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Abstract

Groin pain is a common and multifactorial condition in athletes, leading to performance
impairment and a reduction in participation in sports. This systematic review aimed to
identify and synthesise risk factors for groin pain in athletes. A comprehensive search
of PubMed, Embase, Web of Science, Scopus, and SPORTDiscus was conducted from
inception to May 2025. Observational studies were included, and the risk of bias was as-
sessed using the ROBINS-E tool. Due to heterogeneity across studies, a narrative synthesis
was performed. Eight retrospective cohort studies comprising 4249 male athletes from
various sports met the inclusion criteria. The most consistent risk factors were a previous
history of groin injury, reduced eccentric hip adduction strength, limited hip rotation,
and inadequate preseason conditioning. Additional contributors included participation
in Olympic weightlifting as part of sport-specific conditioning, playing in skill-specific
positions, and the presence of subclinical symptoms, with associations ranging from mod-
erate to high. The overall quality of evidence was low to moderate, with confounding and
outcome measurement being the most frequent sources of bias. These findings highlight the
multifactorial nature of groin pain and underscore the need for individualised screening,
early detection, and preventive approaches. Future research should prioritise prospec-
tive designs, standardised diagnostic criteria, and inclusion of female athletes to improve
clinical applicability.

Keywords: groin pain; athletes; risk factors; hip adduction strength; injury prevention

1. Introduction

Groin pain is a common and multifactorial condition in athletes, especially those
involved in sports that require frequent acceleration, deceleration, and repetitive twisting
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movements, such as football, rugby, and hockey [1-3]. Clinically, it presents as chronic
discomfort or pain in the groin region, often exacerbated by specific sports activities [4].
This condition can lead to considerable functional limitations, prolonged time away from
training or competition, and, in severe cases, early retirement from athletic careers [5-7].

Several intrinsic factors have been proposed as contributing to the development of
groin pain, including a history of previous injury, older age, higher body mass, early
biological maturation, reduced femoral head diameter in the dominant limb, limited hip
range of motion—particularly in abduction and rotation—and strength imbalances be-
tween lower-limb muscle groups [8]. Among these, weakness of the adductor muscles
has consistently emerged as a key intrinsic risk factor [9]. In contrast, extrinsic factors
encompass variables related to sport participation and training environment, such as
excessive training volume, inadequate periodisation, insufficient preseason condition-
ing, and the absence of structured preventive programmes [10-12]. These external de-
mands may exacerbate underlying intrinsic vulnerabilities and contribute to the onset of
groin pain.

Although limitations in hip internal rotation have frequently been reported [8], current
evidence remains insufficient to establish definitive conclusions [13]. A previous systematic
review and meta-analysis identified significant differences between athletes with and
without groin pain, including lower strength in the adductor squeeze test, reduced range
of motion in internal rotation and the bent-knee fall-out test, worse self-reported function,
and altered trunk mechanics [14]. However, that review only included studies published
between 2001 and 2014, highlighting the need for updated evidence in light of new research
and clinical insights.

Despite advances in understanding groin pain, important gaps remain in the literature,
including limited sample sizes, the absence of longitudinal follow-up, and methodolog-
ical limitations in distinguishing among clinical subtypes, such as adductor-, iliopsoas-,
inguinal canal-, or pubic-related groin pain. Accordingly, this systematic review aims to
identify specific risk factors associated with groin pain in athletes, focusing on prospective
and observational studies published through 2025. Quantitative variables of interest in-
cluded adductor strength, sex, pain history, and engagement in preventive strategies, which
were selected based on their consistent relevance in previous literature and their potential
contribution to the multifactorial aetiology of groin pain. Adductor strength has repeatedly
been identified as a key determinant of injury risk due to its central role in stabilising the
pelvis and counteracting high eccentric loads during directional changes [9,14,15]. Sex was
considered because anatomical and hormonal differences may influence muscle perfor-
mance and susceptibility to injury [16]. A history of pain or previous injury represents
residual neuromuscular deficits or tissue vulnerability that increases the likelihood of recur-
rence [8,17]. Finally, engagement in preventive strategies, such as specific strengthening or
flexibility programmes, was included since these interventions may mitigate both intrinsic
and extrinsic risk factors and ultimately reduce injury incidence [18,19].

