Schoffl et al. Sports Medicine - Open (2021) 7:97 HPaH _
https://doi.org/10.1186/540798-021-00392-w S p 0 rtS M € d ICIN€ O pe n

ORIGINAL RESEARCH ARTICLE Open Access

- , : : . ®
Factors Associated with Hip and Groin Pain =

in Elite Youth Football Players: A Cohort Study

Jacob Schoffl!, Katherine Dooley?, Peter Miller®, Jess Miller* and Suzanne J. Snodgrass'

Abstract

Background: Despite hip and groin pain being commonly reported in elite youth football players, little evidence
on risk factors exists. Risk factors in adult football players include reduced hip adductor strength and hip adduc-
tor/abductor strength ratios, and lower Copenhagen Hip and Groin Outcome Score (HAGOS) subscale scores. It is
unknown if these factors are also predictive of pain development in youth football players.

Objective: To identify whether preseason hip adductor and abductor strength and HAGOS subscale scores of male
and female elite youth football players are associated with in-season or historical (lifetime) hip and groin pain.

Methods: Preseason hip adductor and abductor strength testing and the HAGOS were undertaken by 105 elite male
(n="58) and female (n=47) football players aged 11-15 years. Medical staff documented both players'self-reported
historical and in-season hip and groin pain. Univariate and multivariate logistic regression models were undertaken
with main outcome measures in-season hip and groin pain and historical hip and groin pain and independent vari-
ables of hip muscle strength, hip muscle torque and HAGOS subscale scores.

Results: Twenty-three players (21.9%) self-reported in-season hip and groin pain, while 19 players (18.1%) self-
reported historical hip and groin pain. Pre-season hip adductor and abductor variables and HAGOS subscale scores
failed to predict in-season hip and groin pain. However, a higher body mass index (odds ratio [OR] = 1.32; 95% Cl
1.01,1.73, p=.043) and being male (OR 5.71; 95% Cl 1.65, 19.7) were associated with having in-season hip and groin
pain (R?=0.211). There was also an association between historical hip and groin pain (R?=0.579) and both HAGOS
subscale Quality of Life (odds ratio [OR] =0.84; 95% C1 0.77,0.91, p<.001) and mean abductor torque (OR=11.85; 95%
Cl11.52,91.97;, p=.018).

Conclusion: Pre-season hip adductor and abductor strength and HAGOS subscale scores did not predict subsequent
in-season hip and groin pain in elite youth football players. However, pre-season higher hip abductor strength and
lower HAGOS scores were retrospectively associated with historical hip and groin pain.
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+ Increased hip abductor torque and lower HAGOS
Quality of Life subscale scores are associated with
self-reported historical hip and groin pain.

Background

The hip and groin is reported as the fourth most com-
mon injury location in elite youth football players [1],
with recent pooled data reporting 7-33% of all time-loss
injuries in elite youth football players occur in the ‘groin/
adductor/pelvis/hips’ location [2]. Although not all hip
and groin pain results in time-loss, as up to one-third of
both adult and adolescent football players will continue
to participate in games and training sessions despite the
presence of groin pain [3, 4]. A recent cross-sectional
study found 42% of elite youth football players self-
reported groin pain symptoms in the previous season,
irrespective of time-loss [5]. To prevent the development
of hip and groin pain in this cohort risk factors that can
be modified needs to be identified to allow for the devel-
opment of preventative programs.

Currently the only prospective investigation in elite
youth football players found those who experience early
skeletal maturity were at a higher risk of groin strains
than those who matured later [6]. As skeletal maturity
is a non-modifiable risk factor, further investigations
into modifiable risk factors are required. Modifiable risk
factors for hip and groin pain in adult football players
include increased weight, differences in external rotation
range of motion between hips [7], higher levels of play,
lower levels of sport specific training and reduced hip
adductor strength [8]. As none of these modifiable risk
factors for hip and groin pain have been prospectively
investigated in elite youth football players, it is unclear if
they are also predictive of pain in this population.

Reduced hip adductor strength has been identified as
an intrinsic factor associated with hip and groin pain in
adult male football players [9-12]. Hip adductor strength
during pre-season testing is up to 5.4% weaker in players
with previous-season groin pain than those without [11],
while higher levels of pre-season hip adductor strength
are protective against hip and groin pain [9]. Additionally,
significantly reduced hip adductor-to-abductor strength
ratios has been identified in adult football players, with
a threshold of 80% hip adductor-to-abductor muscle
strength ratio reported in players with groin problems
[13, 14]. Despite in-season hip adductor strength and
hip adductor-to-abductor strength ratio testing being
employed as early detection tools for groin pain in elite
youth football players [15], it is unclear if pre-season test-
ing can be predictive of in-season groin pain.

