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a b s t r a c t

Objective: To describe and compare hip and groin strength and function of male ice hockey players over
one season in players with and without hip and groin problems in the previous season.
Design: Prospective cohort study.
Setting: Swedish male ice hockey.
Participants: We followed 193 players from 10 teams during the 2017/2018 season.
Main outcome measures: Hip adduction and abduction strength, 5 s squeeze test (5SST), and self-
reported hip and groin function (Hip and Groin Outcome Score). Changes over the season and differ-
ences between players with and without problems in the previous season were analyzed by linear mixed
models.
Results: Adduction strength decreased slightly from pre-to mid-season and abduction strength increased
slightly over the full season. However, self-reported function or pain did not change. Players with hip and
groin problems in the previous season had significantly worse self-reported function, and more groin
pain during the 5SST compared to players without. Strength measurments did not differ between groups.
Conclusions: Hip muscle strength, groin pain, and self-reported function appear to remain stable
throughout the season in male ice hockey players. Remaining impairments in players with problems in
the previous season suggest that function does not recover by ice hockey participation alone.
© 2021 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/).
1. Introduction

Hip and groin injuries are common in ice hockey (Brunner et al.,
2020; Nordstrom et al., 2020; Worner et al., 2021). Among colle-
giate sports in the USA, ice hockey has the highest proportion of hip
and groin injuries among all injuries, and it is the sport with the
second highest incidence rate of hip and groin injuries (Orchard,
2015). In professional ice hockey, about half of all players report
hip and groin problems over the course of a season (Worner et al.,
2019b, 2021). Hip muscle strength, self-reported function, and
groin pain during an adductor squeeze are considered to be in-
dicators of hip and groin health in athletes and are therefore rec-
ommended to be measured regularly (Thorborg et al., 2017a;
partment of Health Sciences, Lund
er).

r Ltd. This is an open access articl
Wollin et al., 2018a). A recent study on football players, assessing
adduction and abduction strength in the start, middle, and end of
the season, reported strength to remain stable over time (van Klij
et al., 2021). However, little is known about how these factors
change over the course of an ice hockey season.

To reduce injury risk for their athletes, clinicians need knowl-
edge about modifiable risk factors for injury, including how to
measure and modify them appropriately (Finch, 2006; van
Mechelen et al., 1992). In sports with high prevalence of hip and
groin problems (Haroy et al., 2017a; Worner et al., 2019a, 2019b),
practitioners have been advised to measure hip muscle strength,
groin pain, and self-reported hip and groin function (Wollin et al.,
2018a). Isometric and eccentric adduction strength is associated
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with subsequent groin injuries in football codes (Bourne et al.,
2020; Delahunt et al., 2017; Mosler et al., 2018). In ice hockey,
decreased eccentric adduction strength during the pre-season has
found to be associated with subsequent groin injury in professional
players (Tyler et al., 2001), while isometric adductor strength has
not (Worner et al., 2021). Groin pain during a maximal 5 s isometric
adduction squeeze test (5-s squeeze test) can indicate impairments
in hip muscle strength and self-reported function in ice hockey
players (Worner et al., 2019c). Self-reported hip and groin function,
as measured by the Copenhagen Hip and Groin Outcome Score
(HAGOS), is associated with subsequent groin injury among Asso-
ciation football (soccer) and Gaelic football players (Bourne et al.,
2020; Delahunt et al., 2017) but the association has not been
investigated in a prospective study of ice hockey players.

As in other sports (Whittaker et al., 2015), a previous hip and
groin injury is themost consistently reported risk factor for new hip
and groin injuries in ice hockey (Worner et al., 2021). A relatively
high prevalence in relation to a relatively low incidence of these
problems (Worner et al., 2019a, 2021) as well as the long-lasting
functional impairments after reported injuries, (Worner et al.,
2019b), suggest that many players end up having chronic hip and
groin problems. Therefore, it is of clinical interest to focus on pre-
viously injured players to see if their hip and groin impairments
persist throughout the season. Throughout a competitive season,
prevalence of self-reported hip and groin problems appears to vary
(Clarsen et al., 2015; Haroy et al., 2017a;Worner et al., 2019a, 2021).
It is hence reasonable to believe that clinical indicators of hip and
groin health such as strength, groin pain, and self-reported function
also change throughout the season. In youth football players,
adduction strength has shown to decrease under periods of intense
match congestion (Wollin et al., 2018b). In ice hockey, the seasonal
variation of strength, groin pain, and self-reported function has not
been investigated.

