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Background: An updated National Hockey League (NHL) concussion protocol (NHLCP) was established in the 2016-2017 season
to mitigate the negative outcomes of sport-related concussions. However, few studies on the effects of implementing the NHLCP
have been performed.

Purpose: To define concussion incidence and investigate differences in NHL player performance after a concussion during peri-
ods before and after NHLCP implementation and assess the financial impact on NHL teams associated with NHLCP
implementation.

Study Design: Cohort study; Level of evidence, 3

Methods: This was a retrospective review of NHL players who sustained a concussion before (2000-2001 to 2015-2016 seasons)
and after (2016-2017 to 2020-2021 seasons) implementing the NHLCP (pre-NHLCP and post-NHLCP groups). For each group,
multiple performance metrics—including 30 days, 1 season, and 3 seasons before and after concussion—were compared for
both groups. Return to play, total concussion cost, and association of return to play with cost were investigated using regression
analysis.

Results: A total of 452 players (423 skaters, 29 goalies) sustained concussions during the study period, including 331 players (315
skaters, 16 goalies) in the pre-NHLCP group and 121 players (108 skaters, 13 goalies) in the post-NHLCP group. For both groups,
no significant differences in standard performance were observed during the 30-day and 1-season periods before and after con-
cussion. The mean return to play was significantly higher in the pre-NHLCP group than in the post-NHLCP group (20.1 vs 15.7
days; P = .022). The mean adjusted player salary was not different between groups; nonetheless, the mean adjusted replacement
player salary was significantly higher in the post-NHLCP group ($744,505 vs $896,942; P = .032). The mean cost of time missed
did not differ between groups. The mean return to play time significantly decreased over the entire study period (R2 = 0.33; P =
.005), and the mean return to play time was positively associated with cost R2 = 0.215; P = .030).

Conclusion: Concussion incidence did not change after implementation of the updated NHLCP; nonetheless, players had sig-
nificantly less missed time from injury after protocol implementation. Changes in player performance 30 days and 1 year before
and after concussion injury were not different before and after NHLCP implementation. No differences were found in the financial
cost of concussions between the pre- and post-NHLCP groups, and missed time was significantly correlated with mean cost from
missed time.
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Ice hockey, specifically at the professional level in the
National Hockey League (NHL), is a fast-paced, highly
physical contact sport. Because of the intense physical
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nature of hockey, many players will experience some
injury during their career, many of which will be signifi-
cant enough to cause missed game time.2 Of these injuries,
concussions are prevalent, with an incidence of up to 5.8 to
6.1 per 100 games.2,3 Concussions are considered a form of
mild traumatic brain injury, and the pathogenic mecha-
nism involves diffuse axonal injury due to the shearing of
axons in the brain.29 Overall, concussions have short-
term, severe effects on performance18,24 and cause long-
lasting changes in both cerebrovascular and cognitive func-
tion.4,25 These changes have been linked to cognitive
decline, neurobehavioral changes, and neurodegenerative
disease.13,14 Concussions can also pose significant financial
costs to professional hockey teams, causing a salary loss of
up to US$40 million per year. This accounts for the largest
proportion of any injury likely due to the higher average
cost of salary lost per concussion compared with other
injuries.7,10,28

Because of an increased understanding of the serious
effects of concussions, the NHL has created several pro-
grams to monitor and improve concussion outcomes among
its players.16,17 In 1997, the NHL began to collect data on
the incidence of concussions.3,11 During the 2010-2011
and 2011-2012 seasons, the NHL introduced a rule to elim-
inate blindside hits to the head and implemented the first
NHL concussion protocol (NHLCP),3,11,16,17 which served
as the NHL’s standardized set of rules to guide the man-
agement of concussions. In the 2016-2017 season, because
of concern over players not being appropriately removed
from play,2 the NHLCP was updated to its current
form—including mandatory concussion education, the
NHL Paper and Pencil test battery, and the ImPACT base-
line test—in addition to the X2 Sports Concussion Assess-
ment Tool that was already being utilized.16 The new
protocol included professionally trained spotters who could
remove players when a concussion was suspected and
game recordings that could be used to review injuries.
While mandatory removal of a player showing concussive
symptoms for evaluation was previously required, the
update more clearly and comprehensively defined these
criteria. Concussion was a clinical diagnosis made by
a team physician both before and after NHLCP; neverthe-
less, the updates in 2016-2017 undoubtedly aided in mak-
ing this diagnosis. The new protocol also introduced
criteria for returning to play after concussion diagnosis,
including complete recovery of symptoms at rest, no
reemergence of symptoms at exertion levels consistent
with competitive play, and return to neurocognitive

baseline testing as determined by evaluation with a consul-
ting neuropsychologist.18,19

