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Context: Postconcussion deficits in neurocognitive perfor-
mance and postural control may persist at the time of return to
sport participation. How these deficits, if present, affect athletic
performance is largely unknown, with prior studies showing
mixed results.

Objective: To evaluate postconcussion National Hockey
League player performance using advanced hockey metrics
over short- (5 games), medium- (10 games), and long-term
(remainder of the season) seasonal performance.

Design: Retrospective cohort study.
Patients or Other Participants: National Hockey League

players who sustained a sport-related concussion (SRC; n¼ 93)
and returned during the same season and players (n¼ 51) who
missed time for non–injury-related reasons.

Main Outcome Measure(s): Six performance metrics were
used: (1) points per 60 minutes, (2) Corsi percentage, (3)
personal Fenwick shooting percentage, (4) scoring chances per
60 minutes, (5) penalty difference, and (6) PDO (not an acronym
but sometimes referred to as SVSP% [save percentage
shooting percentage]). Performance was compared using 2
(group) 3 2 (time) repeated-measures analyses of variance for 3

time windows: (1) 65 games, (2) 610 games, and (3) the
remainder of the season postconcussion. Alpha values were set
at a conservative .01 to account for the lack of independence
among dependent variables.

Results: No significant interactions were present for any of
the 6 dependent variables at any of the 3 time windows. Overall,
none of the secondary variables differed.

Conclusions: Using advanced, sport-specific metrics, we
found that National Hockey League players did not display
worse seasonal performance during 3 postinjury time frames
after they sustained an SRC. Whereas laboratory studies have
identified lingering neurologic deficits after concussion, our
results suggest that these deficits, if present, either do not
translate to worse athletic performance or were not captured by
these 44 metrics. Further, prospective efforts are needed to
accurately quantify performance after SRC among professional
hockey players.

Key Words: mild traumatic brain injuries, sports perfor-
mance, ice hockey

Key Points

� After concussion, National Hockey League (NHL) players’ performance was similar to their preconcussion
performance across a diverse array of advanced metrics.

� The postconcussion performance of NHL players was similar to that of players with nonconcussion-related time loss.
� If persistent postconcussion deficits existed in NHL players, the current metrics used were unable to identify them,

suggesting that either no deficits persisted or different metrics are required to identify the deficits.

I
ce hockey is a fast-paced, high-risk collision sport
played on an enclosed hard surface with skating speeds
exceeding 30 miles per hour (48 km/h) and shot speeds

over 100 miles per hour (161 km/h).1 Thus, the high rate of
injuries is not surprising, with more than half of all National
Hockey League (NHL) players missing at least 1 game per
season because of injury.2 National Hockey League
concussion rates are 5.8 to 6.1 per 100 games, with
forwards experiencing disproportionally more concussions
(65%) than defensemen (32%) or goalies (3%), with a
median time loss of 6 days.3,4 Furthermore, concussions
most frequently occur during the first period (47%), in the
defensive zone (45%), and along the perimeter (53%) after

player-to-player contact (85%) involving the shoulder
(42%) and impacts to the lateral side of the head
(74%).3,5 Although rule changes (ie, 2010 implementation
of Rule 48, assessing a major penalty for an illegal check to
the head; http://www.hockeycentral.co.uk/nhlrules/Rules-
48.php) have been implemented, NHL concussion rates
have continued to rise, with a 10-fold increase from 1986–
1987 through 2011–2012. However, heightened awareness
and more conservative concussion-management strategies
may partly explain the elevated rates.2,6,7

Most concussed athletes return to premorbid levels of
functioning on common clinical examinations within 7 to
10 days8; yet these assessments have numerous limitations,
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including suboptimal test-retest reliability and an inability
to identify subtle neurologic deficits, suggesting that
athletes may be returning to participation before complete
neurologic recovery.9,10 Indeed, deficits persisting beyond
clinical recovery have been identified using a variety of
laboratory, neuroimaging, electrophysiological, and bio-
marker protocols, but the clinical meaningfulness of these
deficits remains unresolved.9 The clinical translation of
these studies is unclear, though persistent neurologic
deficits are the speculated mechanism underlying the
recently identified elevated subsequent musculoskeletal
injury rates postconcussion.11–17 Thus, continued investi-
gation of the clinical, or real-world, implications is needed
to fully elucidate the meaningfulness of these laboratory
deficits.

