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Background: There is limited research regarding the epidemiology of hip/groin injuries in ice hockey, the majority of which is
restricted to time-loss injuries only.

Purpose: To describe the epidemiology of hip/groin injuries in collegiate men’s and women’s ice hockey from 2009-2010 through
2014-2015.

Study Design: Descriptive epidemiology study.

Methods: Hip/groin injury data from the National Collegiate Athletic Association Injury Surveillance Program (NCAA-ISP) during the
2009-2010 through 2014-2015 seasons were analyzed. Injury rates, rate ratios (RRs), and injury proportion ratios (IPRs) were
reported with 95% confidence intervals (CIs).

Results: During the 2009-2010 through 2014-2015 seasons, 421 and 114 hip/groin injuries were reported in men’s and women’s
ice hockey, respectively, leading to injury rates of 1.03 and 0.78 per 1000 athlete-exposures (AEs), respectively. The hip/groin injury
rate was greater in men than in women (RR, 1.32; 95% CI, 1.08-1.63). In addition, 55.6% and 71.1% of hip/groin injuries in men’s
and women’s ice hockey, respectively, were non–time loss (NTL) injuries (ie, resulted in participation restriction time <24 hours);
7.6% and 0.9%, respectively, were severe (ie, resulted in participation restriction time >3 weeks). The proportion of hip/groin
injuries that were NTL injuries was greater in women than in men (IPR, 1.28; 95% CI, 1.11-1.48). Conversely, the proportion of hip/
groin injuries that were severe was greater in men than in women (IPR, 8.67; 95% CI, 1.20-62.73). The most common hip/groin
injury diagnosis was strain (men, 67.2%; women, 76.3%). Also, 12 (2.9%) and 3 (2.6%) cases of hip impingement were noted in
men’s and women’s ice hockey, respectively.

Conclusion: Hip/groin injury rates were greater in men’s than in women’s ice hockey. Time loss varied between sexes, with men
sustaining more injuries with time loss over 3 weeks. Despite increasing concerns of femoroacetabular impingement in ice hockey
players, few cases of hip impingement were reported in this dataset.
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Ice hockey is fast paced and unpredictable, with an inher-
ently high risk of injuries.9,18 Relative to other sports, ice
hockey practice injury rates are low and competition injury
rates are high for both men and women.9,13,14 Compared
with women, men sustain ice hockey injuries at a higher
rate at all levels of competition.14 The hip/groin region is a
complex region of anatomy that poses difficulties for pre-
vention, management, and rehabilitation.3 Housing the

body’s center of gravity, nearly every athletic movement
requires force generation through the hip/groin region,
including loads up to 8 times one’s body weight while jog-
ging.3 Therefore, even greater loads are placed on the hip
joints during vigorous athletic activity.3

There is limited research on hip/groin injuries in ice
hockey. Previous research has noted that the hip/groin
region comprises approximately 9% of all ice hockey inju-
ries,9 hip injury rates are higher in competition versus
practice,1 and that hip/groin strains have high recurrent
rates, likely due to the biomechanical forces involved in
skating, inadequate rehabilitation, or time to recovery.26

The Orthopaedic Journal of Sports Medicine, 4(3), 2325967116632692
DOI: 10.1177/2325967116632692
ª The Author(s) 2016

1

This open-access article is published and distributed under the Creative Commons Attribution - NonCommercial - No Derivatives License (http://creativecommons.org/
licenses/by-nc-nd/3.0/), which permits the noncommercial use, distribution, and reproduction of the article in any medium, provided the original author and source are
credited. You may not alter, transform, or build upon this article without the permission of the Author(s). For reprints and permission queries, please visit SAGE’s Web site
at http://www.sagepub.com/journalsPermissions.nav.



However, the understanding of functional anatomy
surrounding the hip/groin and advancements in hip arthro-
scopy have improved, which may have led to more athletes
presenting with general hip pain and injury.23 Notably,
between 1991 and 1999, the National Hockey League
(NHL) exhibited a significant increase in groin-related inju-
ries, with more than 20 athletes on the NHL’s injury list
due to groin-related issues in 1999.3

Improved diagnostics have allowed for more accurate
diagnosis of hip/groin injuries. However, little research has
examined hip/groin injuries, and the studies that have been
done have been limited to examining time-loss (TL) injuries
only (ie, injuries resulting in participation restriction of at
least 24 hours)1 or intra-articular hip injuries among elite
athletes.8 At the beginning of the 2009-2010 academic year,
the National Collegiate Athletic Association (NCAA) Injury
Surveillance Program (ISP) began to track non–time loss
(NTL) injuries (ie, injuries resulting in participation
restriction <24 hours).12 Thus, injuries that may cause pain
and are reported to sport medicine clinicians but do not
inhibit gameplay are reported within the NCAA-ISP. The
purpose of this study was to describe the epidemiology of
hip/groin injuries reported by athletic trainers (ATs) in col-
legiate men’s and women’s ice hockey during the 2009-2010
through 2014-2015 academic years.