Previous studies of various sports have shown that con-
cussion incidence increases after the implementation of
enhanced concussion protocols without significant impacts
on player performance.6,15,19,21,22,23,26 While this is true for
other professional sports, few studies have specifically
looked at concussions in the NHL after the 2016-2017 pro-
tocol update. Furthermore, no studies have looked at dif-
ferences in athlete performance or changes in financial
effects before and after NHLCP implementation.

This study aimed to define concussion incidence and
investigate differences in NHL player performance after
a concussion injury during periods before and after imple-
mentation of the 2016-2017 updated NHLCP. Our second-
ary aim was to assess the financial impact on NHL teams
associated with the implementation of the new NHLCP.
We hypothesized that concussion incidence would increase
and player performance would remain the same after
NHLCP implementation.

METHODS

Study Design

A retrospective review of NHL players who had sustained
a concussion between the 2000-2001 to 2020-2021 seasons
was performed. Players who had missed games because of
injury were identified by searching the terms ‘‘concussion’’
and ‘‘head injury’’ in an online database, Pro Sports Trans-
actions (https://www.prosportstransactions.com). This web-

site utilizes hundreds of sources, including but not limited to

magazine and newspaper articles, media guides, books, and

the internet to ensure its database is up-to-date. Players iden-

tified were confirmed as having had a concussion using indi-

vidual team injury reports. The following information was

collected for all players who sustained a concussion: type of

injury; return to play date; identification of players who

replaced the injured player (identified as having had a corre-

sponding roster move within 5 days of the injured player’s

injury date); and injury mechanism (contact, puck, and

unknown). Contact injury mechanism included concussions

caused by colliding with the ice, the boards, or another player;

puck injury mechanism included concussions caused by con-

tact with the puck; and unknown injury mechanism concus-

sions where the play that caused the injury was not obvious

or disclosed by reports or articles. Players who were not

goalies are referred to as ‘‘skaters’’ in this study.
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Players who sustained concussions during the NHL
regular season or postseason were included. Players who
were injured during the preseason or in the minor leagues,
players who did not return during the index season, and
players who sustained multiple concussions were excluded.
Players who missed .5 consecutive games during the 30-
day interval before or after concussion were excluded
from the 30-day interval performance analysis. Players
who sustained a concussion during the 2020-2021 season
were excluded from the 1-season interval performance
analysis. Players who sustained concussions from 2018
to 2021 were excluded from the 3-season interval perfor-
mance analysis. Players who sustained a concussion before
the updated NHLCP was implemented (2000-2001 to
2015-2016 seasons) were included in the pre-NHLCP
group. Players who sustained a concussion after the
NHLCP was implemented (2016-2017 to 2020-2021 seasons)
were included in the post-NHLCP group. Concussion inci-
dence, player characteristics, player performance, and costs
were compared between groups.

Data Collection

The following information about player characteristics was
collected: players’ age; team; position; number of seasons
played at the time of concussion; and career length. Stan-
dard performance data were collected for the following
time intervals: 30 days; 1 season; and 3 seasons before
and after the players’ concussion. The season of injury
was the index season. The time periods selected were to
capture the short-, mid-, and long-term association of the
players’ concussions with athletic performance. Standard
data recorded for skaters included number of games,
time on ice, goals, assists, points, plus/minus (player-goal
differential), penalty minutes, shots made, and shooting
percentage. Standard performance data for goalies
included games, time on ice, wins, losses, overtime losses,
shots against, saves, save percentage, goals against, and
shutouts. Player statistics were collected from the Stat-
head Hockey database (https://stathead.com/hockey) and