Subtle, yet ongoing, neurologic deficits may also
adversely affect player performance. Indeed, the evaluation
of player performance in professional sports postconcussion
is an emerging research area.18–22 After concussion,
reduced performance has been noted in both football and
baseball players.18–22 Player performance postconcussion in
the NHL has received limited attention, but Kuhn et al18

identified no changes in either performance or style of play
when assessing hockey performance metrics (eg, goals,
points, penalty minutes) over 5 games after players returned
from a concussion. More recently, using similar metrics to
compare performance in subsequent seasons, Navarro et
al20 noted reductions in total points for players who
sustained concussions.

The move to advanced metrics beyond simple goals and
assists is largely credited as having originated with baseball
statistician Bill James and has been adopted by the NHL
and other sports.23,24 These advanced metrics are believed
to provide a more thorough analysis of player performance
and may identify more subtle changes not evident in
broader measures (eg, goals) that may rely on factors
outside the player’s control. Subtle but persistent deficits
have been noted for several months postconcussion11–14;
however, the effect on elite-level athletic performance has
received limited attention. Therefore, the purpose of our
study was to evaluate NHL player performance using
advanced hockey metrics over short- (5 games), medium-
(10 games), and long-term (remainder of the season)
seasonal performance. Though earlier researchers showed
minimal differences in NHL players postconcussion, we
hypothesized that advanced performance metrics would
demonstrate worse performance among concussed NHL
players versus players with non–injury-related time loss.

METHODS

Participants

The participants were NHL players who experienced a
publicly documented concussion during the 2008–2009
through the 2014–2015 seasons (7 seasons) previously
identified by Kuhn et al.18 From this list, only the data from
players who participated in at least 5 consecutive regular
season games, both before and after the concussion but not
including the game in which the concussion occurred, were
analyzed. Only the first concussion that occurred in the
season was assessed, but players who received concussions
in multiple seasons (n ¼ 7) were included as separate

events. Goalies were excluded from the study, as the
metrics used in this study do not apply to them.

Control players were NHL players who missed game(s)
because of non–injury- and non–suspension-related reasons
(most commonly classified as personal reasons and often
reflecting family-related events such as birth of a child or
death of a family member) during the same 7 seasons, who
had also been previously identified by Kuhn et al.18 Similar
to the concussion group, all control players had to have
been active in at least 5 consecutive regular season games
before and after the game(s) missed. If a player had missed
a game because of both a concussion and a non–injury-
related reason, that player was excluded from the study.
Finally, players in both groups were excluded if they had
sustained a time-loss orthopaedic injury during the 10
games before their concussion and missed game(s) or
during the 5 games thereafter, to ensure a ‘‘clean’’ sample
and limit other confounding injuries that may have affected
performance.18 This study was deemed exempt by the host
institutional review board and thus informed consent from
participants was not required.

