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ARTICLE INFO Background: The shoulder is a commonly injured area in hockey, yet information is lacking on the
prevalence and effect of shoulder instability. Our study investigates the incidence of shoulder dislocation
events in the National Hockey League (NHL) and the effects on return-to-play (RTP) and player perfor-
mance. We hypothesize that NHL players would have high RTP rates without significant changes in
performance after injury.
Methods: NHL players who suffered in-season shoulder instability events between 2003-2004 and
2017-2018 seasons were identified. Demographic characteristics, incidence of injury, recurrences, RTP,
and statistical performance data were collected. Postinjury performance was compared with experience-
matched, era-matched, position-matched, and age-matched controls. A mixed generalized linear
regression model was used to compare postinjury performance as a function of operative and nonop-
erative treatment.
Results: A total of 57 players experienced 67 shoulder instability events with 98.5% of players returning
to play after an average of 26.3 + 20.8 regular season games missed. Surgery was performed in 47.8% of
players with no recurrent injuries postoperatively. Nonoperatively managed players experienced a
decrease in points per game (P =.034) compared with surgically treated patients. Recurrence occurred in
14.3% of conservatively managed players, with 33.3% experiencing a season-ending injury. Players with
recurrent injuries missed significantly more career games compared with those treated initially with
surgery (P =.00324).
Conclusion: Professional hockey players experience high rates of RTP with acceptable performance
outcomes after shoulder instability events; however, recurrent injuries led to significantly more career
games missed when treated nonoperatively at the time of injury.
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Ice hockey players are at risk for various injuries due to the
aggressive nature of gameplay.?’ Direct or indirect collisions with
other players, collisions with the surrounding boards or
equipment-related mechanisms all predispose hockey players to
potential injuries.>?! Within hockey, the upper limb makes up
nearly 32% of all injuries with shoulder injuries comprising 8.6% to
21.9% of injuries.®!” With the glenohumeral joint's large arc of
motion and the high-speed collision nature of hockey, the shoulder
is therefore prone to injury in ice hockey players.

Institutional review board approval was not required for this retrospective study.
* Corresponding author: Charles A. Popkin, MD, Department of Orthopedic Sur-
gery, Columbia University Medical Center, 622 West 168 St, PH-11, New York, NY
10032, USA.
E-mail address: cp2654@cumc.columbia.edu (C.A. Popkin).
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Shoulder dislocations present a unique challenge to the
competitive athlete as expedient management and treatment can
be integral to career longevity and sustained athletic perfor-
mance.'® Currently, literature exists to support both operative
treatment with labral and instability repairs, and nonoperative
treatment characterized by immobilization and physical ther-
apy."??*1%? Contact athletes, such as football players and wrestlers,
are at a higher risk for recurrent instability after an initial disloca-
tion event; however, no consensus exists for the management of
shoulder dislocations in hockey players.?> Although prior studies
have examined the impact of shoulder instability in other
sports,>®162431 there is a paucity of data examining its impact on
hockey players with even less data available on outcomes in pro-
fessional hockey players. Therefore, our study sought to investigate
the incidence of shoulder dislocation events in the National Hockey
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League (NHL) and the subsequent effects on return-to-play (RTP)
and player performance. We hypothesized that NHL players sus-
taining a shoulder instability event would return to play at a high
rate without significant changes in player performance after injury.
We believe that this information will provide valuable insight into
the ideal management after shoulder dislocation in NHL players
and to better educate players on potential changes in performance
after injury.