The Copenhagen Hip And Groin Outcome Score
(HAGOS) is a valid and reliable patient reported outcome
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measure for assessing hip and groin health in young to
middle aged athletes [16] and is recommended for use
in football cohorts [8]. The HAGOS has been shown to
discriminate between football players with and without
groin pain [17, 18], as well as identify players at risk of
subsequent hip and groin pain [9, 15]. Lower preseason
HAGOS subscale scores have been shown to be associ-
ated with an increased risk of hip and groin injuries in
the subsequent season for elite male adult football play-
ers [9]. However, no identified study has investigated this
relationship between HAGOS subscale scores and in-
season hip and groin pain in a youth football population.

As most elite football players will commence training
at a high level at an early age [19], recognising potential
risk factors for hip and groin pain is important for devel-
oping training programs to reduce symptoms and sustain
careers [20]. Therefore, the aims of this research were to
identify whether pre-season hip adductor and abductor
strength and HAGOS subscale scores of male and female
elite youth football players are either (a) predictive of
in-season historical hip and groin pain or (b) associated
with historical hip and groin pain, irrespective of whether
pain resulted in time-loss.

Methods

Study Design

A cohort study was conducted on elite football players
(total #=111; males n=63; females n=48). All play-
ers were recruited from a single club: Newcastle Jets
A-League FC Academy in Newcastle, Australia. As all
participants were under 18 years of age, written informed
consent was obtained from both players and their par-
ents/guardians. Ethics approval (protocol number:
H-2018-0118) was provided by The University of New-
castle Human Research Ethics Committee. Pre-season
data collection occurred in October 2018, consisting of
the HAGOS questionnaire, reporting of historical (within
their lifetime) hip and groin pain and hip adductor and
abductor muscle strength testing. Subsequent in-season
monitoring of all episodes of hip and groin pain, irre-
spective of time-loss, was collected during the ten-month
playing season from November 2018 to August 2019.

Participants

To define the population sample, the following par-
ticipant characteristics were first collected: playing age
group, gender, standing height (cm), body mass (kg) and
dominant leg length from the lateral malleolus to the
greater trochanter (cm). Participants were asked during
injury history screening if they had ever experienced hip
and groin pain in their lifetime. Hip and groin pain was



Schoffl et al. Sports Medicine - Open (2021) 7:97

defined as pain in the anterior hip, pubic region, inguinal
regional and proximal adductor insertion (excluding lat-
eral or posterior hip). In addition, participants were also
asked to report their dominant limb: “which leg do you
prefer to kick a ball with?”.

Pre-season HAGOS Questionnaire

All participants completed the HAGOS, containing 37
questions answered on a Likert scale, grouped into six
subscales: Pain, Symptoms, Activities of Daily Living
(ADL), Sport & Recreational Activities (Sport/Rec), Par-
ticipation in Physical Activity (PA) and Quality of Life
(QOL) [16]. Each subscale was scored independently and
then normalised to a 100-point scale, as per Thorborg
et al. [16], with lower scores indicating greater hip and/
or groin problems or disabilities. If a participant failed to
answer more than one question for PA subscale or more
than two questions for all other subscales (Symptoms;
Pain; ADL; Sport/Rec; QOL), then the individual sub-
scale was excluded from analysis and treated as ‘missing
data’ [16].

Pre-season Strength Testing

Pre-season strength testing took place during a three-
week period between playing seasons after squads
had been selected and prior to the commencement of
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training. Unilateral hip adductor and abductor strength
was recorded using a handheld dynamometer (HHD)
(Lafayette model 01165 manual muscle tester with
7 cm x 3.5 cm pad). All strength tests were undertaken
by five physiotherapists with a combined experience of
60 years (range 4—23 years), of whom two were titled
musculoskeletal physiotherapists and a third had post-
graduate qualifications. The strength testing procedures
have previously been described and has been shown to
have a high inter-rater intra-class coefficient between
0.86-0.93 for adductor and 0.87-0.98 for abductor
strength testing [15, 21]. Participants lay supine with the
leg being tested in 0° hip and knee extension and resist-
ance applied 5 cm proximal to the malleolus, while the
leg not being tested was in knee flexion with the foot on
the plinth (Fig. 1). Participants completed a standard-
ised warm-up of two five-second isometric repetitions
against the HHD with ten second rests between repeti-
tions prior to both hip adductor and abductor tests. The
tests consisted of 3 ‘break’ repetitions, each held for <3 s
with a 30 s rest period, for both the hip adductors and
abductors. A ‘break’ test, defined as an eccentric muscle
contraction, was used to determine participant’s maxi-
mal strength as it has been shown to be more sensitive
in identifying male football players with adductor-related
groin pain compared to isometric testing [13]. Examiners

Fig.1 A Adductorand B
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abductor hip muscle strength testing positions. A hand-held dynamometer was used for testing and placed 5 cm

proximal to either the A medial malleolus or B lateral malleolus. Players were allowed to stabilise themselves with their non-test leg and both hands
holding onto plinth. Three break tests were performed, and the highest result was used (except when the highest value was > 10% higher than the
next highest value, the second highest value was used)
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instructed participants to “push as hard as you can” and
repeated the encouragement “keep going” three times
for each test. For each test participants were allowed to
stabilise themselves by gripping the side of the plinth
with their hands and pressing the non-testing leg against
the plinth [15, 21].