Performance

We identified performance metrics from the previously
publicly available WAR-on-Ice25 Web site, which calcu-
lated multiple metrics per player on a game-by-game basis,
an approach used by numerous authors.18,20,26 Two levels of
performance metrics were used. In the primary analysis, 6
commonly used advanced metrics encompassing a broad
performance spectrum were identified: (1) points per 60
minutes (Points60), (2) Corsi percentage (Corsi%), (3)
personal Fenwick shooting percentage (pFen%), (4) scoring
chances per 60 minutes, (5) penalty difference, and (6)
PDO (not an acronym but sometimes referred to as SVSP%
[save percentage shooting percentage]). These 6 advanced
metrics were selected a priori to identify diverse aspects of
professional hockey and are continuous variables. Points
per 60 minutes is the number of points (goals þ assists)
scored per 60 minutes of playing time for the individual
player. For example, if a player recorded 1 point in 20
minutes of playing time, the player’s outcome measure for
Points60 would be 3.0. Corsi for (CF) refers to all shots
attempted, including shots that are blocked, miss the net,
are saved, or are goals when the player is on the ice, and
Corsi against (CA) refers to the same for the opposing
team. Herein, we used Corsi%, which is calculated as
Corsi% ¼ CF/(CF þ CA).25 Personal Fenwick shooting
percentage is the player’s goals scored divided by the
number of unblocked shots taken.25 Scoring chances per 60
minutes (SCP60) is the number of scoring chances
produced by the player or teammates when the focal player
is on the ice.25 Penalty difference is the difference between
the penalties taken and drawn by a player, such that a
negative number reflects more penalties taken than drawn
(ie, a positive number is better).25 The PDO is the sum of
the on-ice save and shooting percentages, with the league
average being 100, and is viewed as ‘‘luck’’; values higher
than 100 are considered lucky and values below 100 are
deemed unlucky.25

To more thoroughly address the question of postconcus-
sion performance, we assessed an additional 38 metrics (see
Supplemental Table 1, available online at http://dx.doi.org/
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10.4085/1062-6050-200-18.S1). These operational defini-
tions and results from the analyses are provided in
Supplemental Table 2.

Data Analysis

Three time periods relative to injury were evaluated: (1)
65 games preconcussion and postconcussion, (2) 610
games preconcussion and postconcussion, and (3) the entire
preconcussion and postconcussion season. This approach
includes the 5 or 10 games before the concussion and the 5
or 10 games after return from the concussion but not the
game in which the concussion occurred. The third post-
injury interval includes all games in that season before and
after the concussion but not the game in which the
concussion occurred. All players had at least 5 games of
data available both before and after the concussion, but 7
players with concussions and 4 control players did not have
10 consecutive games and thus were not included in the 10-
game or season analysis. We selected these intervals to
match the 5-game interval implemented by Kuhn et al18 to
approximate 1 month (ie, 10 games) of postinjury
performance, and the entire season was chosen to reflect
the longer-term persistent deficits on return from concus-
sion.

Statistical Analysis

Means and standard deviations were calculated for each
dependent variable for each of the 3 time periods. A series
of 2 (group) 3 2 (time: preconcussion, postconcussion)
repeated-measures analyses of variance were computed for
each dependent variable and for each of the 3 (5-game, 10-
game, season) time periods, and effect sizes were calculated
(small ¼ 0.02, medium ¼ 0.13, large ¼ 0.26). Because the
variables were not independent, a more conservative
analysis a value (.01) was used.

RESULTS

A total of 93 players with concussions (86 individuals; 7
had multiple concussions but in separate seasons) and 51
control players met the inclusion and exclusion criteria. No
anthropometric differences were present between groups.
However, the concussion group missed more games than
the control group (Table 1).

We observed no significant interactions for Points60,
Corsi%, pFEn%, SCP60, PenD, or PDO for any of the 3
time windows (Tables 2 through 7, Figure). Furthermore,
all interaction effect sizes were below 0.05. Among the
secondary variables, only 3 reached statistical significance
(P , .01); all had small effect sizes (time on ice, 10 games:
P¼ .010, g¼ 0.046; time on ice percentage, 10 games: P¼
.001, g¼0.077; time on ice percentage, season: P¼ .004, g
¼ 0.055), and in all 3 instances, the concussion participants
had decreased absolute or relative playing time (Supple-
mental Table 2, sections 37 and 38).

