell implantation
(MAMI); and (6) OAT. Three surgery types were included
in the meta-analysis: Mfx, Mfx 1 Augment, and ACI/
MACI. The 3 additional surgery types (CAIS, MAMI, and
OAT) were not amenable to meta-analysis, as each of these
techniques had only 1 eligible study. Instead, delta KOOS
values for these surgery types were compared qualita-
tively. However, the control groups (Mfx) in these studies
were included in the meta-analysis.

Synthesis of Effect Measures

The treatment effect of interest was the mean change in
the KOOS between baseline (presurgery) and end of
follow-up (of varying duration, but at least 12 months
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postsurgery) for each of the subscales. Note that this is
a mean of within-patient differences across patients
assigned to a given surgery type in a given study. Studies
included in the meta-analysis reported these changes
either directly as mean delta KOOS or indirectly as means
at baseline and end of follow-up values.

Variance of Effect Measures

Studies also differed in how they reported estimates of dis-
persion associated with the means, SDs, standard errors, or
95% CIs. We converted all types of dispersion measures to
standard errors in accordance with the Cochrane Hand-
book13 guidelines using within-participant longitudinal corre-
lation values for each subscale based on a previously
described cohort.2

Meta-analysis

Meta-analyses/regressions were run using the metafamily
of commands in Stata 16.0 (StataCorp). The mean delta
KOOS was regressed against surgery type using a ran-
dom-effects metaregression model, employing the empiri-
cal Bayes estimator for between-study variance.3 An
exhaustive recent comparative review24 concluded that
the empirical Bayes estimator has lower bias on average
than alternative estimators. I2 values, mean change scores,
and 95% CIs for each surgery type from the regression
models were reported.

Covariate Analysis

The proportion of male patients and mean age, defect size,
BMI, and log-transformed follow-up time were included as
covariates of interest for possible associations with delta
KOOS. Each covariate analysis was adjusted for surgery
type.

Time Course Comparisons

For each KOOS subscale, we examined if there was a differ-
ential effect of follow-up time on delta KOOS. Due to the
lack of sufficient variance in follow-up time for the small
number of Mfx 1 Augment studies (ie, the slope for
Mfx 1 Augment studies would be unduly influenced by
a single study widely separated in follow-up time from
the remaining 3 studies that all had very similar mean fol-
low-up times), we restricted follow-up time comparisons to
only Mfx and ACI/MACI.

Individual Study Bias Assessments

Risk of bias in individual studies was assessed using
Version 2 of the Cochrane risk-of-bias tool for randomized
trials20 and is shown in Figure 1. All studies had at mini-
mum some concern for bias because of the lack of patient
blinding to the intervention and then having those patients
be the assessors of the reported outcome.

Nonreporting Bias Assessment

To assess the potential for nonreporting bias in the selec-
tion of included studies, we generated funnel plots (Figure
2), both overall and split out separately by surgery type.
For each study, we summed delta KOOS across all 5 sub-
scales to create a single score and plotted this against the
approximated standard error. If the points on the plot
became more asymmetrical as the standard error
increased, that was an indication that the smaller studies
may be biased toward larger or smaller effect sizes due to
nonreporting of ‘‘uninteresting’’ results. As our primary
hypothesis was that there might be differences between
surgery types, it was also crucial21 to examine the funnel
plots separately by surgery type to assess whether the
included studies represented an unbiased picture.

RESULTS

The initial literature search was performed on March 14,
2019, on Medline and CENTRAL databases, yielding 424
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Figure 1. Risk of bias assessment for individual studies.
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studies (Figure 3). After title and abstract review, 18
articles were retrieved for full-text review. Of these, 2
were excluded because they were duplicate patient cohorts;
2 had no KOOS subscale data; 2 had no baseline data,
making calculation of delta KOOS impossible; and 1 had
inadequate follow-up. Thus, 11 studies remained eligible.
On December 6, 2019, the search was performed again
before final analysis, which yielded 3 additional studies.
In studies where numerical KOOS subscale data were
not provided, attempts were made to retrieve data from
corresponding authors. In total, the systematic review
yielded 14 RCTs evaluating cartilage repair techniques in
the knee.

