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Background: Considerable variability exists in return-to-play rates after anterior cruciate ligament (ACL) injury and reconstruction
(ACLR) among National Football League (NFL) players of different positions.

Purpose/Hypothesis: The purpose of this study was to compare return-to-play and performance levels by position in NFL players
after ACLR. It was hypothesized that (1) ACL injuries have significant effects on the careers of NFL players, including return to play
and performance, and (2) players of certain positions that involve relatively less pivoting and cutting perform better after ACLR.

Study Design: Descriptive epidemiology study.

Methods: All NFL players who underwent ACLR between 2013 and 2018 were identified using the FantasyData injury database.
Player characteristics, snap count, games played, games started, and performance metrics were collected for 3 years before and
after injury using the Pro Football Reference database. Performance was measured using an approximate value (AV) algorithm to
compare performance across positions and over time. Nonparametric tests were used to compare the pre- and postinjury data and
the percentage change in performance between different positions.

Results: Overall, 312 NFL players were included in this study, and 174 (55.8%) returned to play. Of the eligible players, only 28.5%
(n = 59/207) remained in the league 3 years postinjury. Within the first 3 years postinjury, players played in fewer games (8.7 vs
13.7; P < .0001), started in fewer games (3.0 vs 8.3; P < .0001), had lower AVs (1.5 vs 4.3; P < .0001), and had decreased snap
counts (259.0 vs 619.0; P < .0001) compared with preinjury. Quarterbacks were most likely to return to play (92.9% vs 53.7%;
P = .0040) and to return to performance (2% vs 50% decrease in AV; P = .0165) compared with the other positions. Running backs
had the largest decrease in AV (90.5%), followed by defensive linemen (76.2%) and linebackers (62.5%).

Conclusion: The study findings indicated that NFL players are severely affected by ACL injury, with only 28.5% still active in the
league 3 years after the injury. Running backs, defensive linemen, and linebackers performed the worst after injury. Quarterbacks
were most likely to return to play and had superior postinjury performance compared with the other positions.
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Anterior cruciate ligament (ACL) injuries can be devastat-
ing to professional athletes, affecting career length, per-
formance outcomes, yearly earnings, and mental health.
Previous studies have shown that approximately one-
third of National Football League (NFL) players did
not return to play after an ACL tear.’3? Another study
found that NFL players with ACL injury earned
$2,070,521 less than salary-matched controls over the 4-
year period after their injury. Psychological consequences
of ACL injury include elevated fear of reinjury, which
results in physical impairments, reduced self-reported
function, and lower rates of return to play.®2%27
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Although considerable variability exists with return to play
after ACL reconstruction (ACLR) among NFL players of dif-
ferent positions,>”816293! there are no previous studies com-
paring return to play and postinjury performance after ACLR
across different positions in the NFL. Therefore, the purpose
of this study was to compare return to play and performance
levels after ACLR in NFL players of various positions. We
hypothesized that players of different positions would have
significantly different pre- and postinjury percentage changes
in their approximate value (AV) performance scores.

METHODS

This cross-sectional study was exempt from requiring insti-
tutional review board review because the data were
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312 athletes
Sustained an ACL injury and
underwent ACL reconstruction
during the 2013 to 2018 NFL
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——————————=| Athletes that did not return to
play post-injury
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post-injury
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Athletes with no pre-injury
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135 athletes
Included in performance
analysis

Figure 1. CONSORT (Consolidated Standards of Reporting
Trials) flow diagram demonstrating final patient selection.
ACL, anterior cruciate ligament; NFL, National Football
League.

publicly available. NFL players with ACL injury were
identified using a compiled injury database from
FantasyData,'® an online platform offering sports
research tools, fantasy statistics, and projections for the
NFL and other professional sporting leagues. This
database also provided information on player position and
team at the time of the injury.

A total of 312 NFL players who sustained an ACL injury
were found in the database search. Inclusion criteria were
NFL players who underwent ACLR for an ACL injury
between 2013 and 2018. Exclusion criteria for our perfor-
mance analysis included first-year players lacking prein-
jury performance data (n = 39) or players who did not
return to play in any capacity after undergoing an ACLR
(n = 138) (Figure 1). Return to play was defined as playing
in at least 1 snap in at least 1 regular season NFL game
after ACL injury. No specific distinction was made for revi-
sion ACLR or multiligamentous injuries, and both were
included in this study.