METHODS

The NCAA-ISP is a prospective surveillance program that
has been ongoing since the early 1980s and is currently
managed by the Datalys Center for Sports Injury Research
and Prevention (hereafter known as the Datalys Center),
an independent, nonprofit research organization.12 Data
included originates from 6 years of men’s and women’s ice
hockey data collected during the 2009-2010 through 2014-
2015 academic years. This study was approved by the
Research Review Board of the NCAA. The methodology of
the NCAA-ISP has been previously described,12 but is
briefly summarized below.

Data Collection

The NCAA-ISP utilized a convenience sample of NCAA
varsity teams across all divisions that sponsor ice hockey
(Divisions 1 and 3) from 25 sports with participating teams’
ATs reporting injury and exposure data. The number of
programs providing data varied by sport and year.12 Dur-
ing the 2009-2010 through 2014-2015 academic years,
66 men’s ice hockey programs provided 148 team-seasons
of data; 30 women’s ice hockey programs provided 68 team-
seasons of data.

The ATs attended school-sanctioned practices and com-
petitions and logged the number of student-athletes parti-
cipating in each practice and competition. Injuries were
reported in real time through the electronic health record
application used by the team medical staff throughout the
academic year. In addition to injuries, the surveillance sys-
tem also captured other sports-related adverse health
events, including illness, heat-related conditions, general
medical conditions, and skin infections. Data included var-
sity level practices and competitions and team conditioning
sessions but excluded individual weight-lifting and condi-
tioning sessions.

The AT completed a detailed event report on the injury or
condition, selecting preset values for variables such as body
site, diagnosis, and injury mechanism. Body sites that
could be selected included abdomen, ankle, arm (upper),
cervical spine/neck, chest/ribs, ear, elbow, eye, foot/toes,
forearm, hands/fingers, head/face, hip/groin, knee, lower
leg/Achilles, lumbar spine/lower back, mouth, nose,
sacrum/pelvis, shoulder/clavicle, thigh, thoracic spine/
upper back, and wrist. ATs also selected 1 of approximately
50 diagnosis categories, including cartilage injury, contu-
sion, fracture, impingement, spasm, and strain. Injury
mechanism included player contact, surface contact, non-
contact, overuse, as well as contact related to specific equip-
ment such as boards, puck, skates, and stick. This study
included only those injuries where the body site injured was
identified as ‘‘hip/groin.’’

After initially inputting injury data, the ATs could
return to view and update the data as needed over the
course of a season. For example, if additional follow-up care
provided evidence of initial misclassification of the diagno-
sis, then the AT could modify the diagnosis selected, or
when the student-athlete returned to sports participation,
the return date could be added. In addition, the ATs were
able to flag those hip/groin injuries that were recurrent.

Deidentified common data elements (CDEs) were
extracted from certified electronic health record applica-
tions.12 The CDEs included injury and exposure informa-
tion, were stripped of any identifiers, and encrypted prior to
export to the central aggregate research database. The fre-
quency of export or submission of data varied slightly
among health record application vendors. This CDE stan-
dard allowed ATs to document injuries normally as part of
their daily clinical practice as opposed to having them sep-
arately report injuries for injury surveillance program pur-
poses. All certified electronic health record applications had
to successfully complete a data validation process to be
certified.

Exported data passed through an automated verification
process that conducted a series of range and consistency
checks. Data were reviewed and flagged for invalid values.
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The ATs and data quality assurance staff were notified and
worked together to resolve the issue. Data that passed the
verification process were then placed into the aggregate
research dataset.

Definitions

A reportable injury occurred as a result of participation in
an organized intercollegiate practice or competition and
required the attention from an AT or a physician. Multiple
injuries could be included as the result of 1 injury event. A
reportable athlete-exposure (AE) was defined as 1 student-
athlete participating in 1 NCAA-sanctioned practice or
competition in which he or she was exposed to the possibil-
ity of athletic injury regardless of the time associated with
that participation. Only athletes with actual playing time
in a competition were included in competition exposures.
We relied on the expertise and training of the ATs provid-
ing data to accurately define the body part and diagnosis of
injuries.

Hip/groin injuries were also categorized by the num-
ber of days in which athletes were restricted from par-
ticipation. In addition to classifying injuries as NTL and
TL, we also considered severe injuries,6 or TL injuries
resulting in participation restriction over 3 weeks or
student-athletes prematurely ending their season (ie,
season-ending injury).