The expected outcomes of this review include the identification of clinically relevant
risk factors that can improve functional screening and support individualised preventive
interventions. Scientifically, the review aims to map current knowledge gaps, encourage
studies with more robust methodological designs, and clarify risk mechanisms underlying
groin pain in athletes. From a broader perspective, the findings may contribute to long-term
athletic health by reducing time-loss injuries and promoting sustained participation in
sports among both youth and professional athletes. Therefore, the objective of this review
is to identify and analyse the risk factors associated with groin pain in athletes, based on
the most current available evidence.
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2. Materials and Methods

This systematic review was conducted in accordance with the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses literature search extension
(PRISMA-S) [20]. It was prospectively registered in the International Prospective Reg-
ister of Systematic Reviews (PROSPERO) under the ID CRD 42022363350.

2.1. Search Strategy

A comprehensive search was conducted across five electronic databases: PubMed
(National Library of Medicine and National Institutes of Health), Embase, Web of Science,
Scopus, and SportDiscus, from their inception to May 2025. Only peer-reviewed original
studies published in English that investigated risk factors associated with the development
of groin pain were considered eligible. The complete search strategy and keywords used
are presented in Table 1. The search terms were selected to encompass both groin- and
hip-related conditions that share overlapping clinical features, ensuring comprehensive
coverage of musculoskeletal sources of groin pain.

Table 1. Database search terms and Boolean combinations.

Search Terms Descriptors
1. Risk Factors Determinants OR Contributors OR Causes
Adductor strain OR Athletic pubalgia OR Inguinal pain

2. Groin pain OR Pelvic pain
3. Athletes Sports participants OR Players OR Recreational athletes
' OR Amateur athletes OR Elite athletes

Combination

The search and selection processes were conducted independently by two reviewers
(TBM and TBM). Any discrepancies were resolved by a third reviewer (RO).

2.2. Eligibility Criteria

Studies were included based on predefined inclusion and exclusion criteria guided
by the PECOS framework (Population, Exposure, Comparison, Outcome, and Study de-
sign) [21]. A detailed summary of the criteria is presented in Table 2.

Table 2. Eligibility criteria for the inclusion of reviews.

Inclusion Criteria Exclusion Criteria
p Population Individuals over 18 years of age -
E Exposure Sports in general -
C  Comparison - -
O  Outcome Risk factors for pubalgia -
Case reports,
Observational studies commentaries, narrative
S Study design (prospective, retrospective, and reviews, and studies not
case—control) published in

peer-reviewed journals

2.3. Study Selection and Data Extraction

Reference management and screening were performed using Rayyan software (Rayyan
Systems Inc., Doha, Qatar; version 1.0.0) [22]. Two reviewers (TBM and TBM) indepen-
dently conducted study selection and data extraction to reduce bias and ensure method-
ological rigour. Discrepancies were resolved by consensus.
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The following data were extracted from each included study: (1) authors and year
of publication; (2) country of the first author’s institutional affiliation; (3) study design;
(4) participant characteristics (sample size, age, sex, body mass index, level of sports par-
ticipation); (5) sport type; (6) follow-up period; (7) definition of groin pain; (8) primary
anatomical location and diagnosis or injury; (9) reported risk factors (identified through
bivariate or multivariate analyses with effect measures above 1.0); and (10) correspond-
ing effect sizes (Odds Ratios [OR], Risk Ratios [RR], or Hazard Ratios [HR]) with 95%
confidence intervals.

Identified risk factors were categorised into predefined domains based on previous
literature, including individual attributes, sport- and training-related variables, health
and lifestyle factors, morphological characteristics, and biomechanical parameters. This
classification allowed a comprehensive overview of the variables potentially associated
with groin pain in athletes.