Information on player height and weight—found on the
Pro Football Reference website'>—was used to calculate
body mass index (BMI). Information on draft year and
round was also obtained from the Pro Football Reference
website.!? Players were classified as one of the following
positions: quarterback, running back, fullback, wide
receiver, tight end, long snapper, offensive lineman, punter,
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TABLE 1
Characteristics and Return to Play After ACLR in
NFL Players®
Did Not
Returned to Return to

Play (n =174) Play(n =138) P

Player characteristics

Body mass index 30.94 + 4.35 30.30 + 4.20 134
Time in the NFL, y 2.89 +2.92 2.99 + 2.69 455
Injury characteristics

Preseason/offseason 66 95 <.001

injury
In-season injury 107 44
Player draft status
Drafted, n (%) 131 (75) 74 (54)
Drafted in rounds 1-3 82 29 <.001
Drafted in rounds 4-7 49 45 .027
Player position group
Quarterback 12 2 >.99
Running backs (RB, FB) 15 13 .041
Receivers (WR, TE) 30 37 012
Offensive linemen 35 11 .605
(OL, LS)

Defensive linemen 23 20 .576
(DE, DT)

Linebacker 27 22 .343

Defensive backs 31 31 .009
(CB, FS, SS, S)

Punter or kicker 1 2 .293

“Data presented as mean + SD or No. of players (%). Bolded
P values indicate statistically significant difference between
groups (P < .05). ACLR, anterior cruciate ligament reconstruction;
CB, cornerback; DE, defensive end; DT, defensive tackle; FB, full-
back; FS, free safety; LS, long snapper; NFL, National Football
League; OL, offensive lineman; RB, running back; S, safety; SS,
strong safety; TE, tight end; WR, wide receiver.

kicker, defensive end, defensive tackle, linebacker, corner-
back, safety, free safety, and strong safety. The 16 positions
were then grouped into the following cohorts for perfor-
mance evaluation: defensive backs (cornerback, strong
safety, free safety, safety); defensive linemen (defensive
tackle, defensive end); linebacker; offensive linemen (offen-
sive lineman and long snapper); quarterback; running back
and fullback; receivers (wide receiver, tight end); and pun-
ters and kickers. All descriptive information are displayed in
Table 1.
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The Pro Football Reference database'® was used to col-
lect information on snap count, games played, games
started, and AV. Performance data were collected for
3 years before and after the ACL injury. Data from the year
of the injury were only included if the player was eligible for
all 16 regular season games that season. Return-to-play
time was ascertained by calculating the amount of time
between injury date and return-to-play date. Injury date
was obtained via online search for news publications and
confirmed on FantasyData'® and Pro Football Reference.®
The return-to-play date was defined as playing in at least 1
snap of 1 regular season NFL game.

An AV methodology was utilized to create a standardized
metric to quantify the aggregate performance level of NFL
players of different positions as described previously.®?®
First, team points were allocated to offensive and defensive
players according to overall team performance. Then,
further calculations were performed on each player’s spe-
cific function within the team (blocker, rusher, receiver,
passer, front seven, secondary). Thus, the aggregate AV for
each player was calculated as a sum of all the points
obtained by that player for each of his various functions.
The detailed calculations for AVs for offensive and defen-
sive players can be found in Supplemental Tables S1 and
S2, respectively.>1°

Statistical Analysis

Descriptive statistics were tabulated. All continuous out-
come variables were analyzed for normality using histo-
grams, box plots, and the Kolmogorov-Smirnov test.
Homogeneity of variance was tested using the Levene test.
Given the data violated these conditions and the desired
retainment of outliers, continuous variables were reported
with medians and interquartile ranges. Categorical vari-
ables were summarized using the frequency and percent-
age. The primary outcome measures for player
performance were AV and snap count. Secondary outcome
measures included the number of games in which the ath-
letes played and the number of games in which they started
each season.

Nonparametric tests for games played, games started,
AV, and snap count were compared for the 3 seasons before
with the 3 seasons after injury using Wilcoxon signed rank
tests. Performance metrics were also compared between
the immediate preinjury season and the third year postin-
jury. This was performed to better compare the athletes’
performance in the season immediately before their injury
and 3 seasons after to allow time for adequate rehabilita-
tion. Chi-square test was used for univariate group compar-
isons of categorical variables. Kruskal-Wallis test was used
to determine significant differences in these measures
across player positions. Given the expected AV and snap
count varies by position, the percentage change from pre-
injury to postinjury was used to compare across positions.
When the Kruskal-Wallis test demonstrated a significant
difference between positions, post hoc pairwise compari-
sons were performed for a significant omnibus test using
Dunn test. Nonparametric regression models using gener-
alized additive models were constructed to control for
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potential confounders including BMI?! and draft round,??
which have been shown to affect performance after ACLR.
An alpha level of P < .05 was used for statistical signifi-
cance for all tests. All statistical analyses were performed
using SAS Version 9.2 (SAS Institute).