DISCUSSION

Persistent postconcussion deficits have been identified
using diverse laboratory-based approaches,9 yet the clinical
significance of these deficits has not been fully elucidated.
If neurologic recovery is incomplete at the time of return to
play, then poorer athletic performance, particularly at elite
levels, would be expected. Indeed, neurologic deficits
during a relatively simple task, such as level overground
dual-task gait, would likely be exacerbated during elite
athletic competition and be identified as performance
deficits. However, we failed to identify any performance
decrements in 5-game, 10-game, or season-long compari-
sons between NHL players with reported concussions and
those with non–injury-related time loss. Failure to identify
postconcussion performance deficits after return to partic-
ipation by NHL players suggests any of the following: (1)
ongoing neurologic deficits at any level were not present

Table 1. Player Demographicsa

Group Height, cm Weight, kg Age, y Games Missed Position

Mean 6 SD

Concussion (n ¼ 93) 185.5 6 5.3 92.5 6 6.9 27.5 6 5.0 9.1 6 8.6 Center: 16

Wing: 36

Defense: 41

Control (n ¼ 51) 186.0 6 6.1 93.2 6 7.4 27.5 6 3.8 2.3 6 3.3 Center: 13

Wing: 25

Defense: 13

a The groups did not differ in height (P¼ .661), weight (P¼ .586), or age (0.923). The concussion group missed a greater number of games
(P , .001).

Table 2. Points per 60 Minutesa

Time Frame

Concussion Control

Interaction P Value PartialPre Post Pre Post

Mean 6 SD

5 games 1.20 6 1.19 1.49 6 1.50 1.57 6 1.28 1.44 6 1.59 .185 0.012

10 games 1.26 6 0.90 1.33 6 1.08 1.47 6 1.08 1.44 6 1.17 .637 0.002

Season 1.23 6 0.72 1.30 6 0.84 1.40 6 0.75 1.43 6 0.92 .785 0.001

a No significant group 3 time interactions occurred for 5 games, 10 games, or the season. Points per 60 minutes is the number of points
(goals þ assists) scored per 60 min of playing time for the individual player.
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Table 3. Corsi Percentagea

Time Frame

Concussion Control

Interaction P Value PartialPre Post Pre Post

Mean 6 SD

5 games 50.1 6 6.7 51.0 6 7.4 49.8 6 8.6 49.0 6 7.1 .233 0.010

10 games 50.7 6 5.7 49.9 6 5.9 50.1 6 6.1 49.2 6 5.9 .135 0.016

Season 50.1 6 5.2 49.7 6 4.9 50.1 6 4.9 49.3 6 5.0 .591 0.002

a No group 3 time interactions occurred for 5 games, 10 games, or the season. Corsi percentage is calculated as Corsi for/(Corsi forþCorsi
against).

Table 4. Personal Fenwick Shooting Percentagea

Time Frame

Concussion Control

Interaction P Value PartialPre Post Pre Post

Mean 6 SD

5 games 4.4 6 9.7 4.4 6 9.8 9.2 6 20.2 7.4 6 15.6 .527 0.004

10 games 4.7 6 7.1 3.9 6 5.5 7.8 6 15.0 5.5 6 6.4 .483 0.003

Season 4.8 6 4.6 4.3 6 4.4 6.3 6 4.9 5.3 6 4.5 .705 0.001

a No significant group 3 time interactions occurred for 5 games, 10 games, or the season. Personal Fenwick shooting percentage is the
player’s goals scored divided by number of unblocked shots taken.

Table 5. Scoring Chances per 60 Minutesa

Time Frame

Concussion Control

Interaction P Value PartialPre Post Pre Post

Mean 6 SD

5 games 27.5 6 6.6 26.8 6 6.8 27.0 6 7.1 26.1 6 8.0 .902 0.000

10 games 26.8 6 5.2 26.6 6 5.7 26.2 6 6.2 25.9 6 6.0 .953 0.000

Season 27.0 6 4.4 26.6 6 4.7 26.7 6 5.0 26.4 6 5.5 .977 0.000

a No significant group 3 time interactions occurred for 5 games, 10 games, or the season. Scoring chances per 60 minutes is the number of
scoring chances produced by the player or teammate when the focal player is on the ice.

