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Background: Continued advancements in cartilage surgery and an accumulating body of evidence warrants a contemporary syn-
thesis of return to sport (RTS) outcomes to provide updated prognostic data and to better understand treatment response.

Purpose: To perform an updated systematic review of RTS in athletes after knee cartilage restoration surgery.

Study Design: Systematic review; Level of evidence, 4.

Methods: PubMed, OVID/Medline, and Cochrane databases were queried in October 2023 for studies reporting any RTS out-
come after knee cartilage restoration surgery. Meta-analyses with inverse-variance proportion and DerSimonian-Laird random-
effects estimators were applied to quantify overall RTS. Comparative proportional subgroup meta-analyses with relative odds
ratios (ORs) were constructed to quantify (1) the influence of the procedure on RTS and (2) RTS ability (lower vs same/greater
level of play) based on procedure, competition level, and specific sport.

Results: A total of 52 studies (n = 2387) were included. The overall pooled RTS was 80.3% (95% CI, 73.3%-86.5%). Matrix-
assisted chondrocyte implantation (MACI) (OR, 2.15) and osteochondral autograft transplantation system (OATS) (OR, 1.83) dem-
onstrated the highest likelihoods of RTS at the same/greater level, while microfracture (MF) (OR, 0.78) was the only treatment
demonstrating a higher likelihood of RTS at a lower level. The fastest mean RTS was observed after OATS (6.6 6 2.6 months).
Professional athletes demonstrated an OR of 1.01 for RTS at the same/greater level, whereas recreational/amateur athletes dem-
onstrated an OR of 1.63; however, all professional athletes underwent MF, and recreational/amateur athletes who underwent MF
demonstrated lower likelihoods of RTS (OR, 0.78), indicating a consistent association between MF and low RTS propensity. Bas-
ketball players demonstrated the lowest likelihood of RTS at the same/greater level (OR, 1.1), while American football and soccer
were associated with high likelihoods of RTS (OR, 3 and 2.4, respectively) across all procedure types.

Conclusion: Cartilage restoration allows for high overall RTS, with OATS and MACI conferring the greatest propensity for RTS,
while OATS allowed for the fastest RTS. Undergoing MF was associated with consistently poor RTS ability. This study identified
several important associations between the level of RTS and clinically relevant factors when discussing RTS, with recreational/
amateur athletes, soccer players, and American football players demonstrating a higher relative propensity to RTS.
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Articular cartilage lesions of the knee are an increasingly

recognized source of pain and dysfunction in athletes and

have an inherently high risk of progression to posttraumatic

osteoarthritis, given the repetitive supraphysiologic loading

of the knee experienced during sporting activity.27,47,56,60

Several cartilage restoration procedures may be indicated

for treatment depending on factors such as lesion size.

Such procedures include microfracture (MF), osteochondral

autograft transplantation (OAT), osteochondral allograft

transplantation (OCA), autologous chondrocyte implanta-

tion (ACI), and other experimental approaches.19,36,59,73

Although achieving the level of function necessary to per-

form sporting activity often requires cartilage restoration

surgery, conflicting results exist regarding the rate and tim-

ing at which athletes may experience a successful return to

sport (RTS) after these procedures.

Prior literature has demonstrated variable rates of RTS

based on cartilage procedure, sport, age, and other factors,
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making the appropriate surgical treatment challenging to

select on an individual basis.31,38,41 One contributor to

this variability may be the definition of RTS, often con-

founded by categorizing activity-related outcomes,5,31 in

addition to heterogeneous rehabilitation protocols.65 Fur-

thermore, favorable RTS rates have been published in

select series across different populations, while others

have reported a poor propensity for RTS.35,49.75 As carti-

lage restoration procedures continue to be implicated in

treating articular cartilage defects of the knee, it is essen-

tial to understand the treatment response to these surger-

ies and athletes’ ability at different competition levels to

RTS. Furthermore, while a growing body of literature

examining outcomes data on RTS has accumulated since

previously published reviews,1,9,31,40 it is important to con-

tinually synthesize and reassess such data to evaluate

whether these procedures are efficacious, provide prognos-

tic information, and refine patient indications.

Additional peer-reviewed literature representing con-

temporary treatment outcomes has become available in

the setting of continued technological and surgical

advancements in recent years.3,7,26,35 As such, it is critical

to reassess the current state of cartilage restoration sur-

gery in this population to better inform these patients

and understand the efficacy of current treatments in this

high-demand population. This study aimed to perform an

updated systematic review and meta-analysis of the rate

and timing of RTS in athletes after knee cartilage restora-

tion surgery. The authors hypothesized that the overall

RTS rate would be relatively high compared with previous

historical estimates, given the recent advances in cartilage

surgery.