RESULTS

A total of 312 NFL players sustained an ACL injury and
underwent ACLR during the 2013 to 2018 seasons. This
included 161 combined offseason and preseason injuries
and 151 combined regular season and postseason injuries.
Players with offseason and preseason injuries were signif-
icantly less likely to return to play (59.0% vs 29.0%; P <
.001) (Table 1). Most ACL injuries were sustained in line-
backers (n = 49, 15.7%), wide receivers (n = 47, 15.1%), and
offensive linemen (n = 42, 13.5%) (Table 1). The mean + SD
return-to-play time was 12.4 + 2.5 months after injury.
Only 55.4% (n = 173/312) of players returned to play after
ACLR. Of the eligible players, only 41.3% (n = 107/259)
were playing 2 seasons after injury, and only 28.5% (59/
207) remained in the NFL for 3 seasons after injury. This
was adjusted to include only the players injured through
2017 for 2-year return to play and 2016 for 3-year return to
play, as postinjury data were only available through the
most recent 2019 to 2020 season.

Games Played

The injured athletes played in 13.7 + 3.7 games preinjury
and 8.7 = 10.3 games postinjury, averaged across 3 seasons
pre- and postinjury (Figure 2A). The athletes played in 4.3
fewer games per season postinjury (P < .0001). When com-
paring the number of games played in the season immedi-
ately before their injury and the third season postinjury,
players played in an average of 7.0 fewer games (P < .0001).
This analysis includes only those 59 players who were still
playing in the league 3 years postinjury.

Games Started

The average number of games in which the injured athletes
started was 8.3 (11.7 SD) preinjury and 3.0 (10.5 SD) post-
injury, averaged across 3 seasons pre- and postinjury (Fig-
ure 2B). The athletes started in 1.0 fewer games per season
postinjury (P < .0001). Regarding the 59 players still play-
ing in the league 3 years postinjury, players started in an
average of 1.0 fewer games (P < .0001).

Snap Count

In terms of snap count, there was a 49.6% decrease in snap
counts during the first 3 years after returning from an
ACLR. The average snap count for all players was 619.0 +
520.3 preinjury and 259.0 £ 574.2 postinjury, averaged
across 3 seasons pre- and postinjury (Figure 3B). Thus,
players were not able to return to their preinjury level of
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Figure 2. Box plots demonstrating number of (A) games played and (B) games started before and after ACLR. The X on the box
plot represents the mean, the center line represents the median, error bars represent SDs, and circles represent outliers. ACLR,
anterior cruciate ligament reconstruction. Pre-ACLR, before ACL injury and reconstruction; Post-ACLR, after ACL injury and
reconstruction.
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Figure 3. Box plots demonstrating (A) the approximate value and (B) the snap count pre- and post-ACLR. The X on the box plot
represents the mean, the center line represents the median, error bars represent SDs, and circles represent outliers. ACLR,
anterior cruciate ligament reconstruction; Pre-ACLR, before ACL injury and reconstruction; Post-ACLR, after ACL injury and
reconstruction.

play in terms of snap count (P < .0001). This remained true Return to Play and Performance by Position

for the 59 players still playing in the league 3 years post-

injury, with an average decrease of 291.5 + 591.5 snap Return to play by position is outlined in Table 2. Quarter-
counts per season compared with preinjury levels (P < backs were more likely than other positions to return
.0001). to play (92.9% vs 53.7%; P = .0040) and remain active in

the league 3 years postinjury (60.0% vs 26.9%; P = .0241).
There were no significant differences in pre- and postinjury

Approximate Value in games played (P = .5161) or games started (P = .3845)
across the various positions.

In terms of player performance, there was a 41.7% decrease Across all positions, there was an average decrease in

in AV during the first 3 years after returning from an snap count between 16.8% and 83.5% of the preinjury level.
ACLR. The average AV was 4.3 (5.3 SD) preinjury and 1.5 Receivers and quarterbacks returned closest to their pre-
(5.3 SD) postinjury, averaged across 3 seasons pre- and injury snap count with only 17.7% and 16.8% decreases,
postinjury (Figure 3A). Thus, players were not able to respectively. Running backs and defensive linemen had sig-
return to their preinjury level of play in terms of AV (P < nificant decreases in their snap count of 83.5% and 73.2%,
.0001). For the 59 players who were still playing in the respectively (Figure 4A). The percentage change in snap
league 3 years postinjury, the AV remained 2.0 (6.0 SD) count pre- and postinjury was not statistically different
points less than it was during the season before injury across positions when accounting for multiple comparisons