2.4. Risk of Bias Assessment in Individual Studies

The methodological quality of the included studies was independently assessed by
two reviewers (TBM and TBM) using the Risk of Bias in Non-randomised Studies—of
Exposure (ROBINS-E) tool [23]. This tool evaluates seven domains of bias: (1) confound-
ing, (2) exposure measurement, (3) participant selection, (4) post-exposure interventions,
(5) missing data, (6) outcome measurement, and (7) selective reporting of results.

2.5. Data Synthesis

Given substantial heterogeneity among studies, regarding sample characteristics,
definitions of exposure and outcome, and statistical methods, a meta-analysis was not
feasible. Therefore, a narrative synthesis was conducted. A summary table was developed
to present an overview of the methodological features, risk of bias assessments, and
ROBINS-E domain ratings for each included study.

3. Results

The initial search identified 1188 records. After removing 111 duplicates, 1077 studies
were screened by title and abstract. Of these, 17 full texts were assessed for eligibility, and
eight retrospective cohort studies met the inclusion criteria (Figure 1).

3.1. Study Characteristics

The eight included studies involved 4249 male athletes participating in a range of
sports, including soccer, ice hockey, Gaelic football, and American football. The studies
were conducted in the United States, Sweden, Qatar, Ireland, Denmark, Australia, and
Canada, with follow-up durations ranging from one season to ten years (Table 3). Al-
though the inclusion criteria allowed for all sport disciplines, the studies that met eligibility
requirements primarily involved field- and ice-based team sports, reflecting the current
distribution of available evidence.

Participants ranged from young adults to elite-level athletes competing at youth to
elite levels. All studies employed observational designs and defined groin pain using
clinical criteria; some also included imaging confirmation (e.g., MRI). The most frequently
reported anatomical regions involved were the adductor muscles, pubic symphysis, and
abdominal wall.
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[ Identification of studies via databases and registers ]
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Studies included in review
(n=28)

Figure 1. Study flowchart following PRISMA guidelines.

3.2. Definitions and Outcome Criteria

Groin pain definitions varied across studies. Some relied solely on clinical examination

or symptom duration, while others combined clinical evaluation with imaging or standard-

ised

diagnostic criteria. Injury duration thresholds ranged from two to over six weeks of

restricted participation. Diagnoses included adductor muscle strain, chronic groin pain,

athletic pubalgia, and groin-related injuries without radiological findings.

3.3. Identified Risk Factors

Across the included studies, several risk factors were consistently associated with

groin pain:

Previous history of groin pain or injury [14,17,24].

Reduced hip adduction strength, especially in eccentric contraction [14,25].
Inadequate preseason conditioning or preparation [24].

Limited range of motion in hip internal or external rotation [26,27].

Participation in Olympic weightlifting-style training, particularly when implemented
as part of strength and conditioning programmes for field-based athletes, was iden-
tified as a potential contributor to athletic pubalgia in collegiate American football
players [28].

Pain during adductor squeeze testing [25].

