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Abstract

The purpose of this study was to compare basketball performance markers 1y prior to initial severe lower extremity injury, including
ankle, knee, and hip injuries, to 1 and 2 y following injury during the regular National Basketball Association (NBA) season. Publicly
available data were extracted through a reproducible extraction computed programmed process. Eligible participants were NBA play-
ers with at least three seasons played between 2008 and 2019, with a time-loss injury reported during the study period. Basketball
performance was evaluated for season minutes, points, and rebounds. Prevalence of return to performance and linear regressions
were calculated. A total of 285 athletes sustained a severe lower extremity injury. A total of 196 (69%) played for 1 y and 130 (45%)
played for 2 y following the injury. A total of 58 (30%) players participated in a similar number of games and 57 (29%) scored similar
points 1 y following injury. A total of 48 (37%) participated in a similar number of games and 55 (42%) scored a similar number of
points 2 y following injury. Fewer than half of basketball players who suffered a severe lower extremity injury were participating at
the NBA level 2 y following injury, with similar findings for groin/hip/thigh, knee, and ankle injuries. Fewer than half of players were
performing at previous preinjury levels 2 y following injury. Suffering a severe lower extremity injury may be a prognostic factor that
can assist sports medicine professionals to educate and set performance expectations for NBA players.

Keywords: data scraping, performance analytics, minutes, points

Significance Statement:

Fewer than half of basketball players who suffered a groin/hip/thigh, knee, or ankle injury played in the National Basketball Asso-
ciation 2 y following injury. Fewer than half of these players returned to similar performance following a severe injury. The data
and code are freely accessible, allowing sport professionals to directly compare individual players to similar National Basketball
Association players returning to sport following a severe lower extremity injury. These data and direct comparisons can be used
to educate and set performance expectations for players, teams, and organization as they return to sport following a severe injury.

Abbreviations season (4). Each injury affects an individual player, but also has

ACL: Anterior Cruciate Ligament
AGE:  Athlete Game Exposure
NBA: National Basketball Association

Introduction

Injuries in professional male basketball are a significant problem
(1-3). Direct costs of injuries impact the National Basketball As-
sociation (NBA) an estimated $350 million in lost revenue each

consequences for the whole organization, with indirect costs ex-
tending to utilization of the medical team, wages, and revenue (5).
Further, injuries are known to affect performance at an individual
level (6-8), but a greater injury burden is associated with worse
team performance (5). As a result, many clinicians in high per-
formance sport are frequently asked to predict not only how long
until an athlete returns to play, but how long until they return to
their preinjury level of performance (9). Due to the monetary im-
plications and multilayered effect of injuries, there is a great deal
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of pressure to estimate the performance implications of specific
basketball injuries (1, 10).

Studies have examined the effect of specific injuries, such as
anterior cruciate ligament (ACL) injuries (6, 7) or Achilles ruptures
(8), on performance in professional basketball. For example, NBA
players who sustained an Achilles rupture demonstrated a de-
crease of 4.38 player efficiency rating (PER) 2 y following injury (8).
Although ACL and Achilles injuries present a significant burden
in sport, ACL injuries are not the most common knee injuries in
basketball and Achilles ruptures are rare (1, 10). Clinicians, coach-
ing staff, and team managers would benefit from knowledge re-
garding the most common severe injuries and their impact on
performance.

The contribution of players to overall team performance varies
in terms of minutes played, points per season, and season re-
bounds (6-8). Therefore, a severe injury may have implications
across multiple performance parameters. Currently, it is unclear
how common severe basketball injuries associate with NBA per-
formance the season following a severe injury. Understanding
if suffering a severe lower extremity injury is a prognostic fac-
tor in relation to performance would assist clinicians to com-
municate realistic return to performance expectations to ath-
letes, coaches, and organizations. Therefore, the purpose of this
study was to compare basketball performance markers 1y prior
to initial severe lower extremity injury, including ankle, knee,
and hip injuries, to 1 and 2 y following injury during the regular
NBA season.