Materials and methods

A retrospective cohort study was conducted evaluating NHL
players who suffered at least 1 in-season shoulder instability event
between the 2003-2004 and 2017-2018 seasons. Using previously
described methods,'%!113.17%19202324 pyplicly available Internet-
based reports were reviewed to identify players meeting inclu-
sion criteria. Sources used for injury reports included team injury
reports, professional hockey statistical websites (“NHL.com,”
“hockeyreference.com”), press releases, team web sites, and na-
tionally recognized news sources. Player information and injury
reports were cross-referenced across multiple sites to confirm
diagnostic accuracy and subsequent treatment administered. A
shoulder instability event was defined as a dislocation of the gle-
nohumeral joint requiring reduction. Players with an instability
event were included if they played in at least 1 NHL game before
sustaining the aforementioned injury. Injuries occurring in

Shoulder injuries identified
through database search
(n=619)
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preseason, postseason, offseason, during international play or
before a lockout season were excluded from analysis. If injuries
occurred within the final 3 games of the season, they were not
considered “season-ending injuries.” These injuries were excluded
from the analysis of season-ending injuries in order to prevent bias
given the proximity of the injury to the end of the regular season
(Fig. 1). Demographic data such as age, height, weight, body mass
index, years played in the NHL, position, career games played, and
career seasons played were collected for each player. Injury data
such as date of injury, season of RTP, date of player's return to an
NHL game, number of games missed, and presence of injury
recurrence were also collected. RTP was defined as a player's ability
to play in at least 1 NHL regular season game after injury. Perfor-
mance data including number of total seasons played, games
played, goals per game, assists per game, points per game, average
time on ice (ATOI), shooting percent, offensive point shares (OPS),
defensive point shares (DPS), and overall point shares were also
collected, similar to the methods used by Longstaffe et al.”” Players
who underwent surgical treatment were identified and informa-
tion on surgical timing (ie, within the same season, following sea-
son of injury, or another season) was recorded.

Matched controls without prior documented shoulder injuries
were determined for each player suffering an instability event.
Players were matched according to position, height, weight, age,
career length (ie, seasons played preinjury season), and year of
injury.

Exclusion of injuries that were
not shoulder dislocations or did

A 4

Records screened for
confirmation of shoulder

dislocation
(n=336)

not occur during regular season
(n=283)

Records excluded

Injuries included in
quantitative analysis
(n=67)

A 4

Could not confirm injury
(n =269)

Figure 1 CONSORT diagram showing exclusion criteria of analyzed subjects.
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Primary outcome measures included treatment (operative vs.
nonoperative), ability to RTP, time to RTP (number of games missed,
season of return), and presence of recurrence. The following pre-
injury and postinjury performance variables were analyzed: sea-
sons played, games played, goals per game, assists per game, points
per game, ATOI, shooting percentage, OPS, DPS, and overall point
shares.

A paired Student t-test was used to analyze preinjury differences
between matched controls. A mixed generalized linear model was
used to assess the difference in performance statistics between
cases and matched controls after injury. Additional analyses were
performed comparing performance and RTP between surgically
and nonsurgically treated players. All analyses were performed
using SPSS (Version 19.0; IBM, Armonk, NY, USA) and Microsoft
Excel (Version 16. Redmond, WA, USA). Statistical significance was
set a priori at P < .05.

Results

Between the 2003-2004 and 2007-2018 seasons, 56 NHL players
experienced 67 confirmed in-season shoulder instability events
with 9 recurrent instability events occurring in 5 players. The
average age of all studied players was 25.3 + 3.8 years with a body
mass index of 26.8 + 1.4. The average number of career seasons
played was 10.7 + 4.3 with an average of 571.7 + 256.1 career games
played. Demographic characteristics of players and their matched
controls are listed in Table I.

An average of 4.19 shoulder dislocations occurred per season in
the NHL with an overall incidence rate of 0.020 dislocations per
1000 game exposures (confidence interval, 0.017-0.027). In terms
of player position, no statistically significant differences occurred
between forwards and defensemen (P = .871) (Table II). Overall,
38.8% (26 of 67) of players suffered season ending injuries, but
98.5% (66 of 67) of all players were able to return to play after
missing an average of 26.3 + 20.8 regular season games. Ultimately,
50% (13 of 26) of players who suffered a season-ending injury un-
derwent surgery. Compared with matched controls, players
suffering a shoulder instability event experienced an increase in
both ATOI and shooting percentage on returning to gameplay (P =
.002, P < .001, respectively), yet there were no statistically signifi-
cant differences in seasons played; goals, assists, and points per
game; and offensive, defensive, and overall point shares. Complete
analysis of player performance data compared with matched con-
trols is shown Table Il