METHODS

Article Search Process

This systematic review and meta-analysis was conducted

in accordance with the PRISMA (Preferred Reporting

Items for Systematic Review and Meta-Analysis) state-

ment.39 The following indexing databases were used to

search the literature on RTS rates for athletes undergoing

any cartilage restoration procedure in the knee: (1)

Cochrane Database of Systematic Reviews, the Cochrane

Central Register of Controlled Trials; (2) PubMed; and

(3) OVID/MEDLINE. The query was performed in October

2023 using combinations of the following Boolean search

and terms: ‘‘Cartilage,’’ ‘‘Chondrocyte,’’ ‘‘Chondral,’’ ‘‘Osteo-

chondral,’’ ‘‘Articular,’’ ‘‘Allograft,’’ ‘‘Autograft,’’ ‘‘Mosaic-

plasty,’’ ‘‘OAT,’’ ‘‘Microfracture,’’ ‘‘ACI,’’ ‘‘MACI,’’

‘‘Restoration,’’ ‘‘Athlete,’’ ‘‘Sport,’’ ‘‘Athletic.’’ This review

was registered with the International Prospective Register

of Systematic Reviews (PROSPERO) before data collection

(PROSPERO identification No. CRD42023483412).

Study Eligibility and Data Procurement

Studies published in English that addressed any aspect of

RTS in athletes undergoing a primary cartilage restoration

procedure of the knee were eligible for inclusion. The

search was restricted to studies published between 2000

and 2023 to capture contemporary articles. The exclusion

criteria were as follows: (1) editorials, abstracts, case

reports, technical notes and surveys; (2) biomechanical or

cadaveric studies; and (3) studies whose participants

were not athletes. Athletes self-reported participation in

a sport at the recreational, high school, college, semiprofes-

sional, or professional levels. No restriction on the level of

evidence was imparted; however, only level of evidence 5

was excluded.

All articles identified by the search were screened by 2

independent reviewers (K.N.K., M.M.). Sequential screen-

ing of all articles was performed, which included assessment

of duplicates, screening of article title, evaluation of content

within the abstract, and full-text review. References of iden-

tified articles were also explored and reconciled to minimize

the risk of missing relevant literature. Furthermore, the

article with longer follow-up was included when duplicate

cohorts were identified. All data were recorded into a custom

spreadsheet using a modified information extraction table.20

Categories for data collection for each full article included

(1) article information; (2) cartilage restoration method; (3)

patient information; (4) lesion size and location; and (5)

RTS information, including type of sport, ability to RTS,

level of competition, and time to RTS.

Assessment of Methodological Quality

The Methodological Index for Nonrandomized Studies

(MINORS) checklist22 was used to evaluate the quality of
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nonrandomized comparative studies, while the Cochrane

Risk-of-Bias Version 2 tool was used to evaluate random-

ized controlled trials.67 The MINORS checklist involves

12 items to assess quality, of which only 4 apply to compar-

ative studies. The 4 additional criteria specific to compara-

tive groups were used to assess the bias in articles when

selecting cohorts. The maximum MINORS score is 16 for

noncomparative studies and 24 for comparative studies.

Statistical Analysis

All statistical analyses were performed using the comput-

ing software R Version 3.6.1 and RStudio Version

1.2.5033 (R Foundation for Statistical Computing). A 2-

tailed P\ .05 was considered statistically significant.

A meta-analysis of proportions was used to provide

quantitative study estimates of the rate of RTS after carti-

lage procedures. For all meta-analyses, a random-effects

model using the DerSimonian-Laird method was imple-

mented, and the pooled effect size was calculated as

a weighted mean of the effects estimated in the studies,

with weights representing the amount of information

from each study. Imputation of constants to patient counts

was performed when zero values were present, if neces-

sary, which were later removed from quantitative synthe-

ses to preserve estimate accuracies. For comparative

proportional subgroup analyses, the relative odds of

patients who returned to sport were stratified by the level

at which RTS was achieved (lesser competition or func-

tional level versus the same or greater competition or func-

tional level) and also specific cartilage preservation

surgery, specific sports, and specific competition levels

(recreational, high school, college, or professional) were

calculated. Odds ratios (ORs) were subsequently trans-

formed into logarithmic syntax to stabilize variance and

normalize the distribution of estimates for graphical depic-

tion but also reported as ORs for ease of interpretation.

The 95% CI was used to report all pooled statistics. Hetero-

geneity was assessed by the I2 statistic using random-

effects models and was regarded as insignificant when I2

= 0%, possibly unimportant when the I2 value was\40%,

moderate between 40% and 75%, and considerable23

when .75%.

Figure 1. Article identification and selection process.

TABLE 1

Lesion Characteristics of Study Populationa

Characteristic Procedure Breakdown

Lesion Location, n (%)

Femoral condyles, 1599 (77) ACI: 397; OCA: 291; OAT: 291; MACI: 264; MFL: 197; other: 159

Trochlea, 202 (9.7) ACI: 53; other: 51; MACI: 32; OAT: 39; OCA: 27

Patella, 178 (8.6) ACI: 95; MACI: 47; OCA: 14; OAT: 13; other: 6; MF: 3

Multiple surfaces/bipolar, 70 (3.4) OCA: 33; MF: 25; ACI: 8; other: 3; OAT: 1; MACI: 0

Tibial plateau, 28 (1.3) Other: 11; MF: 8; OAT: 8; OCA: 1; ACI: 0; MACI: 0

Mean lesion size, cm2

Overall, 3.76 cm2 OCA: 5.52; MACI: 3.99; ACI: 3.72; OAT: 2.94; MF: 2.94; other, 2.21

aACI, autologous chondrocyte implantation; MACI, matrix-associated chondrocyte implantation; MF, microfracture; OAT, osteochondral

autograft transplantation; OCA, osteochondral allograft transplantation; OR, odds ratio.
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Figure 2. MINORS methodological bias assessments. (A) Top: The traffic light plot depicts the study-specific concern of bias in
each respective domain. (B) Bottom: A summary plot depicting the proportion of bias in the study. MINORS, Methodological
Index for Non-Randomized Studies.
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RESULTS

A total of 52 studies comprising the outcomes of 2387

patients who underwent cartilage restoration surgery

were identified who reported on 1 domain of RTS (Figure

1). Lesion characteristics are presented in Table 1.