Table 6. Penalty Differencea

Time Frame

Concussion Control

Interaction P Value PartialPre Post Pre Post

Mean 6 SD

5 games 0.17 6 1.21 �0.10 6 1.54 0.24 6 2.19 �0.10 6 1.55 .844 0.000

10 games 0.08 6 1.06 0.02 6 0.97 0.19 6 1.51 0.11 6 1.10 .904 0.000

Season 0.09 6 0.92 �0.03 6 0.68 0.04 6 0.79 0.04 6 0.70 .470 0.004

a No significant group 3 time interactions occurred for 5 games, 10 games, or the season.

Table 7. PDOa

Time Frame

Concussion Control

Interaction P Value PartialPre Post Pre Post

Mean 6 SD

5 games 99.2 6 7.8 101.5 6 7.3 101.1 6 9.5 98.3 6 8.5 .019 0.047

10 games 99.4 6 5.1 100.9 6 6.1 100.6 6 7.2 99.0 6 5.2 .031 0.032

Season 99.4 6 3.8 100.0 6 4.4 99.9 6 4.1 99.8 6 4.1 .531 0.003

a Sometimes referred to as SVSP% (save percentage shooting percentage). No significant group 3 time interactions occurred for 5 games,
10 games, or the season.
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after return to play, (2) subtle deficits were present but not
at a level that affected performance, (3) deficits were
present but the athletes’ neurologic compensatory strategies
were sufficient to mitigate them, or (4) the diverse
advanced performance metrics used were not sensitive to
any decrement.

Athletic performance after sport-related injury, including
both concussion and musculoskeletal injury, is an area of
growing interest.18–21,26–30 Among professional ice hockey
players, Kuhn et al18 found no differences within the same
season, whereas Navarro et al20 noted fewer points scored
in the season postconcussion. Nevertheless, Navarro et al20

compared players with concussions across a longer time
period (specifically the season before to the season after the
concussion), and the control group consisted of NHL
players (n¼ 937), regardless of other injuries or time loss.
Thus, these results could have been influenced by a variety
of non–concussion-related considerations. Our results agree
with those of Kuhn et al,18 as no meaningful differences
were identified across multiple time windows in the same
season using a wide range of diverse advanced metrics.
Although we studied mostly the same players as Kuhn et
al,18 this alone does not account for the result given the
substantially different time windows and test metrics.

Similarly, in professional football, advanced metrics failed
to identify any differences in player performance after
concussion, although Kumar et al21 primarily investigated
players with concussions who did or did not miss a game.
Conversely, Major League Soccer players displayed
decreased performance in the years postconcussion, but
within-season metrics were not assessed.31 Major League
Baseball hitters demonstrated reduced hitting performance
(batting average, on-base percentage, slugging percentage,
and on-base plus slugging) in the first 2 weeks post-
concussion, a similar time frame to our 5-game analysis,
which failed to identify any differences.19 As hitting
performance is largely driven by neurocognitive function-
ing (eg, reaction time, attentional focus, visual acuity) and
lingering deficits persisting beyond the return-to-play point
have frequently been noted, it is not surprising to observe
decreased batting performance.9,32 However, batting is a
highly individualized task, involving precise interaction
between the pitcher and batter, whereas football, hockey,
and basketball outcomes typically involve the interaction of
12 to 22 players at a time, allowing for a larger margin of
error that may mask subpar performance, even when
advanced statistical metrics are used. Herein, personal
Fenwick shooting percentage was the most individualized

Figure. Individual player performance for points per 60 minutes (Points60) across time points and groups.
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metric, yet it relies on the interactions of numerous
additional players. Moving forward, most individualized
specific scenarios in hockey (eg, face-offs, shoot-out
performance) and football (wide receiver/defensive passing
scenario performance) could be assessed to overcome these
methodologic limitations.