There were 9 study arms evaluating Mfx, 12 study arms
evaluating ACI/MACI, 1 study evaluating OAT, 1 study
evaluating CAIS, and 1 study evaluating MAMI. Four
studies evaluated Mfx 1 Augment procedures. This
included 1 Mfx 1 adipose-derived mesenchymal stem
cell implantation, 1 Mfx 1 AMIC, and 2 studies evaluat-
ing Mfx 1 CartiFill. In total, 775 patients were included.
Baseline patient characteristics by surgery type are shown
in Table 1. There were no statistically significant differen-
ces between ACI/MACI and Mfx 1 Augment compared
with Mfx in patient sex distribution, age, BMI, defect
size, and follow-up time (minimum P . .05).

Patient distribution and mean delta KOOS values are
presented in Table 2. The 2 most responsive subscales
with the greatest change from baseline were the KOOS
Sport and KOOS QOL in the Mfx, ACI/MACI, CAIS,
MAMI, and OAT study groups. In Mfx 1 Augment, the 2
most responsive subscales were the KOOS QOL and
KOOS Pain. In ACI/MACI, CAIS, MAMI, and OAT, both
delta KOOS Sport and delta KOOS QOL values were at
minimum 10 points greater than the delta KOOS ADL,
KOOS Pain, and KOOS Symptoms.

The meta-analysis comparing means (with standard
deviations) for each subscale are listed in Figure 4 and
Table 3. The 2 subscales that showed the largest delta
KOOS differences between marrow stimulation and non–
marrow stimulation procedures were the KOOS Sport and
KOOS QOL. In the KOOS Sport, ACI/MACI procedures
resulted in statistically significant benefits compared with
Mfx (P = .02). The mean delta KOOS Sport after ACI/
MACI procedures was 9.9 points greater than after Mfx
and 11.7 points greater than after Mfx 1 Augment. The
mean delta KOOS QOL after ACI/MACI was 6.6 points
greater than after each of Mfx and Mfx 1 Augment,
although this narrowly missed reaching the usual statistical
significance (P = .06). There were no differences in delta
KOOS between Mfx and Mfx 1 Augment in any of the 5 sub-
scales (minimum P . .3).

The results of covariate analysis, adjusting for surgery
type, found 4 significant relationships. There was a linear
relationship between delta KOOS Sport and follow-up time
(P = .028). The mean follow-up time ranged between 12
and 118 months. Larger mean BMI correlated with greater
delta KOOS QOL (P = .045). The mean BMI ranged between
24.1 and 29; and larger defect size was associated with
greater delta KOOS Pain and KOOS ADL (P = .023 and
P = .002, respectively). Mean defect sizes ranged between
240 and 510 mm2. These relationships are represented in
Appendix Figure A1 (available in the online version of this
article).

A subanalysis was performed to evaluate trends in delta
KOOS with follow-up time between ACI/MACI and Mfx.
The mean follow-up time was 41.4 months after Mfx (range,
1-9.8 years) and 42 months after ACI/MACI (range, 2-5
years). There were no statistically significant differences
(minimum P . .25) when comparing mean delta KOOS
trends and follow-up time in any of the KOOS subscales

Figure 2. Funnel plots assessing nonreporting bias. (A) Comparison of total delta KOOS with SE across studies included in the
meta-analysis. (B) Comparison of total delta KOOS with SE in Mfx, Mfx 1 Augment, and ACI/MACI groups separately. Asymmetry
of points on the plot would suggest increasing nonreporting bias. KOOS, Knee injury and Osteoarthritis Outcome Score;
ACI, autologous chondrocyte implantation; MACI, matrix-assisted autologous chondrocyte implantation; mfx, microfracture;
Mfx 1 Aug, augmented microfracture techniques.