Because of variable reporting, not all studies were

included in each quantitative analysis. Analysis of the

MINORS bias assessment revealed that the included

studies demonstrated predominately robust methodologi-

cal foundations, except for calculating prospective study

sizes (Figure 2).

Figure 3. Meta-analysis of proportions for overall pooled RTS rate after all cartilage procedures. The effect size indicates the pro-
portion of patients that RTS. Gray boxes represent the weighted contribution of each condition, with the horizontal black lines
representing the 95% CI of the treatment estimate. Heterogeneity based on the definition in this study was rated as considerable
(I2 = 89.6%; P = .0001). RTS, return to sport.
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Overall RTS and Level of Return

An overall RTS proportion was reported in 39 studies com-

prising the outcomes of 1565 patients (Figure 3). These

studies observed a pooled RTS rate of 80.3% (95% CI,

73.3%-86.5%). Across all studies, the RTS rate ranged

between 29% and 100%. Only 4 of 39 studies reported an

RTS rate of\ 50%. A total of 17 (43.6%) studies reported

an RTS rate �80%. RTS data stratified by level of return

were reported in a manner amenable to quantitative analy-

sis in 28 studies comprising 1076 patients.k Of these studies,

10 (35.7%) reported8,15,19,26,28,32,34,66,74,76 overall positive

outcomes, where most patients returned to a higher level

of play, while 7 (25%) studies2,4,17,18.21,69,72 reported overall

negative outcomes, with most patients returning to a lower

level of play. Eleven (39.3%) studies7,16,33,35,37,42,43,44,48,54,75

reported neutral outcomes, where athletes returned to the

same level of play. An RTS analysis without ACI can be

found in the Appendix (available in the online version of

this article), as ACI as a treatment may not be performed

as frequently in contemporary cartilage restoration.

Cartilage Surgery

Overall RTS. A subgroup meta-analysis of the level of

return stratified by cartilage procedure resulted in 5 surgi-

cal interventions encompassing outcomes of 1565 patients

(Table 2; Figure 4). No significant difference in RTS rates

among cartilage procedures was observed (P = .43). The

mean (6SD) time for RTS was 9.2 6 4 months,{ and varied

by procedure—ACI (13.1 6 4 months), OCA (11.4 6 4.3

months), MF (7.5 6 1.6 months), other procedures (7.1 6

1.6 months), and OAT system (OATS) (6.6 6 2.6 months;

Figure 5). No studies published data on the time for RTS

after matrix-assisted chondrocyte implantation (MACI).

RTS Stratified by Level of Return. A subgroup meta-

analysis of the level of return stratified by cartilage proce-

dure was available for data encompassing outcomes of

1076 patients. Patients undergoing MACI or OATS experi-

enced the highest relative likelihood of RTS (115% and

83% increased likelihood, respectively) at the same or

greater level of competition postoperatively. Analysis of

the association between cartilage surgery and the level of

RTS indicated a significant, strong relationship (P = .002)

between the procedure and the likelihood of RTS (Table

3; Figure 6).

Competition Level

Overall RTS. Three studies (89 patients)4,21,48 reported

an overall proportion of RTS in professional athletes. The

overall proportion of professional athletes who returned

to sport after cartilage surgery was 75.3% (67/89). Raw

data were not available for overall RTS for recreational/

amateur athletes.

TABLE 2

Proportion of Successful RTS Stratified

by Cartilage Procedurea

Procedure RTS Proportion, % (95% CI)

OAT 88.8 (79.4-96)

ACI 81.8 (62.5-95.6)

MF 78.1 (73.3-82.5)

OCA 77.2 (60.2-90.8)

Other 74.1 (46.5-94.4)

MACI 73 (60-84.4)

aACI, autologous chondrocyte implantation; MACI; matrix-

associated chondrocyte implantation; MF, microfracture; OAT;

osteochondral autograft transplantation; OCA; osteochondral allo-

graft transplantation; RTS, return to sport.

TABLE 3

Transformed OR for RTS at the Same or Higher

Level of Play Stratified by Cartilage Procedurea

Procedure

OR (95%CI) for Return to

Same/Higher Level of Play

MACI 2.15 (1.39-3.33)

OAT 1.83 (1.14-2.94)

OCA 1.69 (1.23-2.31)

ACI 1.27 (1.04-1.56)

MF 0.78 (0.63-0.96)b

aACI, autologous chondrocyte implantation; MACI, matrix-

associated chondrocyte implantation; MF, microfracture; OAT,

osteochondral autograft transplantation; OCA, osteochondral allo-

graft transplantation; OR, odds ratio; RTS, return to sport.
bThe OR indicates higher likelihood of returning to a lower level

of play.

