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BACKGROUND: Amongst youth athletes, a trend towards earlier specialization in a single sport has been 
observed and may be associated with increased injury rates and burnout. In elite women’s ice-hockey, 
neither the implications of early sport specialization nor generalized injury patterns have been well 
described. This study investigates the association of early specialization in elite female ice-hockey players 
with injury prevalence and highest level of play attained and characterizes injury location in elite female 
ice-hockey players. 
METHODS: An online survey was distributed to elite female ice-hockey players including current and 
retired high school, collegiate, professional, and Olympic/World Championship players. Athletes reported 
date of birth, height, weight, handedness, highest level of play  and ice-hockey related injury data. Injury 
data included specific diagnoses, laterality, and if it required time out of sport. 
RESULTS: 259 athletes completed the survey. Older age at specialization was associated with higher levels 
of play, with 12.9 (± 2.4) years for high school up to 15.0 (± 3.0) years for senior national team level. There 
was no association between the age at specialization and professional level play, total injuries, concussions, 
or fractures sustained during ice-hockey (p > 0.05). 49.0% of players reported ice-hockey related 
concussions, with mean number of concussions per player of 0.9 (± 1.1). Laterality of injury was associated 
with shooting side dominance. 71.8% of retired players reported ongoing physical and/or mental health 
issues. 
CONCLUSION: No significant association was found between age at specialization in ice-hockey and 
professional level play or number of injuries, paralleling findings in elite men’s ice-hockey players. 
Concussion was the most common injury reported, emphasizing the significant prevalence of head injuries 
on women’s sports. A significant proportion of retired players reported ongoing issues secondary to ice-
hockey injuries.   
 

 
 
INTRODUCTION 

Women’s ice-hockey is one of the fastest 
growing youth sports in the United States, with a 
34% increase in participation in the past 10 years.1 
A national trend towards early specialization, 
defined as committing at least 8-months of 
participation in a single sport at the exclusion of 
other sports before the age of 12, has been observed 
in various youth sports.2 There are perceived 
advantages to single-sport specialization giving 
young athletes a competitive edge over their peers.3 
However, early specialization has been associated 

with higher rates of burnout and higher numbers of 
overuse injuries.4,5  

In a study evaluating elite male ice-hockey 
players, age at specialization was not found to be 
associated with highest level of competition 
achieved or total number of injuries.6 Previous 
research conducted among high school athletes 
suggests that female sport specialization patterns 
differ from males; female athletes have a greater 
tendency to specialize in a single sport, report 
increased overuse injuries and engage in higher 
training volumes compared to their male 
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counterparts.7-11 Researchers have theorized that 
elevated levels of noncontact and overuse injuries 
in ice-hockey players could be attributed to the 
interaction between the distinct biomechanics of the 
skating stride and early specialization.12-14 
Additionally, ice-hockey differs between sexes in 
terms of the no contact rule, with female ice-hockey 
prohibiting deliberate hits, which may lend itself to 
different injury patterns. This raises questions 
about the applicability of research conducted 
exclusively on male athletes to female athletes.  

Previous research done on professional female 
ice-hockey players focusing on femoro-acetabular 
impingement (FAI), a well-documented cause of 
hip pain in ice-hockey players, found that the size 
of cam-lesions has been significantly correlated 
with later age of skeletal maturity (approximated by 
age at menarche), suggesting that exposure to this 
sport at a young age may contribute to the 
development of pathologic anatomy.15 However, 
previous work has not found significant 
correlations between FAI incidence and age at 
specialization, player position, or handedness/ 
shooting-side.15,16  

The effect of single sport specialization has not 
been well characterized in elite female ice-hockey 
players. Additionally, global injury patterns have 
not been well documented. The purpose of our 
study was to assess the effects of single-sport 
specialization on long-term success as well as injury 
prevalence. A secondary purpose was to 
characterize injury patterns in relation to other 
variables, including, but not limited to, age at 
menarche and ice hockey position in female ice-
hockey players. We hypothesize that age at 
specialization in elite female-ice hockey players is 
not associated with injury risk.  

 
 
METHODS  
 
Recruitment Procedures 

An online REDCap survey was distributed to 
elite female ice-hockey players. Inclusion criteria 
consisted of female ice-hockey players who had 
competed at the high school, collegiate, the 
professional, and/or the International Ice-Hockey 
Federation World Championship/Olympic level. 
Exclusion criteria consisted of players who only 
played before high school and those who did not 
complete the survey in its entirety. 

