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Abstract

Background: The purpose of this systematic review is to examine the literature on Achilles tendon (AT) injuries in
professional athletes to determine their rate of return to play (RTP), performance, and career outcome after AT rupture.
Methods: A literature search of MEDLINE, Google Scholar, CINAHL, and Cochrane Library databases was performed.
Included studies reported outcomes related to RTP (time and rate), durability and player participation, and player
performance following AT rupture in professional athletes of the National Football League (NFL), National Basketball
Association (NBA), Major League Baseball (MLB), and professional soccer leagues.

Results: Fifteen studies met inclusion criteria for analysis. Athletes were able to return to professional sport participation
76% of the time, with mean time to RTP of || months following AT injury. Athletes experienced a decline in player
efficiency ratings, power ratings, and sport- and position-specific statistics in the NFL, NBA, and professional soccer
leagues compared to noninjured controls. RTP rate was significantly lower following AT rupture in comparison to athletes
sustaining other common orthopedic injuries such as anterior cruciate ligament injuries, meniscal tears, and ankle fractures
in both NFL and NBA athletes.

Conclusion: AT rupture prohibits nearly 25% of professional athletes from returning to their respective sport. Of those
able to return to compete at a professional level, the mean time to RTP is || months—nearly double the estimated
6-month recovery for RTP in the general population. Furthermore, player performance and durability were curtailed
following AT rupture. This review of the literature should be used to set evidence-based goals and establish realistic
expectations for RTP for elite athletes following AT injuries.

Level of Evidence: Level lll, systematic review.

Keywords: Achilles tendon, professional athlete, return to sport, sport performance
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suggests may be high risk for certain orthopedic
injuries, 1214

While there has been extensive study of return to play
(RTP) and activity levels after AT rupture in the general popu-
lation,? there has been no prior systematic review specifically
examining the RTP and performance level of elite athletes
after such an injury. Considering the financial and career
implications in addition to the unique physical demands
placed on athletes returning to professional sports, it is para-
mount to determine the impact that AT rupture and repair can
have on the livelihood and career outlook of these athletes.

The purpose of this study is to examine Achilles tendon
ruptures in professional athletes to determine their rate of
RTP, performance, and carecer outcomes after AT repair. It is
our hypothesis that these professional athletes will experi-
ence a significant decrease in sport participation levels, lon-
ger time to RTP compared to the general population, and, of
those who do return to their respective sports, a decline in
career performance compared to before AT rupture.

Methods

The study was designed according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) protocol'” using Cochrane Review Methods.

Search Strategy

MEDLINE, Google Scholar, CINAHL, and the Cochrane
Library were searched from their inception to May 10, 2020.
The search terms included “Achilles Tendon Rupture,”
“Achilles Rupture,” “Achilles Tendon Repair,” “Achilles
Repair,” “Professional,” “Athlete,” “Sports,” “Sports activ-
ity,” and “Sport Performance” connected with the Boolean
operators “AND” or “OR.” Following identification of poten-
tial articles for inclusion, a screening of titles and abstracts
addressing the research question of interest was performed.
Afterward, relevant full-text articles were obtained and evalu-
ated for eligibility based on the inclusion and exclusion crite-
ria below to determine the final articles to be included and
analyzed in the systematic review. The bibliographies of all
selected publications were also searched for further studies
that specifically pertained to RTP, timing of RTP, and perfor-
mance of professional athletes after AT rupture.

Inclusion and/or Exclusion Criteria

This article includes English-language studies that reported
outcomes related to rate of RTP, time to RTP, durability and
player participation, and player performance following AT
rupture in professional athletes of the NFL, National
Basketball Association (NBA), Major League Baseball
(MLB), and professional soccer leagues. Studies that were
excluded were those written in non-English language, case
reports, or did not assess professional athletes, level of sport

activity prior to AT injury, or player performance measures
after AT rupture.

Quality Appraisal and Risk of Bias Assessment

The Methodological Index for Non-Randomized Studies
(MINORS) score was used to assess methodological quality
and risk of bias for each study included in this review. This
scoring system is a validated 8- or 12-item checklist that
was designed to analyze the methodological quality of com-
parative and noncomparative nonrandomized studies.
Comparative studies are evaluated using the 12-item check-
list, while the 8-item checklist is used for noncomparative
studies. Each checklist item is scored from 0 to 2, where a
score of 0 is assigned when a checklist item is not addressed
in the study, a score of 1 is assigned if an item is only par-
tially addressed, and a score of 2 is provided if the checklist
item was sufficiently addressed in the study.'