AJSM Vol. 50, No. 3, 2022 Cartilage Repair of the Knee: Analysis of KOOS 861



between Mfx and ACI/MACI. In the KOOS Sport and KOOS
QOL, there were fairly linear positive relationships with (log)
follow-up time and delta KOOS after Mfx. There were slight
trends after Mfx toward decreasing delta KOOS values with

longer follow-up in KOOS ADL, KOOS Symptoms, and
KOOS Pain. Again, this was not statistically significant
when compared with ACI/MACI. These are graphically repre-
sented in Appendix Figure A2 (available online).

TABLE 1
Baseline Patient Characteristics by Surgery Typea

% Male Age, y BMI Defect Size, mm2 Follow-up Time, mo

Mfx 0.52 6 0.22 39.47 6 8.55 25.95 6 1.23 338.56 6 105.90 41.44 6 33.11
Mfx 1 Aug 0.36 6 0.23 45.25 6 8.40 26.03 6 1.61 439.50 6 73.40 21.85 6 6.76

P vs Mfx .254 .268 .932 .083 .187
ACI/MACI 0.67 6 0.10 35.94 6 3.30 25.83 6 1.28 362 6 99.20 42 6 18.80

P vs Mfx .058 .226 .820 .605 .963
CAIS 0.70 32.70 27 275 24
MAMI 0.57 32.30 24.10 290 24
OAT 0.57 32.70 27.9 300 117.60

aData are provided as means or mean 6 SD. P values are listed for surgery types and included in the meta-analysis (Mfx serving as the
control). ACI, autologous chondrocyte implantation; BMI, body mass index; CAIS, cartilage autograft implantation system; MACI, matrix-
assisted autologous chondrocyte implantation; MAMI, matrix-assisted autologous mesenchymal cell implantation; Mfx, microfracture;
Mfx 1 Aug, augmented microfracture techniques; OAT, osteochondral autograft transplantation.

Figure 3. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow diagram. KOOS, Knee injury and
Osteoarthritis Outcome Score.
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DISCUSSION

The results of this systematic review and meta-analysis
indicate that Sport and QOL are the 2 most responsive
KOOS subscales, showing the greatest magnitude of change
from baseline after cartilage repair of the knee. Delta KOOS
Sport and KOOS QOL also revealed the largest differences
in outcomes between marrow stimulation (Mfx and
Mfx 1 Augment) and culture-based therapies (ACI/MACI).

Pain level may not be the most sensitive indicator of the
disease recovery process after cartilage restoration surgery

in the knee. Active, motivated patients may modify their
activity to a tolerable level of pain. Ebert et al10 compared
commonly used PROs after MACI in the knee and found
that KOOS Sport and KOOS QOL were the most respon-
sive PRO measures. This is in line with our findings.
Roos and Lohmander19 had suggested the minimal clini-
cally important difference (MCID) in the KOOS to be 8 to
10 points. In this study, the mean delta KOOS Sport score
after ACI/MACI exceeded the MCID over marrow stimula-
tion procedures. KOOS Sport is one of the most relevant
domains for determining patient satisfaction in this

TABLE 2
Mean Delta KOOS by Surgery Typea

Studies (n) Patients (n) ADL QOL Pain Sport Symptoms

Mfx 9 287 22.79 27.80 24.64 27.97 20.42
Mfx 1 Augment 4 116 25.18 27.01 30.04 26.40 23.83
ACI/MACI 12 332 20 34.26 22.20 37.32 17.47
CAIS 1 19 28.85 44.39 32.79 48.91 24.49
MAMI 1 7 25 50 24.61 50 23.47
OAT 1 14 7.50 25 11.80 41.30 8.50

aBolded values denote the 2 subscales within each surgery type with the greatest magnitude of change. ACI, autologous chondrocyte
implantation; ADL, Activities of Daily Living; CAIS, cartilage autograft implantation system; KOOS, Knee injury and Osteoarthritis Out-
come Score; MACI, matrix-assisted autologous chondrocyte implantation; MAMI, matrix-assisted autologous mesenchymal cell implanta-
tion; Mfx, microfracture; Mfx 1 Augment, augmented microfracture techniques; OAT, osteochondral autograft transplantation; QOL,
Quality of Life; Sport, Sport and Recreation.

