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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% CI 
1.01, 1.73, p = .043) and being male (OR 5.71; 95% CI 1.65, 19.7) were associated with having in-season hip and groin 
pain (R2 = 0.211). There was also an association between historical hip and groin pain (R2 = 0.579) and both HAGOS 
subscale Quality of Life (odds ratio [OR] = 0.84; 95% CI 0.77, 0.91, p < .001) and mean abductor torque (OR = 11.85; 95% 
CI 1.52, 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.

Keywords: Groin pain, Soccer, Youth, Athletic injuries, Muscle injuries, Adductor, Muscle strength, Hip/pelvis/thigh

© The Author(s) 2021. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

Key Points

• In the current study, pre-season hip adductor/abduc-
tor strength and HAGOS scores were unable to pre-
dict in-season hip and groin pain in elite youth foot-

ball players.
• Increased pre-season body mass index in male elite 

youth football players is associated with subsequent 
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 

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 n = 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 
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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 

training. Unilateral hip adductor and abductor strength 
was recorded using a handheld dynamometer (HHD) 
(Lafayette model 01165 manual muscle tester with 
7  cm × 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 Adductor and B 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). 

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 R2 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 n = 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 12.9 ± 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 

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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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 

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 

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)

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

Odds ratio 95% CI p value

Predictors for players who experience 1 or more episodes of hip/groin pain 
during the season (R2 = 0.211)

Body mass index (kg/m2) 1.32 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 (R2 = 0.579)

Quality of  lifea 0.84 0.77–0.91  < .001

Abductor torque (N/Kg) 11.85 1.53–91.97 .018
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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 (n = 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.

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.
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