Operative treatment was performed on 47.8% (32 of 67) of all
players (Fig. 2). Of the players who underwent surgery, 40.6% (13 of
32) were out for the remainder of the season. In regard to surgical
timing, players either underwent surgery before RTP, or trialed
nonoperative management before eventually undergoing surgery.
The former group comprised 16 players: 75.0% (12 of 16) under-
went surgery and were out for the remainder of the season and
25.0% (4 of 16) underwent surgery and returned to play within the
same season.

Table I

Baseline demographic characteristics of cases and controls
Characteristic Cases Controls P value
Age 253 (3.8) 27.2 (4.5) 1573
Height (m) 1.9 (0.04) 1.9 (0.05) 1.0000
Weight (kg) 93.2(6.7) 91.0 (7.7) 3412
BMI (m/kg?) 26.8 (1.4) 26.6 (1.5) 6654
Games played 571.7 (256.1) 662.6 (370.9) 3728
Seasons played 10.7 (4.3) 11.3 (4.3) 6615

BMI, body mass index.
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Table II

Incidence of shoulder instability event by player position
Position Incidence per 1000 game exposures 95% CI
Forwards (F) 2.380 1.757-3.156
Defensemen (D) 2.282 1.467-3.399
Overall 2.116 1.653-2.671

(I, confidence interval.

Of the 28 players and 32 injuries that were treated non-
operatively, 14.3% suffered recurrent shoulder dislocations, with
10.7% of players and 9.4% (N = 3) of injuries recurring within the
season of the original injury. All recurrences within the same sea-
son were season-ending, with 33.3% of season-ending recurrences
requiring surgery. Players with recurrences missed significantly
more total career games compared with patients treated initially
with surgery (80.3 + 50.7 vs. 35.2 + 18.2, P =.00324). Within the
studied cohort, no recurrences were seen after operative inter-
vention (Fig. 3).

Operative patients missed an average of 23.3 + 18.4 games,
whereas players treated initially with nonoperative management
missed an average of 25.6 + 22.6 games (P =.3832) before returning
to play in an NHL game. Compared with players undergoing sur-
gery, nonoperatively managed players experienced a significant
decrease in points per game after injury (P =.034). There were no
significant differences in number of seasons played, goals per game,
assists per game, and offensive, defensive, and overall point shares
between treatment groups. Postinjury analysis of performance data
between operative and nonoperative groups is listed in Table IV.

Discussion

Ice hockey is a collision sport, during which athletes deliberately
hit or collide with other players with great force.**® This can
transmit significant stress on the shoulder, and therefore these
athletes at higher risk of shoulder trauma.?’ Shoulder instability
has previously been studied in hockey players of all levels, but
despite evidence on the frequency of general upper extremity in-
juries in hockey players,>®8152230-32 there is minimal literature
discussing RTP and the impact of shoulder dislocations on perfor-
mance. In our study, we found an incidence of 0.020 shoulder
dislocations per 1000 game exposures in the NHL between the
2003-2004 and 2007-2018 seasons. Compared with matched
controls, players who suffered a shoulder dislocation experienced
an increase in ATOI and shooting percentage on returning to
gameplay (P =.002, P < .001, respectively). In regard to treatment
options, we found that amongst players treated nonoperatively,
14.3% suffered recurrent shoulder dislocations, with all same-
season recurrences becoming season-ending injuries and 33.3%
ultimately requiring surgery. Furthermore, players with recurrent
injury missed significantly more total career games compared with
patients treated initially with surgery (80.3 + 50.7 vs. 35.2 + 18.2,
P = .00324). Finally, when evaluating postinjury performance sta-
tistics as a function of treatment, nonoperative management led to
significantly lower points per game after injury (P = .034).