TABLE 3
Mean Delta for KOOS Subscalesa

n I2 Mean 6 SD 95% CI Difference vs Mfx (P Value)

KOOS Sport
Mfx 9 0.55 27.97 6 5.34 23.27-32.67
Mfx 1 Augment 4 0.64 26.40 6 5.49 19.67-33.13 –1.84 (.74)
ACI/MACI 12 0.82 37.32 6 10.49 30.77-43.87 9.90 (.02)
Overall 25 0.84 31.70 6 9.83 27.50-35.9

KOOS QOL
Mfx 9 0.69 27.80 6 6.17 22.96-32.64
Mfx 1 Augment 4 0.84 27.01 6 9.08 17.29-36.73 –0.04 (.99)
ACI/MACI 12 0.69 34.26 6 6.53 29.79-38.72 6.63 (.06)
Overall 25 0.77 30.75 6 7.40 27.44-34.06

KOOS Symptoms
Mfx 9 0.85 20.42 6 7.11 15.39-25.46
Mfx 1 Augment 4 0.87 23.83 6 7.76 15.69-31.97 3.65 (.41)
ACI/MACI 12 0.81 17.47 6 6.08 13.64-21.31 –3.03 (.36)
Overall 25 0.87 19.59 6 6.96 16.66-22.51

KOOS Pain
Mfx 9 0.88 24.64 6 8.94 18.44-30.85
Mfx 1 Augment 4 0.80 30.04 6 5.96 23.53-36.56 4.97 (.36)
ACI/MACI 12 0.91 22.20 6 8.26 17.31-27.09 –2.46 (.53)
Overall 25 0.90 24.25 6 8.34 20.81-27.69

KOOS ADL
Mfx 9 0.93 22.79 6 10.78 15.49-30.08
Mfx 1 Augment 4 0.90 25.18 6 9.26 15.63-34.72 2.33 (.70)
ACI/MACI 12 0.93 20 6 8.63 14.93-25.06 –2.84 (.52)
Overall 25 0.93 21.81 6 9.34 18.02-25.61

aACI, autologous chondrocyte implantation; ADL, Activities of Daily Living; KOOS, Knee injury and Osteoarthritis Outcome Score; MACI,
matrix-assisted autologous chondrocyte implantation; Mfx, microfracture; Mfx 1 Augment, augmented microfracture techniques; QOL,
Quality of Life; Sport, Sport and Recreation.
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setting.10 These findings suggest that culture-based thera-
pies lead to clinically superior subjective sport function
compared with marrow stimulation. Within marrow stimu-
lation, we did not find any patient-reported differences
between Mfx and Mfx 1 Augment in any of the 5 domains

evaluated by KOOS. With consideration of value-based
care, the added surgical time or monetary cost of augmenta-
tion of Mfx may not be warranted over Mfx alone.