To attain a reproducible result that represented an indi-
vidual’s maximal effort, the highest value for the three
testing repetitions was used for analysis, unless the high-
est value was > 10% of the player’s other two values. If this
occurred, the highest value was considered an outlier and
the second highest of the three values was taken [22].
If a testing repetition was painful, the test was stopped,
and this value was excluded from analyses. Hip adduc-
tor and abductor strength was measured in Newtons (N),
with muscle torque calculated by multiplying the highest
accepted strength value by leg length in metres (meas-
ured from the lateral malleolus to the greater trochanter
of the player’s dominant leg) and then divided by body
mass in kilograms [13]. Leg length measurements were
taken of the dominant leg only due to time constraints
and the limited accuracy of tape measures in detecting
subtle between-limb differences. Eccentric hip adductor-
to-abductor strength ratio was calculated for each leg
[15]. Between limb difference was calculated by subtract-
ing the dominant side from the non-dominant side for
force values (N) and torque (N/Kg).

In-Season Monitoring

Players were advised to report any pain or injuries to
medical staff at both games and training sessions, irre-
spective of whether treatment was required. This resulted
in both time-loss and non-time-loss hip and groin pain
being recorded on a weekly basis [4]. If hip and groin pain
was reported by a player, it was then assessed at the first
training session of the weekly schedule by a registered
physiotherapist with 20 years of musculoskeletal physio-
therapy experience. Players with hip and groin pain were
identified by the physiotherapist from electronic records
kept by physiotherapists and trainers on game days, tech-
nical director reports of injuries from coach’s post game
reports, players who were not training at this session, and
players who presented to the physiotherapist with pain
at the training session or the clinic. The physiotherapist
assessed all of these identified players at the first weekly
training session, with these data entered into an excel
spreadsheet that became the final data record used for
analysis. Assessment of the hip and groin region included
but was not limited to functional movements (e.g. squat-
ting, jumping, kicking football), passive and active joint
range of motion, manual muscle strength testing and
combined hip-joint movement tests (flexion adduction
internal rotation and flexion adduction external rotation).
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The physiotherapist determined a clinical diagnosis based
on their assessment.

Statistical Analysis

Hip and groin pain prevalence in youth elite play-
ers was calculated for both in-season hip and groin
pain and historical hip and groin pain by dividing the
number of players reporting pain by the total number
of players included in the study. For analysis, players
were categorised as either in-season hip/groin pain (at
least one episode) or no in-season hip and groin pain.
Descriptive statistics were calculated for each variable
with male and female data stratified, as both strength
[23] and the experience of pain [24] differs between
sexes. For the analysis of strength variables both legs
of an individual were averaged as there were no dif-
ferences between painful and non-painful limbs in
players with pain, or between left and right limbs of
asymptomatic players, or their left and right as com-
pared to the left and right of pain players matched
by weight and height. Data normality was assessed
through Shapiro—Wilk tests and visualisation of his-
tograms. Differences between pain and asymptomatic
players were calculated using independent t-tests for
parametric data or Mann—Whitney-U tests for non-
parametric data.

Logistic regression models determined factors asso-
ciated with having in-season hip and groin pain. Prior
to logistic regression, Pearson’s coefficients were used
to examine potential correlations between independent
variables, with all strength variables found to be corre-
lated, and the majority of HAGOS subscales correlated.
Due to the large number of possible candidate varia-
bles, univariate modelling was used to determine which
variables were to be included in the multivariate model.
Variables that underwent univariate modelling were
leg length, body mass index (BMI), gender, playing age
group at time of testing (ages 11, 12, 13 or 14 years) his-
torical hip and groin pain, hip abductor muscle torque,
hip adductor muscle torque, hip adductor/abductor
strength ratio and HAGOS subscales Pain, Symptoms,
ADL, Sport/Rec and QOL. Variables with p <0.25 in the
univariate models were then included in a multi-variate
model analysed using the backwards (Wald) method
[25]. A model combining both male and female sexes
was used as male and female multi-variate models had
similar results to the combined model. The same meth-
odological process was also used for separate analyses
that examined differences in hip muscle strength and
HAGOS subscale scores for players with either histor-
ical hip and groin pain or no historical hip and groin
pain. Where variables representing a construct (i.e.
strength, HAGOS subscales) were correlated, selection
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of variables for the multivariate model was based on
lowest p-value and/or highest Nagelkerke R? from the
univariate models. SPSS v 27.0 (IBM SPSS Statistics,
IBM Corp., Armonk, NY) was used for analyses.