were cross-referenced against the NHL database (https://

www.nhl.com/stats). Advanced sabermetric performance

data were only available for players from 2008 to 2021. Saber-

metric performance data were collected in intervals of 1 sea-

son and 3 seasons before and after the index season,

including Corsi, Fenwick, and PDO. Corsi is the sum of all

shot attempts for the player’s team divided by all shot

attempts for the opposing team while the player is on the

ice; Fenwick is similar but excludes blocked shots by opposing

players. PDO is the sum of the shooting and save percentages

of the player’s team while the player is on the ice.9

Financial Analysis

A financial analysis was also conducted. Player and
replacement player annual salaries during the season of
the concussion were determined using the CapFriendly
database (https://www.capfriendly.com) and cross-referenced

against 2 others (Puckpedia [https://puckpedia.com] and

Spotrac [https://www.spotrac.com]). Salaries were adjusted

for inflation to equate to 2021 US dollars. Return to play

was calculated as the days between the player’s injury and

return. The total cost of return to play was computed using

an accepted formula.5 The mean length of the NHL season

from 2000 to 2021 was 249 days, excluding the 2004-2005

and 2012-2013 seasons, which were affected by lockouts, and

the 2019-2020 and 2020-2021 seasons, which were shortened

by the COVID-19 pandemic. The players’ and replacement

players’ daily salaries were calculated by dividing the annual

salary by 249 days. The player and replacement players’ costs

of return to play were determined by multiplying the daily sal-

ary by the number of days missed. The total cost of return to

play was calculated by adding the player and replacement

player’s cost of the return to play time.

Statistical Analysis

All analyses were performed using SPSS Statistics 28.0.1.1
(IBM). Descriptive statistics were calculated with categor-
ical data reported as counts with percentages and continu-
ous data as mean 6 standard deviation. To evaluate
categorical data, 2-group univariate comparisons were
analyzed using the chi-square test for values �5 and the
Fisher exact test for values\5 before and after implement-
ing the 2016-2017 NHLCP change. Continuous variables
were analyzed using the 2-sample t test for normally dis-
tributed variables and the Wilcoxon rank-sum test for non-
normally distributed variables before and after
implementing the 2016-2017 NHLCP change. For each
study group, changes in the mean player performance
data during time periods before and after the concussion
injury (30 days, 1 season, and 3 seasons) were analyzed
with the paired t test for normally distributed variables
and the Wilcoxon signed-rank test for nonnormally distrib-
uted variables. Linear regression analysis assessed trends
in return to play and cost of concussion over time. Statisti-
cal significance was considered P \ .05.

RESULTS

Concussion Incidence

A total of 452 players (423 skaters, 29 goalies) sustained
concussions during the study period, including 331 players
(315 skaters, 16 goalies) in the pre-NHLCP group and 121
players (108 skaters, 13 goalies) in the post-NHLCP
group. A total of 543 concussions occurred (508 skaters,
35 goalies), including 406 concussions (388 skaters, 18
goalies) in the pre-NHLCP group and 137 concussions
(120 skaters, 17 goalies) in the post-NHLCP group. In
the pre-NHLCP group, 267 players had 1 concussion, 55
had 2 concussions, 7 had 3 concussions, and 2 had 4 con-
cussions. In the post-NHLCP group, 107 players had 1 con-
cussion, 13 had 2 concussions, and 1 had 4 concussions.
The time between first and second concussion in the pre-
NHLCP group was 984.4 6 944.7 days versus 572.83 6

472.8 days in the post-NHLCP group (P = .024). A mean
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of 25.9 concussions occurred per season across our entire
study period, with a mean of 25.4 concussions per season
in the pre-NHLCP group and a mean of 27.4 concussions
per season in the post-NHLCP group (P = .756) (Figure 1).