The aim of this study was (1) to investigate potential changes in
indicators for hip and groin health such as hip adduction and
abduction strength, pain during the 5SST, and self-reported hip and
groin function in male ice hockey players over the course of one
season, and (2) to compare the level and seasonal pattern of hip and
groin strength, pain, and function between players with and
without hip and groin problems in the previous season.
2. Methods

2.1. Study design

We conducted a prospective cohort study of 193 male Swedish
ice hockey players. At the beginning, middle, and end of the
2017e2018 season, we measured the 5 s squeeze test (5SST) and
isometric hip adduction and abduction strength, and during the
same occasion asked players to report their hip and groin function
using the HAGOS questionnaire. Our study was approved by the
Ethics Committee at Lund University (Dnr 2017/483).
Fig. 1. Flow of players into the study.
2.2. Participants and recruitment

We invited professional and semi-professional male ice hockey
teams in the greater Stockholm area to participate in the study.
Players received written information about the study and provided
written informed consent before the first assessment. All players
that were at least 18 years of age, free from other musculoskeletal
injuries or illnesses that could impair or prevent participation in
training at the day of the measurement were eligible for inclusion
into the study. Of 12 invited teams, 10 agreed to participate and 252
264
players participated in the first of the threemeasurement occasions
during pre-season. We included all players who still played for the
club during follow up measurements and participated in at least
twomeasurement occasions (n¼ 193) (Fig.1). Player characteristics
(n ¼ 163) are summarized in Table 1. Thirty players did not provide
demographic information in the online survey.

2.3. Assessment procedure

We assessed players before training sessions in the beginning
(July 2017), middle (October 2017), and end (February 2018) of the
regular season. At baseline, demographic characteristics, level of
play, playing position and history of hip and groin injuries (yes/no)
were assessed via an online survey. Prior to the physical assess-
ments, consisting of the 5SST, and isometric adduction and
abduction strength (Worner et al., 2019c), players responded to the
HAGOS questionnaire (Thorborg et al., 2011) online. At baseline, the
online survey also asked about demographics, level of ice hockey
participation, playing position, and hip and groin injury history.

2.3.1. Injury history and self-reported hip and groin function
At baseline, we asked players whether they, during the previous

season, had experienced hip and groin pain or - injury that a)
affected their performance during training or match play (non-
time-loss problem) or b) prevented them from participation in
training or match play (time-loss problem) and c) the duration of
these problems. Self-reported function was assessed through



Table 1
Player demographics and injury history in the previous season (n ¼ 163).

Age in years [Mean (SD)]a 23.1 (3.5)
Height in cm [Mean (SD)] 181.7 (13.2)
Weight (kg) [Mean (SD)] 84.8 (7.1)
Years of ice hockey experience [mean (SD)] 17.5 (3.6)
Playing level a

Swedish Hockey League [N (%)] 18 (11)
Hockey Allsvenska [N (%)] 35 (21.5)
Division 1 [N (%)] 109 (66.9)
Playing position
Goaltender [N (%)] 16 (9.8)
Defender [N (%)] 58 (35.6)
Forward [N (%)] 89 (54,6)
Hip and groin problems during previous season
Non-time loss n¼184 [N (%)] 75 (39,9)
Symptom duration in weeks [Median (IQR)] 2 (1; 4)
Time-loss n¼188 [N (%)] 39 (23.9)
Duration of time-loss in weeks [Median (IQR)] 2 (1; 3,25)