Statistical Analysis

Data were analyzed to assess rates and patterns of hip/
groin injury sustained during collegiate ice hockey. We cal-
culated hip/groin injury rates overall and by event type. We
then examined injury rates by diagnosis, injury mechan-
ism, and injury activity and injury distributions by partic-
ipation restriction time (ie, percentage of NTL injuries,
percentage of severe injuries), surgery needs, and recur-
rence. Rate ratios (RRs) compared rates by event type (ie,
competition and practice). The RRs also compared rates
between men’s and women’s ice hockey. Injury proportion
ratios (IPRs) compared injury proportions by participation
restriction time, surgery needs, and recurrence. All 95%
CIs without 1.00 were considered statistically significant.
Data were analyzed using SAS-Enterprise Guide software
(version 4.3; SAS Institute Inc).

RESULTS

Overall Rates and Frequencies

Men’s Ice Hockey. During the 2009-2010 through 2014-
2015 academic years, 421 hip/groin injuries were sus-
tained by 320 student-athletes in men’s ice hockey
(range, 1-5 injuries per student-athlete) (Table 1). These
injuries were sustained during 407,918 AEs, leading to
an injury rate of 1.03 per 1000 AEs. Although approxi-
mately half of all hip/groin injuries occurred during prac-
tice (50.1%, n ¼ 211), the competition rate (2.12/1000
AEs) was greater than the practice rate (0.68/1000 AEs;
RR, 3.10; 95% CI, 2.56-3.76). Of all hip/groin injuries,
19.5% (n ¼ 82) were recurrent and 3.1% (n ¼ 13)
required surgery. In addition, 55.6% (n ¼ 234) were NTL
injuries and 7.6% (n ¼ 32) were severe. The most com-
mon severe injuries were diagnosed as strains (n ¼ 16)
followed by cartilage injuries (n ¼ 6).

Women’s Ice Hockey. During the 2009-2010 through
2014-2015 academic years, 114 hip/groin injuries were sus-
tained by 90 student-athletes in women’s ice hockey (range,
1-3 injuries per student-athlete) (Table 1). These injuries
were sustained during 146,057 AEs, leading to an injury
rate of 0.78 per 1000 AEs (Table 1). Although approxi-
mately three-fourths of all hip/groin injuries occurred dur-
ing practice (75.4%, n ¼ 86), the practice rate (0.72/1000
AE) did not differ from the competition rate (0.80/1000 AEs;
RR, 0.90; 95% CI, 0.59-1.37). Of all hip/groin injuries, 24.6%
(n ¼ 28) were recurrent and 1.8% (n ¼ 2) required surgery.
In addition, 71.1% (n ¼ 81) were NTL injuries and 0.9%
(n ¼ 1) were severe. The 1 severe injury was diagnosed as
a strain.

Sex-Based Differences. Overall, the hip/groin injury rate
in men’s ice hockey was greater than that of women’s ice
hockey (RR, 1.32; 95% CI, 1.08-1.63). This difference was
retained in competitions (RR, 2.94; 95% CI, 1.98-4.37) but
not in practices (RR, 0.85; 95% CI, 0.66-1.09). In addition,
there were no differences in the proportions of hip/groin
injuries that were recurrent (IPR, 0.79; 95% CI, 0.54-1.15)
or required surgery (IPR, 1.76; 95% CI, 0.40-7.69). How-
ever, the percentage of hip/groin injuries that were NTL
injuries was greater in women compared with men (IPR,
1.28; 95% CI, 1.11-1.48). The proportion of hip/groin inju-
ries that were severe was greater in men compared with
women (IPR, 8.67; 95% CI, 1.20-62.73).

TABLE 1
Hip/Groin Injury Rates by Division and Type of Athlete Exposure

in NCAA Men’s and Women’s Ice Hockey, 2009-2010 Through 2014-2015a

Men’s Ice Hockey Women’s Ice Hockey

Injuries in Sample, n Rate per 1000 AEs (95% CI) Injuries in Sample, n Rate per 1000 AEs (95% CI)

Competition 210 2.12 (1.83-2.41) 28 0.72 (0.45, 0.99)
Practice 211 0.68 (0.59-0.78) 86 0.80 (0.63, 0.97)
Overall 421 1.03 (0.93, 1.13) 114 0.78 (0.64, 0.92)

aData originate from the Datalys Center for Sports Injury Research and Prevention Injury Surveillance Program, 2009-2010 through
2014-2015. AE, athlete-exposure; NCAA, National Collegiate Athletic Association.
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Hip/Groin Injury Distributions