The survey was disseminated via email to a 
select number of high school coaches at elite 

Canadian ice-hockey academies, all NCAA 
Division I coaches, a collection of NCAA Division 
III and Canadian US sports teams, and professional 
teams in the former Professional Women’s Hockey 
Players Association (PWHPA) and Premier Hockey 
Federation (PHF) and some European professional 
teams. Additionally, the survey was distributed to 
members of five senior national programs (Canada, 
Hungary, Norway, Sweden, and the United States). 
Coaches were asked to distribute the survey to their 
teams. It is not possible to estimate how many 
potential players were contacted as coaches did not 
confirm whether they distributed the survey to their 
team. 

 
Variables and Outcomes 

Athletes selected the levels of competition at 
which they competed at least one or more seasons, 
as well as the number of years they participated at 
each level. Professional hockey was defined as 
playing in a professional league where players were 
financially compensated for their participation. 
Senior national team was defined as representing 
your country in international competition at the 
senior national level. Participants reported what 
age they began playing ice-hockey, competitive ice-
hockey, and the age they specialized to only ice-
hockey. Specialization was defined as at least 8-
months of training dedicated to one sport at the 
exclusion of other sports. Date of birth, height, 
weight, and age at menarche as well as ice-hockey 
specific information, such as position and shooting 
side for players or catching side for goalies, was 
collected. Players also indicated whether they were 
active or retired. Athletes were categorized by their 
highest level of play. It was not possible to calculate 
the response rate given the method of distribution.  

Athletes reported the number of injuries that 
had prevented them from participation in hockey 
for one or more sessions. Each injury was queried 
regarding anatomic location, diagnosis, laterality (if 
applicable), and how many seasons required time 
out of sport. Surgical and concussion histories were 
also collected. Retired players described the impact 
of their hockey-related injuries on their current 
lives. 

 
Statistical Analysis 

An a priori power analysis was conducted 
using G*Power Version 3.x (HHU - Gachenbach, 
Germany) to determine the sample size desired to 
test the null hypothesis that age at specialization in 
elite female-ice hockey players is not associated 
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with injury risk. Previous literature on early sport 
specialization suggests associations with injury risk 
are generally small and heterogeneous.6,17 Based on 
an expected effect size of r = 0.20, a = 0.05 (two-
tailed), and power = 0.80, the desired sample size is 
314 participants. Chi-square tests were performed 
for categorical variables, t-test or ANOVA for 
continuous variables. Pearson rank correlations 
were calculated to describe associations between 
continuous variables. A bivariate logistic regression 
model was developed to identify predictors of 
professional level play. Significance was set to a = 
0.05. All statistical analyses were conducted using 
SPSS Version 29.0 (IBM – Armonk, New York, 
USA).  

 
RESULTS 
 
Patient Cohort 

The survey was completed by 261 athletes. Two 
responses were excluded due to incomplete 
surveys. Players stratified into groups based on 
their highest level of competition played. Forty-six 
athletes (17%) played at the senior national team 
level. Thirty-seven athletes (14%) played at the 
professional level but not the senior national team 
level. One hundred fifty-six athletes (57%) played at 
the collegiate level. Twenty athletes (7%) played at 
the high school level. Mean age at the time of survey 
completion was 23.6 years (range 16-38 years). 
Participants reported that they began to play ice-
hockey at a mean age of 5.6 years (± 2.3)  and 
specialized to only ice-hockey at a mean of 14.7 
years (± 2.9). The mean number of injuries across the 
players’ careers to date was 2.3 (± 1.8).  Seventy-
three athletes (28%) had at least one surgery, with 
the mean number of surgeries per player in this 
cohort being 1.7 (± 1.1) and an average incidence of 
0.5 (± 1.0) across all athletes queried.  One hundred 
twenty-eight players (49%) had at least one 
concussion, with the mean number of concussions 
per player in this cohort being 1.8 (± 1.0), and an 
average incidence of 0.9 (± 1.0) across all athletes 
queried.  (Table 1). Seventy-one (27.4%) athletes 
were retired.  
 
Injury Characterization 

Two hundred twenty-nine players reported 
hockey-related injuries (88.4%). The most common 
injury location at all levels of play was the head 
(n=129, 49.4%), followed by the knee (n=63, 24.1%). 
Figure 1 displays the number of players reporting 
injuries per anatomical location, highlighting the 

ten most injured anatomical locations, with Table 4 
illustrating all specific injuries per anatomical 
location.  