Materials and methods
Study design

This is a retrospective self-controlled prepost study incorporating
publicly available data. The Strengthening the Reporting of Ob-
servational Studies in Epidemiology for Sport Injury and Illness
Surveillance (STROBE-SIIS) were followed (11). Data that are avail-
able through the internet (i.e. public) were extracted through a
procedure called “data scraping” (12). These data have previously
been published (3, 13). Three online repositories were employed to
extract these data:

1. “Pro Sport Transactions,” a database that processes all pro-
fessional sport activities in North America. These activities
include draft picks, trades, free agent signings, and injuries
(https://www.prosportstransactions.com). Within the web-
site, the basketball tab, under basketball transactions was
data scraped, beginning with https://www.prosportstrans
actions.com/basketball/Search/SearchResults.php?Player
= &Team = &BeginDate = &EndDate = &PlayerMove-
mentChkBx = yes&Submit = Search.

2. Basketball-Reference.com, a website that updates and con-
tinuously deposits all NBA performance data (https://ww
w.basketball-reference.com). Each NBA player season per-
formance statistics were extracted for every included sea-
son. https://www.basketball-reference.com/leagues/NBA_2
022_totals.html.

3. The official NBA website, which reports NBA performance
and injury data (https://stats.nba.com). The NBA perfor-
mance metrics were extracted from the exact website http
s://www.nba.com/stats/players/. The performance metrics
were compared to “basketball-reference.” Return to game
dates were compared to “Pro Sport Transactions.”

Data extraction

The website https://www.prosportstransactions.com was used as
the initial data extraction website. Data extract was performed
on 2019 December 1. The timeline parameters of data extrac-
tion were from the beginning of website collection through 2019
December 1. Data from the 2020 season (i.e. the COVID-19 sea-
son) were not included within these analyses (3, 13). Basketball-
Reference.com and stats.nba.com websites were used to data
scrape additional data. Data included games played, games
missed, playing position, and season performance statistics, in-
cluding minutes played, points scores, and rebounds. A cus-
tom R package was created (‘NBAinjuries”) to extract and cross-
reference the NBA game and performance data. For code and data,
refer to the GitHub R Package “tylerferguson/NBAinjuries.”

Data cleaning

Deviations in data were observed through quality checks, includ-
ing missed days and team names, and incomplete dates from
datainception through the 2007 season. These data were inconsis-
tent due to technological issues at the beginning of the websites
inceptions. Data before 2008 were excluded (3, 13). The website
https://www.prosportstransactions.com demonstrated reliable
injury date recording but inconsistent injury date of recovery. The
https://www.prosportstransactions.com were harmonized with
https://stats.nba.com and https://www.basketball-reference.com
data at the individual game level to determine time to injury
recovery. As practice dates were not included in these data,
the first game played following injury was adopted for date of
injury recovery (i.e. resolution). Automated internal validation
checks were performed to assess for values that are no possi-
ble such as missing or negative days to injury recovery were not
included (3, 13).

External validation

Data were externally validated through two independent exam-
iners. A total of 180 data points were randomly externally vali-
dated through a random number generator (Appendix S2). Injury
and body part data were compared to other public internet based
data including: NBA.net, ESPN.com, and individual NBA organiza-
tion websites (3, 13). Measure of agreement was 44.7% for exact
date, 84.1% for missed games, and 95.6% for injury site (Appendix
S2). The injury date low measure of agreement was determined to
be due to that the scraped data recounted the first game missed
from injury. On the other hand, the external data reported the ex-
act date. The differences between the scraped and external data
imply the external data would report the exact training or prac-
tice date, while the scraped data reported data only at the game
level. Further discrepancies between data may be due to an NBA
player being reactivated on the playing roster, but not receiving
playing minutes. While NBA players may have been reactivated
on the playing roster, the player may not be ready to perform in
game (3, 13).

Participants

NBA players were appropriate if they were 18 y and older, and
played at least three seasons between 2008 and 2019, with a
severe time-loss lower extremity (ankle, knee, or hip) injury re-
ported during the study period. Exclusion criteria were as follows:
(1) less than three seasons of experience due to their difference
in injury risk (13); (2) injured and did not play in the season prior
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Table 1. NBA players demographics.