Results

Participants

Of the 111 players, 106 players consented to participate
in this study (male n=59; females #=47). One male
was excluded as no strength data were recorded, result-
ing in 105 players included in analysis (cohort mean age
12.7+1.0 years, males 12.5+1.1, females 12.94+0.8). Due
to missing leg length data for another male, torque val-
ues were unable to be calculated for this player. During
pre-season hip muscle strength testing 6 players experi-
enced pain (3 males, 1 with pain during abductor testing,
2 with pain during both adductor and abductor testing; 3
females with pain during abductor testing) with three of
these players (2 males, 1 female) reporting subsequent in-
season hip and groin pain.

Hip and Groin Pain Prevalence

For all participants included in analysis, 23 (21.9%) play-
ers self-reported at least one incidence of either time-loss
or non-time-loss in-season hip and groin pain (18 male,
5 female). Eighteen (17.1%) players experienced time-
loss groin pain (14 male, 4 female), while 5 (4.8%) players
experienced non-time-loss groin pain (4 male, 1 female).
Of the 23 players who reported hip and groin pain within
the season, 30.4% experienced more than one incidence
(7 male, 0 female), resulting in a total of 30 episodes of
hip and groin pain. The prevalence of self-reported his-
torical hip and groin pain within a players’ lifetime was
reported in 18.1% of the 105 total players at the time of
pre-season data collection (13 male, 6 female). All play-
ers self-reporting historical hip and groin pain also expe-
rienced at least one incidence of in-season hip and groin.
The physiotherapist’s clinical diagnosis for the in-season
hip and groin injuries determined that five players had
adductor-related injuries (4 male, 2 female), 11 players
had psoas-related injuries (9 male, 2 female), and seven
were mixed presentations or non-specific (5 male, 2
female).

Preseason Measures Associated with Hip and Groin Pain

Descriptive statistics and between-groups differences
for both in-season hip and groin pain vs. no in-season
hip and groin pain and historical hip and groin pain vs.
no historical hip and groin pain players, stratified by
sex, are reported in Tables 1, 2 and 3. Male players who
developed in-season pain had a significantly higher BMI
than players who did not (Table 1), while female players
who developed in-season pain had lower between limb
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differences for both hip adductor strength and torque
than those with no pain (p<0.05; Table 2). Both leg
length (Table 1) and hip abductor values (strength and
torque) (Table 2) were significantly increased during pre-
season testing in all players with historical hip and groin
pain compared to those with no historical pain (p <0.05).
For female players, between limb difference for both
hip abductor strength and torque were higher in those
with historical hip and groin pain vs. no historical pain
(p<0.01). Median preseason HAGOS subscale scores
(Table 3) were only lower for players who reported his-
torical hip and groin pain for all six subscales.

From the univariate models for in-season hip and
groin pain, the following variables met the criterion for
inclusion in the multivariate modelling: gender, BMI,
leg length, and HAGOS subscales for Pain, Symptoms,
Sport/Rec, PA and QOL. In the final multivariate model
for in-season hip and groin pain, higher BMI (odds ratio
[OR] 1.32; 95% CI 1.01, 1.73) and male gender (OR 5.71;
95% CI 1.65, 19.7) were associated with developing in-
season hip and groin pain when accounting for HAGOS
Symptom subscale score, explaining 21% of the vari-
ance (Table 4). Other variables (hip abductor torque, hip
adductor torque, hip adductor/abductor strength ratio,
leg length, playing age group, historical hip and groin
pain, other HAGOS subscale scores) were not signifi-
cantly associated with in-season hip and groin pain. For
historical hip and groin pain, variables that met the cri-
teria for inclusion in multivariate modelling were gender,
leg length, abductor torque, adductor torque, adductor/
abductor strength ratio, and all HAGOS subscales. In the
final multivariate model, lower HAGOS QOL subscale
scores (OR 0.84; 95% CI 0.77, 0.91) and greater abduc-
tor torque (OR 11.85; 95% CI 1.53, 91.97) were associated
with historical hip and groin pain, explaining 58% of the
variance. No other variables were significantly associated
with historical hip and groin pain.