Presence of subclinical groin symptoms, defined as mild discomfort, stiffness, or
transient groin pain during activity that does not cause time-loss or require medical
consultation, but may precede clinically evident injury [29].
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Table 3. Included studies and key characteristics.
Reference; Main Anatomical Site
Study Design; Participant Tvoe of Sport Follow-up Definition of of Injurv: Prima Related Risk Risk Measures 95% CI Effect Size
Country of the Characteristics yp P Duration Groin Pain | jury; trimary Factors (OR/RR/HR) °
Main Author Diagnosis/Injury
1154 male Clinical diagnosis .
Neuville et al., collegiate athletes; + MRI . . . Not directly
X . Pubic region (pubic OWL: OR = 2.86; OWL: 1.25-7.35;  reported;
2023 [28]; mean age not . 10 years confirmation of . OWL; . e . i .
. i American football . symphysis); - i Skill position: Skill position: magnitude
Retrospective specified; BMI (2010-2019) rectus abdominis . . skill position _ .
. Athletic Pubalgia OR =9.32 1.71-63.96 inferred
cohort; USA varied by or adductor
. . o from ORs
playing position aponeurosis lesion
Worner, Thorborg, 163 male athletes; AI'.ly hip or groin Hip and groin; History of groin All problems: QR Not directly
Clarsen, and Eek, Ice hockey pain affecting . . = 3.3; Substantial: reported;
. mean age 22.6 . 1 season o Groin-related problems without A, 1.7-6.3; 1.8-8.4; .
2022 [29]; (professional and participation, . . OR =3.6; magnitude
R . years; 17 years of . . (2017-2018) problems time-loss in . 0.9-5.7 .
etrospective . semi-professional) performance, or : . . . Time-loss: inferred
cohort; Sweden experience causing time-loss including pubalgia previous season OR=23 from ORs
Mosler et al., Groin/hip injuries . . Previous injury e
2018 [14]; 438 professional 2 seasons causing >1 day of Hip and groin; history; reduced Prior iyuries: HR Not directly
. Soccer . Adductor- j = 1.8; Eccentric 1.2-2.7;1.0-2.5
Retrospective male athletes (~2 years) time-loss from related infuries eccentric streneth: HR = 1.6 reported
cohort; Qatar training or match ) adduction strength gt o
Delahunt, . L.
Fitzpatrick, and 55 professional Grmp injury . ' Adductor squeeze OR = 7.78; OR = . ‘
athletes; 24 + 2.8 . causing time-loss Hip and groin; < 225 mmHg; Not directly Not directly
Blake, 2017 [25]; Gaelic Football 1 season . .. 8.94; OR = 2.16 per
R . years; BMI from training Groin injury HAGOS < 87.5; . . reported reported
etrospective Kk 2 h S . 0 pain point
cohort; Ireland 24.7 kg/m or matches queeze pain >
Holmich et al Clinically Adductor, iliopsoas, ?Ir{eiicz)&sm'ur )
2014 [17]; v 998 male sub-elite 10 months diagnosed groin abdominal region; Age and history of RpIT =28 jury); 1.23-3.67; Significantly
- athletes; mean age  Sub-elite soccer injuries Adductor, iliopsoas previous . 1.22-4.25; longer
Retrospective e (1 season) . . s (adductor); RIT = .
not specified (standardised and abdominal groin injury 1.91-10.91 recovery time
cohort; Denmark . o 4.56 (adductor +
criteria) injuries .
abdominal)
2;11.;}11(111:; I\;Inuazelll 120 professional Clinically 088 (internal
P ’ p diagnosed Adductors; Reduced hip Not directly rotation) and Not directly
2007 [26]; athletes; mean age  Soccer 1 season 7. .
Retrospective not specified adductor Adductor injury range of motion reported 0.96 (external reported

cohort; Australia

muscle injuries

rotation)
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Table 3. Cont.

Reference; Study . . .
Design; Country Participant Tvpe of Sport Follow-up Definition of M:;I}r?:at?glli::ésue Related Risk Risk Measures 95% CI Effect Size

of the Characteristics P P Duration Groin Pain ury; B rimary Factors (OR/RR/HR) °

. Diagnosis/Injury

Main Author
Verrall et al., 29 professional C;legv%’z(;llg Incident rate ratio: ~ Weight
2007 [27); P pe Hip; Chronic Reduced hip ROM ~ Weight (0.92) (0.871-0.974) Not directly
. athletes; mean age  Soccer 1 season diagnosed by S S
Retrospective not specified clinical criteria groin injury before injury Total Total ROM reported
cohort; Australia P . ROM (0.90) (0.834-0.992)
and time-loss
Emery et al Clinically Adductor or Low preseason RR =3.38 (low
2001 [>; " v 1292 male athletes; diagnosed abdominal region; sport-specific training); RR = 1.45-7.92; Not direct]
R - mean age Ice hockey (NHL)  Not specified adductor or Adductor or training; previous  2.88 (previous 1.33-6.26; y
etrospective oy . . L . D reported

