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Abstract

Prior studies have examined return-to-play (RTP) rates and per-
formance outcomes following meniscus surgery in professional
basketball players but have largely focused on earlier eras. With
advancements in surgical techniques, rehabilitation, and player
management strategies, updated insights into postoperative out-
comes are needed. We hypothesized that National Basketball As-
sociation (NBA) players would demonstrate a higher return-to-
play (RTP) rate than the ~80% reported in 2010, with short-term
performance declines but recovery by the second postoperative
season. We also evaluated the impact of age, body mass index
(BMI), and position on outcomes. NBA players who sustained
isolated meniscal tears and underwent surgery between 2010 and
2023 were identified through public databases. Performance met-
rics—including games played, minutes per game (MPG), player
efficiency rating (PER), and distance covered per game—were
assessed preoperatively and at one and two years postoperatively.
Multivariable linear regression analyzed associations between
age, BMI, position, and outcomes. Of 47 eligible players, 43
(90.7%) returned to NBA play. Players missed a median of 17 +
34 games postoperatively and continued their careers for an aver-
age of 4.7 + 3.4 seasons. The percentage of games played per sea-
son significantly declined at one (60.9%, p <0.001) and two years
(64.2%, p < 0.01) postoperatively versus pre-injury (79%), a
novel finding. MPG and PER declined at one year (22.3 vs. 26.0,
p=0.02; 14.6 vs. 16.4, p = 0.04) but recovered by year two (23.8
MPG, 15.8 PER; both p > 0.1). Older age correlated with reduced
games played, MPG, and PER. BMI and position had no signifi-
cant impact. NBA players demonstrate high RTP rates after me-
niscus surgery. While playing time and efficiency recover by year
two, reduced availability persists, likely reflecting ongoing work-
load management strategies.
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Introduction

Professional basketball, epitomized by the National Bas-
ketball Association (NBA), demands exceptional athleti-
cism and exposes players to substantial musculoskeletal
stress - especially on the knee. The sport’s high-intensity
actions such as running, pivoting, cutting, and jumping
place the knee at considerable risk of injury.(Baker et al.,
1985; Krinsky et al., 1992) Epidemiologic studies in elite
athletes have demonstrated that knee injuries are not only
common but are also associated with significant time lost
from play and, in some cases, diminished career longev-
ity.(Poulsen and Johnson, 2011; Yeh et al., 2012) In this
context, injuries affecting the meniscus have drawn partic-
ular attention because they may compromise knee stability

and alter the kinetic chain, thereby impacting overall per-
formance.(Aune et al., 2014; Minhas et al., 2016).

Numerous investigations have evaluated the impact
of operative treatment on performance following major
knee injuries and lower extremity surgeries.(Starkey, 2000;
Busfield et al., 2009; Drakos et al., 2010; Harris et al.,
2013b; a; Minhas et al., 2016; Trofa et al., 2017) In partic-
ular, anterior cruciate ligament (ACL) tears have been ex-
tensively studied in various athletic populations. Studies of
ACL reconstruction have consistently reported decreases
in game participation and efficiency metrics in professional
and collegiate athletes.(Busfield et al., 2009; Shah et al.,
2010; Brophy et al., 2012; Harris et al., 2013a) These find-
ings not only underscore the importance of optimal treat-
ment and rehabilitation protocols but also illustrate how in-
jury-specific analyses can inform expectations regarding
return-to-play.

Although meniscal injuries represent a small but
significant subset of knee injuries among NBA players,
they can have significant implications for player perfor-
mance and career longevity. A 2022 systematic review of
professional men and women’s basketball injuries found
that the mean annual incidence of meniscal tears in profes-
sional basketball was 2.3 - 3.3 injuries per year.(Lian et al.,
2022) Prior studies in an NBA sample have reported RTP
rates ranging from 80.6% to 81.5%, with no significant
long-term declines in games played, minutes per game, and
key performance metrics such as PER.(Yeh et al., 2012;
Minhas et al., 2016) However, these studies were primarily
conducted in earlier decades, did not distinguish whether
injuries were treated operatively versus nonoperatively,
and may not reflect the current state of basketball and im-
pact of modern surgical techniques, rehabilitation proto-
cols, and evolving load management strategies.(Bansal et
al., 2021; Cong et al., 2024).