(P < .0001). (P = .1113). However, when controlling for BMI and draft
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TABLE 2
1-Year, 2-Year, and 3-Year Return-to-Play Rates and Return-to-Play Time Overall and by Position®

Performance After ACLR in NFL Players 5

Remained Active After Injury,

RTP After 1y % (n/Total for Position)

Rate, % (n/Total for Position) Time, mo, 2-y Rate 3-y Rate
Position No. of Players (%) (n =312) Median [IQR] (n = 259)° (n=207)°¢
CB 36 (11.5) 52.8 (19/36) 12.6 [2.1] 29.0 (9/31) 28.0 (7/25)
DE 22 (7.1) 54.5 (12/22) 15.1 [5.3] 41.2 (7/17) 35.7 (5/14)
DT 21 (6.7) 47.6 (10/21) 10.8 [1.3] 29.4 (5/17) 6.7 (1/15)
FB 3(1.0) 33.3(1/3) 15.1 [0] 0(0/2) 0 (0/2)
FS 5(1.6) 60.0 (3/5) 9.2 [3.8] 40.0 (2/5) 40.0 (2/5)
K 1(0.3) 0 (0/1) N/A 0 (0/1) 0 (0/1)
LB 49 (15.7) 51.0 (25/49) 13.0 [3.8] 38.1(16/42) 25.0 (8/32)
LS 4(1.3) 75.0 (3/4) 12.4 [4.9] 33.3(1/3) 0 (0/1)
OL 42 (13.5) 69.1 (29/42) 11.8 [3.0] 64.9 (24/37) 44.8 (13/29)
P 2(0.6) 0 (0/2) 25.1 [0] 100 (1/1) 0 (0/0)
QB 14 (4.5) 71.4 (10/14) 12.4 [2.7] 84.6 (11/13) 60.0 (6/10)
RB 25 (8.0) 52.0 (13/25) 12.4 [1.5] 42.1 (8/19) 25.0 (4/16)
S 18 (5.8) 44.4 (8/18) 11.4 [1.3] 27.3 (3/11) 16.7 (1/6)
SS 3(1.0) 0(0/3) 49.9 [0] 0(0/3) 0(0/3)
TE 20 (6.4) 25.0 (5/20) 15.0 [4.5] 21.4 (3/14) 14.3 (2/14)
WR 47 (15.1) 46.8 (22/47) 12.5 [2.0] 39.5 (17/43) 29.4 (10/34)
Total 312 (100) 51.3 (160/312) 12.4 [2.5] 41.3 (107/259) 28.5 (59/207)

“CB, cornerback; DE, defensive end; DT, defensive tackle; FB, fullback; F'S, free safety; IQR, interquartile range; K, kicker; LB, linebacker;
LS, long snapper; N/A, not applicable; OL, offensive lineman; P, punter; QB, quarterback; RB, running back; RTP, return to play; S, safety; SS,
strong safety; TE, tight end; WR, wide receiver.

bTwo-year rate includes players injured between seasons 2013 and 2017.

‘Three-year rate includes players injured between seasons 2013 and 2016.

% Change in Snap Count

A -100%
—-90%

-80% {
—70%
-60%
—50%
—40%
-30%
—20%
-10%

0%
Q

Q
o N\
Qg’

|

&

$Q‘

Position

Position
QB

RB/FB
WR/TE
LS/oL
DT/DE
CB/FS/SS/S
LB
Average

N ) o\

n
10
11
24
29
19
24
18

135

B -120%

-100%
-80%
—60%
-40%
-20%

0%

% Change in Approximate Value

+20%

ik
I

i\‘@

A
9
9 Q‘V\ \<<c)\
» &
Position

\<<<b
NN
% Change
Snap Count Approximate Value
-16.8 2.4
-83.5 -90.5
-17.7 -11.1
-35.7 -27.4
—73.2 -76.2
—42.6 —4.5
-58.6 -62.5
-49.6 -41.7

L)
o

Figure 4. Percentage change by position in (A) snap count and (B) approximate value from preinjury to after ACLR. Negative values
indicate a decrease compared with preinjury levels. ACLR, anterior cruciate ligament reconstruction; CB, cornerback; DE, defen-
sive end; DT, defensive tackle; FS, free safety; FB, fullback; LB, linebacker; LS, long snapper; OL, offensive lineman; QB, quar-
terback; RB, running back; S, safety; SS, strong safety; TE, tight end; WR, wide receiver.
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round, both of which have been found to affect ACLR out-
comes in previous studies,?!? we observed the quarterback
position was a significant predictor for superior return to
play in terms of snap count (parameter estimate, 1.2; P =
.0008).