Player Characteristics

The mean age at the time of concussion was 27.5 6 4.7
years in the pre-NHLCP group and 26.3 6 4.3 years in
the post-NHLCP group. Career length was significantly
different (P \ .001) between the pre-NHLCP and post-
NHLCP groups at 11 6 4.4 seasons and 8 6 4 seasons,
respectively. However, number of seasons played at time
of concussion was not significantly different between the
groups (pre-NHLCP 6.3 6 4.5 and post-NHLCP 5.4 6 3.8
seasons). Player position (P = .005) and injury mechanism
(P = .001) were significantly different between groups (Fig-
ures 2 and 3). Defensemen (35.5%), followed by centers
(22.7%), left wings (19.5%), right wings (18.0%), and

goalies (4.4%) had the most concussions in the pre-NHLCP
group. Centers (28.5%), followed by defensemen (26.3%),
left wings (17.5%), right wings (15.3%), and goalies
(12.4%) had the most concussions in the post-NHLCP
group. In both groups, the most frequent mechanism of
injury was contact (pre-NHLCP 72.2% and 73% post-
NHLCP), followed by unknown (pre-NHLCP 25.1% vs
post-NHLCP 17.5%). Fewer injuries were caused by the
puck in the pre-NHLCP group (2.7% vs 9.5%).

Thirty-Day Interval Standard Performance

We asked whether players (skaters and goalies) before and
after implementation of the NHLCP had significant
changes in mean performance metrics during specific peri-
ods before and after sustaining a concussion. No significant
differences in standard performance for skaters and
goalies 30 days before and after concussion injury were
observed in either group (Table 1).

Figure 1. Total number of concussions per year for NHL players from 2000 to 2021. The panel shows the number of concussions per
year for goalies (blue line) and skaters (orange line). ‘‘Skaters’’ means any player who was not a goalie. The dashed line indicates the
year the updated NHLCP was implemented. NHL, National Hockey League; NHLCP, National Hockey League concussion protocol.

A B

Figure 2. Percentage of total concussions by NHL player position (A) before and (B) after implementation of the 2016-2017
updated NHLCP. There was a significant difference (P = .005) in concussions by position before versus after implementation
of the updated concussion protocol. NHL, National Hockey League; NHLCP, National Hockey League concussion protocol.
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One-Season Interval Standard Performance

Skaters in the pre-NHLCP group, post-NHLCP group, and
overall did not significantly differ in standard performance
after a concussion. There were no significant differences in
standard performance after a concussion for goalies in the
pre-NHLCP or post-NHLCP groups. Overall, goalies had
a significant decrease in save percentage from 91.9% 6

1.3% before concussion to 89.8% 6 2.5% after concussion
(P = .034) (Table 2).

Three-Season Interval Standard Performance

There were no significant differences in standard perfor-
mance 3 seasons before and after a concussion for skaters

A B

Figure 3. Percentage of total concussions by mechanism of injury (A) before and (B) after implementation of the 2016-2017
updated NHLCP. Contact injuries included collisions with ice, boards, or other players. Puck injuries included those caused by
contact with the puck. There was a significant difference (P = .001) in concussions by mechanism before versus after implemen-
tation of the updated concussion protocol. NHLCP, National Hockey League concussion protocol.

TABLE 1
Comparison of Standard Performance Metrics of Skaters and Goalies 30 Days Before and After Concussiona

Metric

Overall Preprotocolb Postprotocolc

30 Days Before 30 Days After 30 Days Before 30 Days After 30 Days Before 30 Days After

Skaters (N = 178; preprotocol: n = 120; postprotocol: n = 58)
Games 12.3 12 12.2 12.1 12.6 11.9
Goals 2 2.1 1.8 1.7 2.5 2.8
Assists 3.5 3.2 3.2 3.1 4 3.3
Points 5.5 5.2 5 4.9 6.5 6.1
Plus/minus 0.1 0 0.1 0.3 0.1 –0.6
PIM 6.9 6.7 7.3 7.1 6.1 5.7
Shots 20.2 21.1 19.2 20.9 22.4 21.5
Shooting, % 9.1 8.6 8.3 7 10.9 12.2
TOI, min: sec 202:57 200:30 202:14 200:39 204:33 200:11