. not specified abdominal abdominal injury; injury); RR = 5.69 2.05-15.85

cohort; Canada .. . . .
muscle injuries muscle injury NHL experience (veterans)

Caption: CI = confidence interval; BMI = body mass index; kg/m? = kilograms per square metre; MRI = magnetic resonance imaging; ROM = range of motion; NHL = national hockey

league; OWL = Olympic weightlifting; OR = odds ratio; RR = relative risk; HR = hazard ratio; RIT = relative injury time.
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3.4. Measures of Association and Effect Size

When available, statistical estimates revealed moderate to high associations between

risk factors and groin pain:

e  Olympic weightlifting increased injury odds (OR = 2.86; 95% CI: 1.03-7.96), with
skill-position players showing even higher risk (OR = 9.32; 95% CI: 1.80-48.27) [28].

e Inadequate preseason fitness was associated with increased risk (RR = 3.38; 95%
CI: 1.04-10.97) [24].

e  Previous groin pain predicted future injury (HR = 2.13; 95% CI: 1.07-4.26) [17].

e  Pain during the adductor squeeze test was linked to injury occurrence (OR = 1.46; 95%
CI: 1.01-2.11) [25].

Although not all studies reported effect sizes, consistent patterns emerged linking
prior symptoms and physical impairments to the development of injury.

3.5. Synthesis Overview

Overall, risk factors for groin pain in athletes appear to be multifactorial, involv-
ing individual characteristics, physical capacity, symptom history, and sport-specific de-
mands. The findings emphasise the importance of preseason screening and the implemen-
tation of targeted prevention strategies, particularly focusing on strength, flexibility, and
symptom monitoring.

3.6. Quality and Risk of Bias Assessment

Methodological quality and risk of bias are summarised in Table 4 and illustrated
in Figure 2. Sample sizes ranged from small, homogeneous cohorts [14,25] to large, rep-
resentative populations [20,21]. Most studies employed validated and reliable tools to
assess exposure variables, including hip range of motion, strength, and training volume.
However, repeated measures and formal reliability reporting were frequently absent.

D1 D2 D3 D4 D5 D6 D7 | Overall Judgement
Low
Emery etal. 2001 . . .
— Moderate

Verrall et al. 2007

x @ i
Ibrahim, Murrell, and ‘

Knapman, 2007

Holmich et al. 2014

Neuville et al. 2023 = a D1: Confunding
D2: Exposure Measurement
D3: Participant Selection
DA4: Post-exposure Interventions
. D5: Missing Data

D6: Outcome Measurement
. D7: Selective Reporting of Result

Worner, Thorborg,
Clarsen, and Eek, 2022

Delahunt, Fitzpatrick, and
Blake, 2017
Mosler et al. 2018 .

Figure 2. Summary of risk of bias assessed using the ROBINS-E tool [14,17,24-29].
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Table 4. Risk of bias assessed using the ROBINS-E tool.