Our investigation found a lower incidence of shoulder disloca-
tions (4.19 shoulder dislocations per season or 0.020 per 1000 game
exposures) than the 0.53 shoulder instability events per 1000
athlete exposures reported on the collegiate level.>® One potential
explanation for this finding may be owed to the level of expertise
shown by players at a higher level, leading to less injuries. Previous
studies examining the incidence of shoulder sprains and disloca-
tions found shoulder pathology to comprise 11% of all injuries in
Canadian youth hockey and 2% of all injuries amongst French
hockey players.®*> Dwyer et al® note an 8.6%-21.9% rate of shoulder
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Table III

Comparison of performance data between cases and controls
Variable Cases Control P value

Pre Post Pre Post

Seasons 44 (35) 5.3 (2.7) 5.6 (4.8) 48(3.8) 3224
Goals/game 0.14 (0.13) 0.12 (0.10) 0.14 (0.09) 0.10 (0.10) 307
Assists/game 0.26 (0.17) 0.21 (0.15) 0.23(0.16) 0.20 (0.15) 161
Points/game 0.40 (0.27) 0.33 (0.25) 0.37 (0.23) 0.69 (0.21) 226
Average TOI 16:02 (6:57) 17:06 (5:12) 16:46 (6:52) 16:55 (5:38) .002
Shooting % 7.3(5.1) 7.4 (4.4) 8.4 (4.1) 6.1(4.2) <.001
Offensive point shares 1.9(2.2) 1.3(2.3) 2.6 (6.6) 0.96 (1.53) 761
Defensive point shares 14 (1.1) 1.7 (1.5) 2.0(1.9) 1.6(1.3) 227
Point shares 3.3(3.0) 3.0(3.2) 3.0(29) 25(2.2) 512

TOI, time on ice.
Bold indicates P < .05.
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Figure 3 Average number of total career games missed in recurrent injuries.
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Table IV

Comparison of performance data between operative and nonoperative cases
Variable Underwent surgery Did not undergo surgery P value

Pre Post Pre Post

Seasons 4 (3.0) 3(3.2) 3(3.8) 49 (3.1) .882
Goals/game 0. 16 (0.15) 0. 14 (0.13) 0. 20 (0.16) 0.15 (0.19) 333
Assists/game 0.27 (0.21) 0.22(0.18) 0.27 (0.19) 0.24 (0.18) .088
Points/game 0.44 (0.32) 0.35 (0.29) 0.46 (0.30) 0.31 (0.29) .034
Average TOI 15: 54 (5:47) 16: 54 (6:37) 15:47 (5:20) 14:25 (4.43) 514
Shooting % 3(5.0) .8 (4.8) 100(6 5) 6.5 (5.6) 612
Offensive point shares 3(2.9) 6(2.4) 9(2.6) ] 4(2.3) .067
Defensive point shares 7(1.4) 6(1.2) 5(1.3) 3(1.3) 441
Point shares .0 (3.7) 3(3.1) 5(3.1) 2 7 (3.0) .100

TOI, time on ice.
Bold indicates P < .05.

injury in professional (NHL and Ontario Hockey League) hockey
players; however, an incidence rate was not defined in their
investigation.

Our RTP findings (98.5%) are similar to NHL players who suffered
anterior cruciate ligament injuries (95% RTP),"” National Football
League players who suffered shoulder instability events (92.8%),%*
and high school and collegiate athletes who suffered shoulder
dislocations among various sports, including ice hockey (100%).!*
Lubbe et al'® found that 92.6% of NHL players return to play after
any orthopedic procedure with no statistically significant differ-
ence in RTP time after shoulder injuries compared with other
procedures. In addition, players who underwent these procedures
did not experience decreases in performance scores in their post-
operative season.'®

No recurrences occurred after surgical intervention, and no
significant differences in games missed occurred as a function of
initial treatment; however, a significantly greater number of games
were missed after recurrent injury (P =.00324). The initial evalu-
ation and treatment decision after player injury are paramount in
professional sports as time lost from injury can introduce a
significant burden on an athlete's career. Donaldson et al’ showed
that shoulder injuries had the highest mean cost per injury in the
NHL leading to one of the largest financial burdens for players
unable to play due to injury. Our findings suggest that there may be
some benefit to operative intervention in terms of reducing total
career games missed due to injury. However, our findings must be
viewed in the context of other intangible factors related to athletic
play such as seasonal timing of injury and individual player
aspirations.