TABLE 4

Overall and Procedure-Stratified RTS Rates

at the Same or Higher Level of Playa

Sport

OR (95% CI) for Return to

Same/Higher Level of Play

Basketball 1.1 (0.91-1.33)

OAT 41 (2.48-677.9)

OCA 2.7 (1.45-5.05)

ACI 0.90 (0.61-1.34)b

MF 0.87 (0.67-1.11)b

American Football (MF) 3 (1.23-7.29)

Soccer (ACI) 2.36 (1.22-4.57)

aACI, autologous chondrocyte implantation; MACI, matrix-

associated chondrocyte implantation; MF, microfracture; OAT,

osteochondral autograft transplantation; OCA, osteochondral allo-

graft transplantation; OR, odds ratio.
bORs indicate a higher relative likelihood of returning to a lower

level of play.

kReferences 2, 4, 7, 8, 15-19, 21, 26, 28, 32-35, 37, 42-44, 48, 54, 66,
69, 72, 74-76.

{References 2, 4, 7, 8, 10, 19, 21, 24, 26, 28, 32, 33, 37, 44, 48, 50, 52,
54, 57, 58, 61-63, 66, 68.
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Figure 4. The RTS rate stratified by cartilage procedure. The effect size indicates the proportion of patients that RTS. Gray boxes
represent the weighted contribution of each condition, with the horizontal black lines representing the 95% CI of the treatment
estimate. Heterogeneity was considerable (I2 = 89.6%; P = .0001). ACI, autologous chondrocyte implantation; MACI, matrix-
induced autologous chondrocyte implantation; MF, microfracture; OAT, osteochondral autograft transfer; OCA, osteochondral
allograft transplantation; RTS, return to sport.
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RTS Stratified by Level of Return. A total of 7 studies

(287 patients)4,15,21,26,42,48,66 were available for this suba-

nalysis (Figure 7). Also, 82 of 163 (50.3%) professional ath-

letes who underwent any surgery type returned to the

same or a higher level of play (OR, 1.01 [95% CI, 0.75-

1.37])—all patients underwent MF. Recreational/amateur

athletes exhibited varying outcomes based on surgery

type. Overall, 77 of 124 (62%) athletes returned to the

same or higher level (OR, 1.63 [95% CI, 1.14-2.34])—all

patients underwent either MACI or MF. Recreational/ama-

teur athletes who underwent MACI demonstrated a higher

likelihood of RTS at the same or higher level (68.5%; OR,

2.15 [95% CI, 1.39-3.33]), while those who underwent MF

demonstrated a decreased likelihood of RTS (OR, 0.78

[95% CI, 0.39-1.56]).

Type of Sport

Overall RTS. Fifteen studies# presented homogeneous

population data (all athletes participated in the same

sport) and overall RTS rates. The overall RTS rate for bas-

ketball players was 52.2% (128/245). Concerning individ-

ual procedures, the highest rate of RTS for basketball

players was observed after OATS (20/20 [100%]), followed

by OCA (39/48 [81%]), MF (108/146 [74%]), and ACI

(20/31 [65%]). A single study on soccer players reported

an RTS rate of 85% (35/41) after ACI.24 The overall RTS

rate for American football players was not reported.

RTS Stratified by Level of Return. Fifteen studies#

reported RTS rates at the same or greater level across dif-

ferent sports and cartilage surgeries (Table 4). While cer-

tain procedures, such as OATS for basketball players,

showed exceptionally high success rates, others, like ACI

and MF in the same sport, had comparatively lower rates

of returning to the same or higher level of competition.

In contrast, football and soccer exhibited a higher overall

likelihood of achieving this level of RTS overall (Figure 8).

DISCUSSION

The principle findings of the present study are as follows:

(1) The overall RTS rate after cartilage restoration proce-

dures was 80.3%, suggesting a high overall rate of RTS;

(2) OATS and MACI conferred the highest overall RTS

rates by procedure, while MF was associated with a consis-

tently low RTS at the same or greater level of competition;

(3) when considering level of competition, recreational/

amateur athletes demonstrated a greater propensity for

RTS than professional athletes; however, this was influ-

enced by MF used in professional athletes; and (4) Ameri-

can football and soccer players exhibited uniformly high

rates of RTS after cartilage restoration procedures, while

basketball players experienced the highest RTS after

undergoing OATS and OCA.

A high rate of RTS was observed after cartilage restora-

tion surgery, suggesting that this consideration does not

preclude athletes from proceeding with cartilage interven-

tions. These data may be useful for patients and knee sur-

geons during shared decision-making and when

considering if one of the above cartilage procedures may

be efficacious in setting patient expectations. Krych

et al31 in 2017 performed a systematic review of sport func-

tion after cartilage procedures, reporting an overall RTS

rate of 73% in 8 studies. Their study was limited in system-

atically averaging data for OCA patients due to a lack of

reporting. In the present study, representing a larger num-

ber of more contemporary studies, the overall rate of RTS

was 80.3%. It is plausible that the increased statistical

power derived from an analysis of over 2300 patients

may more accurately reflect RTS rates.