Return to prior performance by position, as measured via
change in AV and snap count, is outlined in Figure 4B. Of
the 135 players included in the performance analysis, quar-
terbacks’ return to prior performance was superior to that
of other positions, with only a 2.4% decrease in AV compar-
ative to an average decrease of 50.0% across all other posi-
tions (P = .0165). Running backs had the greatest decrease
in performance upon return to play (90.5% decrease) fol-
lowed by defensive lineman (76.2% decrease) and lineback-
ers (62.5% decrease). There was also a significant decrease
in average total tackles and sacks for defensive linemen
(28.1 vs 14.9; P = .0295) and linebackers (47.8 vs 16.2;
P = .0001). Pairwise comparisons demonstrated a signifi-
cant difference in the AV percentage change between
quarterbacks and running backs (P = .0038). When control-
ling for BMI and draft round, we observed the quarterback
position remained a significant predictor for superior
return to preinjury performance in terms of AV (parameter
estimate, 2.3; P = .0002).

DISCUSSION

Within the first 3 years after ACL injury, all injured NFL
players experienced a significant reduction in games
played, AV, and overall performance after ACLR. Whereas
quarterbacks were able to maintain their performance
level after ACLR, running backs, defensive lineman, and
linebackers did not return to their preinjury AV at final
follow-up. This performance disparity remained true
when controlling for both BMI and draft round. The aver-
age return-to-play time was 12.4 + 2.5 months after injury.
Players injured in the preseason or offseason were signif-
icantly less likely to return to play compared with those
injured in the regular season or postseason. To the best of
the authors’ knowledge, this study represented the largest
performance assessment of NFL players after ACLR.

The standard of care for ACL injuries in the athletic popu-
lation is ACLR,'"?3 with about 120,000 to 200,000 ACLRs
being performed each year in the United States.?° Survey
studies of NFL team physicians have found that 80% to 90%
preferred single-bundle patellar tendon autograft.®15-26
Despite the utilization of ACLR, numerous studies have
shown inferior outcomes and decreased return to activity
among professional athletes compared with the general
population.?7131416.1931 1n a4dition, NFL players have sig-
nificantly shorter careers postoperatively (2.1 years) com-
pared with players in other professional leagues such as
the National Basketball Association (NBA; 4.5 years),
National Hockey League (NHL; 4.5 years), and Major Lea-
gue Baseball (MLB; 2.9 years).?® Therefore, although the
results of our study may be generalized to other NFL
players, they do not necessarily represent trends in amateur
athletes or professional athletes in other sports. There is
some conflicting evidence on the effects of ACL injuries on
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return to play among NFL players. Keller and colleagues®?
studied 98 NFL Combine participants who had previously
undergone ACLR and found that there was no difference in
top end speed, jumping performance, and agility testing.
Conversely, Provencher et al?? evaluated 110 NFL Combine
participants with a history of ACLR and found that players
with a previous ACLR played in fewer games (9.2 vs 11.9
games), started in fewer games (2.7 vs 5.4 games), and had
lower performance metrics compared with the control group.

Given our data, the overall question that remains is why
NFL players after ACLR played in fewer games, had smal-
ler snap counts, and worse postinjury performance com-
pared with players in previous studies.?” 121632 The
reasons for altered postinjury performance are multifacto-
rial. Many of the aforementioned studies obtained data
from before 2010 with different ACL protocols implemen-
ted. When reviewing the literature on ACLR in NFL
players, the distinction must be made whether there were
concomitant knee injuries at the time of the ACL injury. In
general, up to 65% of individuals with ACL injuries have
concomitant meniscal pathology.'! Multiple studies have
shown that NFL players with concomitant chondral and
meniscal injuries have a worse performance level and
shorter career longevity than players with an isolated
ACLR have.*?°

We found that the postoperative return to play and per-
formance among NFL players varied by player position.
Return-to-play rates found in our study closely mirrored
those found in previous studies of specific positions.”16:31:33
Although receivers and quarterbacks only lost about a quar-
ter (18% and 17%, respectively) of their total snap count
postinjury, running backs and defensive linemen lost
between 84% and 73% of their total snap count postinjury,
respectively. Even when controlling for BMI?! and draft
round,?2 both of which have been found to affect ACLR out-
comes and return to play, we observed the quarterback posi-
tion remained a significant predictor for superior return to
play as quantified via percentage change in snap count.