 
Surgery Characterization 

Seventy-two players (27.8%) underwent 
surgery for a hockey-related injury (Table 2). The 
most common surgery type was tendon or labral 
repair, with 11.4% of the total cohort requiring this 
type of surgery (n=31), followed by debridement 
(n=24, 8.8%), and ligament reconstruction (n=17, 
6.2%). The knee (n=24, 8.8%) and shoulder (n=18, 
6.6%) required the most surgeries.  

Specific surgeries were also reported by 
players. The procedures with the most players 
reporting were shoulder instability and labral 
repairs (n = 18), knee arthroscopy (n = 13), hip 
arthroscopy and FAI procedures (n = 11), ACL 
reconstruction (n = 10), and open reduction and 
internal fixation (ORIF) (n = 8). Of note, half of the 
ORIF procedures were in the wrist. Number of 
procedures and number of players reporting those 
surgeries are shown in Figure 2. Several patients 
had multiple surgeries, both unilateral and 
bilateral, with the mean number of surgeries per 
patient shown in Table 3. Hip arthroscopy had the 
highest mean number of surgeries per patient with 
1.61 surgeries (± 0.98). There was no significant 
difference between mean number of surgeries per 
patient for the five most reported surgeries. 

The mean ages at survey completion were 19.4 
± 2.7, 22.9 ± 3.6, 25.7 ± 3.4, and 26.5 ± 3.9 years for 
high school, collegiate, professional, and senior 
national team players, respectively. These 
differences were significant based on ANOVA (p < 
0.001).  The mean ages for specialization in ice-
hockey were 12.9 (± 2.4), 14.8 (± 2.9), 14.9 (± 2.7), and 
15.0 (± 3.0) for high school, collegiate, professional, 
and senior national team players, respectively, and 
these differences were significant based on ANOVA 
(p = 0.038). Tukey’s multiple comparisons tests 
revealed a significantly lower mean age at 
specialization for high school as compared to 
collegiate level players (p = 0.031) and for high 
school compared to senior national team players (p 
= 0.040). 

There was a significant positive correlation 
between age at specialization and total number of 
years played (r = 0.132, p = 0.034). There was also a 
significant positive correlation between total 
number of years played and number of injuries (r = 
0.203, p = 0.001), number of concussions (r = 0.169, 
p = 0.007), and number of surgeries from hockey 
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injuries (r = 0.145, p = 0.019). There was no 
significant correlation between age at specialization 
and number of injuries (r = -0.027, p = 0.661), 
number of concussions (r = -0.034, p = 0.583), or 

number of surgeries (r = -0.034, p = 0.590). While the 
p-values are statistically significant, the small r-
values suggest that the clinical relevance of these 
correlations is minimal. 

 
 

Table 1. Demographic and injury data for total cohort 

 

Variable (unit) Mean (Standard Deviation) 

Age at time of survey (years) 23.6 (± 4.1) 

BMI 24.2 (± 3.1) 

Age at menarche (years) 13.1 (± 1.4) 

Age at starting hockey (years) 5.6 (± 2.3) 

Age starting competitive hockey (years) 9.0 (± 2.6) 

Age starting professional hockey (years) 21.5 (±3.7) 

Age starting senior national team (years) 19.5 (± 2.2) 

Age of specialization in ice hockey (years) 14.7 (± 2.9) 

Number of years played high school hockey 3.9 (± 0.9) 

Number of university seasons played  3.3 (± 1.3) 

Number of years as professional  3.7 (± 3.0) 

Number of years at senior national team level 5.5 (±3.9) 

Number of injuries*  2.3 (± 1.8) 

Number of surgeries for hockey injuries  0.5 (± 1.0) 

Number of concussions sustained during ice hockey 0.9 (± 1.1) 

Number of fractures* 0.5 (± 0.7) 

*Sustained during ice hockey, preventing participation in ice hockey for 1 or more sessions 
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Figure 1. Number of players reporting injuries per anatomical location 

 

 

Figure 2. Top 5 procedures by number of players and surgeries 
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Table 2. Reported surgery types and anatomical locations undergoing surgery 

 Number of players (n=259) 
Surgery type 

Ligament reconstruction 
Fracture fixation/repair 
Tendon or labral repair 
Debridement (meniscus surgery, bursitis, plica) 
Spine surgery (microdiscectomy) 
Other 
Unspecified 

 
17 (6.2%) 
12 (4.4%) 
31 (11.4%) 
24 (8.8%) 
4 (1.5%) 
2 (0.7%) 
5 (1.8%) 

