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Background: Performance outcomes and return-to-play data have been reported after anterior cruciate ligament (ACL) injuries in
professional football and basketball, but they have rarely been reported in professional hockey.

Hypothesis: The hypothesis was that performance after ACL reconstruction would be comparable to prior levels of play in a series
of National Hockey League (NHL) players.

Study Design: Case series; Level of evidence, 4.

Methods: The NHL Injury Surveillance System (ISS) was utilized to identify all players with an ACL injury between 2006 and 2010.
Medical staff members for all NHL teams were surveyed regarding these injuries. The medical staff completed a questionnaire for
each injury, and statistics were analyzed using multiple analyses of variance to compare outcomes, performance, and the compli-
cation rate. A control group was identified and matched based on performance, career length before injury, age, height, and weight.

Results: There were 47 players identified by the NHL ISS. There were 3 goalies, 8 defensemen, and 36 wings or centers. The
average age of these players was 27.69 years. The average length of time played after the injury was 2.8 years, which was less
than that of the control group (4.4 years) (P = .004). The presence of a meniscal injury was associated with a decreased length
of career compared with the control group (P = .012) and with patients with an isolated ACL injury (P = .002). For wings and
centers, the number of games played decreased from 71.2 to 58.2 in the first full season after the injury (P = .05) and to
59.29 in the second season (P = .03). In the first season after the injury, for forwards and wings, assists and total points
decreased from 20.3 and 35.2 to 13.8 (P = .005) and 25.9 (P = .018), respectively. In the second season after the injury, assists
and goals decreased to 10.0 (P = .002) and 10.0 (P = .013), respectively. Compared with controls, the per-season averages of
goals (P = .001), assists (P = .010), and total points (P = .004) decreased. Four players (8.5%) had subsequent failure of recon-
struction, and there was a total reoperation rate of 20%. Five players (10.6%) did not return to play, and 4 (8.5%) were unable to
return to play for a full season.

Conclusion: Most players are able to return to play in the NHL after an ACL injury. However, career length and performance may
be significantly decreased compared with controls. This may represent a more severe initial injury, and more focused return-to-
play pathways may identify barriers to return to play.
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Anterior cruciate ligament (ACL) injuries are infrequent in
hockey.'®1%17 Qutcomes after ACL injuries have been previ-
ously described in professional football and basketball play-
ers but have been rarely described in professional hockey
players.>*7 111315 Sty dies have shown that basketball and
football athletes are able to return to play with similar perfor-
mance expected after the injury in up to 80% of players.”®1°
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Additionally, studies have shown that while draft status may
be affected, the length of career was not negatively affected
by a history of ACL reconstruction.*® The elite athlete
presents unique demands on the reconstructed knee, and to
date, there is little information quantifying either the recov-
ery time for hockey players to return to competition or the
effect that an ACL injury has on athletic performance com-
pared with preinjury levels.'®? Describing the incidence,
mechanism of injury, associated injuries, and complications
in this population has also not been performed to date.

The purpose of this study was to examine the effect of
an ACL injury on hockey players in the National Hockey
League (NHL) and assess outcomes and the impact on
career length. We hypothesized that ACL injuries would
be infrequent injuries in NHL players, with similar
return-to-play performance seen in professional football
and basketball athletes.
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METHODS

Institutional review board approval was obtained prior to ini-
tiation of the study. The NHL Injury Surveillance System
(ISS) was utilized to identify all players with an ACL injury
between 2006 and 2010. Medical staff members for all NHL
teams were surveyed and completed a questionnaire for
each injury. Demographic information, mechanism of injury,
timing of injury, missed practices and games, treatment,
and outcomes were recorded from the survey. Performance
statistics were obtained using an online database (http:/
www.hockey-reference.com). Years in the league and games
played in the league were used as markers for the length
of career. Statistics for performance were based on position.
Forwards and wings were grouped together, and defensemen
and goalies were each defined as separate groups. Perfor-
mance measures included points, goals, assists, plus/minus
rating, and ice time. Only players who returned to the
NHL and had played at least 1 full season were included
in the preinjury and postinjury in-game statistical analysis.
Comparison was performed for athletes with a concomitant
injury including a meniscal injury, chondral injury, or associ-
ated ligament injury. Players with injuries to the posterolat-
eral corner and patients with a history of ACL injuries were
excluded from the study.

A control group was identified and matched based on per-
formance, years of experience, age, height, and weight.®
Matching criteria were based on entering the league within
+2 years and being drafted within =2 rounds. When multi-
ple matches were possible, those closest in year and round
were chosen. Performance measures were compared
between injured athletes and controls, and all controls
were within 2 goals or assists of the injured player in the
last full season played before the injury.'® Controls did not
have any history of ACL surgery, and athletes with a history
of any other significant injury, such as other knee injuries
or shoulder instability, were excluded.