Discussion

The aim of the current study was to determine if hip
adductor and abductor muscle strength and HAGOS
subscale scores can be used to predict which players may
experience hip and groin pain during the season, and
whether they are associated with historical hip and groin
pain in elite youth football players (age 11-15 years). Pre-
season hip muscle strength and HAGOS subscale scores
were found not to be associated with nor could they pre-
dict in-season hip and groin pain in this youth popula-
tion. Instead, multivariate logistic regression identified
an association between in-season hip and groin pain and
the variables of a higher BMI and male gender. Males had
a higher proportion of in-season and historical hip and
groin pain compared to females which is consistent with
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Table 4 Final logistic regression models (backwards Wald)
indicating (1) pre-season variables that predict experiencing 1 or
more episodes of in-season hip and groin pain, and (2) variables
that were associated with historical hip and groin pain in male
and female youth football players (aged 11-15)

Odds ratio 95% Cl p value

Predictors for players who experience 1 or more episodes of hip/groin pain
during the season (R°=0211)

Body mass index (kg/m?) 132 1.01-1.73 043
Gender (male) 5.71 1.65-19.7 006
Symptoms* 0.95 0.89-1.00 065
Variables associated with having a history of hip/groin pain (R> = 0.579)

Quality of life® 0.84 0.77-0.91 <.001
Abductor torque (N/Kg) 11.85 1.53-91.97 018

@ HAGOS subscale scored out of 100, with lower scores indicating worse
problems (i.e. a score of 100 is no problems)

previous studies [4, 26]. Greater abductor torque and
lower HAGOS QOL subscale scores were associated with
historical hip and groin pain.

A higher BMI was predictive of in-season pain
(Table 4), and mean leg length was longer for players for
pain compared to those who had not experienced pain
(Table 1). These findings suggest that larger, and poten-
tially more physically mature players were more com-
monly reporting hip and groin pain. This is not the first
time more physically mature elite youth football play-
ers have been associated with hip and groin pain, as
skeletal maturity analysed via radiological examination
has been shown to be a risk for groin strains [6]. How-
ever in contrast, the current study also found no differ-
ences in values between players of different playing age
groups suggesting maturation status alone is not effective
for predicting in-season hip and groin pain elite youth
football players. More recent research supports this con-
clusion. When calculating maturation status via chrono-
logical age, standing height, body mass and mid-parental
height 71% of injuries experienced by male elite youth
football players occurred in those whose maturation sta-
tus was “on time” [1]. The findings of previous research
and the current study suggest that, dependent on how
biological maturity is measured, it may be a non-modifi-
able risk factor for hip and groin pain in elite youth foot-
ball players.

No relationship was found in the current study
between pre-season hip muscle strength and in-season
hip and groin pain of elite youth male and female foot-
ball players aged 11-15. This contrasts with research
in adult male football players that has shown reduced
bilateral hip adductor strength in supine is associated
with the occurrence of in-season groin [9, 11]. Although
differences in results may be attributed to the types of
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muscle contractions, number of repetitions and length
of time of muscle contraction undertaken in other stud-
ies, the age of the players may also be a contributing fac-
tor as the current study consisted of younger players,
aged between 11 and 15 years of age. During these ages,
players are undergoing considerable growth with peak
growth rate estimated to occur on average at 13.5 years
for males and 11.5 years for females [27]. This suggests
recent evidence indicating hip adductor and abductor
strength remains consistent within a single season found
in professional adult male football players [28] should not
be applied to adolescent players. In adolescent players
many risk factors appear to be at play, such as matura-
tion rate and possible (pre)pubertal hormonal changes [6,
29], historical hip and groin injury, level of play and sport
specific training [26], which highlights the complexity
of injury prevention. Regular in-season monitoring and
testing of eccentric hip adductor strength has previously
been suggested as an effective early detection and man-
agement strategy of hip and groin pain in elite football
players<16 years [15]. It is suggested this method be
employed in male players, particularly those with higher
BMIs, who were identified in the current study to be at
greater risk of developing in-season hip and groin pain.

Preseason HAGOS subscale scores were not found to
be predictive of in-season hip and groin pain in adoles-
cent elite football players. These results differ to a pre-
vious study by Bourne et al. [9] in football players aged
24.5+5.1 who found that higher HAGOS scores were
associated with reduced risk of subsequent hip and groin
pain The HAGOS is designed to capture the ongoing
functional deficits of hip and groin pain and therefore is
not expected to be effective as a prediction tool for hip
and groin pain. In the current study, players with histori-
cal hip and groin pain scored significantly lower on all
six of the HAGOS subscales. These findings are consist-
ent with previous studies in adult football players fol-
lowing hip and groin pain [17, 30] and suggests hip and
groin pain episodes can lead to ongoing problems in
youth football players. From these findings, it appears
pre-season HAGOS values are an ineffective measure in
predicting in-season hip and groin pain but may be a use-
ful tool for clinicians to quantify the ongoing functional
impacts associated with hip and groin pain in youth foot-
ball players.