Surgery anatomical location 
Knee 
Leg/ankle/foot 
Arm/Wrist 
Shoulder 
Back 
Hip 
Unspecified 

 
24 (8.8%) 
9 (3.3%) 
14 (5.4%)  
18 (6.6%) 
4 (1.5%) 
13 (4.8%) 
7 (2.6%) 

 

 

Table 3. Mean number of surgeries per player receiving surgery 

Procedure Type Mean Surgeries Per Affected 
Player (Standard Deviation) 

Open Reduction and Internal Fixation (ORIF) 1.00 (± 0.00) 

ACL Reconstruction 1.30 (± 0.48) 

Hip Arthroscopy/FAI Procedure 1.82 (± 0.98) 

Knee Arthroscopy 1.42 (± 0.67) 

Shoulder Instability/Labral Repair 1.33 (± 0.77) 

 

 

Highest Level of Competition – Associated Factors 
No differences were observed between 

competition level groups in age at menarche, total 
injuries sustained, including subgroup analysis of 
number of fractures sustained, number of 
concussions, surgeries while playing ice-hockey (p 
> 0.05) (Table 3). There was statistically significant 
difference between competition level groups for age 
of specialization.  

 
Injury Outcomes and Player Position 

The type of injuries observed by position 
played is displayed in Table 4. A significant 

difference in the proportion of players with hip 
injuries by position was found (p < 0.001). More 
goalies had hip injuries (29.4%) than forwards 
(5.4%) or defense (7.7%). There was no significant 
difference in the proportion of players with overall 
shoulder or knee injuries by position (p > 0.05). The 
proportion of players with rotator cuff injuries 
differed by position (p=0.017), with both defense 
(5.1%) and goalies (5.9%) having higher rates than 
forwards (0%).  
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Injury Laterality and Side Dominance  
Right-dominant (shoot-right) players were 

significantly less likely than left-dominant (shoot-
left) players to sustain left-sided injuries (36.1% vs. 
49.0%, p = 0.043). Although left-dominant players 
also showed fewer right-sided injuries than right-
dominant players (50.3% vs. 62.0%), this difference 
was not statistically significant (p = 0.076; Table 5). 

 
Concussions 

Concussions sustained during hockey were 
reported by 49.0% of players (Table 4). However, 
mean number of total concussions reported by 
responding athletes was 0.9 (± 1.1). There was no 
significant difference in the proportion of players 
who sustained a concussion by highest level of play 
(p = 0.848), by play at the professional level 
specifically (p = 0.684), or by player position (p = 
0.415). 

Factors Associated with Professional Level Play  
A bivariate logistic regression model was 

developed to identify predictors of professional 

level play. Age at menarche was a significant 
independent predictor of playing at the 
professional level (p < 0.001), with 1.25-fold 
increase in the odds of playing professionally for 
each additional year of age at menarche (Figure 2). 
Age at specialization and BMI were not significant 
independent predictors of playing at the 
professional level (p > 0.05).  

Ongoing Issues After Retirement 
Fifty-one out of 71 retired players (71.8%) 

reported ongoing physical and mental health 
issues. The most commonly affected anatomical 
locations were knee (31.4%), shoulder (17.6%), and 
back (15.7%). About two-thirds of ongoing 
musculoskeletal issues were pain-related, while the 
remainder of issues were described as instability, 
stiffness, weakness, catching/locking, and 
numbness. Six players reported ongoing non-
musculoskeletal issues after concussions, such as 
headaches, memory problems, eyesight problems, 
“brain fog”, and light sensitivity. Three players 
reported ongoing anxiety related to hockey. 

 

Table 4. Injury data by highest level of competition 

Variable (unit) Level of Competition Mean (Standard Deviation) P-value 

Age at menarche Senior national team 

Professional 

Collegiate 

High school 

13.5 (± 1.7) 

13.2 (± 1.3) 

13.0 (± 1.3) 

12.8 (± 1.3) 

0.129 

Age of specialization in ice hockey Senior national team 

Professional  

Collegiate 

High school 

15.0 (± 3.0) 

14.9 (± 2.7) 

14.8 (± 2.9) 

12.9 (± 2.3) 

0.038 

Number of injuries Senior national team 

Professional  

Collegiate 

High school 

2.9 (± 2.1) 

2.4 (± 1.6) 

2.1 (± 1.8) 

1.9 (± 1.6) 

0.068 

Number of fractures sustained 
during ice hockey 

Senior national team 

Professional  

0.7 (± 0.8) 