By Diagnosis and Injury Mechanism. The most common
hip/groin injury diagnoses were strains (men, 67.2%, n ¼
283; women, 76.3%, n ¼ 87) and contusions (men, 16.9%,
n ¼ 71; women, 8.7%, n ¼ 10) (Table 2). In particular,
12 (2.9%) and 3 (2.6%) cases of hip impingement were noted
in men’s and women’s ice hockey, respectively. The most
common injury mechanisms in men’s and women’s ice
hockey hip/groin injuries were noncontact (49.4%, n ¼ 208
and 58.8%, n¼ 67, respectively) and overuse (17.6%, n¼ 74
and 18.4%, n¼ 21, respectively (Table 3). In addition, 27.1%
(n ¼ 114) and 13.2% (n ¼ 15) of men’s and women’s ice
hockey hip/groin injuries, respectively, were due to contact.
Most men’s ice hockey contact-related hip/groin injuries
were from player contact (13.1%, n ¼ 55), whereas most
women’s ice hockey contact-related hip/groin injuries were
from surface contact (6.1%, n ¼ 7). The only injury
mechanism–specific sex difference found was that the rate
of hip/groin contusions in men was larger than that of
women (RR, 2.54; 95% CI, 1.31-4.93). The player contact
hip/groin injury rate in men (0.13/1000 AEs) was greater
than that in women (0.03/1000 AEs; RR, 4.92; 95% CI, 1.78-
13.59). Also, the board contact hip/groin injury rate in men
(0.07/1000 AEs) was greater than that in women (0.01/1000
AEs; RR, 5.37; 95% CI, 1.28-22.47).

By Position. Position was not available for 26 (6.2%)
men’s and 6 (5.3%) women’s ice hockey hip/groin injuries.
Of the remaining hip/groin injuries with known position,
the forward was the most common position injured (men,
50.6%, n ¼ 200; women, 50.9%, n ¼ 55). Compared with all
other positions, goaltenders were more likely to have

noncontact injuries in men’s ice hockey (66.0% vs 48.3%;
IPR, 1.37; 95% CI, 1.08-1.72) but not in women’s ice hockey
(66.1% vs 57.8%; IPR, 1.06; 95% CI, 0.70-1.59).

DISCUSSION

This study examined the descriptive epidemiology of hip/
groin injuries in NCAA men’s and women’s ice hockey. Our
study includes the largest sample of men’s and women’s ice
hockey hip/groin injuries to date to our knowledge. In addi-
tion, our sample includes TL and NTL injuries, which allows
for a better estimate of the spectrum of injuries presented to
ATs in the collegiate ice hockey setting. Previous research
has shown that NTL injuries account for 78% and 84% of the
injuries reported in men’s and women’s collegiate sports,
respectively,20 although ice hockey was not included in the
sample. In the current study, the overall rate of hip/groin
injuries was greater in men than women. Our inclusion of
NTL injuries as opposed to previous research that only
included TL injuries may have resulted in contrasting find-
ings.2 Our findings, however, support previous research that
the men’s competition injury rate is greater than the practice
rate, and that hip/groin strains comprised the largest pro-
portion of diagnoses for both men’s and women’s ice hockey.
Awareness regarding these injuries may have increased
alongside better detection of related pain.

Limitations

Our sample is a convenience sample and, therefore, may
not be generalizable to the entire collegiate ice hockey

TABLE 2
Hip/Groin Injury Rates by Diagnosis in NCAA Men’s and Women’s Ice Hockey, 2009-2010 Through 2014-2015a

Diagnosis Injuries in Sample, n Rate per 1000 AEs (95% CI) NTL, %b,c Severe, %c,d Recurrent, %c Requiring Surgery, %c

Men’s ice hockey
Cartilage injury 15 0.04 (0.02-0.06) 60.0 40.0 46.7 60.0
Contusion 71 0.17 (0.13-0.21) 71.8 4.2 7.0 0.0
Fracture 1 <0.01 (0.00-0.01) — — — —
Impingement 12 0.03 (0.01-0.05) 58.3 8.3 16.7 0.0
Spasm 8 0.02 (0.01-0.03) 87.5 0.0 0.0 0.0
Strain 283 0.69 (0.61-0.77) 49.8 5.7 22.6 0.4
Other/unknown 31 0.08 (0.05-0.10) 61.3 16.1 12.9 9.7
Total 421 1.03 (0.93-1.13) 55.6 7.6 19.5 3.1