This study aims to provide an updated analysis of
meniscus surgery outcomes and assess the effect that sur-
gery has on various performance metrics among NBA
players between the 2009 - 2010 to 2022 - 2023 seasons.
Specifically, we compare return to play (RTP), minutes per
game (MPQ), player efficiency rating (PER), games per
season, and distance covered between the season preceding
injury and seasons following surgery. We hypothesize that
while surgical intervention enables a return to professional
play, it is associated with significant changes in these per-
formance outcomes. By correlating surgical results with
detailed performance metrics and demographic factors, our
study seeks to provide insights that may enhance clinical
decision-making and inform athletic management in pro-
fessional sports.
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Methods

Data collection and study population

This study utilized publicly available injury reports, press
releases, and player profiles to identify professional NBA
athletes who sustained an isolated meniscal tear between
2010 and 2023. To be included in the study, athletes must
have completed at least one full year of professional play
prior to their injury. Players in their rookie years or earlier
and those with concomitant injuries were excluded. Demo-
graphic, play time, and performance-related data were ob-
tained through mining online databases and publicly avail-
able sports statistics websites, as done in many previous
epidemiological studies.(Amin et al., 2013; Podlog et al.,
2015; Minhas et al., 2016) Examples of websites used in-
clude http://www.nba.com, http://espn.go.com/nba/,
https://www.prosportstransactions.com/basketball/, and
https://hashtagbasketball.com/nba-injury.

Variables and outcomes
The demographic information collected for each athlete in-
cluded body mass index (BMI), weight, height, position,
and age at the time of injury. The primary outcome of the
study was return to play (RTP), which was strictly defined
as professional participation in at least one NBA game in
the season following injury and surgery. Additionally, the
proportion of games played before and after surgery was
assessed to evaluate the impact of the injury and subse-
quent surgical intervention. Only unique athletes were in-
cluded in the study; thus, if player had a meniscus tear in
the contralateral knee, only their primary tear was included.
Secondary outcomes included play time and perfor-
mance metrics. Play time measurements consisted of
minutes per game (MPQG), player efficiency rating (PER),
and distance covered during games. The PER is a standard-
ized metric used in basketball analysis to evaluate player
performance by summing positive contributions, such as
points, rebounds, and steals, while subtracting negative
contributions, such as turnovers and fouls. PER is normal-
ized to 15 each season and calculated per minute to control
for playing time.

Performance metrics and play time statistics were
analyzed for the season preceding the injury (preoperative
season) and one and two years postoperatively. The season
in which injury and surgery occurred was considered to be
the index season. The preseason/offseason was considered
the “index season” if surgery occurred during this time pe-
riod.

Statistical analysis

Statistical analyses were conducted using R version
2023.09.1 (Boston, MA). Differences in performance and
play time metrics before and after the injury were assessed
using a two-tailed paired t-test with a level of significance
set at a = 0.05. We calculated that a sample size of 34
would achieve a power of 80% and a level of significance
of 5% for detecting an effect size of 0.5 between pairs.

To explore the influence of player-specific factors
on postoperative outcomes, a linear regression analysis
was performed. This model evaluated the effects of age,
BMI, and position on changes in MPG, PER, distance cov-
ered, and the proportion of games played two years post-
versus pre-injury.

Results

A total of sixty-one NBA players were identified as having
had operative management of a meniscus tear between the
2009 - 2010 and 2022 - 2023 seasons. After applying the
inclusion criteria, forty-seven players were included in the
study (Figure 1). Reasons for exclusion included con-
founding injuries (n = 3), such as ACL and patellar tendon
tears, and sustaining the injury during their rookie season
or earlier (n=11).

Among the forty-seven players included who un-
derwent surgical treatment, forty-three players (90.7%)
successfully returned to play at the NBA level. Of those
who returned to sport, the average body mass index (BMI)
was 25.2 + 1.9 kg/m?, with a mean height 0£199.6 £9.9 cm
and weight of 100.7 + 13.0 kg (Table 1).

Unique NBA players with operative management of meniscus tear between 2009 and 2022 (n = 61)

/

o~

Excluded: Confounding Injury (n = 3)

Excluded: Rookie or Not Yet in NBA (n = 11)

.

o

Players Meeting Inclusion Criteria (n = 47)

l

Returned to Sport (n = 43)

Figure 1. Flow diagram of players included in study.
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Table 1. Demographics of players returning to play.