Severe lower extremity

Severe groin/hip/thigh

Severe knee injury Severe ankle injury

Variable injury (n = 196) injury (n = 39) (n=111) (n = 46)
Age at injury (years) 26.9 (3.9) 26.3 (3.1) 27.1 (4.0) 27.1 (4.2)
Seasons played in the NBA 8.0(2.7) 7.8 (2.6) 7.9(2.7) 8.5(2.7)
BMI (kg/m?) 25.1(1.7) 25.1(1.9) 25.0 (1.7) 25.0 (1.8)
Position
Guard 39% 45% 34% 46%
Forward 41% 38% 45% 35%
Center 20% 17% 21% 19%

All descriptive statistics are reported as mean (SD) or percentage.

to injury; and (3) injured and did not play in the season following
return to sport.

The index season was identified as the season where the se-
vere lower extremity injury occurred. If a severe lower extremity
injury resulted in missing games in the next season, this was still
considered part of the index season. The season prior to the index
season was defined as the season preceding the severe lower ex-
tremity injury. The athlete could not sustain more than a minor
injury during this season. The season following the index injury
(Year 1) was determined after the athlete had returned to sport,
and did not suffer a recurrent or subsequent injury within 14 d
following return to sport (14).

Exposure definition

Athlete exposure was calculated through athlete game exposures
(15). Player minutes was included as a performance marker, due
to potential changes in minute play following a severe injury, or
changes in overall player performance.

Injury and illness definitions

An injury was demarcated as tissue damage that transpired dur-
ing any NBA session and resulted in at least a timeloss of one
game (2, 11, 16). Data were only included from the first regular
season game to the last regular season. Other player activities, in-
cluding preseason, playoffs, and off-season injuries were not in-
cluded. These data were not included due to the data irregularity
and some injuries could not be validated as being sustained dur-
ing basketball exposure. Injuries were also stratified by body part
(17). Injury severity was stratified into Slight (1 game), Minor (2 to
3 games), Moderate (4 to 13 games), or Severe (144 games) (11, 18).

Outcomes

Specific performance markers during regular NBA season in-
cluded: games started, season minutes, season points, points per
game, season fleld goals attempted, and season rebounds.

Statistical analyses

Prior to data analysis, missing data were assessed. Missing data
were 0% for index season, the season prior to the index, and the
season following the index season. However, 33% of basketball
players demonstrated missing performance data (minutes played,
points in a season, and field goals attempted) 2 y following index
season. Reasons for the missing performance data were explained
through being released from an NBA team and thus were deter-
mined to be missing not at random. As multiple imputation is not
suggested for missing not at random data, complete case analyses
were performed.

Continuous variables were summarized as means (SD) and
count data were summarized as percentages. ANOVA was per-

formed to assess return to sport time between groin/hip/thigh,
knee, and ankle injuries. Performance measurements were strat-
ified by ankle, knee, and hip. Prevalence of athletes that returned
to preinjury performance with 95% Cls were calculated (19).

Linear regression models were fit to understand the prognos-
tic association of season basketball performance (minutes played,
points scored, and rebounds) following severe lower extremity in-
jury. The first season and second season performance following
return to sport after a primary severe injury were each included
individually in the regression model as the explanatory variables,
with the season prior to the primary severe injury as the compar-
ison. Results were presented as regression coefficients with 95%
CI. Sensitivity analyses were performed including severe knee in-
juries only and nonlinear analyses with restricted cubic splines.
Points scored and rebounds also controlled for minutes played as
a secondary analysis. All analyses were performed in R version
4.02 (R Core Team, 2013).

Results
Descriptive and performance statistics

A total of 285 athletes sustained a severe lower extremity injury,
with 196 (69%) athletes playing atleast 1y following the injury (Ta-
ble 1, flow diagram in Appendix S1). There was no statistical dif-
ference in number days to return to sport between groin/hip/thigh
[227 (88)], knee [260 (160)], or ankle [260 (77)] basketball players
(P = 0.289). There was a descriptive decrease in basketball per-
formance markers in seasons following a primary severe lower
extremity injury compared to the season before a primary lower
extremity injury (Table 2; Appendix S3).

A total of 33% of basketball players who suffered a severe lower
extremity injury did not play a second season following injury. By
injury, 33% of basketball players who suffered a severe ankle in-
jury, 33% that suffered a severe knee injury, and 30% that suffered
a severe groin/hip/thigh injury, did not play a second season.