No single set of advanced metrics has been determined to
be the best, but we selected our primary dependent
variables to represent diverse aspects of professional
hockey. The Corsi and Fenwick values are 2 of the most
commonly used hockey metrics and both represent
shooting-related aspects of the game. Points per 60 minutes
and SCP60 were selected as outcomes that measure
‘‘success’’ normalized to participation time, whereas PenD
potentially represents aggressiveness. Still, many of the
commonly used metrics, such as goals or points, can be
accounted for, in part, by luck’’ For example, a player
entering the ice seconds before a goal is scored likely had
no role in the goal but would receive aþ1 on the plus-minus
statistic. Thus, we also assessed PDO, a statistic designed to
account for luck, and found no differences between groups
across the 3 time windows. Interestingly, nonsignificant
interactions occurred for the 5-game (P ¼ .019) and 10-
game (P ¼ .031) windows, whereby the players with
concussion increased their PDO from below to above
league average (average ¼ 100) and the control group
decreased from above to below league average. These
trends were not observed in the full-season analysis (P ¼
.531) and could represent an expected regression to the
mean. Taken together, these results suggest no meaningful
differences in player performance during the remainder of
the season in which the concussion occurred. Yet given the
findings of Longstaffe et al,26 future investigators should
assess advanced metrics over subsequent seasons to identify
potential prolonged deficits, as the effects of concussion
may be heightened with age.

Although we selected advanced metrics to find suspected
deficits not identified by traditional performance metrics,
hundreds of these metrics exist in the sports realm.
Therefore, our study was limited to the large number of
primary and secondary selected metrics presented here, and
different metrics might have produced different outcomes.
Furthermore, the players with concussions were identified
from public sources, and it is likely that this approach,
although previously used by multiple authors, did not detect
all concussive events, as underreporting or delayed reporting
of concussion is well established.33–35 Our primary purpose
was to examine the effect of concussion on player
performance. Because of uneven positional distributions
and oversampling of data, the effect of position was not
explored, but no theoretical rationale in the literature
suggests that position would be a key confounding variable
in performance after concussion. The exclusion criteria
eliminated players who did not participate in at least 5
consecutive games postconcussion and those who sustained a
subsequent orthopaedic injury; thus, these results may not
represent the postconcussion performance of all NHL players
or athletes in other sports or at other levels. During the time
period of the identified concussions (2008–2015), a substan-
tial societal shift occurred in the awareness and understand-
ing of concussions, including lawsuits by former players
against both the National Football League and the NHL,
which may have influenced concussion-management deci-

sions during the study time frame. The individual players’
concussion histories cannot be reliably identified through
public media sources and therefore potential dose-response
outcomes (ie, decreased performance after an increased
number of prior concussions) could not be assessed. Finally,
the theoretical rationale underlying this study, the presence
of lingering postconcussion neurologic deficits,9,11–14 was
identified among high school and collegiate student-athletes.
Whether these same deficits are present in professional
athletes is unknown.

Our findings suggest that no meaningful ongoing
performance deficits were evident in NHL players with
concussions over the course of a season, whether assessed
in the short, medium, or long term. These results build on
the work of researchers18,19,21,22,31 who also found no
differences in hockey performance postconcussion, which
is consistent with National Football League and National
Basketball Association studies but differs from both soccer
and baseball studies. Future investigators could use a
tighter matching protocol, match for time loss to more
specifically assess potential differences, and use league-
sanctioned medical records to ensure complete accuracy.
Although this information is less publicly available, the
performance of collegiate student-athletes could be evalu-
ated, which would be more consistent with the population
in whom persistent deficits have been identified.

ACKNOWLEDGMENTS

Andrew Kuhn’s father is a team physician and orthopaedic
surgeon for the Nashville Predators of the NHL. The author has
no direct connection to or financial interests in the organization or
the league.