Ibrahim, Murrell, Hélmich et al Neuville et al Worner, Thorborg, Delahunt, Mosler et al
Domain Emery et al., 2001 [24]  Verrall et al., 2007 [27] and Knapman, 2014 [17] v 2023 [28] v Clarsen, and Eek, Fitzpatrick, and 2018 [14] i
2007 [26] 2022 [29] Blake, 2017 [25]
Dl—Confounding  Moderate High High Moderate Moderate Moderate Low Low
Adjusted for injury . Stratified by position  Adjusted for field Adjusted for field Adjusted for factors Adjusted for
hi . No adjustment for . » o such as adductor :
istory, experience, relevant Did not control for and age, but no position and BMI; position and muscle strength and eccentric adductor
Justification strength, and flexibility, . important multivariate residual strength; residual & . strength and injury
. confounders; limited X . . . . physical function; .
but residual - . confounders. adjustment for confounding risk confounding risk history; relevant
. . statistical analysis. relevant
risk remains. key confounders. acknowledged. acknowledged. confounder control.
confounder control.
?Ai;ﬁ?ﬁ;iﬁe Low Moderate Low Low Low Low Low Low
Isometric hip
. Musculoskeletal
. ROM measured once, Hip ROM assessed Weekly data. OWL exposure adduct}on and Adductor squeeze screening tests
Prospective measures . - . . collection using abduction measured  test performed with .
. . . no inter/intra-rater with goniometer, . recorded throughout . performed with
Justification with valid and S ; standardised = with handheld pressure gauge; .
. . reliability, only at good intra-rater . - o, the year; reliability S standardised
reliable instruments. o . s questionnaires, ~95% . dynamometer; reliability L
90° flexion. reliability. not specified. R e protocols; reliability
response rate. reliability not specified. oo
Je not specified.
not specified.
D3—Participant
Selection Low Moderate Moderate Low Moderate Moderate Low Low
19 of 120 excluded; . .
. Only 29 of 89 justified criteria; All players from 11 1154 university 163 Profegswnal and 55 Gaelic football 438 professional
Large, representative . . . . semi-pro ice hockey . players from Qatar
e . o athletes included; included amateur clubs athlete exposures; o players from a single
Justification sample (95% - . o - - - . players; 84% . Stars League; 609
exclusion based on asymptomatic invited and included  inclusion criteria team; homogeneous
consent rate). - . . i follow-up player-seasons
subjective criteria. athletes with (n =998). not specified. d . sample.
. . ata provided. analysed.
injury history.
D4—Post-
Exposure Very Low Very Low Very Low Very Low Very Low Very Low Very Low Very Low
Interventions
No Ch?“cal or . . No interventions Observational study, . . . . No intervention after ~ No intervention after
P behavioural No intervention after . . . No intervention after ~ No intervention after
Justification . . following ROM no interventions adductor squeeze musculoskeletal
interventions ROM measurements. OWL exposure. OWL exposure. .
after exposure. measurement. post-exposure. test exposure. screening.
D5—Missing Data ~ Moderate Low Low Moderate Low Low Low Low
Some variables not Missing data during
. Low and justified intermediate weeks, = Complete data forall ~Complete data for
e obtained from all (e.g.,  No follow-up o No follow-up No follow-up
Justification o losses mitigated by exposures; losses 163 players; losses
~65% loss reported. d exclusi . . foll. ified ified loss reported. loss reported.
reported training) and exclusions. intention-to-follow not specified. not specitied.
’ analysis.
D6—Outcome

Measurement

Low

Low

Low

Moderate

Low

Low

Low

Low
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Table 4. Cont.

Ibrahim, Murrell, Hélmich et al Neuville et al Worner, Thorborg, Delahunt, Mosler et al
Domain Emery et al., 2001 [24]  Verrall et al., 2007 [27] and Knapman, 2014 [17] v 2023 [28] v Clarsen, and Eek, Fitzpatrick, and 2018 [14] i
2007 [26] 2022 [29] Blake, 2017 [25]
Clearly defined Self-reported Outcome defined as I;elgr/legéogg E;?:illzrszs Groin injuries Groin injuries
Injuries recorded in outcome (pain >6 Standardised clinical ~ definition, no athletic pubalgia or non-time-loss: recorded as recorded as
Justification standardised database =~ weeks + game definition confirmed  clinical/imaging surgery; clinical functional ’ time-loss; clinical time-loss; clinical
with clear criteria. absence) tracked with imaging. confirmation, confirmation assessment confirmation confirmation
by physicians. reduced precision. not specified. e not specified. not specified.
not specified.
D7—Selection of
the Reported Low Moderate Moderate Low Low Low Low Low
Result
Clear results, coherent ~ Limited analysis, igrarllesl'era;er:/;nt Results transparentl Complete results Complete results Complete results Complete results
Justification and no signs of partially ro o}lite 4 partial and fully re lz)rte d Y consistent with consistent with consistent with consistent with
selective reporting. presented results. prgsenta;ign yrep ’ study objectives. study objectives. study objectives. study objectives.
Overall Moderate risk of bias N'[oder‘ate to ngl:l risk Moqerate risk Moc!erate risk Moc}erate risk Low risk of bias Low risk of bias
Judgement high risk of bias of bias of bias of bias