Data Collection and Abstraction

Two investigators independently extracted data pertaining
to return to professional sport and sport performance in ath-
letes following AT rupture. Any disagreements were
resolved by discussion among authors, with the senior
author making the final decision on development of the data
extraction tool and exclusion of case reports. The following
data were extracted for the clinical studies: first author, year
of publication, journal of publication, sample size, individ-
ual group demographics, mean follow-up, and the primary
and secondary outcomes. The primary outcome measures
were rate of RTP (playing at least 1 professional game since
injury at the level prior to injury), player efficiency ratings
(PERs), and time to RTP. Secondary outcomes included
sport-specific player statistics (touchdowns, home runs,
etc), games played, and minutes played.

Results

Search Results

The search returned a total of 2225 articles. After dupli-
cates were excluded and the title and abstract screen was
performed, 40 unique articles were retrieved for full-text
screening. A total of 15 articles met the inclusion criteria
above. The process of study selection is included in
Figure 1. Risk of bias assessment using the MINORS cri-
teria and details on selected studies are included in Tables
1 and 2 and Figure 2. Several studies included data extrac-
tion of player information from overlapping periods of
time. To avoid such duplications of AT rupture and player
performance data, only 1 study from each specific time
period was included in the calculation of total number of
patients and pooled demographic information. Studies of
overlapping time periods included different reported out-
comes, which were reported descriptively.
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Figure |. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram.

Quality of Evidence and Risk of Bias Assessment

A total of 15 studies were assessed using MINORS crite-
ria, including 9 case-control studies or case series and 6
cohort studies. The mean MINORS score was 15.5,
including 18.2 for studies that included a control group
and 11.3 for studies without a control group (Tables 1
and 2). Included studies contained clearly stated aims
(15/15), end points that were appropriate to the study
arm (15/15), inclusion of consecutive patients (11/15),
and low loss of follow-up (15/15). No studies reported
prospectively collected data (0/15), and prospective cal-
culation of sample size was performed in few studies
(4/15).

Patient Demographics

The 15 studies that met inclusion criteria involved a total
of 333 professional athletes sustaining AT rupture, includ-
ing 111 different NFL players,”'?> 44 NBA players,’ 26
MLB players,'* and 152 different professional soccer
(including Major League Soccer [MLS] and European
professional leagues) players.>*?° Mean reported age of
athletes was 29 years, with a mean playing experience of
7 years in their respective sports. Mean follow-up time
was 2 years. All studies included patients with AT rupture
who underwent operative repair. Specific study details and
patient baseline demographic information are included in
Tables 1 and 3.
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Figure 2. Risk of bias summary: review authors’ judgments about each risk of bias item of Methodological Index for Non-
Randomized Studies (MINORS) subscale for each included study (+, low risk of bias; ?, unclear risk of bias; —, high risk of bias). Studies
without controls were only assessed with the 8-point MINORS scale.
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Rate of Return to Play

Fourteen of 15 studies, including 315 different professional
athletes, specifically addressed the ability to return to pro-
fessional sports following AT rupture.* The determination
of RTP required participation in at least 1 professional event
after the index procedure, and the mean overall rate of RTP
was 76.4%.1* Specifically, 5 studies addressed RTP in the
NFL,*%12.1822 with RTP rates ranging from 65.6% (21/32)!%
to 72.5% (58/80).° When compared to other common
orthopedic procedures, RTP following AT repair was the
second lowest (72.5%), even lower than that of anterior cru-
ciate ligament (ACL) reconstruction and ankle fracture fix-
ation, with patellar tendon repair (50.0%) being the lowest.’
Furthermore, nonskill position players (linemen) were
found to return to play 75% of the time, whereas skilled
position players only returned 52.8% of the time.?