The definition of return to play often varies among ACLR
studies. Although some researchers choose to define return
to play as 1 regular season game, others may define it as
playing in multiple games or even playing in a full NFL
season.>”1232 We defined return to play as 1 snap in 1
regular season NFL game. The overall return-to-play rate
of all 312 NFL players included in this study was 55.8%.
This is much lower than the previously reported return-to-
play rate of 82.4% after ACL tear in NFL players by Mai
et al>* and return-to-play rates in position-specific studies
of 64.3% in offensive linemen,” 74% in defensive linemen,!
and 92% in quarterbacks.'®

The main measure of performance level in our study was
the AV, a novel algorithm.® Players acted as their own con-
trols, and changes in AV were reported as percentages to
control for any improper allocation of AV points for specific
functions. To the best of the authors’ knowledge, only 1 pre-
vious study has utilized this AV algorithm as a proxy for
player performance,?® whereas 1 study used similar unvali-
dated tools such as power ratings to measure performance.®
We found there was a 41.7% decrease in AV after ACLR, and
players were not able to return to their baseline performance
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within 3 years postinjury. The reduction in AV coincides
with the decrease in snap count and overall return to play
in our cohort. This is similar to 1 previous study by Carey
et al® who demonstrated a one-third decrease in perfor-
mance outcomes of running backs and wide receivers after
ACLR compared with matched cohorts. In their study, per-
formance was measured using power ratings and calculated
as follows: total yards divided by 10 plus touchdowns divided
by 6.5 Conversely, we chose to use AV in our study because of
its adaptability to all positions and the added consideration
of the overall performance of the team. Based on power rat-
ings, the performance of some players, who sacrifice individ-
ual statistics for the betterment of the team, would be
undervalued.

In our study, the AV postinjury performance varied con-
siderably by player position. Although quarterbacks were
minimally affected by ACLR, other positions lost half of
their preinjury performance returning from ACLR. Specif-
ically, running backs, linebackers, and defensive linemen
were all extremely affected. Given the especially physical
nature of these positions, it is possible that the fear of
reinjury may have caused these players to become more
timid and hesitant postinjury.*?%2? This is consistent
with our finding that the average sacks and tackles per
defensive linemen and linebacker decreased significantly
after ACL injury. Another cause of the decreased perfor-
mance outcomes may include the increased necessity for
cutting and pivoting associated with these positions.3°
Even when controlling for BMI?! and draft round,?? we
observed the quarterback position remained a significant
predictor for superior performance postinjury as quanti-
fied via percentage change in AV.

There were several limitations to this study. The retro-
spective injury and performance data from FantasyData'®
and the Pro Football Reference database'® did not include
the incidence of concomitant intra-articular knee injuries,
surgical technique, standardized rehabilitation protocol, or
clinical outcome scores. Players who did not return to play
were excluded from further analyses because postinjury
statistics were not available. In this case, we could have
used “0” for all postinjury data but believed that doing so
would disallow us from examining return to prior perfor-
mance as a separate variable from return to play. The AV
algorithm used in this study represents a novel approach to
quantifying player performance and has not previously
been validated. In addition, our study did not include an
uninjured control group to compare return to play the fol-
lowing season and length of career. Thus, we did not
account for the natural career progression of uninjured
players and players with ACL injury. Therefore, it is possi-
ble that changes in return to play and performance may
result from confounding variables not associated with the
ACL injury. For example, if a player was late in his career
when injured, he may have decreased performance upon
returning to the league simply due to timing of the injury.
In this case, our study may have overestimated changes in
performance. The opposite also stands true for players
early in their career.

Another confounding factor that was not directly exam-
ined in this study was a player’s preinjury status as a starter
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or reserve player. In a study of 38 NFL defensive linemen
who underwent ACLR between 2006 and 2012, Read et al®!
found that elite athletes and starters were more likely to
return to play than were other players on the team. In addi-
tion, there was no preinjury performance data collected on
players who did not return to the NFL postinjury, and
return-to-play time may be an inexact metric for recovery
after ACLR. Return to play was not able to be determined
during the offseason, as no games were played. Return to
play is also significantly affected by the timing of injury and
amount of time between injury and the beginning of the next
season. Lastly, because some positions had only a few
players return to play, it is possible that some of the differ-
ences did not reach statistical significance owing to them
being underpowered. However, because our criteria for
return to play required playing in an NFL regular season
game, it implied some level of return to prior performance
and, thus, makes subsequent comparisons less essential to
the overall analysis.