Only 30% (95% CI: 23, 36) of basketball players who suffered
a lower extremity injury, returned to their preinjury number of
games 1y following injury and only 37% (95% CI: 29, 45) of players
return to their preinjury number of games in 2 y (Table 3). A simi-
lar trend was seen for all metrics. For most markers, less than 30%
of players return to their preinjury level of performance within 1
y of severe injury. More athletes returned to their preinjury level
of performance within 2 y. However, in most cases, this was still
under 50% of players (Table 3).

Basketball performance markers in athletes with severe
lower extremity injury

Performance metrics 1 and 2 y following severe lower extremity
injury demonstrated decreased season minutes played [1 y: 0.5
(95% CI: 0.4, 0.6), P < 0.001; 2 y: 0.5 (95% CI: 0.3, 0.6), P < 0.001],
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Table 2. NBA players performance statistics for 1 y prior and 1 and 2 y following severe injury.

Variable Severe lower extremity injury (n = 196)
1y prior 1y following 2 y following
Games played 65 (17) 51 (25) 56 (22)
Games started 40 (29) 26 (29) 33 (30)
Season minutes played 1730 (750) 1243 (883) 1430 (871)
Minutes played per game 25.8(8.1) 21.6 (9.2) 23.3(9.2)
Season points 761 (468) 563 (506) 687 (552)
Points per game 11.2 (5.8) 9.3(6.2) 10.8 (6.8)
Season rebounds 297 (200) 223 (208) 260 (216)
Rebounds per game 3.6 (2.4) 2.7 (2.5) 4.2(2.9)
Results are reported as mean (SD).
Table 3. Prevalence of NBA players reaching preinjury performance stratified by year.
Season Minutes
Games Games minutes played Season Points per Season Rebounds
played started played per game points game rebounds per game
1y following severe injury
Severe lower extremity injury 30% 32% 28% 26% 29% 29% 29% 29%
(n = 196) (23, 36) (27,38) (21, 34) (20, 32) (23, 35) (23, 35) (23, 35) (23, 35)
Severe groin/hip/thigh injury 33% 33% 33% 28% 33% 33% 33% 33%
(n=39) (19, 48) (19, 48) (19, 48) (14, 42) (19, 48) (19, 48) (19, 48) (19, 48)
Severe knee injury 32% 32% 25% 21% 27% 25% 27% 26%
(n=111) (24, 41) (24, 41) (17,33) (13, 28) (19, 35) (17,33) (19, 35) (18, 34)
Severe ankle injury 20% 28% 28% 37% 30% 35% 28% 33%
(n = 46) (8,31) (15, 41) (15, 41) (23,51) (17, 44) (21, 49) (15, 41) (19, 46)
2y following severe injury
Severe lower extremity injury 37% 45% 34% 31% 36% 42% 36% 35%
(n = 130) (29, 45) (37,54) (26, 42) (23, 39) (27, 44) (33, 50) (28, 44) (27, 43)
Severe groin/hip/thigh injury 26% 41% 27% 26% 33% 41% 33% 33%
(n=27) (9, 42) (22, 59) (10, 43) (9, 42) (16, 51) (22, 59) (16, 51) (16, 51)
Severe knee injury 41% 44% 32% 27% 32% 37% 32% 27%
n=73) (30, 52) (33, 55) (21, 42) (17, 38) (21, 42) (26, 48) (21, 42) (17, 38)
Severe ankle injury 35% 45% 45% 42% 45% 45% 48% 55%
(n=31) (19,52) (28, 63) (28, 63) (25, 59) (28, 63) (28, 63) (31, 66) (37,72)

Prevalence is reported per 100 athletes.
All calculations are reported with 95% ClIs.

season points scored [1y: 0.5 (95% CI: 0.4, 0.7), P < 0.001; 2 y: 0.6
(95% CI: 0.4, 0.8), P < 0.001], and season rebounds [1 y: 0.6 (95% CIL:
0.5,0.7), P < 0.001; 2 y: 0.6 (95% CI: 0.5, 0.7), P < 0.001] compared
to 1y prior to severe injury.

When controlling for minutes played in a season, performance
metrics 1 and 2 y following severe lower extremity injury demon-
strated decreased season points scored per minute played [1 y:
0.5 (95% CI: 0.4, 0.6), P < 0.001; 2 y: 0.5 (95% CI: 0.4, 0.6), P < 0.001],
and season rebounds per minute played [1y: 0.5 (95% CI: 0.4, 0.6),
P <0.001; 2y: 0.4 (95% CI: 0.3, 0.5), P < 0.001].