In the current study, historical hip and groin pain was
not associated with in-season hip and groin pain, irre-
spective of time-loss. This differs to the conclusions of
a 2015 systematic review identifying previous hip and
groin pain to be a risk factor for hip and groin pain in
adult sporting populations [26]. Two possible reasons
exist for this discrepancy: (1) players in the current study
were aged 11-15 and likely had fewer years of playing
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at a competitive level, resulting in less injury risk expo-
sure and potential development of hip and groin pain;
and (2) the current study pooled time-loss and non-time
loss hip and groin pain when defining both historical and
in-season pain. Recent research on adult male football
players found no association between time-loss histori-
cal and subsequent time-loss hip and groin pain, whereas
time-loss historical hip and groin pain was associated
with ‘severe” hip and groin symptoms, as measured by the
HAGOS [7]. This suggests that how hip and groin pain
is defined can impact on whether an association can be
detected between historical and in-season hip and groin
pain. Due to the small number of players with non-time-
loss hip and groin pain (#=5), analysis of separate analy-
sis of this group was not able to be conducted.

There were several limitations to the current study.
HHD may not be sensitive enough to detect strength
differences within this cohort [31]. A potential selection
bias may have reduced the generalisability of this study
as participants were recruited from one elite youth foot-
ball club. Irrespective of this, the included players are a
good representation of elite youth football players aged
11-15 as they train four times a week and compete in
the highest level of youth football competition in Aus-
tralia. Strength and HAGOS data were recorded at one
time point, which is consistent with other prospective
cohort studies in sporting populations [32, 33], but may
fail to account for potential changes in hip strength over
a season previously seen in players over 16 years [9, 34].
Potential under-reporting of within season pain was pos-
sible as players may not want to be perceived as having a
problem [35]. However, as both players and coaching staff
was encouraged to report players’ pain it is plausible all
occurrences of pain were captured or were below a clini-
cal threshold. Additionally, the reporting of historical hip
and groin pain during any time in a players’ life may have
resulted in recall bias and either the under- or over-esti-
mation of historical hip and groin pain. Football players’
hip and groin pain was not clinically classified according
to the Doha agreement [8]. The reliability of the HAGOS
questionnaire has not been previously reported in popu-
lations younger than 18 years of age; however, it has pre-
viously been used for in-season monitoring of elite youth
football players [15]. The HAGOS was able to identify
players with hip and groin problems in both the afore-
mentioned study [15] and the current study, suggesting
it may be useful in younger sporting populations. Future
research should investigate its reliability and validity in
athletes < 18 years of age with reference values developed
for this population.
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Conclusion

This is the first study to prospectively investigate
the association between hip adductor and abduc-
tor strength and HAGOS subscale scores in male and
female elite football players aged 11-15 years. Although
pre-season hip adductor and abductor muscle strength
and HAGOS values were not associated with in-season
hip and groin pain, male players with a higher BMI
were at greater risk of developing in-season hip and
groin pain. As pre-season strength testing did not pre-
dict injury, regular in-season monitoring might be con-
sidered to determine if it may assist early detection of
hip and groin injuries which has potential to reduce the
severity of symptoms in this cohort. Historical hip and
groin pain was not associated with in-season hip and
groin pain, but those with a history had ongoing hip
and groin problems as quantified using the HAGOS.
Historical hip and groin pain was found to be strongly
associated with lower HAGOS Quality of Life subscale
scores and higher hip abductor torque values, suggest-
ing hip and groin pain episodes can lead to ongoing
problems in youth football players.

Abbreviations

ADL: Copenhagen Hip and Groin Outcome Score subscale function in daily
living; BMI: Body Mass Index; HAGOS: The Copenhagen Hip and Groin Score;
HHD: Handheld dynamometer; N: Newtons; N/Kg: Newtons per kilogram;
QOL: Copenhagen Hip and Groin Outcome Score subscale hip and/or groin
quality of life; PA: Copenhagen Hip and Groin Outcome Score participation
in physical activities; Sport/Rec: Copenhagen Hip and Groin Outcome Score
subscale function in sport and recreation.

Acknowledgements
Not applicable.

Authors’ Contributions

JS, PM, JM, SJS all contributed to the design and planning of this study and
interpretation of the data. Recruitment of participants and data collection
were completed by PM and JM. JS and SJS undertook analysis of data. The first
draft was written by JS; all authors critically reviewed the manuscript content.
KD and SJS edited the final version of the manuscript for publication. All
authors read and approved the final manuscript.

Funding
No financial support was received for the conduct of this study or for the
preparation or publication of this manuscript.

Availability of Data and Materials
The datasets used and/or analysed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics Approval and Consent to Participate

The University of Newcastle Human Research Ethics Committee approved
this study (Approval number H-2018-0118). Written informed consent was
obtained from all participants and their parents/guardians before data collec-
tion began. This study was performed in accordance with the Declaration of
Helsinki.