0.4 (± 0.6) 

0.204 
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Collegiate 

High school 

0.4 (± 0.7) 

0.5 (± 0.8) 

Number of surgeries for hockey 
injuries  

Senior national team 

Professional  

Collegiate 

High school 

0.6 (± 1.2) 

0.7 (± 1.0) 

0.5 (± 0.9) 

0.1 (± 0.3) 

0.163 

    

Number of concussions sustained 
during ice hockey 

Senior national team 

Professional  

Collegiate 

High school 

1.1 (± 1.4) 

0.9 (± 1.2) 

0.9 (± 1.1) 

0.8 (± 1.1) 

0.703 

 

 

Table 5. Anatomic location of injuries observed by position played 

 

 Overall 
(n=259) 

Forward 

(n=147) 

Defense 

(n=78) 

Goalie 

(n=34) 

P-value 

 

Knee 

 

ACL 

Meniscus 

Patellofemoral 

63 (24.3%) 

 

16 (6.2%) 

21 (8.1%) 

12 (4.6%) 

36 (24.5%) 

 

10 (6.8%) 

10 (6.8%) 

8 (5.4%) 

18 (23.1%) 

 

5 (6.4%) 

6 (7.7%) 

3 (3.8%) 

9 (26.5%) 

 

1 (2.9%) 

5 (14.7%) 

1 (8.3%) 

0.926 

 

0.697 

0.310 

0.761 

Hip  

 

Labral tear 

FAI 

24 (9.3%) 

 

17 (6.6%) 

15 (5.8%) 

8 (5.4%) 

 

4 (2.7%) 

3 (2.0%) 

6 (7.7%) 

 

6 (7.7%) 

4 (5.1%) 

10 (29.4%) 

 

7 (20.6%) 

8 (23.5%) 

<0.001 

 

<0.001 

<0.001 

Shoulder 

 

Acromioclavicular 

Labral tear 

Rotator cuff 

56 (21.6%) 

 

27 (10.4%) 

18 (6.9%) 

6 (2.3%) 

32 (21.8%) 

 

16 (10.9%) 

7 (4.8%) 

0 (0%) 

18 (23.1%) 

 

9 (11.5%) 

8 (10.3%) 

4 (5.1%) 

6 (17.6%) 

 

2 (5.9%) 

3 (8.8%) 

2 (5.9%) 

0.812 

 

0.641 

0.274 

0.017 
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Sternoclavicular 

Glenohumeral 

1 (0.4%) 

15 (5.8%) 

0 (0%) 

10 (6.8%) 

1 (1.3%) 

3 (3.8%) 

0 (0%) 

2 (5.9%) 

0.312 

0.665 

Upper body 

Clavicle 

Chest 

Abdomen 

Back 

 

17 (6.6%) 

0 (0%) 

0 (0%) 

34 (13.1%) 

 

7 (4.8%) 

0 (0%) 

0 (0%) 

20 (13.6%) 

 

9 (11.5%) 

0 (0%) 

0 (0%) 

8 (10.3%) 

 

1 (2.9%) 

0 (0%) 

0 (0%) 

6 (17.6%) 

 

0.098 

N/A 

N/A 

0.548 

Lower body 

Buttocks 

Pelvis 

Groin 

 

2 (0.8%) 

4 (1.5%) 

20 (7.7%) 

 

1 (0.7%) 

2 (1.4%) 

13 (8.8%) 

 

0 (0%) 

2 (2.6%) 

4 (5.1%) 

 

1 (2.9%) 

0 (0%) 

3 (8.8%) 

 

0.258 

0.577 

0.590 

Leg/foot 

Upper leg 

Lower leg 

Ankle 

Foot 

 

5 (1.9%) 

11 (4.2%) 

45 (17.4%) 

14 (5.4%) 

 

4 (2.7%) 

7 (4.8%) 

31 (21.1%) 

6 (4.1%) 

 

0 (0%) 

3 (3.8%) 

8 (10.3%) 

6 (7.7%) 

 

1 (2.9%) 

1 (2.9%) 

6 (17.6%) 

2 (5.9%) 

 

0.332 

0.874 

0.124 

0.518 

Arm 

Biceps/triceps 

Elbow 

Forearm 

Wrist 

Hand 

Finger(s) 

 

0 (0%) 

6 (2.3%) 

4 (1.5%) 

42 (16.2%) 

9 (3.5%) 

12 (4.6%) 

 

0 (0%) 

4 (2.7%) 