Statistical analysis was performed using STATA 8.0
statistics/data analysis software (StataCorp). The data were
analyzed for normal distribution based on the Shapiro-Wilk
test for normality. Univariate analyses of continuous varia-
bles were performed using 2-sided ¢ tests for normally distrib-
uted data. For nonparametric data, differences in outcomes
were compared using the Kruskal-Wallis or Mann-Whitney
U test. A P value of <.05 was considered statistically signif-
icant. Multivariate linear regression analysis was used to
control for potentially confounding factors associated with
both performance measures and other variables of interest.
Independent-samples ¢ tests were used to compare the
patients with the controls for each of these outcome meas-
ures, and 1-way analysis of variance and post hoc least-
squares difference tests were used to compare the average
length of career between athletes with a history of injuries
and those without.

RESULTS

There were 47 players identified by the NHL ISS: 3 goalies,
8 defensemen, and 36 wings or centers. The average age of
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TABLE 1
Demographic Information of Injured Players and Controls®
Injured Group Control Group P Value

Age,y 27.69 28.01 .001
Time in the NHL, y

Before injury 5.65 5.72 .013

After injury 2.8 4.4 .004
Height, cm 185.5 186.1 12
Weight, kg 93.1 94.3 11

“Values are expressed as averages. NHL, National Hockey
League.

these players was 27.69 years, and the average age of play-
ers in the control group was 28.01 years (Table 1). Forty-
two of the injured players (89.4%) underwent reconstruc-
tion with a patellar tendon (n = 29) or hamstring autograft
(n = 13), and 5 (10.6%) underwent allograft reconstruction
(bone—patellar tendon—bone or tibialis posterior). There
was no correlation between performance or the complica-
tion rate and the type of graft used. The mechanism for
46 injuries was contact with another player (n = 34) or slid-
ing into the boards (n = 12), and 1 player was injured dur-
ing a non-hockey-related activity.

The average length of time played in the NHL before
the injury was 5.65 seasons in the injured group and 5.72
seasons in the control group (P = .013) (Table 1). The aver-
age length of time played after the injury was 2.8 seasons
versus 4.4 seasons (P = .004) in the control group. For for-
wards and wings, the average length of time played before
the injury was 5.8 seasons, and the average time played
after the injury was 2.8 seasons (P = .001). For defense-
men, the average length of time played before the injury
was 4.3 seasons, and the average length of time after the
injury was 3.8 seasons (P = .692).

Thirty-two (68%) players had a concomitant meniscal
injury, and 32 (68%) players had a concomitant medial col-
lateral ligament (MCL) injury. Injuries were -classified
according to the American Medical Association grading of
medial knee opening with valgus stress placed with the
knee in 30° of flexion: <5 mm (grade 1), between 5 and 10
mm (grade 2), and >10 mm (grade 3)!; there were 12 grade
3, 14 grade 2, and 6 grade 1 MCL injuries. There was no sta-
tistically significant relationship between severity of the
MCL injury and length of career or length of time missed.
The presence of a meniscal injury was associated with
a decreased length of career compared with the control
group (P = .012) and with patients with an isolated ACL
injury (P = .002). For wings and centers, the number of
games played decreased in the first full season after the
injury from 71.2 to 58.2 (P = .05) and in the second full sea-
son to 59.29 (P = .03) (Figure 1A).

For forwards and wings, in the first season after the
injury, assists and total points decreased from 20.3 and
35.2 to 13.8 (P =.005) and 25.9 (P = .018), respectively (Fig-
ure 1). In the second season after the injury, assists and
goals decreased to 10.0 (P = .002) and 10.0 (P = .013),
respectively (Figure 1). Compared with controls, the total
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Figure 1. Number of (A) games played, (B) goals, (C) assists, (D) points, and (E) plus/minus rating in forwards and centers before
and after an anterior cruciate ligament injury. Error bars indicate SDs; the number of players is in parentheses. Statistically sig-
nificant differences were noted in assists and total points in the first season after the injury and in assists and goals in the second

season after the injury.

number of goals (P = .001), assists (P = .010), and total
points (P = .004) decreased when adjusting for the short-
ened career length of the injured player. There was
a 31% reduction in goals scored per season, 60% reduction
in assists, and 42% reduction in total points compared with
controls (Figure 2), and players per game production also
decreased compared with controls. Eleven (23%) forwards
or centers were able to maintain or increase the number
of goals, assists, or points in the first full season back after
the injury. Predictive factors for improved or maintained
performance included players with greater than 30 goals
or 20 assists in the season before the injury, and players
with fewer than 5 goals in the season preceding the injury
(P < .001). Risk factors for failure to return to play a full
season included players who were older than age 30 years
at the time of the injury (12 players), as 33% of these

players were unable to return to play a full season com-
pared with only 20% of players who were younger than
30 years who were unable to return for a full season.