CONCLUSION

The study findings indicated that NFL players’ perfor-
mance was severely affected by ACLR, with only 28.5% still
active in the league 3 years postinjury. Quarterbacks were
most likely to return to play and had superior performance
postinjury compared with other positions. Running backs,
defensive lineman, and linebackers experienced the largest
decrease in their postinjury performance. By recognizing
which players are at increased risk for poorer outcomes,
improved preoperative counseling to establish expectations
or more focused postoperative rehabilitation may better
prepare athletes and organizations after ACL injuries.

Supplemental material for this article is available at
http://journals.sagepub.com/doi/suppl/10.1177/23
259671211003521.

REFERENCES

1. Ardern CL, Taylor NF, Feller JA, Whitehead TS, Webster KE. Psycho-
logical responses matter in returning to preinjury level of sport after
anterior cruciate ligament reconstruction surgery. Am J Sports Med.
2013;41(7):1549-1558.

2. Ardern CL, Webster KE, Taylor NF, Feller JA. Return to sport following
anterior cruciate ligament reconstruction surgery: a systematic review
and meta-analysis of the state of play. Br J Sports Med. 2011;45(7):
596-606.

3. Bradley JP, Klimkiewicz JJ, Rytel MJ, Powell JW. Anterior cruciate
ligament injuries in the National Football League: epidemiology and
current treatment trends among team physicians. Arthroscopy. 2002;
18(5):502-509.

4. Brophy RH, Gill CS, Lyman S, Barnes RP, Rodeo SA, Warren RF.
Effect of anterior cruciate ligament reconstruction and meniscectomy
on length of career in National Football League athletes: a case con-
trol study. Am J Sports Med. 2009;37(11):2102-2107.


http://journals.sagepub.com/doi/suppl/10.1177/23259671211003521
http://journals.sagepub.com/doi/suppl/10.1177/23259671211003521

10.

11.

12.

18.

14.

15.

16.

17.

18.

19.

Mody et al

. Carey JL, Huffman GR, Parekh SG, Sennett BJ. Outcomes of anterior

cruciate ligament injuries to running backs and wide receivers in the
National Football League. Am J Sports Med. 2006;34(12):1911-1917.

. Christino MA, Fantry AJ, Vopat BG. Psychological aspects of recov-

ery following anterior cruciate ligament reconstruction. J Am Acad
Orthop Surg. 2015;23(8):501-509.

. Cinque ME, Hannon CP, Bohl DD, et al. Return to sport and performance

after anterior cruciate ligament reconstruction in National Football Lea-
gue linemen. Orthop J Sports Med. 2017;5(6):2325967117711681.

. Dodson CC, Secrist ES, Bhat SB, Woods DP, Deluca PF. Anterior

cruciate ligament injuries in National Football League athletes from
2010 to 2013: a descriptive epidemiology study. Orthop J Sports Med.
2016;4(3):2325967116631949.

. Drinen D, Kania M. Approximate value in the NFL. Sports Reference

LLC. Pro Football Reference website. Published 2008. Accessed
2019. https://www.pro-football-reference.com/blog/indexd961.
html?page_id=8061

Drinen D, Kania M. Pro Football Reference. Sports Reference LLC.
Published 2020. Accessed 2020. https://www.pro-football-reference.
com/.

Duchman KR, Westermann RW, Spindler KP, et al. The fate of menis-
cus tears left in situ at the time of anterior cruciate ligament recon-
struction: a 6-year follow-up study from the MOON cohort. Am J
Sports Med. 2015;43(11):2688-2695.

Eisenstein ED, Rawicki NL, Rensing NJ, Kusnezov NA, Lanzi JT. Vari-
ables affecting return to play after anterior cruciate ligament injury in
the National Football League. Orthop J Sports Med. 2016;4(10):
2325967116670117.

Erickson BJ, Harris JD, Cole BJ, et al. Performance and return to
sport after anterior cruciate ligament reconstruction in National
Hockey League players. Orthop J Sports Med. 2014;2(9):2325967
114548831.

Erickson BJ, Harris JD, Cvetanovich GL, et al. Performance and
return to sport after anterior cruciate ligament reconstruction in male
Major League Soccer players. Orthop J Sports Med. 2013;1(2):
2325967113497189.

Erickson BJ, Harris JD, Fillingham YA, et al. Anterior cruciate ligament
reconstruction practice patterns by NFL and NCAA football team
physicians. Arthroscopy. 2014;30(6):731-738.

Erickson BJ, Harris JD, Heninger JR, et al. Performance and return-
to-sport after ACL reconstruction in NFL quarterbacks. Orthopedics.
2014;37(8):e728-e734.