Schoffl et al. Sports Medicine - Open (2021) 7:97

Consent for Publication

All authors consent to the publication of this manuscript. Written informed
consent was obtained from both the individual and the parent of the child
under 18 to have theirimage published as part of this manuscript.

Competing Interests
Jacob Schoffl, Katherine Dooley, Peter Miller, Jess Miller and Suzanne J
Snodgrass declare that they have no competing interests.

Author details

'School of Health Sciences, College of Health, Medicine and Wellbeing, The
University of Newcastle, University Drive, Callaghan, NSW 2308, Australia.
2School of Allied Health, Exercise and Sports Sciences, Charles Sturt University,
Leeds Parade, Orange, NSW 2800, Australia. *NUmoves Physiotherapy, Ring
Road, Callaghan, NSW 2308, Australia.

Received: 28 July 2021 Accepted: 28 November 2021
Published online: 19 December 2021

References

1. LightN, Johnson A, Williams S, Smith N, Hale B, Thorborg K. Injuries in
youth football and the relationship to player maturation: an analysis of
time-loss injuries during four seasons in an English elite male football
academy. Scand J Med Sci Sports. 2021,31(6):1324-34.

2. Jones S, Aimousa S, Gibb A, et al. Injury incidence, prevalence and sever-
ity in high-level male youth football: a systematic review. Sports Med.
2019;49(12):1879-99.

3. Esteve E, Clausen MB, Rathleff MS, et al. Prevalence and severity of groin
problems in Spanish football: a prospective study beyond the time-loss
approach. Scand J Med Sci Sports. 2020;30(5):914-21.

4. Harey J, Clarsen B, Thorborg K, Holmich P, Bahr R, Andersen TE. Groin
problems in male soccer players are more common than previously
reported. Am J Sports Med. 2017;45(6):1304-8.

5. Delang MD, Garrison JC, Hannon JP, McGovern RP, Christoforetti J,
Thorborg K. Short and long lever adductor squeeze strength values in
100 elite youth soccer players: Does age and previous groin pain matter?
Phys Ther Sport. 2020;46:243-8.

6. Le Gall F, Carling C, Reilly T. Biological maturity and injury in elite youth
football. Scand J Med Sci Sports. 2007;17(5):564-72.

7. Langhout R, Tak |, van Beijsterveldt A-M, et al. Risk factors for groin injury
and groin symptoms in elite-level soccer players: a cohort study in the
Dutch professional leagues. J Orthop Sports Phys Ther. 2018;48(9):704-12.

8. Weir A, Brukner P, Delahunt E, et al. Doha agreement meeting on
terminology and definitions in groin pain in athletes. Br J Sports Med.
2015;49(12):768-74.

9. Bourne MN, Williams M, Jackson J, Williams KL, Timmins RG, Pizzari T.
Preseason Hip/Groin Strength and HAGOS Scores are associated with
subsequent injury in professional male soccer players. J Orthop Sports
Phys Therapy. 2019;2019:1-34.

10. Engebretsen AH, Myklebust G, Holme I, Engebretsen L, Bahr R. Intrinsic
risk factors for groin injuries among male soccer players: a prospective
cohort study. Am J Sports Med. 2010;38(10):2051-7.

11. Esteve E, Rathleff MS, Vicens-Bordas J, et al. Preseason adductor squeeze
strength in 303 Spanish male soccer athletes: a cross-sectional study.
Orthop J Sports Med. 2018;6(1):2325967117747275.

12. Moreno-Perez V, Travassos B, Calado A, Gonzalo-Skok O, Del Coso J,
Mendez-Villanueva A. Adductor squeeze test and groin injuries in elite
football players: a prospective study. Phys Ther Sport. 2019;37:54-9.

13. Thorborg K, Branci S, Nielsen MP, Tang L, Nielsen MB, Holmich P. Eccentric
and isometric hip adduction strength in male soccer players with and
without adductor-related groin pain: an assessor-blinded comparison.
Orthop J Sports Med. 2014;2(2):2325967114521778.

14. Thorborg K, Serner A, Petersen J, Madsen TM, Magnusson P, Holmich P.
Hip adduction and abduction strength profiles in elite soccer players:
implications for clinical evaluation of hip adductor muscle recovery after
injury. Am J Sports Med. 2011;39(1):121-6.

15. Wollin M, Thorborg K, Welvaert M, Pizzari T. In-season monitoring of
hip and groin strength, health and function in elite youth soccer:

Page 11 of 11

implementing an early detection and management strategy over two
consecutive seasons. J Sci Med Sport. 2018;21(10):988-93.

16. Thorborg K, HoImich P, Christensen R, Petersen J, Roos EM. The Copenha-
gen Hip and Groin Outcome Score (HAGOS): development and validation
according to the COSMIN checklist. Br J Sports Med. 2011;45(6):478-91.