Variable Count (%) / Mean (SD)
(n=43)
Height (cm) 199.6 (9.9)
Weight (kg) 100.7 (13.0)
BMI 25.2(1.9)
Position
Point Guard 13 (30.2%)
Shooting Guard 6 (14.0%)
Small Forward 10 (23.3%)
Power Forward 5(11.6%)
Center 9 (20.9%)
Laterality of Meniscus Tears
Left Knee 24 (55.8%)
Right Knee 19 (44.2%)
Meniscus Tear Location
Lateral 20 (46.5%)
Medial 9 (20.9%)
Unknown 14 (32.6%)

On average, knee arthroscopy for a torn meniscus
occurred in athletes aged 27.0 £ 4.1 years, with athletes
missing a median of 17 = 34 [0 - 206] games following
surgery (Figure 2). Athletes who returned to sport did so
for an average of 4.7 + 3.4 [1 - 15] seasons (Figure 2).
Twelve players (27.9%) were still active at the start of the
2024-2025 season. Additionally, nine players (20.9%) un-
derwent subsequent revision arthroscopy on the ipsilateral
knee during the study period. Of the four players who did
not return to the NBA, three went on to play internationally
while one played in the G-league. Compared to those who
RTP, these players were younger at the time of surgery
(22.4 + 1.4 years) and only played two NBA seasons on
average, suggesting that factors other than injury were pre-
venting them from returning to play in the NBA.

Distribution of Age, Games Missed, and Seasons Played

Age Games.Missed Seasons
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Figure 2. Box plot of players’ mean age at injury, postopera-
tive games missed, and postoperative seasons played.

Among athletes who underwent surgery and re-
turned to play, a significant decrease was observed in the
percentage of games played per season at both one (60.9%,
p <0.001) and two years (64.2%, p <0.01) postoperatively,
compared to preoperative baseline values (79%). Minutes
per game (MPQ) also showed a significant decline at one
year, dropping from 26.0 preoperatively to 22.3 at one year
(p = 0.02) but not at two years postoperatively (23.8, p =
0.14) (Figure 3). When evaluating performance statistics

among all NBA players returning to play, PER was signif-
icantly lower at one year postoperatively (14.6, p = 0.04)
but not at two years postoperatively (15.8, p = 0.14), com-
pared to the preoperative baseline (16.4). Similarly, dis-
tance covered per game significantly decreased from 1.95
miles preoperatively to 1.67 miles at one year postopera-
tively (p = 0.02). However, by two years postoperatively,
the distance covered per game (1.72 miles) was no longer
significantly different from baseline (p = 0.08).

In our multivariable linear regression analysis, nei-
ther position nor BMI showed a significant association
with the primary or secondary outcomes (Table 2). How-
ever, age at the time of surgery was significantly associated
with changes in the percentage of games played, MPG, and
PER two years’ post-surgery (Table 2). Specifically, for
each additional year of age at the time of surgery, athletes
played an average of 4.5% fewer games, 1.7 fewer minutes
per game, and experienced a 0.7 decline in PER.

Discussion

Our study examined RTP outcomes following knee ar-
throscopy for meniscus tears in NBA players, revealing a
RTP rate of 90.7%. However, significant reductions were
observed in games played one and two years postopera-
tively. By the second year, players returned to their pre-
injury MPG, PER, and distance covered per game. Lastly,
age was identified as a significant factor associated with
decreased availability and performance.

Compared to the previous literature, our study
demonstrates a higher return to play (RTP) rate of 90.7%.
A study of 129 isolated meniscal tears in NBA athletes
from 1988-2010 identified an RTP rate of 80.6%, while an-
other investigation of 54 meniscus tears in NBA players
between 1984 and 2012 reported an RTP rate of
81.5%.(Yeh et al., 2012; Minhas et al., 2016) These previ-
ous studies primarily examined cases from the 1990s and
2000s, whereas our study extends to the 2022-2023 season,
offering valuable insight into how modern advancements
in meniscus treatment may influence postoperative out-
comes. Over the past decade, there has been a growing shift
toward meniscal preservation in recognition of the menis-
cus’s crucial role in knee function, reflected in the increas-
ing adoption of meniscus repair techniques, despite repairs
still comprising a relatively small proportion (10 - 15%) of
all meniscal procedures.(Beaufils and Pujol, 2017; Chung
et al., 2019; Lee et al., 2019) Advances in surgical tech-
niques, including novel suturing methods and all-inside re-
pair devices, have contributed to improved repair success
rates.(Feucht et al., 2015; Cinque et al., 2017) Additionally,
emerging biological and biomaterial-based strategies, such
as growth factor augmentation and scaffold implants, are
being explored to enhance meniscal healing and long-term
joint preservation. (Lee et al., 2014; Patel et al., 2016; Pe-
reira et al., 2019) Younger patient age, similar to that of our
study cohort, is associated with a higher likelihood of re-
pair over debridement.(Wasserburger et al., 2021).