Goalies (N = 9; preprotocol: n = 4; postprotocol: n = 5)
Games 8.6 7.9 8.7 9.3 8.50 6.8
Wins 3.7 3 3.7 3.7 3.8 2.5
Losses 3.6 3 3.3 3.7 3.8 2.5
Overtime losses 0.6 0.9 0.7 1 0.5 0.8
Shots against 247.3 215.7 229.3 260.3 260.8 182.3
Saves 225.6 196.4 208.7 235.3 238.3 167.3
Save, % 91.1 90.5 91.2 89.4 91 91.4
Goals against 23 19.3 20.7 25 24.8 15
TOI, min: sec 464:55 426:34 472:48 526:28 459:01 351:39
Shutouts 0.3 0.4 0.3 0.7 0.3 0.3

aData are reported as a mean number of events unless otherwise indicated. NHL, National Hockey League; NHLCP, the 2016-2017 NHL
updated concussion protocol; PIM, penalty minutes; TOI, time on ice.

bBefore the 2016-2017 NHL updated concussion protocol.
cAfter the 2016-2017 NHL updated concussion protocol.
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in the pre-NHLCP group or overall (Table 3). Skaters in
the post-NHLCP group showed a significant decrease after
concussion in games played (62.9 6 24.5 vs 51.8 6 13.8; P =
.017) and time on ice (1139:14 6 527:57 vs 915:19 6 356:49
min: sec; P = .016). There were also significant decreases
after concussion for skaters in the post-NHLCP group in
assists (20.8 6 18.4 vs 16.8 6 11.7; P = .025), points (33.1
6 28 vs 26.2 6 19.4; P = .0305), penalty minutes (26.4 6

19.6 vs 16.6 6 11.9; P = .014), and shots (120.2 6 76.2 vs
97.6 6 55.8; P = .037). There were no significant differences
after concussion in this period in standard performance for
goalies in the pre- or post-NHLCP group or overall (Table 3).

One-Season Interval Sabermetric Performance

There was a significant decrease after concussion in the 1-
season period in Fenwick (50.9% 6 6.5% vs 50.2% 6 5.4%;
P = .048) for skaters in the pre-NHLCP group. There were
no significant differences in sabermetric performance 1
season after a concussion for skaters in the post-NHLCP
group. Overall, skaters had a significant decrease after
concussion in Fenwick (51.4% 6 6.1% vs 50.9% 6 5.5%;
P = .019). (Table 4).

Three-Season Interval Sabermetric Performance

For sabermetric performance during the 3-season interval
before and after a concussion, we observed that skaters in

the pre-NHLCP group had a significant decrease after con-
cussion in Corsi (51.7% 6 7.4% vs 51.1% 6 6.8%; P = .036)
and Fenwick (51.4% 6 7.7% vs 51.1 6 6.5%; P = .036)
(Table 4). Overall, skaters had a significant decrease after
concussion in Corsi (52.4% 6 7.1% vs 51.1% 6 6.6%; P =
.004) and Fenwick (52% 6 7.3% vs 51.1% 6 6.3%; P = .005).

Financial Cost

The mean return to play was significantly higher in the
pre-NHLCP group (20.1 6 17.9 days) than in the post-
NHLCP group (15.7 6 12.1 days; P = .022). There were
no significant differences in average adjusted salary (in
2021 US$) of players between the pre- and post-NHLCP
groups ($2,466,361 6 $2,289,752 vs $2,609,285 6

2,397,171), while the average adjusted salary of replace-
ment players was significantly lower in the pre-NHLCP
group ($744,505 6 478,252) than in the post-NHLCP group
($901,140 6 466,235; P = 0.032). The mean cost of return to
play was not significantly different between the pre-
NHLCP ($232,273 6 253,458) and post-NHLCP groups
($211,668 6 $234,017; P = 0.509). Regression analyses
showed that the mean return to play time decreased signif-
icantly (R2 = 0.335; P = .005) from 2000 to 2001, while the
mean cost of the time missed did not differ significantly
over the same period (Figure 4A). Regression analyses
also showed a significantly positive correlation between

TABLE 2
Comparison of Standard Performance Metrics of Skaters and Goalies 1 Season Before and After Concussiona