Women’s ice hockey
Cartilage injury 4 0.03 (0.00-0.05) — — — —
Contusion 10 0.07 (0.03-0.11) 80.0 0.0 10.0 0.0
Fracture 0 0.00 — — — —
Impingement 3 0.02 (0.00-0.04) — — — —
Spasm 0 0.00 — — — —
Strain 87 0.60 (0.47-0.72) 70.1 1.2 24.1 0.0
Other/unknown 10 0.07 (0.03-0.11) 70.0 0.0 30.0 0.0
Total 114 0.78 (0.64-0.92) 71.1 0.9 24.6 1.8

aData originate from the Datalys Center for Sports Injury Research and Prevention Injury Surveillance Program, 2009-2010 through
2014-2015. AE, athlete-exposure; NCAA, National Collegiate Athletic Association; NTL, non–time loss.

bIncludes injuries that resulted in time loss <24 hours.
cPercentages not calculated when injury count is <5.
dIncludes injuries that resulted in time loss >3 weeks or the student-athlete prematurely ending their season.
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student-athlete population or other levels of ice hockey
competition. In addition, our study utilized surveillance
data; individual risk factors that may predispose student-
athletes to hip/groin injuries and further specifics about
the use and types of imaging, treatment, and surgery uti-
lized could not be examined. It is possible that some diag-
noses may have been based on clinical findings alone and
did not have confirmatory studies performed. ATs’ clinical
approach to and knowledge of the rapidly expanding field of
athletic hip injuries cannot be accounted for regarding their
effect on injury rates. We also cannot account for variations
in the composition of the team medical staff with which
participating ATs work to identify, diagnose, and manage
injuries; these variations may occur between divisions (eg,
Division 1 vs Division 3) as well as within divisions (eg,
large vs small university). Certainly with an increasing
awareness of femoroacetabular impingement (FAI) and
cartilage lesions, ATs may be diagnosing the condition
more frequently and perhaps taking a more conservative
approach to athletes’ rehabilitation, leading to an increase
in time-loss associated with these injuries. Historically,
there are few cases of hip impingement and no registered
cases of FAI in the NCAA-ISP, although they are common
in the research; in addition, older studies may not have
even included FAI as a potential diagnosis code. Thus,
collection versus actual incidence of these pathologies

warrants future research. Finally, with regard to the dis-
cussion of hip injuries in goaltenders, it is important to note
that the style of goaltending was not recorded in the data.
However, personal communications with former collegiate
and professional hockey players have noted that modern
goaltenders employ a hybrid of butterfly and traditional
standup styles; thus, it is reasonable to assume that our
population reflects a similar style.

Event Type and Participation Restriction Time

In men’s ice hockey, although approximately the same
number of hip/groin injuries occurred in competitions and
practices, the competition rate was greater than the prac-
tice rate. This is similar to previous research utilizing
NCAA-ISP data from 1989-1990 through 2003-2004.1 In
contrast, in women’s ice hockey, competition and practice
rates did not differ. The high competition rates in men may
be due to the nature of ice hockey, in which aggressive, fast-
paced play alongside ‘‘subbing on-the-fly’’ and checking
may place athletes at greater risk for injury during compe-
tition.13 In addition, players likely do not check as aggres-
sively or illegally in practice, thus decreasing the risk of
checking-related injuries in practice. Checking not being
allowed in women’s ice hockey may further emphasize why
men’s ice hockey had a greater competition injury rate than

TABLE 3
Hip/Groin Injury by Injury Mechanism in NCAA Men’s and Women’s Ice Hockey, 2009-2010 Through 2014-2015a

Injury Mechanism Injuries in Sample, n Rate per 1000 AEs (95% CI) NTL, %b,c Severe, %c,d Recurrent, %c Requiring Surgery, %c

Men’s ice hockey
Player contact 55 0.13 (0.10-0.17) 36.4 9.1 12.7 0.0
Surface contact 12 0.03 (0.01-0.05) 75.0 0.0 0.0 0.0
Boards contact 30 0.07 (0.05-0.10) 80.0 6.7 10.0 0.0
Puck contact 3 0.01 (0.00-0.02) — — — —
Skates contact 1 <0.01 (0.00-0.01) — — — —
Stick contact 8 0.02 (0.01-0.03) 75.0 0.0 0.0 0.0
Other contacte 5 0.01 (0.00-0.02) — — — —
Noncontact 208 0.51 (0.44-0.58) 56.3 5.8 22.1 1.9
Overuse 74 0.18 (0.14-0.22) 46.0 14.9 32.4 10.8
Other/unknown 25 0.06 (0.04-0.09) 64.0 8.0 8.0 4.0
Total 421 1.03 (0.93-1.13) 55.6 7.6 19.5 3.1