In terms of player performance, those who suffered a shoulder
dislocation saw no difference in seasons played, goals per game,
assists per game, points per game, OPS, DPS, or PS following when
compared with matched controls. Similar conclusions were
demonstrated in other contact sports as a study of National
Football League players found no difference in pro-bowl
involvement, games, seasons, or games played per season from
their matched controls.”* Our analysis did, however, find a sig-
nificant increase in ATOI and shooting percentage of those players
who suffered an injury compared with matched controls, as well
as higher points per game averages after injury in those treated
operatively. Our findings may be secondary to coaching decisions
geared to give more playing time, and thus more opportunities to
score, to these less fatigued players on their return to the active
roster yet further investigation is needed to better rationalize
these differences. However, despite these statistical differences,
the absolute differences in ATOI (26 seconds), shooting percent-
age (1.3%), and points per game (0.04) after injury are relatively
small. As such, these findings may not be clinically significant
within routine gameplay.
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Compared with current literature, we present one of the first
investigations on postinjury performance in professional hockey.
Such information is useful as it can serve to better inform treatment
decisions and educate players on the expected outcomes after a
shoulder instability event. As there is no consensus on the appro-
priate treatment method, there is a need for additional research to
determine appropriate algorithms. Currently, there is no consensus
on treatment, treatment timing, and rehabilitation for shoulder
instability injuries in hockey. Given the physical and financial
impact of this type of injury on professional players, we feel that
there is a need to work toward development of a treatment pro-
tocol for shoulder instability in hockey.

This study is not without limitations. Most notably, the current
documentation of shoulder injuries in injury reports lacks signifi-
cant detail. As such, we are unable to comment on specific details
related to a player's injury or the exact indications for nonoperative
or operative management by the treating surgeon. Further, data
collection was inherently limited as shoulder injuries are often
listed as “unspecified,” “unconfirmed,” or more generally as “upper
extremity injury” within hockey. As a result, our reported incidence
of shoulder instability events may be a gross underestimate. Several
potential dislocations were likely excluded from injury reports
which inherently reduced the power of our study and subsequently
increased the risk of type Il error within our analysis. To combat this
inherent limitation, multiple public websites and new sources were
cross-referenced to confirm the integrity of the data obtained. In
addition, this small sample size prevented us from consistently
being able to perform statistical analyses to determine the full
differences between groups. Furthermore, the NHL experienced
lockout periods during the 2004-2005 and 2012-2013 seasons, thus
reducing the amount of overall data that could be included in our
study and further underpowering our findings. However, this event
did not affect our RTP findings as players whose postinjury season
was during a lockout were excluded as outlier values in games
missed after injury. Lastly, intangible gameplay-related factors such
as coaching decisions or individual player disputes that might have
affected RTP could not be controlled.

Despite these limitations, our study possesses a number of
strengths as it is, to the authors' knowledge, the largest investiga-
tion on RTP and changes in performance in professional hockey
after shoulder instability. Although there are studies assessing
shoulder instability in other contact sports'®?432 as well as other
injuries in professional hockey,'>!”?° there is a deficit of studies on
shoulder instability in professional hockey. To date, this study
provides the most comprehensive data available as it evaluates over
a 15-year period. Lastly, we presented a rigorous analysis
comparing postinjury athletes with a set of era- and experience-
matched controls. Selecting controls based on position, number of
games played, respective years played, professional era, and
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demographic characteristics allowed the authors to present a
robust analysis of performance data with limited confounders.

Conclusion

Professional hockey players experience high rates of RTP with

acceptable performance outcomes after shoulder instability events;
however, recurrent injuries led to significantly more career games
missed when treated nonoperatively at the time of injury.
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