Four studies, consisting of 111 total patients, analyzed
RTP after AT rupture for NBA players. Return to play ranged
from 61% (11/18) to 79.5% (35/44), with older and more
experienced players generally having a lower rate of
RTP.271918 AT tears caused a significantly lower rate of RTP
(70.8%, P = .005) than that of other procedures such as ACL
reconstruction (84.6%), meniscus repair (81.5%), and fixa-
tion of hand/wrist/foot fractures (>>90%). For MLB players,
however, there was a 61.9% (13/21) RTP rate, in which RTP
was defined as the ability to play at least 81 games the sea-
son following their index injury.!* Four studies specifically
examined RTP in professional soccer players.>!61%20 RTP
rate was as high as 94.9% (112/118) in professional soccer
players across the world’s top leagues,® while RTP rate spe-
cifically for MLS players was 70% to 78%.'¢ In addition,
86% of professional athletes (31/36) resumed their preoper-
ative sports level within 5 months and 100% (36/36) of the
athletes had returned by 10 months following combined per-
cutaneous and mini-open repair for AT rupture.?’

Time to Return to Play

Seven of 15 studies reported on the time to return to play for
professional athletes following AT repair.>*7%12:16:22
Overall, the mean time to return to play for professional
athletes was 10.6 months. Specifically, the time to return to
play of NFL players was 11 to 12 months.**!%?2 In NFL
players, the mean time to return to play following AT rup-
ture (12.3 = 4.3 months) was significantly longer or com-
parable to many commonly used orthopedic procedures
(knee microfracture surgery, ACL reconstruction, patellar
tendon repair, ankle or tibial shaft fracture fixation).® In
addition, running backs experienced the longest time to
return to play (11.9 * 3.9 months) of all NFL positions.* In
the NBA, mean time to return to play was 10.5 months

* References 1-3,4,7,9, 10, 12, 14, 16, 18-20, 22.

(range, 5-16) following AT repair.” In professional soccer
players, Grassi et al’® reported average time until practice of
6.6 = 1.7 months. Interestingly, those who played at an
international level returned significantly quicker, approxi-
mately 1 £ 0.4 months faster that those who did not partici-
pate in international competition (participation on their
national team roster). Overall, professional soccer players
returned to competitive matches between 9 and 10 months
following AT rupture.'®

Player Durability and Playing Time Before and
After Achilles Tendon Rupture

Eleven of 15 studies compared player durability, specifi-
cally the number of games played per season, and amount
of playing time for professional athletes before vs after AT
rupture.’ Five studies specifically examined games played
per season in NFL players, which overall demonstrated a
13.7% to 47.1% decrease in mean games per season follow-
ing AT rupture.*%!21822 Specifically, Parekh et al'? reported
an average of 11.67 NFL games played in the 3 seasons
prior to injury but an average of 6.17 games played in the 3
seasons following AT rupture. In addition, Mai et al’
reported that NFL players returning to play following AT
rupture injuries played 2.7 = 0.9 fewer games in postinjury
season | compared to preinjury seasons and played signifi-
cantly fewer future career games (27.3) and had shorter
careers (average post-AT repair career length: 1.6 years vs
2.1 years overall) than those undergoing other common
orthopedic sports medicine procedures such as ACL recon-
struction and patellar tendon repair. Interestingly, while
Trofa et al'® reported a significant reduction in pre- to
postinjury average games/season (15 vs 12.9 games/sea-
son), there was no statistical significance in total games/
season (P = .053) or number of games started (P = .119) by
year 2 following injury.

Five studies specifically addressed durability or play-
ing time in NBA athletes following AT repair.’>7!%:18
There was a 32% reduction in games/season (preopera-
tive: 72 games, first postoperative season: 48.9 games,
second postoperative season: 49.7 games) and approxi-
mately 53% reduction in total minutes played preopera-
tively compared to the first and second seasons
postoperatively following AT repair.!® NBA athletes
started significantly fewer games | year postoperatively
compared to the season prior to injury (20.8 vs 49.4),” and
NBA players played approximately 5 fewer minutes per
game after AT injury.'?