REFERENCES

1. Flik K, Lyman S, Marx RG. American collegiate men’s ice hockey:

an analysis of injuries. Am J Sports Med. 2005;33(2):183–187.

2. Donaldson L, Li B, Cusimano MD. Economic burden of time lost

due to injury in NHL hockey players. Inj Prev. 2014;20(5):347–

349.

3. Hutchison MG, Comper P, Meeuwisse WH, Echemendia RJ. A

systematic video analysis of National Hockey League (NHL)

concussions, part I: who, when, where and what? Br J Sports Med.

2015;49(8):547–551.

4. Benson BW, Meeuwisse WH, Rizos J, Kang J, Burke CJ. A

prospective study of concussions among National Hockey League

players during regular season games: the NHL-NHLPA Concussion

Program. CMAJ. 2011;183(8):905–911.

5. Hutchison MG, Comper P, Meeuwisse WH, Echemendia RJ. A

systematic video analysis of National Hockey League (NHL)

concussions, part II: how concussions occur in the NHL. Br J Sports

Med. 2015;49(8):552–552.

6. Kuhn AW, Solomon GS. Concussion in the National Hockey

League: a systematic review of the literature. Concussion.

2015;1(1).

7. Wennberg RA, Tator CH. National Hockey League reported

concussions, 1986–87 to 2001–02. Can J Neurol Sci.

2003;30(3):206–209.

8. McCrea M, Guskiewicz KM, Marshall SW, et al. Acute effects and

recovery time following concussion in collegiate football players:

the NCAA Concussion Study. JAMA. 2003;290(19):2556–2563.

9. Kamins J, Bigler E, Covassin T, et al. What is the physiological

time to recovery after concussion? Systematic review. Br J Sports

Med. 2017;51(12):935–940.

532 Volume 54 � Number 5 � May 2019

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-06-17 via free access



10. Broglio SP, Katz BP, Zhao S, et al. Test-retest reliability and

interpretation of common concussion assessment tools: findings

from the NCAA-DoD CARE Consortium. Sports Med.

2018;48(5):1255–1268.

11. Buckley TA, Vallabhajosula S, Oldham JD, et al. Evidence of a

conservative gait strategy in athletes with a history of concussions. J

Sport Health Sci. 2016;5(4):417–423.

12. Gao J, Hu J, Buckley T, White K, Hass C. Shannon and Renyi

entropies to classify effects of mild traumatic brain injury on

postural sway. PLoS One. 2011;6(9):324446.

13. Howell DR, Osternig LR, Christie AD, Chou LS. Return to physical

activity timing and dual-task gait stability are associated 2 months

following concussion. J Head Trauma Rehabil. 2016;31(4):262–

268.

14. Berkner J, Meehan WP III, Master CL, Howell DR. Gait and quiet-

stance performance among adolescents after concussion-symptom

resolution. J Athl Train. 2017;52(12):1089–1095.

15. Slobounov S, Sebastianelli W, Hallett M. Residual brain dysfunc-

tion observed one year post-mild traumatic brain injury: combined

EEG and balance study. Clin Neurophysiol. 2012;123(9):1755–

1761.

16. Howell DR, Buckley TA, Lynall RC, Meehan WP III. Worsening

dual-task gait costs after concussion and their association with

subsequent sport-related injury. J Neurotrauma. 2018;35(14):1630–

1636.

17. Howell DR, Lynall RC, Buckley TA, Herman DC. Neuromuscular

control deficits and the risk of subsequent injury after a concussion:

a scoping review. Sports Med. 2018;48(5):1097–1115.

18. Kuhn AW, Zuckerman SL, Totten D, Solomon GS. Performance

and style of play after returning from concussion in the National

Hockey League. Am J Sports Med. 2016;44(8):2152–2157.

19. Wasserman EB, Abar B, Shah MN, W Wasserman D, Bazarian JJ.

Concussions Are associated with decreased batting performance

among major league baseball players. Am J Sports Med.