4 (2.7%) 

25 (17.0%) 

4 (2.7%) 

7 (4.8%) 

 

0 (0%) 

2 (2.6%) 

0 (0%) 

15 (19.2%) 

5 (6.4%) 

3 (3.8%) 

 

0 (0%) 

0 (0%) 

0 (0%) 

2 (5.9%) 

0 (0%) 

2 (5.9%) 

 

N/A 

0.627 

0.213 

0.196 

0.176 

0.889 

Head/neck 

Concussion 

Jaw 

Throat 

 

127 (49.0%) 

2 (0.8%) 

0 (0%) 

 

77 (52.4%) 

2 (1.4%) 

0 (0%) 

 

36 (46.2%) 

0 (0%) 

0 (0%) 

 

14 (41.2%) 

0 (0%) 

0 (0%) 

 

0.415 

0.464 

N/A 
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Table 6. Proportion of left-dominant and right-dominant players with any right-sided, left-sided, and 
bilateral 

 Left-dominant (n=151) Right-dominant (n=108) P-value 

Right-sided injury 76 (50.3%) 67 (62.0%) .076 

Left-sided injury 74 (49.0%) 39 (36.1%) .043 

Bilateral injury 24 (15.9%) 16 (14.8%) .863 

Non-sided injury 58 (38.4%) 49 (45.4%) .306 

 

 

 

 

Figure 3. Probability of playing professionally based on age at menarche 
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DISCUSSION 
The most important findings of this study are 

that mean age at specialization was not associated 
with increased number of injuries, and the age of 
specialization was only associated with maximum 
level of competition in regard to our high school 
cohort. Notably,  players are specializing at earlier 
ages than previously described (14 as opposed to 
16) and later age at menarche was positively 
correlated with playing at the professional level.18 
Almost 90% of players experienced hockey-related 
injuries preventing participation in ice hockey for 1 
or more sessions. Concussions were the most 
common injury and nearly one-third of goalkeepers 
sustained hip injuries. There is a trend toward a 
positive correlation shooting and ipsilateral injury. 
Additionally, over seventy percent of retired 
players reported ongoing health issues from career-
related injuries. 

This study presents interesting data on injury 
profiles in female ice-hockey athletes and 
specialization timeline. Previous research has 
explored the epidemiology of injuries in elite male 
hockey players and the impact of age specialization. 
 
Specialization 

Growing concern surrounds early sport 
specialization and its potential contribution to 
overuse injuries.3,19-21 In our study, athletes began 
ice-hockey at mean 5.6 years of age, and specialized 
to ice-hockey at mean age 14, which differs from the 
previously published specialization age for elite 
female hockey players of 16 by Bloom et al.18  

Ross et al found mean age at specialization in 
male hockey players to be 13, with no difference in 
highest level of play between early and late 
specialization.6 Further, their study found no 
correlation between number of concussions, 
number of injuries, or age at specialization. 
Compared to the work of these authors, our survey 
comprised a larger cohort and identified a younger 
age at specialization for elite females, which was 
similar to males. Notably, the high school cohort, 
the youngest group in our sample, reported the 
earliest mean age at specialization (12.9 years), 
further supporting a shift toward earlier 
specialization among contemporary youth players. 
The significant positive correlation found between 
age at specialization and total number of years 
played, suggesting that later specialization is 
associated with longer careers, may not be truly 
reflective based on the recent shift in earlier 
specialization in youth players. 19 Additionally, our 

finding that age of specialization was not associated 
with professional level play is congruent with the 
results from Bloom et al.18 
 
Injury Characterization  

Most athletes surveyed (88.4%) reported at least 
one time-loss injury occurring at any point during 
their playing career, up to the time of survey 
completion or retirement. The most common injury 
was concussion followed by knee injury, which is 
not dissimilar from previously published data in 
ice-hockey.22-26 

In a survey-based study on elite male hockey 
players, Ross et al found an average of 8 time-loss 
injuries in a player’s career following 
specialization.6 This is significantly more than our 
finding of 2-3 time-loss injuries, with more injuries 
reported with older age of survey respondent. 
Mean number of surgeries was also lower in the 
female compared to male cohort (0.5 vs 1, 
respectively). Total number of concussions were 
similar between sexes (1 vs 0.9 in men vs women 
data, respectively). The difference in number of 
time-loss injuries with over twice as many reported 
in male players compared to females is likely 
multifactorial. Contributing factors may include 
higher total number of games per season in male 
professional leagues, bodychecking prohibition in 
women’s hockey, and potential underreporting 
from female players. This study also demonstrated 
a correlation between injury laterality and side 
dominance in play, which has not yet been 
established in the ice-hockey literature. 
 