Metric

Overall Preprotocolb Postprotocolc

1 Season Before 1 Season After 1 Season Before 1 Season After 1 Season Before 1 Season After

Skaters (N = 244; preprotocol: n = 179; postprotocol: n = 65)
Games 64.2 64.5 60 61.7 77 71.5
Goals 11.2 11 10.3 9.8 13.8 14.3
Assists 18.6 18 17.4 16.6 22.3 21.6
Points 29.8 29 27.7 26.4 36.2 35.8
Plus/minus 1.6 0.1 1.3 -0.7 2.4 2.3
PIM 41.6 37 42.7 38.7 38.2 32.5
Shots 114.4 113.5 106.4 107.4 139.3 129.4
Shooting, % 8.5 8.4 9.7 9.1 9.4 10.2
TOI, min: sec 1090:28 1095:10 1029:48 1058:43 1278:31 1190:10

Goalies (N = 18; preprotocol: n = 10; postprotocol: n = 8)
Games 41 33.3 43 38.4 37.8 26.6
Wins 21.5 14.1 22.8 17.2 19.6 10
Losses 13.2 12.6 13.6 14.0 12.6 10.7
Overtime losses 3.7 4.2 3.9 4.7 3.4 3.6
Shots against 1163.5 952.6 1237.1 1104 1045.8 758
Saves 1065.8 864.4 1134.3 1000.9 956.2 688.9
Save, % 91.9 89.8 92 89.6 91.8 90.2
Goals against 97.8 88.3 102.9 103.1 89.6 69.1
TOI, min: sec 2350:32 1856:46 2469:14 2170:38 2160:36 1453:15
Shutouts 3 1.9 3 2.3 3.2 1.4

aData are reported as a mean number of events unless otherwise indicated. NHL, National Hockey League; NHLCP, the 2016-2017 NHL
updated concussion protocol; PIM, penalty minutes; TOI, time on ice.

bBefore the 2016-2017 NHL updated concussion protocol.
cAfter the 2016-2017 NHL updated concussion protocol.
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mean return to play and mean cost of return to play (R2 =
0.215; P = .030) (Figure 4B).

DISCUSSION

In this study, we found a similar incidence of concussions
in NHL players before (25.4 6 16.2 concussions per season)
and after (27.4 6 9.5 concussions per season) implementa-
tion of the 2016-2017 updated NHLCP (P = .756). In
addition, there were significantly fewer days missed
after concussion in players in the post-NHLCP group

(15.7 6 12.1 days) than in the pre-NHLCP group (20.1 6

17.9 days; P = .022). For NHL players, no significant differ-
ences were found in player performance before and after
concussion in the pre-NHLCP and post-NHLCP groups at
30 days and 1 season; however, we observed significant dif-
ferences in skater usage and performance in the post-
NHLCP group at a 3-year time period before and after con-
cussion. Overall, no differences were found in the financial
cost of concussions between the pre- ($232,273 6 253,458)
and post-NHLCP groups ($211,668 6 $234,017; P = .509),
and missed time was significantly correlated with mean
cost from missed time (R2 = 0.215; P = .030).

TABLE 3
Comparison of Standard Performance Metrics of Skaters and Goalies 3 Seasons Before and After Concussiona

Metric

Overall Preprotocolb Postprotocolc

3 Seasons Before 3 Seasons After 3 Seasons Before 3 Seasons After 3 Seasons Before 3 Seasons After

Games (N = 206; preprotocol:
n = 179; postprotocol: n = 27)

62 58.9 61.9 60.4 62.9 51.8

Goals 11 9.7 10.9 9.8 12.2 9.4
Assists 19.4 15.8 19.2 15.7 20.8 16.8
Points 30.4 25.6 30.0 25.5 33.1 26.2
Plus/minus 2.3 –0.5 2.2 –0.7 3.2 0
PIM 42.8 33.5 45.3 37 26.4 16.6
Shots 117.4 107 117 108.9 120.2 97.6
Shooting, % 7.9 7.8 7.9 7.7 8 8.4
TOI, min: sec 1079:02 1019:08 1069:49 1037:09 1139:14 915:18