SD ¼ Standard deviation; IQR ¼ Interquartal range (25th and 75th percentiles).
a Information only available for 162 players.
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HAGOS, a valid and reliable tool to assess hip and groin function in
athletes (Thorborg et al., 2011) that has previously been used on
high level ice hockey players (Worner et al., 2019a,b,c). HAGOS
assesses hip and groin function across 6 dimensions e symptoms,
pain, function in daily living, function in sport and recreation,
participation in physical activities, and hip- and groin related
quality of life. Scores for each subscale are transformed to a per-
centage of the maximal possible score (100) where 0 represents
extreme hip and groin problems and 100 represents no hip and
groin problems.
2.3.2. Five-second squeeze test and hip muscle strength
The 5SST assesses groin pain during an isometric adduction and

is a valid indicator of hip and groin related sporting function
(Thorborg et al., 2017a; Worner et al., 2019c). During the 5SST the
assessor places a forearm between the players ankle and asks them
to perform a maximal 5 s isometric adduction (Fig. 2). Players then
rate the level of groin pain during the maximal 5-s adduction on a
numeric pain rating scale from 0 to 10 (0 ¼ no groin pain; 10
maximal groin pain). No specific warm up was performed before
the test but players performed at least one familiarization trial
before executing one maximal test trial. During the test, hip
adduction force was measured with a handheld dynamometer
(Micro-FET2; Hoggan Health Industries). Hip abduction strength
was measured in the same position and according to the same
procedure as adduction strength, but resistance was applied via a
rigid fixation belt (Fig. 2). All strength measures were performed by
Fig. 2. Isometric adduction (left) a
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a single, trained assessor using a handheld dynamometer according
to a standardized, reliable procedure (ICC adduction and abduction
strength: 0.95) (Worner et al., 2019c).

2.4. Data management

Players who reported to have experienced either a time loss
and/or a non-time loss hip or groin problem during the previous
season were categorized as having “previous TL or NTL problem”.
Adduction and abduction force (N) were transformed into torque
[force * lever arm (distance between anterior superior iliac spine
and placement of hand-held dynamometer) ¼ Nm) and then
expressed in relation to the players body weight (NM/kg).
Adduction-to abduction strength ratio was computed as the ratio
between adduction and abduction strength. Changes in adduction-
and abduction strength and HAGOS subscales from pre-to mid-
season, and frommid-to end season, were categorized into positive
or negative changes exceeding minimal detectable change (MDC),
or “no change” (below MDC). Proportions of players presenting
with increases or decreases > MDC, or no change (<MDC) between
measurement points is presented for players with and without
problems as well as for the whole group. Limits of MDC for relative
change in adduction (16.46%) and abduction (18.50%) strength were
based on a reliability study not yet published (L.Ishøi, written
communication, December 4, 2020). Limits of MDC for HAGOSwere
defined according to Thomee et al. (Thomee et al., 2014).

2.5. Statistical analysis

For each analysis of the repeated measures, players were
included if they participated in at least twomeasurement occasions
and provided information regarding injury in the previous season
(time-loss or non-time-loss injuries). For the physical outcomes
(strength and 5SST pain), 187 players were included. For the self-
reported function (survey), 164 players were included. A linear
mixed model was used to specify a repeated measures model,
solved using the restricted maximum likelihood (REML) method.
Categorical predictors were injury group (two groups; previous
time loss or non-time-loss injury during preceding season, or no
such injuries during the previous season) and time (three levels;
pre-season, in-season and end-season). Separate analyses were
performed for each outcome variable: 5SST (pain), adduction and
abduction strength, adduction-to-abduction strength ratio, and
HAGOS (sub scales pain, symptoms, ADL, sport, physical activity,
QoL). In the case of significant main effect of time, we performed
Bonferroni corrected post-hoc comparisons between time points.
The statistical modeling also included the two-way interactions of
group by time to explore possible differential patterns of outcomes
nd abduction measure (right).
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between the groups. For all analyses, a first-order autoregressive
(AR-1) covariance structure was applied. All analyses were per-
formed in IBM Statistical Package for Social Sciences SPSS (version
26). Significance level was set to 0.05.

3. Results

Adduction strength decreased slightly from the beginning of the
season to mid-season (�0.09 nm/kg [95% CI -0.02; �0.16],
p ¼ 0.015) while abduction strength was slightly higher at end
season compared with both beginning of season (0.07 nm/kg [95%
CI 0.02; 0.12] p ¼ 0.01) and mid-season (0.07 nm/kg [0.03e0.11]
p < 0.001). We did not identify any significant changes in the
adduction/abduction strength ratio, (p ¼ 0.12), 5SST (pain)
(p ¼ 0.33) or HAGOS scores (p > 0.09) over the season (Table 2).
More than 25% of players showed changes (increase or decrease) in
adduction strength exceeding MDC between the measurement
points. Less than 10% of all players showed changes exceeding MDC
in abduction strength (Fig. 3). Approximately 40% of players
showed changes exceeding MDC in HAGOS scales symptoms and
quality of life during the season. For quality of life, the largest share
of change exceedingMDCwas observed among players that had hip
and groin problems in the previous season. Only a small share of
players showed changes exceeding MDC in the other subscales of
HAGOS (Figs. 4 and 5).