For defensemen, there was no statistically significant
performance change in games played, goals scored, assists,
total points, or plus/minus rating in the first season after
their return to play (Figure 3). There was a statistically
significant improvement in the plus/minus rating in the
second season after the injury compared with preinjury
levels, but not in the first season after the injury. This
was because of greater variation in the plus/minus rating
in year 1 compared with year 2 after the injury (Figure
3E). Over the remainder of their career, there was no
statistically significant difference in goals, points, and
assists in the control group compared with the injured
group (Figure 4).
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Figure 2. Offensive production when compared with a set of
controls before and after an injury in forwards and centers.
The number of players is in parentheses. Compared with
controls, the total number of goals (P = .001), assists (P =
.010), and total points (P = .004) decreased when adjusting
for the shortened career length of the injured player.

Only 3 of 8 (37.5%) players who were previously all-
stars were able to return to an all-star level. Four players
(8.5%) had subsequent failure of reconstruction, and there
was a total reoperation rate of 20%. Five players (10.6%)
did not return to play at all, and 4 (8.5%) were unable to
return to play for a full season. The average time to return
to play was 9.8 months (range, 6-21 months) but varied
depending on the time of the injury relative to the season.

DISCUSSION

There have been prior reports on the incidence of ACL
reconstructions in professional football and basketball and
outcomes after these injuries.®*71%13-15 Baged on the find-
ings of this study, ACL injuries are less common in profes-
sional hockey than in professional football or basketball.
Based on previous studies, an average of 1 to 2 ACL injuries
occur per team per season in the National Football League
(NFL).' In this study cohort, there was an average of 9.4
injuries per season across the entire league over a
5-year span. Twenty-one (70%) teams had a player with
an ACL injury, and 10 of those teams had only 1 player
with an ACL injury. Thus, teams deal with these injuries
infrequently, and return-to-play programs were not stan-
dardized in this study cohort.

Erickson et al'® reported on a series of hockey players
with ACL injuries derived from an online database. They
noted an average of 3 injuries per year but did not access
the NHL ISS. Further, the authors noted a higher return-
to-play percentage than found in our study. It is likely that
the use of the ISS identified a larger pool of players where
the injury may not have been identified in the media and
thus may have been missed by their methodology. Further,
while their study did report similar performance after return
to play in most players, they did not have clinical informa-
tion regarding the treatment methods and were unable to
associate if there were specific clinical factors that predicted

The American Journal of Sports Medicine

a shortened career or worse performance after the injury,
and did not include all injuries that occurred over the time
period. Erickson et al'® also noted that left-handed shooters
were more commonly injured in their cohort. This was not
analyzed in the present study. In the present study, a con-
comitant meniscal injury was associated with a shorter
career compared with those with isolated ACL injuries and
controls. Additionally, forwards and wings were more likely
to have a measurable performance decrease based on goals,
points, and assists as well as games played, and this per-
sisted into the second season after return to play.

Carey et al® noted that approximately four-fifths of NFL
running backs and wide receivers sustaining ACL injuries
were able to return to an NFL game, typically 9 to
12 months after the injury. Shah et al'® noted, in a subse-
quent study in 2010, that only 63% (31/49) of NFL athletes
were able to return to NFL game play, at an average of 10.8
months after surgery. Busfield et al” reported on ACL inju-
ries in 27 basketball players. Twenty-two percent did not
return to a National Basketball Association game, and the
average time to return to play was 325 days.” The findings
of the present study show similar outcomes in this popula-
tion of hockey players, with 38 (81%) returning to play for
1 or more full seasons. The time to return to play was also
similar between the 2 groups, with the majority of players
able to return between 9 and 12 months.

Shah et al’® reported factors correlated with improved
return-to-play odds, including a larger number of games pre-
viously played and earlier round drafted in football players.
Age at the time of surgery, position, and the type and num-
ber of procedures were not significantly different between
those who did and did not return to play.'® There was no cor-
relation noted in this study with round drafted or length of
career before the injury; however, a concomitant meniscal
injury did decrease performance in players and the likelihood
of returning to play.'® These findings are similar to those
reported by Brophy et al>® in a population of NFL prospects.
They noted that a history of meniscectomy, but not ACL
reconstruction, shortened the expected career of a profes-
sional football player. A combination of ACL reconstruction
and meniscectomy was more detrimental to an athlete’s
durability than either surgery alone.® Aune et al, however,
reported in a population of NFL players undergoing partial
lateral meniscectomy that undergoing a concomitant proce-
dure did not affect an athlete’s ability to return to play, nor
did concurrent arthroscopic ACL reconstruction affect a play-
er’s likelihood to return to play.