To our knowledge, no literature has investigated the

specific association between cartilage procedure type and

RTS at a specific level of function. Krych et al31 reported

that OATS conferred the highest RTS with a rate of 93%

and MF the lowest at 57.6%. However, these authors did

not include data on MACI or OCA. In the present study,

the highest RTS rate was observed after OATS (88.8%), fol-

lowed by ACI (81.8%), comparable to their results. Contem-

porary data collected in this study also allowed for

quantifying RTS rates after OCA and MACI, which were

found to be 77.2% and 73%, respectively. Interestingly,

when considering the propensity to return to a specific

level of function, MACI and OATS resulted in 115% and

83% increased odds of RTS at the same or higher level of

competition, while MF was associated with a 22% lower

likelihood of RTS at the same or higher level of competi-

tion. This suggests that MF is a potentially inferior treat-

ment for athletes with focal chondral or osteochondral

defects of the knee; however, other potential confounding

factors may also contribute to poor outcomes in the MF

population, which could be controlled for given the retro-

spective nature of this analysis. Regardless, given the

Figure 5. The histogram plot depicts the mean time to RTS
in months and the distribution of RTS timing across studies
stratified by cartilage procedure. Clear dots represent indi-
vidual studies. ACI, autologous chondrocyte implantation (n
= 4); MF, microfracture (n = 6); OAT, osteochondral autograft
transfer (n = 6); OCA, osteochondral allograft transplantation
(n = 7); other, other cartilage procedures (n = 2); RTS, return
to sport.

#References 2, 4, 8, 18, 19, 21, 26, 28, 37, 43, 44, 48, 66, 74, 75.
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Figure 6. A forest plot depicting the log odds of RTS at the same or a greater level of play versus a lower level of play stratified by
specific cartilage surgery (left) and the total number of patients composing each category (right). The right column of the forest
plot depicts the log odds of each category with 95% CI. Black boxes represent the weighted contribution of each condition, with
the horizontal black lines representing the 95% CI of the treatment estimate. Heterogeneity based on the definition in this study
was rated as considerable (I2 = 87.4%; P\ .0001). ACI, autologous chondrocyte implantation; MACI, matrix-induced autologous
chondrocyte implantation; MF, microfracture; OAT, osteochondral autograft transfer; OCA, osteochondral allograft transplanta-
tion; RTS, return to sport.

Figure 7. A forest plot depicting the log odds of professional and recreational/amateur athletes returning to sport at the same or
a greater level of play versus a lower level stratified by specific cartilage surgery (left) and the total number of patients composing
each category (right). The right column of the forest plot depicts the log odds of each category with 95% CI. Black boxes rep-
resent the weighted contribution of each condition, with the horizontal black lines representing the 95% CI of the treatment esti-
mate. Heterogeneity based on the definition in this study was considered moderate (I2 = 70.2%; P = .009). ACI, autologous
chondrocyte implantation; MACI, matrix-induced autologous chondrocyte implantation; MF, microfracture; OAT, osteochondral
autograft transfer; OCA, osteochondral allograft transplantation.

Figure 8. A forest plot depicting the log odds of RTS at the same or a greater level of play versus a lower level of play stratified by
specific sport type (left) and the total number of patients composing each category (right). The right column of the forest plot
depicts the log odds of each category with 95% CI. Black boxes represent the weighted contribution of each condition, with
the horizontal black lines representing the 95% CI of the treatment estimate. Heterogeneity based on the definition in this study
was considered moderate (I2 = 43.7%; P = .13). ACI, autologous chondrocyte implantation; MACI, matrix-associated chondrocyte
implantation; MF, microfracture; OAT, osteochondral autograft transplantation; OCA, osteochondral allograft transplantation;
RTS, return to sport.

AJSM Vol. 53, No. 10, 2025 RTS Level after Knee Cartilage Surgery 2479



currently available data in the literature, the authors of

this review recommend osteochondral grafting or cell-

based therapy for athletes with chondral and osteochon-

dral defects of the knee, as these procedures may confer

a higher propensity for RTS.

Given the available data, recreational and amateur ath-

letes were more likely to RTS at the same or higher level of

competition than professional athletes. This analysis

revealed a recurrent association between MF and RTS,

with recreational/amateur athletes more likely to return

to a lower level of competition after MF. Interestingly, all

studies investigating RTS in professional athletes per-

formed MF, potentially accounting for the limited RTS

ability. Future studies are warranted to determine the pro-

pensity to RTS in professional athletes undergoing other

cartilage restoration techniques such as OCA, OATS, and

cell-based therapies, as these approaches may result in

a more positive treatment response in this high-demand

population.

Data on specific sports were amenable to review among

basketball, American football, and soccer players. This spe-

cific subanalysis revealed the consistent ability of Ameri-

can football and soccer players to RTS, whereas

basketball players only demonstrated RTS at the same or

greater level if undergoing OATS or OCA (relative to MF

or ACI). As such, MF has portended consistently inferior

RTS ability in this review; however, it is unclear why treat-

ment with ACI in this population was associated with

a lower ability to RTS. One reason may be that basketball

athletes play on hard-court surfaces, while American foot-

ball and soccer players generally play on grass or turf

fields. As the frictional property and compliance of surfaces

have been implicated as important factors in injury devel-

opment concerning cartilage, this may be one contributing

factor.25,64 Another potential explanation is that ACI is

often used in more anatomically complex locations less

amenable to an osteochondral plug with appropriate topo-

graphic characteristics, such as the patellofemoral joint; if

associated with inferior outcomes, this may contribute to

limited RTS within these cohorts.51 Furthermore, as jump-

ing athletes, basketball players impose repetitive supra-

physiologic loads through their patellofemoral joints,11,70

perhaps jeopardizing graft integrity and, therefore, experi-

encing inferior outcomes. Future studies are warranted to

better understand whether this association exists.