Evans J, Nielson J. Anterior cruciate ligament (ACL) knee injuries. In:
StatPearls. Published 2020. Accessed 2022. https://www.ncbi.nim.
nih.gov/books/NBK499848/.

Gimpel S. FantasyData. Published 2020. Accessed 2020. https://
fantasydata.com/

Harris JD, Erickson BJ, Bach BR Jr, et al. Return-to-sport and per-
formance after anterior cruciate ligament reconstruction in National
Basketball Association players. Sports Health. 2013;5(6):562-568.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

The Orthopaedic Journal of Sports Medicine

Hsu CJ, Meierbachtol A, George SZ, Chmielewski TL. Fear of reinjury
in athletes. Sports Health. 2017;9(2):162-167.

Hsu WH, Fan CH, Yu PA, Chen CL, Kuo LT, Hsu RW. Effect of high
body mass index on knee muscle strength and function after anterior
cruciate ligament reconstruction using hamstring tendon autografts.
BMC Musculoskelet Disord. 2018;19(1):363.

Keller RA, Mehran N, Austin W, Marshall NE, Bastin K, Moutzouros V.
Athletic performance at the NFL scouting combine after anterior cru-
ciate ligament reconstruction. Am J Sports Med. 2015;43(12):
3022-3026.

Kluczynski MA, Kelly WH, Lashomb WM, Bisson LJ. A systematic
review of the orthopaedic literature involving National Football League
players. Orthop J Sports Med. 2019;7(8):2325967119864356.

Mai HT, Alvarez AP, Freshman RD, et al. The NFL Orthopaedic Sur-
gery Outcomes Database (NO-SOD): the effect of common orthopae-
dic procedures on football careers. Am J Sports Med. 2016;44(9):
2255-2262.

Mai HT, Chun DS, Schneider AD, et al. Performance-based outcomes
after anterior cruciate ligament reconstruction in professional athletes
differ between sports. Am J Sports Med. 2017;45(10):2226-2232.
McCarty EC, Kraeutler MJ, Langner P, Cook S, Ellis B, Godfrey JM.
Historical patterns and variation in treatment of injuries in NFL
(National Football League) players and NCAA (National Collegiate
Athletic Association) Division | football players. Am J Orthop (Belle
Mead NJ). 2016;45(6):E319-E327.

Medvecky MJ, Nelson S. Kinesiophobia and return to sports after
anterior cruciate ligament reconstruction. Conn Med. 2015;79(3):
155-157.

Parekh SG, Shah J. Optimal time to return to play and performance
after Jones fracture surgery in the National Football League. Orthop J
Sports Med. 2017;5(7):2325967117S00224.

Provencher MT, Bradley JP, Chahla J, et al. A history of anterior
cruciate ligament reconstruction at the National Football League
Combine results in inferior early National Football League career par-
ticipation. Arthroscopy. 2018;34(8):2446-2453.

Raines BT, Naclerio E, Sherman SL. Management of anterior cruciate
ligament injury: what’s in and what'’s out? Indian J Orthop. 2017;51(5):
563-575.

Read CR, Aune KT, Cain EL Jr, Fleisig GS. Return to play and
decreased performance after anterior cruciate ligament reconstruc-
tion in National Football League defensive players. Am J Sports Med.
2017;45(8):1815-1821.

Shah VM, Andrews JR, Fleisig GS, McMichael CS, Lemak LJ. Return
to play after anterior cruciate ligament reconstruction in National
Football League athletes. Am J Sports Med. 2010;38(11):2233-2239.
Yang J, Hodax JD, Machan JT, et al. National Football League skilled
and unskilled positions vary in opportunity and yield in return to play
after an anterior cruciate ligament injury. Orthop J Sports Med. 2017;
5(9):2325967117729334.


https://www.pro-football-reference.com/blog/indexd961.html?page_id=8061
https://www.pro-football-reference.com/blog/indexd961.html?page_id=8061
https://www.pro-football-reference.com/blog/indexd961.html?page_id=8061
https://www.pro-football-reference.com/
https://www.pro-football-reference.com/
https://www.ncbi.nlm.nih.gov/books/NBK499848/
https://www.ncbi.nlm.nih.gov/books/NBK499848/
https://fantasydata.com/
https://fantasydata.com/

	Return to Play and Performance After Anterior Cruciate Ligament Reconstruction in National Football League Players
	METHODS
	Statistical Analysis

	RESULTS
	Games Played
	Games Started
	Snap Count
	Approximate Value
	Return to Play and Performance by Position

	DISCUSSION
	Conclusion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