Caption: BMI = body mass index; ROM = range of motion; OWL = Olympic weightlifting; n = sample size.
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Confounding was inconsistently addressed: while some studies adjusted for key
variables (e.g., prior injury, training load, position), others did not, resulting in a moderate
to high risk of bias in this domain. Missing data were generally low or well-managed.
Outcome assessment was primarily based on clinical diagnosis or structured surveillance
systems, although a few studies relied on self-reported symptoms, which may have reduced
diagnostic accuracy.

Reporting bias was considered low, with transparent presentation of results in most
studies. None of the included studies implemented post-exposure interventions, thereby
minimising the risk of bias from treatment effects. According to the ROBINS-E tool, the
overall risk of bias ranged from low to moderate, with the domains of confounding and
outcome measurement being the most frequently affected. These limitations should be
taken into account when interpreting the strength of the reported associations.

4. Discussion

This systematic review identified and synthesised risk factors associated with groin
pain in athletes. Across the eight included retrospective cohort studies, the most con-
sistently reported risk factors were a prior history of groin pain, reduced hip adduction
strength, particularly during eccentric contractions, limited hip rotation range of motion,
and insufficient preseason conditioning. Additionally, specific sport-related exposures,
such as participation in Olympic weightlifting-style training and playing in skill positions,
were associated with an increased risk of injury. In this context, Olympic weightlifting-
style exercises are commonly incorporated into strength and conditioning routines across
field-based sports to enhance power production; however, the associated high-load hip
extension and stabilisation demands may contribute to increased groin stress when not
properly monitored. In this review, the mention of Olympic weightlifting refers to its role
as a conditioning exposure integrated into team-sport training, rather than as a standalone
sport. These findings emphasise the multifactorial nature of groin pain, which involves the
interplay between individual impairments, symptom history, and sport-specific demands.

Among the identified factors, previous groin injury was the most consistently reported
across studies [14,17], corroborating broader sports injury literature, where injury history
is a well-established predictor of recurrence due to residual neuromuscular deficits or
suboptimal rehabilitation [8,30]. This finding should be interpreted with caution, as a pre-
vious episode of groin pain may reflect residual tissue vulnerability or incomplete recovery
rather than a direct causal relationship. In this sense, previous pain acts as an indicator of
increased susceptibility to recurrence, rather than an isolated etiological factor. A recent
meta-analysis also found significantly lower adduction strength in athletes who developed
groin pain compared to those who did not (standardised mean difference = —0.5) [15].

Reduced eccentric adduction strength was another notable finding, as highlighted
in several studies [25]. Further evidence supported this, reporting significantly lower
eccentric strength in symptomatic athletes (2.47 vs. 3.12 Nm/kg), while isometric strength
did not differ [31]. These data emphasise the clinical utility of eccentric strength tests,
such as the 45° adductor squeeze test, for screening and prevention [32]. However, it
is essential to acknowledge that the number of studies supporting each identified risk
factor remains limited, and most available evidence derives from studies of moderate
methodological quality. This limitation should be considered when interpreting the strength
of the associations presented in this review. Taken together, these findings suggest that groin
pain is not driven by a single deficit but rather by an interaction between mechanical load,
neuromuscular capacity, and tissue tolerance. Specifically, inadequate adductor strength
may reduce the capacity to counteract high eccentric loads during directional changes
and kicking, thereby increasing tensile stress on the adductor-abdominal aponeurosis
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and pubic symphysis. Limitations in hip rotation and suboptimal preseason conditioning
may further compromise load distribution. These interdependent mechanisms provide a
plausible explanation for the multifactorial aetiology consistently described in the literature
and support the need for integrated prevention strategies rather than isolated strength-
based approaches.