In contrast to the stable postoperative PER reported
in prior studies, our findings indicate a significant decrease
in PER during the first operative season. However, by two
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Figure 3. Postoperative availability and performance outcomes. The paired t-test compares A) the percentage of games played, B)
the minutes per game, C) the player efficiency rating, and D) the distance covered per game preoperative season versus one- and two-

year postoperatively. * p < 0.05, ** p < 0.01, *** p <0.001.

Table 2. Multivariable Linear Regression of Postoperative Qutcomes at Two Years.

Percent of Games MPG PER Distance per Game
Variable Played p-value Estimate p-value Estimate  p-value Estimate p-value
Estimate (95% CI) 95% CI) 95% CI) 95% CI)
Position
Point Guard 18.2 (-15.9, 52.3) 0.29 1.4 (-6.6,9.5) 0.72 04(-3.7,44) 0.86 -0.1 (-0.9, 0.7) 0.78
Shooting Guard -11.9 (-58.9, 35) 0.61 -1.4(-11.6,8.6) 0.79 1.3 (-4.0,6.6) 0.61 0.6 (-0.4, 1.5) 0.20
Small Forward -3.1 (-39.9, 33.8) 087 4.8(-3.8,13.4) 0.26 1.5(-3.0,6.0) 0.50 0.2 (-0.6, 0.9) 0.64
Power Forward 3.5 (-38.9, 35.8) 0.87 -3.6(-13.0,5.7) 043 -1.0(-5.8,3.8) 0.68 -0.4 (-1.4,0.5) 0.36
Center Ref — Ref — Ref — Ref -
BMI 0.6 (-5.9,7.1) 0.85 0.7 (-0.9, 2.4) 0.37 04 (-05,13) 035 -0.1 (-0.3, 0.0) 0.11
Age -4.5(-78,-13)  <0.001 -1.7(-2.5,-0.8) <0.001 -0.7(-1.1,-0.3) 0.002 -0.1(-0.2,0.1) 0.24

years postoperatively, performance levels were compara-
ble to pre-injury baselines. This suggests that while athletes
may experience a temporary decline in performance fol-
lowing surgery, they are likely to regain their pre-injury
level of play once they have fully returned to competition.
This insight can be valuable for team management, coach-
ing, and training staff when setting recovery expectations
and developing rehabilitation protocols. The overall find-
ing of no long-term change in on-court performance aligns
with existing literature, reinforcing the notion that surgical
intervention does not compromise an athlete’s career tra-
jectory.(Yeh et al., 2012; Minhas et al., 2016) However,
our study is unique in identifying this initial performance
dip, highlighting a critical period during which targeted
rehabilitation and workload management may be particu-
larly beneficial in optimizing recovery.

Notably, we observed that the total number of post-
operative seasons played after meniscus surgery was
higher compared to a previous study examining an earlier
three-decade period in the NBA (4.7 +3.4vs 3.2+ 0.51,p

= 0.002).(Minhas et al., 2016) Additionally, we identified
a significant decrease in percent of games played at one and
two seasons postoperatively, which is in contrast to previ-
ous studies. This suggests a shift in player management
strategies, where athletes are taking more games off in the
short term, potentially as a proactive measure to prolong
their careers and optimize long-term performance. This is
consistent with what would be expected in this new era of
“load management.” Load management is defined as
scheduled periods of rest to reduce the physiological load
a player endures during the season to promote career lon-
gevity and mitigate injury.(Jildeh, 2024) In fact, the NBA
released a report that showed that between the 1990s and
2020s, the average number of games missed per season by
those defined as star players rose from 10.6 games to now
23.9 games. Of the top 50 scorers in the 2022 - 2023 NBA
season, only 12 played in at least 70 of the league’s 82 reg-
ular-season games.