Women’s ice hockey
Player contact 4 0.03 (0.00-0.05) — — — —
Surface contact 7 0.05 (0.01-0.08) 57.1 0.0 14.3 0.0
Boards contact 2 0.01 (0.00-0.03) — — — —
Puck contact 0 0.00 — — — —
Skates contact 0 0.00 — — — —
Stick contact 1 0.01 (0.00-0.02) — — — —
Other contacte 1 0.01 (0.01-0.02) — — — —
Noncontact 67 0.46 (0.35-0.57) 74.6 1.5 23.9 1.5
Overuse 21 0.14 (0.08-0.21) 71.4 0.0 42.9 0.0
Other/unknown 11 0.08 (0.03-0.12) 54.6 0.0 0.0 9.1
Total 114 0.78 (0.64-0.92) 71.1 0.9 24.6 1.8

aData originate from the Datalys Center for Sports Injury Research and Prevention Injury Surveillance Program, 2009-2010 through
2014-2015. AE, athlete-exposure; NCAA, National Collegiate Athletic Association; NTL, non–time loss.

bIncludes injuries that resulted in time loss <24 hours.
cPercentages not calculated when injury count is <5.
dIncludes injuries that resulted in time loss >3 weeks or the student-athlete prematurely ending their season.
eIncludes contact with out-of-bounds objects and other unspecified equipment.
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practice while there was no difference between event types
in women’s ice hockey; men may sustain hip-/groin-related
injuries while avoiding contact from opponents as well.

The similarities in rates by event type in women’s ice
hockey may be partially attributable to rules that prohibit
checking. This is further supported by findings that the
rates of hip/groin injuries due to player contact and board
contact in men was greater than in women. The proportion
of NTL injuries was greater among women, and the propor-
tion of severe injuries was greater among men, which may
further suggest differences in the playing styles and rules
of men’s and women’s ice hockey. Future research should
continue to observe how rule and style differences between
men’s and women’s ice hockey are associated with injury
risk. Few hip/groin injuries required surgical treatment.
Future research is warranted with larger samples of ice
hockey hip/groin injuries requiring surgery.

Injury Mechanism

In both men’s and women’s ice hockey, the most common
injury mechanism was noncontact, which can be attributed
to factors such as the biomechanics of the ice hockey skat-
ing gait and the complexity of the hip/groin region. The
biomechanics of ice skating require great balance, preci-
sion, and control of technical skills17,27 while withstanding
excessive tensile and compressive forces during accelera-
tion and decelaration.4 Additionally, approximately 24 mus-
cles act on the hip joint, many of which have several actions
dependent on joint positioning.11 There are often strength
imbalances among ice hockey athletes, whether between
contralateral hip musculature or between agonist and
antagonist muscles, and these imbalances predispose ath-
letes to injury.24,25 Ice hockey athletes are 17 times more
likely to injure their groin region when adductor strength is
less than 80% of his or her abductor strength.11,24

Early childhood specialization may also contribute to the
high rate of noncontact/general play injuries in our sample.
Early specialization leads to compromised growth and
maturation where adolescents do not diversify their skills
and muscle development, leading to increased accumula-
tion of movement-specific overuse injuries.15,16 It has been
suggested that muscle weakness is a risk factor for adduc-
tor/groin strains, whereas decreased flexibility is not.24

Additionally, previous research reported 14 of 39 and 25
of 39 asymptomatic ice hockey players had positive mag-
netic resonance imaging findings for adductor–abdominal
rectus dysfunction and hip pathologic changes, respec-
tively.22 It is possible that these asymptomatic anatomical
abnormalities may predict future disabilities. Further
research is needed to determine the significance of these
imaging findings, however.

Position

All positions for both sexes most commonly sustained non-
contact and strain injuries. However, our AEs were not
collected by position; therefore, we were unable to calculate
position-specific injury rates. Previous research at the elite
level has collected position-specific exposure data, finding a

greater rate of intra-articular hip injuries per game appear-
ance in goaltenders than other positions.8 Future research
that calculates position-specific exposures is necessary to
examine whether injury rate discrepancies seen at the elite
level occur within the collegiate level.

Examining position more in depth is important, espe-
cially for the goaltenders who utilize ‘‘butterfly’’ position-
ing10,19,29 and have limited time involved in player-to-
player contact. As goaltenders drop into the butterfly
position, their hips may exceed their active internal rota-
tion range of motion10 with concurrent hip flexion.28,29 It
was estimated that goaltenders drop to the butterfly posi-
tion an average of 34 times per game and 300 times per
practice.5,7 Extreme joint positions in the hip/groin region
also occur during both deceleration, which mostly affects
forwards and defense, and recovery from the butterfly posi-
tion to a ready position.28,29 These vulnerable positions
must be considered when treating FAI, which has become
an increasingly common diagnosis in ice hockey players,
especially goaltenders.21,23,28,29 However, FAI is also diffi-
cult to diagnose apart from strains, particularly since the
pathophysiology of FAI is still poorly understood. Thus, as
suggested in previous research,4,18 our sample may include
misdiagnosed FAI and strain cases. Future research needs
to continue examining how the onset of FAI occurs while
considering methods that better document FAI cases.