2015;43(5):1127–1133.

20. Navarro SM, Pettit RW, Haeberle HS, et al. Short-term impact of

concussion in the NHL: an analysis of player longevity, perfor-

mance, and financial loss. J Neurotrauma. 2018;35(20):2301–2399.

21. Kumar NS, Chin M, O’Neill C, Jakoi AM, Tabb L, Wolf M. On-

field performance of National Football League players after return

from concussion. Am J Sports Med. 2014;42(9):2050–2055.

22. Yengo-Kahn AM, Zuckerman SL, Stotts J, et al. Performance

following a first professional concussion among National Basketball

Association players. Phys Sportsmed. 2016;44(3):297–303.

23. NHL, SAP partnership to lead statistical revolution. National

Hockey League Web site. https://www.nhl.com/news/nhl-sap-

partnership-to-lead-statistical-revolution/c-754184. Accessed May

2, 2018.

24. Orchard JW. On the value of team medical staff: can the

‘‘Moneyball’’ approach be applied to injuries in professional

football? Br J Sports Med. 2009;43(13):963–965.

25. Thomas A, Ventura S. Home page. WAR on Ice Web site. http://

war-on-ice.com. Accessed December 2, 2018.

26. Longstaffe R, Leiter J, MacDonald P. Anterior cruciate ligament

injuries in the National Hockey League: epidemiology and

performance impact [published online ahead of print March 27,

2018]. Clin J Sport Med. doi: 10.1097/JSM.000000000000584.

27. 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.

28. Mehran N, Williams PN, Keller RA, Khalil LS, Lombardo SJ,

Kharrazi FD. Athletic performance at the National Basketball

Association combine after anterior cruciate ligament reconstruction.

Orthop J Sports Med. 2016;4(5):2325967116648083.

29. Sikka R, Kurtenbach C, Steubs JT, Boyd JL, Nelson BJ. Anterior

cruciate ligament injuries in professional hockey players. Am J

Sports Med. 2016;44(2):378–383.

30. Mai HT, Chun DS, Schneider AD, et al. Performance-based

outcomes after anterior cruciate ligament reconstruction in profes-

sional athletes differ between sports. Am J Sports Med.

2017;45(10):2226–2232.

31. Hardy R, Jordan T, Wolf A, Johnson M, Brand J. Concussions and

their effects on performance measures of Major League Soccer

players: a teaching tool for physical education teachers. Phys Educ.

2017;74:150–163.

32. Servatius RJ, Spiegler KM, Handy JD, Pang KCH, Tsao JW,

Mazzola CA. Neurocognitive and fine motor deficits in asympto-

matic adolescents during the subacute period after concussion. J

Neurotrauma. 2018;35(8):1008–1014.

33. Llewellyn T, Burdette GT, Joyner AB, Buckley TA. Concussion

reporting rates at the conclusion of an intercollegiate athletic career.

Clin J Sport Med. 2014;24(1):76–79.

34. Williamson IJS, Goodman D. Converging evidence for the under-

reporting of concussions in youth ice hockey. Br J Sports Med.

2006;40(2):128–132.

35. Asken BM, Bauer RM, Guskiewicz KM, et al. Immediate removal

from activity after sport-related concussion is associated with

shorter clinical recovery and less severe symptoms in collegiate

student-athletes. Am J Sports Med. 2018;46(6):1465–1474.

SUPPLEMENTAL MATERIAL

Supplemental Tables. Secondary advanced metric variables and
operational definitions as well as additional hockey metrics.

Found at DOI: http://dx.doi.org/10.4085/1062-6050-200-18.S1

Address correspondence to Thomas A. Buckley, EdD, ATC, Department of Kinesiology and Applied Physiology, University of
Delaware, 541 South College Avenue, 150 Human Performance Lab, Newark, DE 19716. Address e-mail to TBuckley@UDel.edu.

Journal of Athletic Training 533

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-06-17 via free access