Several subjective and objective outcome measures exist
after a knee injury. A study of collegiate athletes found no
difference in mean Tegner, modified Lysholm, or Short
Form-36 scores compared with matched cohorts after
ACL reconstruction; however, there was a decreased rate
of participation in elite-level athletics after college in the
reconstructed patients.'? The current study did not use
typical orthopaedic outcome measures and relied on
sport-specific outcomes to describe performance after
return to play. We assumed that standard outcome scores
would not be sensitive to predict statistical performance
outcomes in the elite athlete. The outcome measures uti-
lized do not account for leadership, durability, or other
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Figure 3. Number of (A) games played, (B) goals, (C) assists, (D) points, and (E) plus/minus rating in defensemen before and after
an anterior cruciate ligament injury. Error bars indicate SDs; the number of players is in parentheses. There was a statistically
significant improvement in the plus/minus rating in the second season after the injury compared with preinjury levels, but not

in the first postinjury season.
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Figure 4. Offensive production when compared with a set of
controls before and after an injury in defensemen. The num-
ber of players is in parentheses. None of the differences were
statistically significant.

intangibles that may be used to describe performance and
value to a team. Similar outcome measures have been used
in other studies to assess player performance in football
and basketball populations.*1°

Carey et al® noted that, on return to competition, run-
ning backs and wide receivers after an ACL injury were
approximately two-thirds as productive as they were
before the injury. Busfield et al” reported that, after
returning to play, performance decreased by more than 1
player efficiency rating point in 44% of basketball players,
although the changes were not statistically significant rel-
ative to the comparison group. The current study reported
that forwards and wings had significant performance defi-
cits and a reduction in games played after ACL reconstruc-
tion and that return to prior performance levels was
uncommon in this particular subset of professional hockey
players. Defensemen, however, did not have a statistically
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significant decrease in performance or the number of
games played. Injuries to goalies did not occur frequently
enough to allow for statistical analysis. The relative perfor-
mance compared with preinjury levels is comparable to
that in studies examining outcomes of ACL injuries in pro-
fessional basketball and football. There was a statistically
significant decrease in performance for the majority of
offensive players, and return to previous levels of perfor-
mance was uncommon.

Studies in other sports have not always reported the
mechanism of injury or described the difference in out-
comes based on concomitant injuries. Busfield et al” noted
that players sustaining a concomitant injury were 3.2
times less likely to return to play. There was a high prev-
alence of concomitant meniscal injuries in the current
study population. A majority of the injuries sustained
were contact injuries, and the speed at which hockey is
played suggests that these injuries may have been more
severe than those seen in other sports in which noncontact
injuries are more common.

The strengths of the present study include its case-
matched, control comparative design and the use of
sport-specific performance parameters and that each
injury that occurred during the study interval was
included in the final analysis. However, this study has sev-
eral limitations. The study was retrospective in nature and
relied on the league’s ISS for the identification of injuries.
It is possible that some ACL injuries were sustained and
not identified by the surveillance system and that treat-
ment was not standardized. However, all injuries that
were identified were analyzed, and all teams cooperated
with the injury survey. The methodology of using the ISS
and team-reported surveys allowed for a more accurate
clinical picture, and a more representative sample size of
ACL injuries in this population, as opposed to using only
media-reported injuries.!® This also allowed for a greater
subanalysis of the clinical factors that can affect return
to play and performance such as concomitant injuries
and graft type. Return-to-play programs were not stan-
dardized among the teams in this study, and that is a sig-
nificant limitation. Return to play can be affected by
a variety of factors including team performance and coach-
ing decisions. Player performance can also be affected by
non-injury-related factors. This study does not account
for other injuries sustained by players after they returned
to play, and if that affected performance, nor does it
account for whether players were able to return to play
at a lower level of hockey or in other international leagues.

CONCLUSION

In this retrospective study of ACL injuries in professional
hockey players, the incidence of this injury has been shown
to be infrequent compared with other professional sports.
Outcomes of these injuries can result in decreased perfor-
mance compared with controls and in a decreased length
of career. There is a high association with concomitant
meniscal injuries and MCL injuries, and the majority of
injuries are contact injuries. This may represent a more

The American Journal of Sports Medicine

severe initial injury than traditional noncontact ACL inju-
ries seen in other sports, and future prospective studies
may identify barriers to return to play.
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