Prevention

Although injuries may be inherent with ice hockey partic-
ipation, sports medicine clinicians must adopt strategies to
reduce hip/groin injuries. In a study observing the effective-
ness of a preseason preventative exercise program, 33 of 58
professional ice hockey athletes were deemed ‘‘at risk’’ for
adductor strains based on preseason hip adductor strength
testing. After the strength-focused intervention was imple-
mented, only 3 adductor strains were sustained in the 2
subsequent seasons; 11 adductor strains were sustained
in the 2 seasons prior to the intervention.24 In addition, ice
hockey policy makers should investigate possible rule
changes and equipment modifications that would reduce
hip/groin injury rates. Furthermore, adolescents should
consider remaining diversified in sport, especially those
sports that may not place as much stress on the hip/groin
region. Future research is needed to further examine the
efficacy of such interventions.

Strength/conditioning programs are particularly impor-
tant because of the large proportion of recurrent hip/groin
injuries in our sample as well as for the injury prevention
mechanism noted above. Nearly one-fifth and one-fourth of
all hip/groin injuries were recurrent in men’s and women’s
ice hockey, respectively. In addition to the approximate
24 muscles acting on the hip/groin region, the hip joint has
6 degrees of freedom, contains the body’s center of gravity,
and has multiple biarticulate muscles.11 Given the com-
plexity of the hip/groin region and its involvement in force
generation for nearly every athletic movement, ATs are
posed with very difficult rehabilitation processes. Skating
requires the recruitment of the entire kinetic chain, so
rehabilitation must have a holistic approach involving all

6 Dalton et al The Orthopaedic Journal of Sports Medicine



joints of the lower extremity as well as core.17,27 Thus,
strength/conditioning programs must also account for ini-
tial and recurrent injury risk factors such as premature
return to play with inadequate rehabilitation, poor skating
technique/skills, and anatomic abnormalities. Future
research is needed to determine the efficacy of holistic reha-
bilitation and strength/conditioning programs in decreas-
ing overall and recurrent injury rates.

CONCLUSION

Our sample reported on both TL and NTL injuries, with
NTL comprising the majority of both men’s and women’s
ice hockey hip/groin injuries. Strains were also the most
commonly reported injury. Contact-related injuries were
more common in men than women, and men’s hip/groin
injury rates were greater in competitions than during prac-
tices, although no differences were found in women. Such
findings may be the result of rule differences, particularly
as checking is not allowed in women’s ice hockey. FAI was
an uncommon diagnosis in the population. Future surveil-
lance is required to better estimate hip/groin injury rates,
particularly as improved diagnostics are introduced.

ACKNOWLEDGMENT

The authors thank the many athletic trainers who have
volunteered their time and efforts to submit data to the
NCAA Injury Surveillance Program. Their efforts are
greatly appreciated and have had a tremendously positive
effect on the safety of collegiate athletes.

REFERENCES

1. Agel J, Dompier TP, Dick R, Marshall SW. Descriptive epidemiology of

collegiate men’s ice hockey injuries: National Collegiate Athletic Asso-

ciation Injury Surveillance System, 1988-1989 through 2003-2004.

J Athl Train. 2007;42:241-248.

2. Agel J, Harvey EJ. A 7-year review of men’s and women’s ice hockey

injuries in the NCAA. Can J Surg. 2010;53:319-323.

3. Anderson K, Strickland SM, Warren R. Hip and groin injuries in ath-

letes. Am J Sports Med. 2001;29:521-533.

4. Ayeni OR, Kowalczuk M, Farag J, et al. Trends in reporting of mechan-

isms and incidence of hip injuries in males playing minor ice hockey in

Canada: a cross-sectional study. Open Access J Sports Med. 2014;5:

143-149.

5. Bell GJ, Snydmiller GD, Game AB. An investigation of the type and

frequency of movement patterns of National Hockey League goalten-

ders. Int J Sports Physiol Perform. 2008;3:80-87.

6. Darrow CJ, Collins CL, Yard EE, Comstock RD. Epidemiology of

severe injuries among United States high school athletes 2005-

2007. Am J Sports Med. 2009;37:1798-1805.

7. Epstein D. The butterfly is ravaging goalies. Sports Illustrated. http://

www.si.com/more-sports/2009/03/18/butterfly-hipinjuries. Accessed

October 9, 2015.

8. Epstein DM, McHugh M, Yorio M, Neri B. Intra-articular hip injuries in

National Hockey League Players: a descriptive epidemiological study.