Previous research indicated that lateral meniscus
tears were more common than medial tears in NBA
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players.(Yeh et al., 2012) Our study supported this trend,
with lateral meniscus injuries accounting for 47% of cases
compared to 21% for medial meniscus injuries. We found
a nearly equal distribution of left (45%) and right (55%)
knee injuries, consistent with Yeh et al., who also reported
a near-even split.(Yeh et al., 2012) This contrasts with an
earlier study that found 80% of knee injuries occurred on
the right side in basketball players from the general popu-
lation.(Baker et al., 1985; Yeh et al., 2012) We agree with
their assessment that the high level of conditioning in pro-
fessional athletes minimizes reliance on a dominant knee.

Older age, but not BMI, was linked to a reduction
in games played, minutes per game, and PER following
surgery. While prior studies have not specifically exam-
ined the impact of age and BMI on postoperative outcomes
in NBA players with meniscus tears, existing research has
associated a BMI over 25 kg/m? with an increased risk of
meniscal tears.(Yeh et al., 2012) Additionally, age > 30
years and BMI > 27 kg/m? have been identified as predic-
tors of failure to return to play after orthopaedic proce-
dures.(Minhas et al., 2016) In our analysis, we treated age
and BMI as continuous variables, allowing us to quantify
how each additional year of age influences games missed
and performance metrics. These findings offer valuable in-
sights for teams and players when considering recovery
timelines and long-term career planning.

Interestingly, position was not shown to signifi-
cantly influence postoperative outcomes. This has not been
previously studied in relation to outcomes following me-
niscus surgery. Instead, a previous study of NFL players
found lower rates of return following meniscus surgery
among running backs, receivers, linebackers, and defen-
sive backs.(Aune et al., 2014) This may stem from the new
style of “positionless” basketball. In the last decade, the
gameplan philosophies employed by teams in the NBA
have changed substantially, resulting in athletes playing
multiple positions and initiating similar movements.

Limitations

This study has several limitations. We were unable to ob-
tain specific details regarding surgical techniques, rehabil-
itation protocols, and the grade and type of meniscus tears.
The inability to distinguish between meniscectomy and
meniscal repair limits our ability to evaluate the impact of
surgical approach on performance outcomes. However, our
study only considers surgical outcomes, analysis which has
previously been limited in the literature; this data can help
inform athletes and training staff about expectations. Ad-
ditionally, we could not control for confounding factors
that may have influenced RTP and performance, including
differences in the presence of minor or unreported injuries,
and non-injury related reasons that led to retirement. Selec-
tion bias may also be present; as more prominent players
were easier to track for inclusion in our dataset. We in-
cluded the 2020 COVID-affected season in our analysis,
acknowledging several potential confounders such as dis-
ruptions in training routines, game schedules, travel, diet,
and contact tracing protocols. However, adjustments were
made to account for the reduced number of games, similar
to the approach we used to analyze data from the shortened
2011 - 2012 lockout season. Finally, the reliance on

publicly available data limits our ability to verify the accu-
racy and completeness of the dataset.

Further research should aim to distinguish between
meniscus repair versus meniscectomy and their impact on
RTP and performance. Expanding the dataset to include a
larger cohort and incorporating medical records for more
granular analysis would enhance the reliability of findings.
Additionally, exploring rehabilitation protocols and work-
load management strategies will be crucial in optimizing
RTP outcomes for professional basketball players.

Conclusion

Our study provides updated insights into RTP outcomes
following meniscus surgery in NBA players, demonstrat-
ing a high RTP rate but decreased postoperative game
availability; however, we only identified a temporary per-
formance decline in the first postoperative season. While
previous studies have suggested lower RTP rates and post-
operative career durations, improvements in treatment and
rehabilitation may account for the more favorable out-
comes observed in our cohort. Addressing existing
knowledge gaps through further research will help opti-
mize recovery strategies and enhance player longevity in
professional basketball.
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Key points

e NBA players had a 90.7% return-to-play rate after meniscus
surgery, exceeding historical averages.

e While minutes per game and player efficiency rating recov-
ered by year two, players continued to participate in fewer
games postoperatively.

e Older age was associated with worse performance and avail-
ability outcomes, whereas BMI and position had no signifi-
cant effect.
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