Limitations

Several limitations should be considered when interpret-

ing the results of the present study. First, the quality

and granularity of the data are representative of the stud-

ies included, which were retrospective. Therefore, certain

biases, if existing in individual studies, may influence the

results and cannot be controlled for completely. Second,

because of variable reporting, the granularity of certain

subanalyses was limited. For example, it was necessary

to combine patients who returned to the same or greater

level of play and compare this cohort to those who returned

to a lower level of play, given the limited data. Further-

more, specific subanalyses that may leverage important

prognostic insights could not be performed. For example,

RTS rates were not reported based on lesion location (ie,

patellofemoral versus femoral condyles), based on lesion

depth (surface versus deep), or by addition of concomitant

procedures such as osteotomies, ligamentous reconstruc-

tion, or meniscal procedures. Third, limited sports types

(basketball, American football, and soccer) could be stud-

ied, given the available data. Fourth, because of the retro-

spective nature of studies, inability to access original data,

or failure of authors to report specific variables, some

important factors, such as the number of plugs used for

osteochondral grafts or cartilage lesion location, were vari-

able or not reported. Finally, postoperative rehabilitation

protocols and RTS criteria for supervised functional pro-

gression and timing of clearance often differ across institu-

tions and individual providers, introducing heterogeneity

in the definition of the primary RTS outcome.

CONCLUSION

Cartilage restoration procedures allow for a high rate of

RTS postoperatively, with OATS and MACI conferring

the greatest propensity for RTS, while OATS resulted in

the fastest RTS. Undergoing MF was associated with

recurrently poor RTS ability. This study identified several

important associations between the RTS level and clini-

cally important factors when discussing RTS, with recrea-

tional/amateur athletes, soccer players, and American

football players demonstrating a high propensity to RTS

at the same or greater preinjury level.

ORCID iDs

Kyle N. Kunze https://orcid.org/0000-0002-0363-3482

Scott A. Rodeo https://orcid.org/0000-0002-0745-9880

Riley J. Williams https://orcid.org/0000-0003-2991-7173

REFERENCES

1. Andrade R, Vasta S, Papalia R, et al. Prevalence of articular cartilage

lesions and surgical clinical outcomes in football (soccer) players’

knees: a systematic review. Arthroscopy. 2016;32(7):1466-1477.

2. Balazs GC, Wang D, Burge AJ, Sinatro AL, Wong AC, Williams RJ III.

Return to play among elite basketball players after osteochondral

allograft transplantation of full-thickness cartilage lesions. Orthop J

Sports Med. 2018;6(7):2325967118786941.

3. Bangert Y, Zarembowicz P, Engelleiter K, et al. Long-term outcome

and athletic level following operative treatment for osteochondritis

dissecans of the knee in pediatric and adolescent patients. J Clin

Med. 2023;12(12):4140.

4. Cerynik DL, Lewullis GE, Joves BC, Palmer MP, Tom JA. Outcomes

of microfracture in professional basketball players. Knee Surg Sports

Traumatol Arthrosc. 2009;17(9):1135-1139.

5. Chalmers PN, Vigneswaran H, Harris JD, Cole BJ. Activity-related

outcomes of articular cartilage surgery: a systematic review. Carti-

lage. 2013;4(3):193-203.

6. Cognault J, Seurat O, Chaussard C, Ionescu S, Saragaglia D. Return

to sports after autogenous osteochondral mosaicplasty of the femo-

ral condyles: 25 cases at a mean follow-up of 9 years. Orthop Trau-

matol Surg Res. 2015 May;101(3):313-317.

2480 Kunze et al The American Journal of Sports Medicine



7. Cook JL, Rucinski K, Crecelius CR, Ma R, Stannard JP. Return to

sport after large single-surface, multisurface, or bipolar osteochon-

dral allograft transplantation in the knee using shell grafts. Orthop J

Sports Med. 2021;9(1):2325967120967928.

8. Cotter EJ, Frank RM, Wang KC, et al. Clinical outcomes of osteo-

chondral allograft transplantation for secondary treatment of osteo-

chondritis dissecans of the knee in skeletally mature patients.

Arthroscopy. 2018;34(4):1105-1112.

9. Crawford ZT, Schumaier AP, Glogovac G, Grawe BM. Return to sport

and sports-specific outcomes after osteochondral allograft trans-

plantation in the knee: a systematic review of studies with at least

2 years’ mean follow-up. Arthroscopy. 2019;35(6):1880-1889.

10. Della Villa S, Kon E, Filardo G, et al. Does intensive rehabilitation per-

mit early return to sport without compromising the clinical outcome

after arthroscopic autologous chondrocyte implantation in highly

competitive athletes? Am J Sports Med. 2010;38(1):68-77.

11. Drakos MC, Domb B, Starkey C, Callahan L, Allen AA. Injury in the

national basketball association: a 17-year overview. Sports Health.