3.1. Differences between players with and without problems in the
previous season

No significant differences in hip muscle strength were found
between players with previous hip and groin problems and players
without previous problems (p � 0.15). Players with previous
problems reported significantly more groin pain during the 5SST
[Mean difference: 1.0 (95%CI 0.6e1.4); p < 0.01] than players
without previous problems. Players with previous problems also
reported significantly worse function (HAGOS scores pain [Mean
difference: 6.0 (95%CI 3.9e8.1); p < 0.01]; Symptom [Mean differ-
ence: 6.0 (95%CI 32.7e9.3); p < 0.01]; ADL [Mean difference: 4.9
(95%CI 3.2e6.6); p < 0.01]; Sport [Mean difference: 11.5 (95%CI
8.2e14.7); p < 0.01]; PA [Mean difference: 7.5 (95%CI 4.8e10.1);
p < 0.01]; QoL [Mean difference: 12.0 (95%CI 8.3e15.8); p < 0.01].
There were no significant interaction effects between time and
group (p � 0.27) indicating similar seasonal patterns for the out-
comes in players with and without problems in the previous season
(Figs. 5-8).
Table 2
Hip and groin function over the course of the season (N ¼ 163).

Beginning of season Mid-season

Mean 95% (CI) Mean

5SST (NRS) 1.6 1.3e1.9 1.8
Adduction (Nm/kg) 2.91a 2.83e3.00 2.82a

Abduction (Nm/kg) 2.05b 2.00e2.10 2.05c

Add:Abd ratio 1.5 1.4e1.5 1.4
HAGOS Pain 92.2 91.0e94.0 92.8
HAGOS Symptoms 81.3 79.4e83.3 83.0
HAGOS ADL 95.5 94.3e96.6 95.2
HAGOS Sport 87.5 85.4e89.7 87.1
HAGOS PA 92.5 90.6e94.3 92.8
HAGOS QoL 88.1 85.9e90.2 87.3

5SST ¼ Five second squeeze test; NRS ¼ Numeric rating scale; Nm/kg ¼ New
ratio ¼ Adduction:Abduction ratio; ADL ¼ Activities of daily living; Sport ¼ Sport and re
Main effect of time.

a Significant difference between beginning of season and mid-season (p < 0.05).
b Significant difference between beginning of season and end season (p < 0.05).
c Significant difference between mid-season and end season (p < 0.05).
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4. Discussion

In this prospective cohort study, we investigated potential pat-
terns of change in hip and groin function over the course of a
competitive ice hockey season, and explored potential differences
in function between players with and without hip and groin
problems in the previous season. Our main findings were that
levels of hip muscle strength, groin pain and self-reported hip and
groin function remained relatively stable throughout the season.
Players with previous hip and groin problems had similar strength
levels but hadmore groin pain andmore impaired self-reported hip
and groin function than players without previous problems.

We found a small decrease in adduction strength in the first half
of the season and small increase of abduction strength in the end of
the season. However, changes in adduction strength where small
and of questionable clinical relevance. In soccer players, eccentric
adduction strength has been found to be stable over the course of
the season (van Klij et al., 2021) but clinically meaningful decreases
in isometric adduction strength have been reported during a
tournament with high match congestion (Wollin et al., 2018b). In
our study we also measured adduction strength isometricaly. In ice
hockey however, the adductors are mainly loaded eccentrically.
Skating exposed the adductors to high eccentric load, which in-
creases with higher velocities (Chang et al., 2009). Ice hockey
players, therefore, expose their adductors to repetitive eccentric
contractions, which has been speculated to contribute to the high
incidence of adductor strains in these athletes (Tyler et al., 2001).
While it also can be argued that this repetitive loading of the ad-
ductors during skating may lead to gains in adduction strength, our
results indicate that playing a season of ice hockey is not associated
with meaningful strength changes. Hence, clinicians seeking to
increase adductor strength in players need to implement targeted
interventions to achieve this goal.