17. Thorborg K, Branci S, Stensbirk F, Jensen J, Holmich P. Copenhagen hip
and groin outcome score (HAGOS) in male soccer: reference values for
hip and groin injury-free players. Br J Sports Med. 2014;48(7):557-9.

18. Thorborg K, Rathleff MS, Petersen P, Branci S, Holmich P. Prevalence and
severity of hip and groin pain in sub-elite male football: a cross-sectional
cohort study of 695 players. Scand J Med Sci Sports. 2017;27(1):107-14.

19. Haugaasen M, Toering T, Jordet G. From childhood to senior profes-
sional football: a multi-level approach to elite youth football play-
ers'engagement in football-specific activities. Psychol Sport Exerc.
2014;15(4):336-44.

20. Ryan J, DeBurca N, Mc CK. Risk factors for groin/hip injuries in field-based
sports: a systematic review. Br J Sports Med. 2014;48(14):1089-96.

21. Thorborg K, Petersen J, Magnusson SP, Holmich P. Clinical assessment of
hip strength using a hand-held dynamometer is reliable. Scand J Med Sci
Sports. 2010;20(3):493-501.

22. Zelinski S, Manvell JJ, Manvell N, Callister R, Snodgrass SJ. Effect of match
play on shoulder strength in amateur rugby union players. J Strength
Cond Res. 2019.

23. Maughan RJ, Watson JS, Weir J. Strength and cross-sectional area of
human skeletal muscle. J Physiol. 1983;338(1):37-49.

24. Keogh E, Herdenfeldt M. Gender, coping and the perception of pain. Pain.
2002;97(3):195-201.

25. Neter J, Kutner MH, Nachtsheim CJ, Wasserman W. Applied linear regres-
sion models. Chicago: Irwin; 1996.

26. Whittaker JL, Small C, Maffey L, Emery CA. Risk factors for groin injury in
sport: an updated systematic review. Br J Sports Med. 2015;49(12):803-9.

27. Soliman A, De Sanctis V, Elalaily R, Bedair S. Advances in pubertal growth
and factors influencing it: can we increase pubertal growth? Indian J
Endocrinol Metab. 2014;18(Suppl 1):553-62.

28. van KIij P, Langhout R, van Beijsterveldt AMC, et al. Do hip and groin
muscle strength and symptoms change throughout a football season
in professional male football players? A prospective cohort study with
repeated measures. J Sci Med Sport. 2021;24(11):1123-9.

29. DuprET, Lysdal FG, Funken J, et al. Groin injuries in soccer: investigat-
ing the effect of age on adductor muscle forces. Med Sci Sports Exerc.
2020;52(6):1330-7.

30. Thorborg K, Branci S, Nielsen MP, Langelund MT, Holmich P. Copenhagen
five-second squeeze: a valid indicator of sports-related hip and groin
function. Br J Sports Med. 2017,51(7):594.

31. Chamorro C, Armijo-Olivo S, De La Fuente C, Fuentes J, Javier CL.
Absolute reliability and concurrent validity of hand held dynamometry
and isokinetic dynamometry in the hip, knee and ankle joint: systematic
review and meta-analysis. Open Med. 2017;12(1):359-75.

32. HenryT, Evans K, Snodgrass S, Miller A, Callister R. Risk factors for noncon-
tact ankle injuries in amateur male soccer players: a prospective cohort
study. Clin J Sport Med Off J Can Acad Sport Med. 2015;26:251.

33. Langdon E, Snodgrass SJ, Young JL, Miller A, Callister R. Posture of rugby
league players and its relationship to non-contact lower limb injury: a
prospective cohort study. Phys Ther Sport. 2019;40:27-32.

34. Crow JF, Pearce AJ, Veale JP, Vander Westhuizen D, Coburn PT, Pizzari
T. Hip adductor muscle strength is reduced preceding and during the
onset of groin pain in elite junior Australian football players. J Sci Med
Sport. 2010;13(2):202-4.

35. Whatman C, Walters S, Schluter P. Coach and player attitudes to injury in
youth sport. Phys Ther Sport. 2018;32:1-6.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.



	Factors Associated with Hip and Groin Pain in Elite Youth Football Players: A Cohort Study
	Abstract 
	Background: 
	Objective: 
	Methods: 
	Results: 
	Conclusion: 

	Key Points
	Background
	Methods
	Study Design
	Participants
	Pre-season HAGOS Questionnaire
	Pre-season Strength Testing
	In-Season Monitoring
	Statistical Analysis

	Results
	Participants
	Hip and Groin Pain Prevalence
	Preseason Measures Associated with Hip and Groin Pain

	Discussion
	Conclusion
	Acknowledgements
	References