Professional soccer players who returned to play after
AT rupture played in significantly fewer games compared to
matched controls (23.2 = 6.5 vs 13.4 = 8.4 games/
season).!® Specifically, players participated in 82.1% (27.9

T References 1,2,4,7,9,10, 12, 16, 18, 19, 22.
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Performance of Professional Athletes
following Achilles Tendon Rupture

100 ‘ ‘ ‘ ‘
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Before (left), After (right) injury

National Football League (NFL)

In the NFL, players who return to play following Achilles Tendon rupture had
greater than 50% reduction in power rating (PR). Specifically, skill positions
such as wide receivers, running backs (RBs), and cornerbacks experienced
the greatest decrease in PR after injury.” Running backs (RBs) and
linebackers (LBs) suffering AT rupture averaged approximately 5 fewer
rushing touchdowns and 7 fewer sacks per season, respectively, following
injury. 6
National Basketball Association (NBA)

Trofa et al. reported a significant decrease in player efficiency ratings (PER)
following Achilles tendon rupture at year 1 (12.3; 95% Cl: 10.3-14.2; p<0.001)
and year 2 (12.6; 95% Cl: 10.4-14.9; p<0.001) in comparison to a
preoperative average of 16.1 (95%Cl: 14.0-18.2) and league average PER of
15.20

Major League Baseball (MLB)

There was no significant effect of Achilles tendon rupture in MLB players
across any major statistical outcomes such as hits (p=0.41), home runs
(p=0.33), batting average (p=0.31), stolen bases (0.087), on base
percentage (0.24), or Most valuable player (MVP) awards (p=0.59), or All-
star games (p=0.76).

Figure 3. Performance of professional athletes following Achilles tendon rupture.

* 7.8 vs 22.9 = 9.9 games) of games in their first full sea-
son and 78.1% (27.9 = 7.8 vs 21.8 = 10.1 games) of games
in season 2 after injury compared to the season prior to
injury.'® Furthermore, total minutes played following injury
was only 71.7% that of total minutes played prior to injury
(2112 = 785 vs 1514 = 876 minutes)."

Performance of Professional Athletes Following
Achilles Tendon Rupture

Twelve of 15 studies specifically compared player perfor-
mance ratings of professional athletes prior to injury vs fol-
lowing AT rupture and repair, including 5 studies addressing
NFL athletes,**!%1822 5 studies including NBA
players, 271018 2 studies of professional soccer players, !
and 2 studies analyzing MLB athletes (Figure 3).!%!%
Measures of player performance were primarily demon-
strated through position-relevant statistics, calculations of
PERs, and power rating (PR), which is a numerical value
commonly used by analysts to indicate the relative strength
of a player’s performance based on a collection of perfor-
mance variables.!? In the NFL, players who returned to
play following AT rupture had greater than 50% reduction
in PR. Specifically, skill positions such as wide receivers,
running backs, and cornerbacks experienced the greatest
decrease in PR after injury.!? Running backs and lineback-
ers sustaining AT rupture averaged approximately 5 fewer
rushing touchdowns and 7 fewer sacks per season,

respectively, following injury.* Using calculations of a
player’s season approximate value (SAV), a performance
metric created to indicate a player’s performance as it con-
tributes to a fraction of his or her team’s overall success,'®
Trofa et al'® demonstrated significant reductions in years 1
(69.5%; 5.6; 95% CI, 3.9-7.3) and 2 (67.1%; 5.9; 95% CI,
4.1-7.7) postoperatively compared to preoperative SAV
(8.7; 95% CI, 6.5-10.8).

In the NBA, PER is used as an effective metric to dem-
onstrate the per-minute rating of a player’s performance. A
total of 5 studies reported a decrease in PER for NBA play-
ers following AT rupture.!271%18 Specifically, Trofa et al'®
reported a significant decrease in PER following AT rupture
at year 1 (12.3; 95% CI, 10.3-14.2; P < .001) and year 2
(12.6; 95% CI, 10.4-14.9; P < .001) in comparison to a
preoperative average of 16.1 (95% CI, 14.0-18.2) and
league average PER of 15. Furthermore, Minhas et al'’
compared changes in PER following common orthopedic
procedures and demonstrated an average PER decrease of
2.46 (95% CI, —4.86 to —0.10; P = .045) in those with AT
rupture—a greater decrease in PER than that seen following
ACL reconstruction, meniscus repair, and knee microfrac-
ture surgery. Interestingly, there was no significant effect of
AT rupture in MLB players across any major statistical out-
comes such as hits (P = .41), home runs (P = .33), batting
average (P = .31), stolen bases (0.087), on-base percentage
(0.24), most valuable player awards (P = .59), or all-star
games (P = .76).14
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Rate of Achilles Reinjury Upon Return to Sport