There have been several systematic reviews and meta-
analyses on the topic of cartilage restoration in the past

Figure 4. Mean delta KOOS by surgery type for each subscale. (A) Sport and Recreation (Sport). (B) Quality of Life (QOL). (C)
Symptoms. (D) Pain. (E) Activities of Daily Living (ADL). CAIS, cartilage autograft implantation system; KOOS, Knee injury and
Osteoarthritis Outcome Score; MACI, matrix-assisted autologous chondrocyte implantation; MAMI, matrix-assisted autologous
mesenchymal cell implantation; Mfx, microfracture; Mfx+Augment, augmented microfracture techniques; OAT, osteochondral
autograft transplantation.
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with conflicting results. A recent meta-analysis by Zambor-
sky and Danisovic26 reported that ACI, MACI, and OAT
had significantly superior results compared with Mfx. We
were also able to show superiority of ACI/MACI over Mfx
and augmented Mfx procedures. We suggest that in less
physically active and older patients, Mfx may be an appropri-
ate and low-cost treatment method that can offer subjective
pain relief and ability to perform ADLs comparable with
other therapies (Mfx 1 Augment, ACI/MACI). For more
active and younger patients, we can expect clinically relevant
improvements in subjective sport function with culture-based
therapies that correlate with patient satisfaction.10

The results of the covariate analysis revealed some
interesting associations. Larger mean BMI correlated
with greater improvements in knee-related quality of life
after surgical treatment. The mean BMI ranged from 24
to 29, and thus these results cannot be extrapolated to
obese patient populations. There was greater improvement
in patient-reported Sport function with longer follow-up
time. We also found that larger mean chondral defect
size was associated with greater improvements in subjec-
tive pain levels and ability to perform ADLs. This may sug-
gest that larger defects create more pain and disability, but
we were unable to evaluate baseline KOOS data for indi-
vidual patients due to lack of reporting.

There are some concerns over the durability of clinical
results after Mfx. The results of this study do not suggest
that Mfx has significantly worse results with longer
follow-up time compared with ACI/MACI in the intermediate
term (average follow-up time was 3.5 years). We did see
a trend toward decreasing the mean delta KOOS Pain and
KOOS ADL in Mfx; however, as stated, this did not reach
statistical significance. Perhaps with longer follow-up, this
relationship may have become significant. With an average
follow-up time of 3.5 years, these data are insufficient for
evaluation of long-term outcomes. Highlighting the concerns
over durability, a recent meta-analysis showed higher failure
rates in Mfx compared with ACI at 10 years, which is a con-
siderably longer follow-up time compared with our study.26

Study Limitations

There are several limitations to this study. We were unable
to analyze concomitant and previous procedures due to
variable reporting. MAMI, CAIS, and OAT were each eval-
uated by 1 RCT and were not suitable for meta-analysis.
Due to the nature of the procedures, study participants
were not blinded; and by Cochrane standards, all studies
had at minimum some concern for bias. Our results ana-
lyzed outcomes in the intermediate term, and thus longer
follow-up is needed. We also excluded several RCTs that
did not report delta KOOS subscale data. This could be
a source of selection bias. We encourage future studies to
utilize KOOS and provide delta KOOS subscale values
for reader interpretation. Another major limitation of this
study is that we only analyzed KOOS scores and, due to
reporting gaps and study power, were unable to exhaus-
tively evaluate many potentially relevant covariates as
possible effect modifiers. The decision to limit attention
to KOOS was made at study initiation to simplify the

comparison of improvement in different knee-related
domains between surgery types.

Study Strengths

There are several strengths to this study. To our knowl-
edge, this is the largest systematic review and meta-
analysis of RCTs evaluating KOOS subscales. Despite the
large number of studies, baseline characteristics between
the 3 main study groups were similar. We were able to
demonstrate relative superiority of culture-based therapies
(ACI/MACI) over marrow stimulation in PROs.

CONCLUSION

Patient-reported sport and recreational activity and knee-
related quality of life as measured by delta KOOS Sport
and KOOS QOL showed the greatest improvement after
cartilage repair of the knee. Culture-based therapies (ACI
and MACI) led to statistically and clinically significant ben-
efits over marrow stimulation (Mfx and Mfx 1 Augment) in
KOOS Sport scores, and thus they may be a more appropri-
ate treatment in younger and more active patient popula-
tions. There were no patient-reported differences between
Mfx and Mfx 1 Augment in any of the 5 KOOS subscales.
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