Goalies (N = 13; preprotocol:
n = 10; postprotocol: n = 3)
Games 42.4 41 42.2 43.8 42.7 24
Wins 20.9 19 22.8 20.7 17.7 9
Losses 15.1 15.9 13.8 16.7 17.3 11
Overtime losses 4.1 3.6 3.4 4 5.3 1
Shots against 1192.3 1174 1188.8 1243.5 1198 757
Saves 1086.4 1066.1 1083.2 1128.5 1091.7 692
Save, % 91.2 90.6 91.3 90.5 91.2 91.4
Goals against 105.9 107.9 105.6 115 106.3 65
TOI, min: sec 2444:44 2288:10 2475:44 2451:47 2393:04 1306:27
Shutouts 2.1 1.6 2.2 1.8 2 0

aData are reported as a mean number of events unless otherwise indicated. Bold values indicate statistical significance (P \ .05). NHL,
National Hockey League; NHLCP, the 2016-2017 NHL updated concussion protocol; PIM, penalty minutes; TOI, time on ice.

bBefore the 2016-2017 NHL updated concussion protocol.
cAfter the 2016-2017 NHL updated concussion protocol.

TABLE 4
Comparison of Mean Skater Sabermetric Performance Metrics 1 Season and 3 Seasons Before and After Concussiona

Metric

1 Season 3 Season

Overall (N = 207) Preprotocol (n = 134) Postprotocol (n = 73) Overall (N = 133) Preprotocol (n = 103) Postprotocol (n = 30)

Before After Before After Before After Before After Before After Before After

Corsi 53.9 51 54.5 50.2 52.6 52.4 52.4 51.1 51.7 51.1 54.8 51.3
Fenwick 51.4 50.9 50.9 50 52.4 52.2 52 51.1 51.4 51.1 54.5 51.3
PDO 100.2 100.1 99.9 99.8 101 100.5 99.9 98.6 99.7 98.3 100.7 99.4

aData are reported as a mean number of events unless otherwise indicated. Bold values indicate statistical significance (P\ .05; 2- sample
unequal value t test).
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NHL concussion incidence has steadily increased
throughout the history of the sport.27 Kuhn and Solomon11

reported in a systematic review that the incidence of con-
cussions in the NHL from 1986 to 2012 increased from
0.417 to 4.878 concussions per 100 NHL games, with the
highest reported incidence in the 2011-2012 season. They
attributed this increase to a possible rise in violent style
of play in addition to increased awareness among players,
coaches, and team medical staff of concussion symptoms.
More recently, Adams et al1 reported on the incidence of
concussions in the NHL between 2013 and 2017 and found
that incidence was consistent up until the 2016-2017 sea-
son, when the updated NHLCP was instituted and concus-
sion incidence dramatically increased. An increase in
concussion incidence was seen after the institution of a con-
cussion protocol in Major League Baseball (MLB) and in
the National Basketball Association (NBA); however,
both of those sports have considerably less physical contact
than hockey.15,21,26 Peterson et al22 similarly found an
increase in reported concussions after the institution of
the MLB 2011-2012 standardized concussion protocol
(MLBCP), and an increase in concussion incidence was
also seen after the institution of the NBA concussion proto-
col (NBACP), from a mean of 5.7 to 16.7 concussions per
season.21 We observed a higher rate of concussions after
implementation of the NHLCP; however, the overall

difference in the incidence before and after implementation
of the NHLCP was not significant (25.4 vs 27.4; P = .756).
We believe that this may be because post-NHLCP team
personnel and independent spotters have increased aware-
ness of concussions.

The impact of concussion protocols on professional ath-
letes return to play is mixed. In MLB, a decrease in time
needed to return to play was found after the institution
of the MLBCP, from a mean of 33.7 days to 18.9 days.26

A report on NBA concussion injuries before and after the
establishment of the NBACP found no significant differ-
ence, with a mean of 6.7 days missed before and 8.7 days
missed after implementation of the NBACP.21 A combina-
tion of factors likely contributed to the improved return
to play that we observed in the post-NHLCP group (15.74
6 12.14 days) compared with the pre-NHLCP group
(20.08 6 17.89 days; P = .022). As the concussion protocol
became more comprehensive and sensitive, a wider spec-
trum of concussions might have been noticed, whereas it
is likely that only severe injuries were reported in pre-
NHLCP. Minor concussions can resolve in a few days,
and while players with minor concussions may have kept
playing before the NHLCP was established, they may
now be held out of play for a short period before returning
to play because of increased vigilance. In addition, over the
course of the study period, concussion treatments and

Figure 4. Results of regression analysis of (A) trends for the mean return to play and cost of concussion over time and (B) the
association between mean return to play and cost. The cost is in 2021 US dollars. DL, disabled list .
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techniques improved; therefore, a shorter return to play
time would be expected. There were also much fewer
repeat concussions in the post-NHLCP group, indicating
the players returning are doing so safely and are not sub-
ject to repeat concussions like the pre-NHLCP group was.