Two studies reported the rate of ipsilateral Achilles rerup-
ture following the return of professional soccer players to
competition.> In a study of 80 NFL players sustaining AT
rupture, 12 (15%) of these players had a subsequent AT
rerupture within 2 years following surgery.?? Of the 71 ath-
letes who returned to play at least 2 years of professional
soccer following injury, 8 (6%) sustained a rerupture of the
previously injured AT.

Discussion

The results of this systematic review demonstrate that AT
rupture is a potentially career-altering injury for profes-
sional athletes, with 24% of athletes not being able to return
to sport. For those who do return to professional play fol-
lowing AT rupture, return to play at a professional level,
across all sports, takes approximately 11 months on aver-
age. Despite RTP, performance commonly falls short com-
pared to preinjury levels among professional athletes, as
clearly seen in professional basketball, football, and soccer
(Figure 3).

Return to play was about 76% for professional athletes.
Literature predicting the likelihood and speed at which this
return can safely occur is limited, however, with respect to
the general population and professional athletes. In their
2016 systematic review and meta-analysis on RTP rates fol-
lowing AT rupture in the general population, Zellers et al?®
reported that 80% of patients successfully returned to play.
While this statistic alone is noteworthy, this statistic must
be interpreted with respect to the limitations and subjective
biases inherent in the methods used to delineate RTP across
all included studies that spanned both professional athletes
and the general population. The resumption of preinjury
levels of activity is a common goal for many patients who
endure an AT rupture. The validity of their analysis relies
heavily on the objectivity of determining a given patient’s
return to preinjury level of sport (eg, performance). For pro-
fessional athletes, the meticulous cataloguing of sports sta-
tistics such as player efficiency ratings, minutes played,
points scored, or yards earned after contact allows for an
objective comparison to be drawn between performance
levels before and after AT rupture. For the general popula-
tion, on the other hand, the most likely scenario is a subjec-
tive estimate without the luxury of nuanced statistics but,
nevertheless, an important component of determining suc-
cess of treatment following AT rupture.

The results of our systematic review demonstrate that
RTP—to full, game-ready participation—at a professional
level, across all sports, takes approximately 11 months. This
duration is nearly double what has previously been reported
for time to return to play for the general population described
by Zellers et al.”3 This finding may relate to the heightened

physical demands, durability requirements, and frequency
of activity that professional athletes must endure relative to
the general population whose work does not demand fre-
quent acceleration and direction changes that precipitate
risk of a healing AT.>*2? Thus, it is not just returning to
the sport but returning at the required “elite” level to play.
Specifically, NFL athletes who rely heavily on speed and
agility—skill-position players (running backs, wide receiv-
ers, cornerbacks)—experienced a significantly reduced per-
formance and career production following AT rupture in
comparison to linemen, thus potentially delaying their
return to play.'?

Upon initial analysis, Saltzman et al'* found no signifi-
cant effect of AT rupture on MLB player performance
before and after injury. However, when “sidedness” (eg, a
player’s dominant foot) was able to be determined, players
with an AT rupture of the “power” side had fewer stolen
bases, fewer triples, increased times caught stealing, and
lower speed scores compared to “nonpower” Achilles inju-
ries—suggesting that a player’s speed and explosiveness
are most significantly affected by AT rupture.'*

With this rationale, expectations for when one can safely
return to preinjury performance levels with respect to
Achilles rupture may correlate with the anticipated demands
that that specific athlete has for their specific position for
their specific sport. These athletes must understand that the
higher demand on their position might require longer/sus-
tained conditioning and strengthening to achieve an appro-
priate durability for safe participation with likely a lower
performance production upon return.

With respect to professional basketball, player effi-
ciency ratings were significantly reduced across 5 studies
focusing on NBA competition following AT rupture.
Studies focusing on AT rupture in professional football saw
efficiency ratings similarly fade, especially for skill posi-
tions (eg, running backs, cornerbacks, and receivers) com-
pared to linemen. Interestingly, player statistics following
AT rupture were largely unaffected compared to uninjured
controls in MLB play. The results of our study may provide
elite athletes and their providers an approximation of future
performance following AT rupture but may also help tem-
per the expectations of lesser athletes’ performance upon
returning to play.