Sensitivity analyses

Including only severe knee injuries demonstrated similar results
for minutes [1y: 0.6 (95% CI: 0.4, 0.8); P < 0.001; 2 y: 0.5 (95% CI:
0.2,0.7), P < 0.001], points [1 y: 0.6 (95% CI: 0.5, 0.8), P < 0.001; 2
y: 0.8 (95% CI: 0.6, 1.0), P < 0.001], and rebounds [1 y: 0.8 (95% CI:
0.6,0.9), P < 0.001; 2 y: 0.6 (95% CI: 0.4, 0.7), P < 0.001] compared
to the inclusion of all severe groin/hip/thigh, knee, and ankle in-
juries. Season points scored per minute played [1 y: 0.2 (95% CIL:
0.1,0.3),P < 0.001); 2 y: 0.6 (95% CI: 0.4, 0.8), P < 0.001], and season
rebounds per minute played [1y: 0.5 (95% CI: 0.4, 0.6), P < 0.001; 2
y: 0.4 (95% CI: 0.3, 0.6), P < 0.001] demonstrated similar results for
1 and 2 y following severe injury compared to the primary analy-

ses. Using nonlinear analyses, basketball players 1 and 2 y follow-
ing index year demonstrated decreased season minutes, points,
and rebounds. Please refer to the Appendix S4 for nonlinear coef-
ficients and figures.

Discussion

This study found that only 196 (69%) of players participated in the
NBA 1y following a severe lower extremity injury, and only 66% of
those players [135 (45% overall)] participated in the NBA for a sec-
ond season following severe injury. Further, only 58 (30%) of NBA
players returned to their preinjury number of games 1y following
injury and 48 (37%) returned to their preinjury number of games
2y following injury. There were no differences in time to return to
sport after ankle, knee, or thigh/hip/groin injuries, suggesting that
injury time loss was similar, creating an analogous comparison
of performance following injury. The first and second year after
the injury NBA players observed nonlinear relationships to per-
formance, and all groups demonstrated decreased performance
following a severe lower extremity injury. The results of this study
present a bleak picture of return to performance in the NBA.

Two thirds of basketball players who sustained a severe lower
extremity injury participated at the NBA level 1y following injury,
with just under half participating 2 y following injury. These find-
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ings are similar compared to anterior cruciate ligament injuries
in mens’ professional soccer (20). Further, NBA players who sus-
tained an ACL tear, played on average 2 y less than healthy NBA
controls (21). In another study evaluating Achilles tendon rup-
tures in NBA players, players who sustained an Achilles rupture
were limited on average to two seasons following rupture, suggest-
ing a potential survival effect (8). Player dropout was similar for
groin/hip/thigh, knee, and ankle injuries. Initial dropout following
severe injury may be due to the catastrophic nature of the injuries
(20, 22). However, the further dropout of players in the second year
likely indicates that returning to play alone is not sufficient, return
to performance is necessary to continue a career in the NBA. It is
possible that basketball players who remained in league play for 2
y may have greater basketball skill and performance than players
who do not play in the NBA 2 y following a severe injury. However,
further research is needed to investigate this hypothesis.

Most basketball players in this study did not return to their
preinjury level of performance and demonstrated decreased per-
formance 1 and 2 y following a severe lower extremity in-
jury. These decreased performance findings were similar across
groin/hip/thigh, knee, and ankle injuries. The results of this study
support previous literature in basketball (6) and in sports such as
baseball (23) and football (24). However, the previous literature in-
stituted a case-control design, and compared to noninjured con-
trols for only 1 y. In addition to the extended time to return to
play after severe injury, it may require increased time to return
to previous performance levels after returning to sport. Further,
even if an athlete can perform at their preinjury level for a few
games, after severe injury it is possible they are not able to sus-
tain that level for an entire season (25). Another possible explana-
tion is load management. Within the last decade, load manage-
ment has almost universally been integrated into the NBA (26).
Load management involves regulating minutes played with the
aim of mitigating injury risk, decreasing the chance of missed
competition (27), and ultimately increasing the chance of team
success (5). Coaches, sports medicine, and performance profes-
sionals may rest or have stricter load management strategies for
basketball players returning after severe injury. When evaluating
performance metrics such as points per game or rebounds per
game or per minute, NBA players also demonstrated decreased
performance. Further research is needed to understand the asso-
ciation of different physical parameters,load management strate-
gies, and return to preinjury performance in professional basket-
ball.