Excellent short-term recovery from concussion in NHL
players is reflected in other reports on NHL performance.
Neustadtl et al20 assessed NHL player performance during
the 5 games before and the 5 games after a concussion
injury and found no significant change in performance
measures. Similarly, Kuhn et al12 assessed NHL player
performance at 5 games before and after concussion and
found no significant differences in standard performance
metrics. Andrews et al2 assessed NHL players at 1 year
after concussion and found no significant difference in
standard or sabermetric performance compared with the
players’ preinjury performance or compared with an unin-
jured matched control cohort. One study reported
decreased scoring metrics in the first year after concussion
for skaters, which they attributed to the injury as well as
other factors.18 Our study had similar results when com-
paring performance 30 days (5 games) and 1 year before
and after concussion, where we found that NHL players
performed at their previous level both before and after
implementation of the NHLCP, which is to be expected
since most concussion symptoms can resolve quickly after
a typical pattern of initial cognitive and physical limitation
followed by a gradual return to activity within days.8

We found that the financial cost of an NHL player con-
cussion was positively correlated with time missed, and we
showed that the cost of a concussion was consistent before
and after the NHLCP was established. This is an impor-
tant finding because players and team staff should feel
comfortable reporting concussive symptoms and institut-
ing necessary treatment since the cost of concussions is
not significantly different from previous years, despite an
increase in concussion reporting. One possible explanation
is that after the implementation of the NHLCP, return to
play improved, which helped keep costs controlled since
the financial cost of a concussion and time missed are pos-
itively correlated. However, there may be other financial
costs to the player that were beyond the scope of our study.
Navarro et al18 reported significant earning reductions and
a decrease of $292,000 per year in contract value for play-
ers who sustained concussions. In other professional
sports, Chatha et al6 reported on the financial cost of the
MLBCP 7-day disabled list and concluded that the protocol
implementation lowered team costs and did not negatively
affect reporting. Overall, NHLCP implementation had no
negative impact on the financial cost of a concussion; there-
fore, concussion protocol measures should continue to be
implemented without fear of significant financial impact
on the hockey team.

Limitations

This study is not without limitations. First, public internet
sites were used for data collection; therefore, inaccurate
information may have been included in these datasets,

and the data may be biased toward higher-profile players
who receive more reporting. Second, we could not access
official NHL health records; thus, we could not formally
assess for concomitant injuries. Return to play could
have been affected by other injuries sustained alongside
the concussion, despite the resolution of concussion symp-
toms. We reviewed multiple public sources that document
injuries and excluded any athletes with multiple injuries.
In addition, we had no method for assessing players’ con-
cussion history before they entered the NHL. Most players
play throughout childhood and professionally before join-
ing the NHL. Thus, many players could have sustained
concussions previously, which could affect the metrics of
recovery and time missed from concussions sustained in
the NHL. We excluded players who had multiple concus-
sions to mitigate the effects of multiple injuries; however,
this excluded the players who probably had the most
severe injury outcomes, and the overall impact of concus-
sions on NHL players may be more severe than what our
findings suggest. Last, performance statistics are imper-
fect for assessing every player’s impact on the game; there-
fore, players who serve as penalty killers, enforcers, or
faceoff specialists rather than goal scorers may be under-
represented in the current performance metrics.

CONCLUSION

Concussion incidence did not change after implementation
of the updated NHLCP; nevertheless, players had signifi-
cantly less missed time from injury after protocol imple-
mentation. Changes in player performance 30 days and 1
year before and after concussion injury were not different
before and after NHLCP implementation. No differences
were found in the financial cost of concussions between
the pre- and post-NHLCP groups, and the missed time
was significantly correlated with the mean cost from the
missed time. We recommend continued reevaluation and
improvement of concussion protocols to determine the opti-
mal management of concussions.
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