Am J Sports Med. 2013;41:343-348.

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

analysis of injuries. Am J Sports Med. 2005;33:183-187.

10. Frayne RJ, Kelleher LK, Wegscheider PK, Dickey JP. Development

and verification of a protocol to quantify hip joint kinematics: an eva-

luation of ice hockey goaltender pads on hip motion. Am J Sports

Med. 2015;43:2157-2163.

11. Hughes PE, Hsu JC, Matava MJ. Hip anatomy and biomechanics in

the athlete. Sports Med Arthrosc. 2002;10:103-114.

12. Kerr ZY, Dompier TP, Snook EM, et al. National Collegiate Athletic

Association Injury Surveillance System: review of methods for 2004-

2005 through 2013-2014 data collection. J Athl Train. 2014;49:552-

560.

13. Lorenzon R, Wedren H, Pietila T. Incidence, nature and causes of ice

hockey injuries. Am J Sports Med. 1988;16:392-396.

14. MacCormick L, Best TM, Flanigan DC. Are there differences in ice

hockey injuries between sexes? A systematic review. Orthop J Sports

Med. 2014;2:2325967113518181.

15. Malina RM. Early sport specialization: roots, effectiveness, risks. Curr

Sports Med Rep. 2010;9:364-371.

16. Nyland J. Coming to terms with early sports specialization and ath-

letic injuries. J Orthop Sports Phys Ther. 2014;44:389-390.

17. Pearsall DJ, Turcotte RA, Levangie MC, Forget S. Biomechanical

adaptation in ice hockey skating. In: Hong Y, ed. Routledge Hand-

book of Ergonomics in Sport and Exercise. New York, NY: Routledge;

2014:37-46.

18. Philippon MJ, Ho CP, Briggs KK, Stull J, LaPrade RF. Prevalence of

increased alpha angles as a measure of cam-type femoroacetabular

impingement in youth ice hockey players. Am J Sports Med. 2013;41:

1357-1363.

19. Pierce CM, LaPrade RF, Wahoff M, O’Brien L, Philippon MJ. Ice

hockey goaltender rehabilitation, including on-ice progression, after

arthroscopic hip surgery for femoroacetabular impingement. J Orthop

Sports Phys Ther. 2013;43:129-141.

20. Powell JW, Dompier TP. Analysis of injury rates and treatment pat-

terns for time-loss and non-time-loss injuries among collegiate stu-

dent-athletes. J Athl Train. 2004;39:56-70.

21. Sangal RB, Waryasz GR, Schiller JR. Femoroacetabular impinge-

ment: a review of current concepts. R I Med J. 2014;97(11):33-38.

22. Silvis ML, Mosher TJ, Smetana BS, et al. High prevalence of pelvic

and hip magnetic resonance imaging findings in asymptomatic col-

legiate and professional hockey players. Am J Sports Med. 2011;39:

715-721.

23. Tibor LM, Sekiya JK. Differential diagnoses of pain around the hip

joint. Arthroscopy. 2008;24:1407-1421.

24. Tyler TF, Nicholas SJ, Campbell RJ, Donellan S, McHugh MP. The

effectiveness of a preseason exercise program to prevent adductor

muscle strains in professional ice hockey players. Am J Sports Med.

2002;30:680-683.

25. Tyler TF, Nicholas SJ, Campbell RJ, McHugh MP. The association of

hip strength and flexibility with the incidence of adductor muscle

strains in professional ice hockey players. Am J Sports Med. 2001;

29:124-128.

26. Tyler TF, Silvers H, Gerhardt MB, Nicholas SJ. Groin injuries in sports

medicine. Sports Health. 2010;2:231-236.

27. Upjohn T, Turcotte R, Pearsall DJ, Loh J. Three-dimensional kine-

matics of the lower limbs during forward ice hockey skating. Sports

Biomech. 2008;7:206-221.

28. Whiteside D, Deneweth JM, Bedi A, Zernicke RF, Goulet GC. Femoro-

acetabular impingement in elite ice hockey goaltenders: etiological

implications of on-ice hip mechanics. Am J Sports Med. 2015;43:

1689-1697.

29. Wijdicks CA, Phillipon MJ, Civitarese DM, LaPrade RF. A mandated

change in goalie pad width has no effect on ice hockey goaltender hip

kinematics. Clin J Sport Med. 2014;24:403-408.

The Orthopaedic Journal of Sports Medicine NCAA Ice Hockey Hip/Groin Injuries 7

http://www.si.com/more-sports/2009/03/18/butterfly-hipinjuries
http://www.si.com/more-sports/2009/03/18/butterfly-hipinjuries


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