Practical applications

The custom R software package is open acces for convenient use.
The authors hope that using a transparent reproducible method-
ology will help transform sports injury surveillance and preven-
tion programs. These data are consistent with best practice for
open-access data (28), based on ethical guidelines concerning
the scientific process (29) and clinical reproducibility (30). Eleven
years of basketball injury incidence, severity, and performance
data are included, improving the stability and generalizability of
these data. This study identified a potential prognostic factor in
association to NBA performance. While this is only a prelimi-
nary investigation of one potential prognostic factor, aligned with
PROGRESS recommendations (31), these raw open access data can
be used by clinicians and coaches to better help create improved
realistic prognostic recommendations for basketball player per-
formance metrics following a severe lower extremity injury. For
example, a basketball player can be matched through the player

database and injury, and specific performance can be compared
using the open access data and the subsequent code, providing
tangible, real data applications and comparisons.

Limitations

As with all studies there are limitations. It should be noted only
NBA data were extracted and analyzed, decreasing the ability to
generalize these results other leagues or other countries. There
is a risk of Type 1 and II error due to the multiple analyses per-
formed and the moderate size of this sample. Due to these data
being extracted from public sources, missing data cannot be truly
quantified, decreasing the precision of these results. Nevertheless,
randomized and blinded external data validation checks were ex-
ecuted with other public data to increase the interpretability of
these results. Injuries may have been misclassified, and injuries
were categorized to the nearest body part, decreasing the preci-
sion of these findings. Further, injuries were calculated from the
first missed game. Injuries incurred in practice or training ses-
sions could not be accurately determined, decreasing the preci-
sion of these results. Inclusion criteria consisted of NBA play-
ers who played at least three seasons in order to have substan-
tial data to compare the effect of severe lower extremity injury
on performance. Comparisons to healthy controls were not pos-
sible with these data, and decrease the interpretability of these
results. Rookies were not included due to the paucity of perfor-
mance data prior to index severe injury, and the potential effect
of first time league play on performance and injury (13). How-
ever, NBA players may incur severe injuries that limit NBA play,
causing a survival effect. Only seasonal performance data were
available for analysis. Injuries may be sustained at different points
throughout a season, causing different rehabilitation and return
to play/performance timelines, decreasing the precision and in-
terpretability of these results. Due to the volatility of game to
game and in season player performance, these data should only
be interpreted in context of the entire season performance. These
data and analyses are designed to assess prognostic associations,
causality cannot be determined from this study. Due to the data
quality and methodology, causal structures and models could not
be determined. As a result, the potential for collider bias inhibited
covariates to be controlled for within the analyses, allowing only
for unadjusted prognostic associations to be analyzed. However,
the authors did perform further analyses, controlling for poten-
tial variables, including: age at primary severe injury, number of
NBA seasons played the year of the primary severe injury, year of
primary severe injury, body part (ankle, knee, or hip), and position
(guard, forward, or center), and an interaction between age at pri-
mary severe injury, number of NBA seasons played during the year
of primary severe injury. These results were similar to the primary
analyses (Appendix S4).

Conclusions

Fewer than half of basketball players who suffered a severe lower
extremity injury were participating at the NBA level 2 y follow-
ing injury. These results were similar for groin/hip/thigh, knee,
and ankle injuries. Basketball players who sustained a severe
groin/hip/thigh, knee, or ankle injury demonstrated decreased
basketball performance across all performance metrics, for sea-
sonal and per game metrics. Fewer than half of players were per-
forming at previous preinjury levels 2 y following injury. Current
sportinjury data are inaccessible to the general clinician, athletes,
or organizations outside of an individual team or league, inhibit-
ing collaboration and transparent scientific enquiry. Suffering a
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severe lower extremity injury is potentially a prognostic factor
in association to NBA performance. These data can assist sports
medicine and performance professionals to educate and set
performance expectations for players, teams, and organizations
as they return to basketball following a severe lower extremity

injury.
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