2010;2(4):284-290.

12. Ebert JR, Fallon M, Smith A, Janes GC, Wood DJ. Prospective clinical

and radiologic evaluation of patellofemoral matrix-induced autologous

chondrocyte implantation. Am J Sports Med. 2015;43(6):1362-1372.

13. Ebert JR, Fallon M, Zheng MH, Wood DJ, Ackland TR. A randomized

trial comparing accelerated and traditional approaches to postoper-

ative weightbearing rehabilitation after matrix-induced autologous

chondrocyte implantation: findings at 5 years. Am J Sports Med.

2012;40(7):1527-1537.

14. Ebert JR, Robertson WB, Woodhouse J, et al. Clinical and magnetic

resonance imaging-based outcomes to 5 years after matrix-induced

autologous chondrocyte implantation to address articular cartilage

defects in the knee. Am J Sports Med. 2011;39(4):753-763.

15. Ebert JR, Smith A, Janes GC, Wood DJ. Association between isoki-

netic knee strength and perceived function and patient satisfaction

with sports and recreational ability after matrix-induced autologous

chondrocyte implantation. Orthop J Sports Med. 2019;7(12):

2325967119885873.

16. Gillogly SD, Arnold RM. Autologous chondrocyte implantation and

anteromedialization for isolated patellar articular cartilage lesions:

5- to 11-year follow-up. Am J Sports Med. 2014;42(4):912-920.

17. Gobbi A, Karnatzikos G, Kumar A. Long-term results after

microfracture treatment for full-thickness knee chondral lesions in ath-

letes. Knee Surg Sports Traumatol Arthrosc. 2014;22(9):1986-1996.

18. Gobbi A, Nunag P, Malinowski K. Treatment of full thickness chon-

dral lesions of the knee with microfracture in a group of athletes.

Knee Surg Sports Traumatol Arthrosc. 2005;13(3):213-221.

19. Gudas R, Stankevicius E, Monastyreckiene E, Pranys D, Kalesinskas

RJ. Osteochondral autologous transplantation versus microfracture

for the treatment of articular cartilage defects in the knee joint in ath-

letes. Knee Surg Sports Traumatol Arthrosc. 2006;14(9):834-842.

20. Harris JD, Quatman CE, Manring MM, Siston RA, Flanigan DC. How to

write a systematic review. Am J Sports Med. 2014;42(11):2761-2768.

21. Harris JD, Walton DM, Erickson BJ, et al. Return to sport and perfor-

mance after microfracture in the knees of National Basketball Asso-

ciation Players. Orthop J Sports Med. 2013;1(6):2325967113512759.

22. Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring incon-

sistency in meta-analyses. BMJ. 2003;327(7414):557-560.

23. Higgins JPT, Thomas J, Chandler J, Cumpston M, Li T, Page MJ,

Welch VA (editors). Cochrane Handbook for Systematic Reviews of

Interventions Version 6.0 (updated July 2019). 2019.

24. Hindle P, Hendry JL, Keating JF, Biant LC. Autologous osteochondral

mosaicplasty or TruFit plugs for cartilage repair. Knee Surg Sports

Traumatol Arthrosc. 2014;22(6):1235-1240.

25. Hollville E, Nordez A, Guilhem G, Lecompte J, Rabita G. Surface

properties affect the interplay between fascicles and tendinous tis-

sues during landing. Eur J Appl Physiol. 2020;120(1):203-217.

26. Kacprzak B, Rosinska K, Siuba-Jarosz N. Hyalofast cartilage repair

surgery with a full load-bearing rehabilitation program one day after

operation reduces the time for professional athletes to return to

play. Medicina (Kaunas). 2023;59(4):804.

27. Kane P, Frederick R, Tucker B, et al. Surgical restoration/repair of

articular cartilage injuries in athletes. Phys Sportsmed. 2013;

41(2):75-86.

28. Kon E, Filardo G, Berruto M, et al. Articular cartilage treatment in

high-level male soccer players: a prospective comparative study of

arthroscopic second-generation autologous chondrocyte implanta-

tion versus microfracture. Am J Sports Med. 2011;39(12):2549-2557.

29. Kon E, Gobbi A, Filardo G, Delcogliano M, Zaffagnini S, Marcacci M.

Arthroscopic second-generation autologous chondrocyte implanta-

tion compared with microfracture for chondral lesions of the knee:

prospective nonrandomized study at 5 years. Am J Sports Med.

2009;37(1):33-41.

30. Kreuz PC, Steinwachs M, Erggelet C, et al. Importance of sports in

cartilage regeneration after autologous chondrocyte implantation:

a prospective study with a 3-year follow-up. Am J Sports Med.

2007;35(8):1261-1268.

31. Krych AJ, Pareek A, King AH, Johnson NR, Stuart MJ, Williams RJ.

Return to sport after the surgical management of articular cartilage

lesions in the knee: a meta-analysis. Knee Surg Sports Traumatol

Arthrosc. 2017;25(10):3186-3196.

32. Krych AJ, Robertson CM, Williams RJ III, Cartilage Study Group.

Return to athletic activity after osteochondral allograft transplantation

in the knee. Am J Sports Med. 2012;40(5):1053-1059.