Shoulder Pathology 

In our cohort, the most common surgical 
procedure was for instability/ labral repair (n = 24), 
consistent with high rates of instability reported in 
ice-hockey athletes.27 Additionally, we observed a 
significant positional difference in rotator cuff 
pathology, despite no positional differences in 
overall shoulder injury rates or in any other specific 
shoulder subcategory. Prior MRI studies in elite 
male ice-hockey players show that rotator cuff 
abnormalities are relatively uncommon 
(approximately 6% of shoulders), suggesting that 
our finding may reflect variability in how 
respondents understood or applied specific 
shoulder-injury terminology.28 Consequently, these 
results should be interpreted cautiously, and 
further work is needed to clarify true positional 
patterns in rotator cuff injury in elite female ice-
hockey players. 
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Hip Pathology 

Given the proposed relationship between ice-
hockey participation and cam deformity 
development due to repetitive rotational motion 
during growth, then it would reason that 
goalkeepers would experience higher rates of hip 
injuries and conditions due to the extreme ranges of 
motion required in this position.15,16 Our survey 
found that almost one third of goalkeepers reported 
hip injuries, which was 4 times more than defense 
and 6 times more than forwards. These findings 
highlight the substantial hip-specific demands 
placed on elite ice-hockey players and help 
contextualize the broader patterns of FAI and groin 
injuries described in elite hockey players.  

FAI and groin injuries have been well described 
in ice-hockey athletes, particularly those at high 
risk.29,30 A radiograph-based study on elite female 
hockey athletes found a high rate of cam deformity 
in asymptomatic athletes, with 92% of athletes 
imaged having alpha angle > 55 degrees. Further, 
the study identified a positive correlation between 
age at menarche and alpha angle, with later 
menarche correlating with larger cam lesions.15 
Nguyen et al reported moderate to high sport 
specialization in ice-hockey athletes was associated 
with higher odds of developing a cam deformity, 
however age at specialization was not associated. 
These findings suggest that level of sport 
specialization in youth athletes may be associated 
with presence of cam deformity.16 Our study did 
not find an association between age at menarche 
and hip injury. 
 
Concussion 

Interestingly, despite the “no contact” rules in 
women’s hockey, we found concussion rates to be 
the same as male players. Average number of 
concussions was 0.9, however, only half of players 
had concussions, revealing a concerning finding 
that those who sustain a concussion are likely to 
have multiple. This fits with known data: Eliason et 
al assessed risk factors for concussion in Canadian 
youth ice-hockey athletes and found female players 
(despite policy prohibiting bodychecking), athletes 
at lower levels of play, and individuals with history 
of concussion had higher rates of concussion.31 As 
research continues to highlight the long-term 
sequelae of multiple concussions are clarified, our 
findings underline the previously published 
alarming rate in female ice-hockey.  

Further, our findings likely underestimate the 
total number of concussions as studies have shown 
that 30-80% of players may not report concussion 
symptoms.32-34 Specifically, Wallace et al. found 
55% of high school athletes didn’t report suspected 
concussions, while Delaney et al. found 78% of 
university athletes did not report suspected 
concussions.32,34 Kristensen et al recently studied 
perceived social pressure’s influence on return to 
play for injured athletes; they found that players 
who perceived pressure to play, sought approval 
from others, and experienced game-specific 
temptations were more likely to return to play 
when injured, emphasizing players drive to 
continue to play regardless of symptoms or 
diagnoses.35 

 
Sequelae of hockey-related injuries 

Of retired players, 72% reported ongoing 
physical and mental health issues. Most were 
musculoskeletal, however, 12.5% of this subset 
reported ongoing mental or psychological 
conditions following concussion. This high 
incidence of ongoing physical and mental 
conditions after retiring, reported by almost three in 
four retired athletes, is concerning and underlines 
the need for injury prevention and optimal 
management in women’s ice hockey.  
 