The consequences of making too brisk a return to full
competition in professional sports with respect to AT injury
are evident from widespread stoppage of conditioning dur-
ing the NFL lockout in 2011. During the 2011 NFL offsea-
son, players spent the entirety of their 14-week offseason
with minimal access to workout facilities, strength and con-
ditioning coaches, and the health professionals and training
staff that they are usually accustomed to. When the lockout
ended, players had a mere 19 days of access to training
facilities and staff prior to the start of the first preseason
game. Myer et al'! examined injury rate data before and
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after the 2011 NFL lockout. Despite previous estimates of 5
to 8 AT ruptures per NFL season,”'? in 2011, there were a
total of 12 AT ruptures—within the first 30 days of the lock-
out ending. Furthermore, 10 of these injuries occurred
within the first 2 weeks after the lockout ended.!! Parekh
et al'? had previously reported that only 35% (1.75-2.8) of
AT ruptures in the NFL occurred in the preseason. After the
lockout, the yearly average was already surpassed after the
second 2011 preseason game. Although unfortunate, this
professional sports-historical anomaly provides evidence of
the relative vulnerability of the AT in elite competition
when not subject to sustained conditioning and strengthen-
ing and also highlights the importance of recovery in return-
ing to elite competition following AT rupture.

Limitations

The findings of this study must be considered with respect
to its limitations. First, in both amateur and professional
athletes, uniformity with regard to clear definitions or crite-
ria for return to play is lacking. While the study methods are
unique, we feel that the use of objectively obtainable data
such as player statistics and performance metrics offers
some reliability and validity in the present study compared
to self-reported measures in the nonprofessional athletes.
Second, many of the included studies included methodol-
ogy relying on online resources of injury lists and player
registries to identify included cases. Such methodology pre-
cludes obtainment of patient medical data and potential
confounding injuries to include along with the performance
outcomes reported in this study. A few of the studies
included in this review sought to minimize this bias through
the use of matched controls, accounting for factors such as
preinjury performance, patient age, and previous playing
experience. Furthermore, since most of this information
was obtained from public records, this introduces selection
bias for higher-profile athletes to be identified and exam-
ined, and we cannot guarantee that all AT rupture cases
were captured. In addition, while all of the reported AT rup-
ture cases were managed with operative repair, the nature of
these studies and data obtainment precluded further insight
into the specific operative details or techniques offered to
athletes in all but 2 studies.®?° Last, the assessment of RTP
in professional athletes, in which seasons do not last an
entire calendar year, is difficult to account for considering
that AT rupture is typically a season-ending injury. Injuries
sustained at the end of a season may have the appearance of
a faster time to return to play than those occurring at the
beginning of a season. We acknowledge this limitation and
believe that inclusion of additional athlete parameters such
as RTP rate, player durability, and player performance upon
returning to play compared to athletes sustaining other
orthopedic injuries is subject to fewer temporal biases and
helps to provide an all-encompassing review of the overall

impact that AT rupture has on professional athletes. Despite
these biases and limitations, this study provides valuable
information to the foot and ankle and sports medicine com-
munity as it provides a comprehensive review of profes-
sional athletes across 4 major sports and highlights the
inherent differences in return to play between professional
athletes and the general population.

Conclusion

AT rupture is a devastating injury that leaves 24% of pro-
fessional athletes unable to return to their respective
sports. While reporting on the timing of an injured ath-
lete’s return to sport can be skewed by such factors as sea-
sonal patterns and injury timing, the existing literature
demonstrated that athletes who are able to return to profes-
sional sports required 11 months of postinjury rehabilita-
tion and recovery.®? Of those able to return to compete at
a professional level, player performance, durability, and
career length were reduced following AT rupture, specifi-
cally with NFL, NBA, and professional soccer players
being more significantly affected than MLB players. This
review of the literature will allow high-level athletes, sports
medicine physicians, and orthopedic surgeons to set evi-
dence-based goals and establish realistic expectations for
postoperative return to professional sports.
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