33. Liu JN, Agarwalla A, Christian DR, et al. Return to sport following high

tibial osteotomy with concomitant osteochondral allograft transplan-

tation. Am J Sports Med. 2020;48(8):1945-1952.

34. Marcacci M, Kon E, Delcogliano M, Filardo G, Busacca M, Zaffagnini

S. Arthroscopic autologous osteochondral grafting for cartilage

defects of the knee: prospective study results at a minimum 7-year

follow-up. Am J Sports Med. 2007;35(12):2014-2021.

35. Markus DH, Hurley ET, Haskel JD, et al. High return to sport in

patients over 45 years of age undergoing osteochondral allograft

transplantation for isolated chondral defects in the knee. Cartilage.

2021;13(suppl 1):S915-s919.

36. Marom N, Warner T, Williams RJ III. Differences in the demographics

and preferred management of knee cartilage injuries in soccer play-

ers across FIFA Centers of Excellence. Cartilage. 2021;13(suppl

1):S873-s885.

37. McCarthy MA, Meyer MA, Weber AE, et al. Can competitive athletes

return to high-level play after osteochondral allograft transplantation

of the knee? Arthroscopy. 2017;33(9):1712-1717.

38. Mehran N, Singla V, Okoroha KR, Mitchell JJ. Functional outcomes

and return to sport after cartilage restoration of the knee in high-level

athletes. J Am Acad Orthop Surg. 2021;29(21):910-919.

39. Minzlaff P, Feucht MJ, Saier T, et a;. Can young and active patients

participate in sports after osteochondral autologous transfer com-

bined with valgus high tibial osteotomy? Knee Surg Sports Traumatol

Arthrosc. 2016;24(5):1594-600.

40. Mithoefer K, Hambly K, Della Villa S, Silvers H, Mandelbaum BR.

Return to sports participation after articular cartilage repair in the

knee: scientific evidence. Am J Sports Med. 2009;37(suppl 1):

S167-s176.

41. Mithoefer K, Hambly K, Logerstedt D, Ricci M, Silvers H, Villa SD.

Current concepts for rehabilitation and return to sport after knee

articular cartilage repair in the athlete. J Orthop Sports Phys Ther.

2012;42(3):254-273.

42. Mithoefer K, Williams RJ III, Warren RF, Wickiewicz TL, Marx RG.

High-impact athletics after knee articular cartilage repair: a prospec-

tive evaluation of the microfracture technique. Am J Sports Med.

2006;34(9):1413-1418.

43. Mithofer K, Minas T, Peterson L, Yeon H, Micheli LJ. Functional out-

come of knee articular cartilage repair in adolescent athletes. Am J

Sports Med. 2005;33(8):1147-1153.

44. Mithofer K, Peterson L, Mandelbaum BR, Minas T. Articular cartilage

repair in soccer players with autologous chondrocyte transplantation:

AJSM Vol. 53, No. 10, 2025 RTS Level after Knee Cartilage Surgery 2481



functional outcome and return to competition. Am J Sports Med.

2005;33(11):1639-1646.

45. Moher D, Liberati A, Tetzlaff J, Altman DG, PRISMA Group. Preferred

reporting items for systematic reviews and meta-analyses: the

PRISMA statement. BMJ. 2009;339:b2535.

46. Monckeberg JE, Rafols C, Apablaza F, Gerhard P, Rosales J. Intra-

articular administration of peripheral blood stem cells with platelet-

rich plasma regenerated articular cartilage and improved clinical out-

comes for knee chondral lesions. Knee. 2019;26(4):824-831.

47. Murray IR, Benke MT, Mandelbaum BR. Management of knee artic-

ular cartilage injuries in athletes: chondroprotection, chondrofacilita-

tion, and resurfacing. Knee Surg Sports Traumatol Arthrosc.

2016;24(5):1617-1626.

48. Namdari S, Baldwin K, Anakwenze O, et al. Results and performance

after microfracture in National Basketball Association athletes. Am J

Sports Med. 2009;37(5):943-948.

49. Nielsen ES, McCauley JC, Pulido PA, Bugbee WD. Return to sport

and recreational activity after osteochondral allograft transplantation

in the knee. Am J Sports Med. 2017;45(7):1608-1614.

50. Ollat D, Lebel B, Thaunat M, et al. Mosaic osteochondral transplan-

tations in the knee joint, midterm results of the SFA multicenter study.

Orthop Traumatol Surg Res. 2011;97(suppl 8):S160-S166.

51. Otlans P, Lattermann C, Sherman SL, Gomoll AH, Lonner JH,

Freedman KB. Cartilage disease of the patellofemoral joint: realign-

ment, restoration, replacement. Instr Course Lect. 2021;70:289-

308.

52. Panics G, Hangody LR, Balo E, Vasarhelyi G, Gal T, Hangody L.

Osteochondral autograft and mosaicplasty in the football (soccer)

athlete. Cartilage. 2012;3(suppl1):S25-S30.

53. Pelissier A, Boyer P, Boussetta Y, et al. Satisfactory long-term MRI

after autologous chondrocyte implantation at the knee. Knee Surg

Sports Traumatol Arthrosc. 2014;22(9):2007-2012.

54. Pestka JM, Feucht MJ, Porichis S, Bode G, Südkamp NP, Niemeyer
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