Age at Menarche and Professional Play 

Later age at menarche significantly predicted 
playing at the professional level. Elite female 
athletes tend to experience menarche later than the 
general population.36 No consensus has been 
reached regarding an underlying mechanism 
linking later menarche with athletic success; 
however, several hypotheses have been proposed. 
Likely, the cause is multifactorial and consists of 
genetic, physiologic, and psychologic components. 
More research is needed to understand how age of 
specialization may moderate the relationship 
between age at menarche and prevalence of injuries 

Stager and Hatler found athletes experience 
menarche significantly later than their non-athlete 
sisters, suggesting that training delays menarche.37 
Delayed menarche is more common in athletes 
compared to the general population.36,38 
Additionally, studies on physique and onset of 
menarche found that certain physical 
characteristics, such as lower weight-for-height 
percentage and lower body fat, are associated with 
later maturation and onset of menarche.36 
Interestingly, individuals with later maturation 
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physique characteristics performed better on 
physical activities, particularly those that involved 
propelling the body forward.36,39,40 These studies 
suggest a genetic connection between athleticism 
and menarche modified by behavior. However, 
hockey’s diversity allows individuals of varying 
body types to succeed; at the 2022 Beijing Olympic 
Games, player BMIs ranged from 18.7 to 28.4.41  

Another proposed hypothesis is the 
psychosocial implications of menarche on the 
developing athlete, as it pertains to her socialization 
in society. Although early maturing athletes have a 
physical advantage in sport initially, given their 
size and strength advantages, the social 
implications of entering puberty may socialize these 
individuals away from sport, resulting in the 
population of elite female athletes having delayed 
menarche compared to non-athlete peers.36,42 It has 
been hypothesized that late-maturing girls may 
have increased motivation to succeed athletically. 
While evidence on women being socialized away 
from sport is incomplete, girls disengage from sport 
at a higher rate than boys, often due to social 
stigmatization.43 As society promotes women’s 
equality and celebrate women’s athleticism, we 
hope to see a shift away from young women leaving 
sport.  

The explanation of age at menarche as a 
significant independent predictor of playing at the 
professional level is likely multifactorial, consisting 
of genetic, physiologic, and psychologic 
components. Further longitudinal studies on 
menarche in athletes and sports socialization are 
needed to identify key factors. 
 
Limitations 

As a survey-based study, this study is subject to 
recall bias by the participants, however, retired 
players may be at greater susceptibility given 
prolonged time periods since injuries, medical 
diagnoses, and the age at specialization occurred. 
Our cross-sectional cohort (responders aged 16-38) 
allows us to compare between levels of competition; 
however, it also presents limitations: specifically, 
adolescent athletes reported fewer injuries due to 
fewer years of play, and they may serve as a proxy 
for annual trends in sports specialization. We do not 
have specific physical data, such as fat percentage 
at the time of specialization, or menarche. As a 
survey study with non-medical professionals, we 
also opted to utilize checkbox questions relating to 
specifics of injuries in an effort to get detailed 
information but also lead to some overlap of 

conditions. While we asked players to confirm if 
their diagnoses were confirmed with imaging, we 
do not have confirmation from healthcare 
professionals based on the nature of our survey and 
included all injuries reaching our definition of time 
out of hockey for at least 1 session. Additionally, as 
a retrospective study, the data does not permit an 
analysis of changes in injury patterns or 
professional success over time, nor does it evaluate 
long-term impacts of sport specialization. With the 
recent growth of professional women’s ice-hockey, 
including the development of the PWHL across the 
U.S. and Canada, we are limited in how we can 
capture the current trends of specialization and 
injuries, but this remains a motivation for continued 
research. Finally, our power calculation assuming a 
small-to-moderate effect size of (r = 0.20), 80% 
power would require approximated 314 
participants. Our study included 259 athletes, 
which is slightly under this threshold. Thus, the 
study may have been underpowered to detect small 
associations. 
 
CONCLUSION 

The salient findings of this study are: (1) almost 
90% of players experienced time-loss injuries over 
their career; (2) no association was found between 
age at specialization and professional play; (3) a 
high incidence of concussion in women’s ice-
hockey was observed; (4) injury laterality 
frequently correlated with player shooting side; (5) 
goalkeepers were found to have high rates of hip 
pathology compared to other positions; (6) 
menarche age showed no association with injury 
type or volume; (7) retired players experienced high 
rates of ongoing musculoskeletal and/or 
psychological issues post-retirement, potentially 
secondary to concussions sustained during players’ 
careers. 

These findings add to an existing body of 
knowledge on injury patterns and risk factors and 
will help guide future treatment and prevention 
guidelines. Future work should focus on etiology of 
high concussion rates in elite women’s ice-hockey 
given the “no contact” rules. It is also worth further 
examining the relationship of hip injuries/ FAI to 
skeletal development and sport, based on mixed 
data thus far in the literature in hockey athletes. 
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