Levels of groin pain during the 5SST did not change with more
training sessions andmorematches played over the season. Players
with problems in the previous season had significantly more groin
pain during the 5SST than players without previous problems.
Despite being statistically significant, the absolute difference in
groin pain, measured on an 11-point NRS, was smaller than the
minimal clinical important difference for this type of measurement
(Farrar et al., 2001). However, the 5SST categorizes players into a
traffic light system according to groin pain intensity (NRS
0e2 ¼ green, 3e5 ¼ yellow, 6e10 ¼ red) (Thorborg et al., 2017a).
According to the traffic light system, players without hip and groin
problems in the previous season had an average value
End of the season pa

95% (CI) Mean 95% (CI)

1.5e2.1 1.9 1.6e2.2 0.332
2.74e2.91 2.89 2.80e3.00 0.025
2.00e2.10 2.12b;c 2.11e2.20 0.001
1.4e1.5 1.4 1.3e1.4 0.118
91.5e94.2 93.2 91.8e94.6 0.498
81.0e85.0 83.6 81.6e85.7 0.093
94.1e96.5 95.9 94.6e97.1 0.740
84.8e89.3 88.1 85.8e90.4 0.755
90.8e94.8 94.7 92.7e96.7 0.223
85.1e89.5 88.4 86.1e90.7 0.473

ton meter per kilogram; HAGOS ¼ Hip and groin outcome score; Add:Abd
creation; PA ¼ Physical activity; QoL ¼ Quality of life.



Fig. 3. A) Changes (>%MDC) in adduction strength from preseason to midseason; B) Changes (>%MDC) in adduction strength from mid-season to end season; C) Changes (>%
MDC) in abduction strength from preseason to midseason; D) Changes (>%MDC) in abduction strength frommid-season to end season; Data is displayed for players with previous
hip and groin problems, without previous hip and groin problems, and all players.

Fig. 4. Changes (>%MDC) in HAGOS scores from pre-season to mid-season. Data is displayed for players with previous hip and groin problems, without previous hip and groin
problems, and all players. A) HAGOS subscale Pain; B) HAGOS subscale Symptoms; C) HAGOS subscale Activities of daily living (ADL); D) HAGOS subscale Sport; E) HAGOS subscale
Physical Activity (PA); F) HAGOS subscale Quality of Life (QoL).

T. W€orner, K. Thorborg, B. Clarsen et al. Physical Therapy in Sport 52 (2021) 263e271
corresponding with green light throughout the season while the
average among players with previous problems fell within yellow
lights. We have previously found that ice hockey players with yel-
low light have similar impairments in self-reported hip muscle
strength and sporting function as players with red light (Worner
et al., 2019c).

Self-reported hip and groin function also remained relatively
stable throughout the season; however, it was significantly
impaired in players with hip and groin problems in the previous
267
season, compared to those without. Despite being statistically sig-
nificant, differences in HAGOS scores between players with and
without previous problems were small and below the minimal
detecable difference (Thomee et al., 2014) for most of the subscales.
Clinically meaningful differences between these groups of players
were found for the subscales sport and qualify of life. Clinical
populations with hip and groin problems typically have lowest
ratings in subscales sport, physical activities, and quality of life
(Thorborg et al., 2018) and regard questions related to sports and



Fig. 5. Changes (>%MDC) in HAGOS scores from mid-season to end-season. Data is displayed for players with previous hip and groin problems, without previous hip and groin
problems, and all players. A) HAGOS subscale Pain; B) HAGOS subscale Symptoms; C) HAGOS subscale Activities of daily living (ADL); D) HAGOS subscale Sport; E) HAGOS subscale
Physical Activity (PA); F) HAGOS subscale Quality of Life (QoL).

Fig. 6. Changes (>%MDC) in HAGOS scores from mid-season to end-season. Data is displayed for players with previous hip and groin problems, without previous hip and groin
problems, and all players. A) HAGOS subscale Pain; B) HAGOS subscale Symptoms; C) HAGOS subscale Activities of daily living (ADL); D) HAGOS subscale Sport; E) HAGOS subscale
Physical Activity (PA); F) HAGOS subscale Quality of Life (QoL).
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recreation and social-emotional aspects as most important (Martin
et al., 2009). This pattern in self-reported function is in linewith the
pattern observed in players with previous hip and groin problems
in this study.

4.1. Clinical relevance

Clinicians working with ice hockey players can expect that
268
players' hip muscle strength, groin pain, and self-reported hip and
groin function will be relatively stable throughout the season.
However, more than a quarter of the players in a team may change
their function beyond the minimal detecable change of these
measures. Hence, individual and continuous monitoring of players
remains an important aspect of player care (Wollin et al., 2018a).
Continuous monitoring does not need to be time consuming. The
5SST e.g. is a rapid clinical tool that provides clinicians with an



Fig. 7. Hip and Groin Outcome Score (HAGOS) of players with and without previous problems over course of the season.

Fig. 8. Physical measures of players with and without previous problems over course of the season.
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indication about players’ sporting function and hip muscle
strength, and can be used to guide management (Worner et al.,
2019c). Recently, we learned that hip and groin problems in ice
hockey players do not just disappear during the off-season (Worner
et al., 2019b, 2021), a finding that has been made in football players
previously (Esteve et al., 2018, 2021; Thorborg et al., 2017b). Our
study adds to this knowledge by reporting lower functional levels
in the previously injured players, and these do not resolve by ice
hockey participation alone. In other sports, simple strengthening
interventions have shown to improve hip muscle strength (Haroy
et al., 2017b) and decrease the risk for hip and groin problems
(Haroy et al., 2019). Similar strengthening strategies, implemented
269
in off-season and continued during the competitive season may
protect all ice hockey players from developing hip and groin
problems. Players with previous problems may need more of these
targeted interventions to reach the functional level of their non-
injured teammates.

4.2. Methodological considerations

This study had several strengths, including a relatively large
sample size and comprehensive measures of hip and groin function
through strength measures, clinical provocation testing with the
5SST, and self-reported function. We acknowledge that we had a
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drop out rate of 23% from the pre-season measurement to the mid-
seasonmeasurement. This drop out rate can be explained by the high
turn-over of players from pre-season (before final rosters are
determined) to the mid-season, when the final squad has been
confirmed. Therefore, we do not believe that the drop out had a
systematic effect on our outcomes. Even thoughwe did not select the
teams for inclusion randomly we don't believe our results are
effected by selection bias. We recruited all teams in a relatively large
geographical area, which is not different from the rest of the country
and 10/12 of these teams agreed to participate. Measuring adduction
squeeze strength with flexed knees (90�) and hips (45�) may be seen
as more specific to the sport of ice hockey and a recent study pro-
vides reference values for clinicians measuring in this position
(Oliveras et al., 2020).Wemeasured adduction strength isometricaly,
with extended knees and hips since it is the position eliciting highest
torque production and allowing highest reliability among squeeze
tests (Light& Thorborg, 2016). Furthermore, this position gave us the
possibility to combine the 5SST effectively with an objective force
output, as previously described in ice hockey players (Worner et al.,
2019c). Measuring adduction eccentrically may have been a better
reflection of adductor function in ice hockey. We can therefore not
draw any conclusions regarding potential changes in eccentric
adduction strength in response to ice hockey participation. It is likely
that some players in our cohort may have experienced hip and groin
problems during the season and that these problems had an impact
on our results. However, the aim of this study was not to investigate
associations between hip and groin problems and function but to
describe potential changes in function over the course of the season
in ice hockey players. Hip and groin problems are a part of ice hockey
and there will be individuals with these problems in each team
(Worner et al., 2019b, 2021). Therefore, we believe that the potential
effect of ongoing problems on our results should not be considered
as bias but rather a reflection of clinical reality.

5. Conclusion

Hip muscle strength, groin pain, and self-reported hip and groin
function remain stable throughout the season in male ice hockey
players. Players with problems in the previous season have signif-
icantly more groin pain and impaired self-reported sporting func-
tion during the season, indicating that function does not recover by
ice hockey participation alone.
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