Evidence from youth populations also supports the role of eccentric strength. The
Copenhagen Adduction Exercise has been shown to significantly increase eccentric strength
and reduce the risk of adductor-related groin pain, with a mean increase of 0.49 Nm/kg
(p <0.00001) [18]. However, even with preventive programmes, other modifiable factors
such as abduction ROM and dominant-leg strength imbalances may persist, highlighting
the need for individualised protocols across age groups [19].

Limitations in hip rotation range of motion were also associated with an increased risk
of injury [26,27]. These impairments may reflect capsular restrictions or early degenerative
changes, altering pelvic load distribution. While not independent predictors, ROM restric-
tions may exacerbate risk when combined with strength deficits or inadequate conditioning.
The broader literature supports moderate evidence for ROM loss following the onset of
groin pain [32].

Inadequate preseason conditioning was identified as a modifiable risk factor, with an
increased incidence of injuries among less conditioned athletes [24], reinforcing the need
for structured preparation periods. Specific exposures, such as Olympic weightlifting-style
training and playing in skill positions, also increased the odds of injury [28], possibly due
to higher load demands or explosive actions.

Subclinical symptoms were another relevant finding. Authors demonstrated that
athletes with early, non-disabling groin symptoms had a greater likelihood of developing
injuries, emphasising the importance of symptom surveillance and early intervention to
prevent chronicity [29].

The included studies presented moderate methodological quality, with frequent limi-
tations in confounding control, such as age, level of play, and prior injuries. Most studies
used valid tools for exposure measurement, but varied in protocol standardisation and
examiner reliability. According to the ROBINS-E, confounding and outcome measurement
were the main sources of bias, which limit causal inferences. Despite these limitations, the
present review provides value by systematically summarising the current evidence base
and identifying recurrent methodological gaps that have hindered progress in this area.
By outlining the most consistent associations and highlighting the need for standardised
diagnostic and analytical approaches, this work contributes to refining research priorities
and improving the design of future studies on groin pain in athletes.

All included studies employed retrospective cohort designs, inherently limiting causal
inference and temporal relationships. Additionally, substantial heterogeneity in diagnostic
criteria and outcome definitions restricted direct comparisons across studies. While some
relied solely on clinical assessment, others incorporated symptom duration or imaging
findings, reducing consistency and generalizability. These methodological limitations are
consistent with the previous literature, which indicates low overall evidence quality in
groin injury research. For example, a systematic review of groin pain treatments in athletes
reported that only 6% of studies were rated as high quality, with lower-quality studies
more frequently reporting positive outcomes [33]. These findings underscore the urgent
need for rigorous study designs, standardised diagnostic protocols, and consistent outcome
measures to enable robust clinical conclusions.

Our findings are consistent with those of the systematic review, which also identified
previous groin injury and reduced adductor strength as the most consistent risk factors [8].
However, our review expands upon their work by incorporating more recent evidence (up
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to 2025), including studies on subclinical symptoms, youth populations, and sport-specific
demands such as Olympic weightlifting and playing positions. Additionally, our review
addresses persistent gaps in terminology standardisation and female athlete representation,
which were not emphasised in earlier reviews. These advancements reinforce the need for
ongoing refinement of screening and prevention strategies in this population.

A persistent challenge identified was the inconsistent use of terminology. Despite three
consensus statements, outdated or imprecise terms remain widespread, which compro-
mises the interpretability and translation of findings [4]. The adoption of anatomy-based
classifications, such as those proposed in the Doha agreement, should be prioritised to
improve clarity and guide evidence-based management. The Doha agreement represents
an international consensus that provides standardised terminology and anatomically based
definitions of groin pain in athletes, categorising it into adductor-, iliopsoas-, inguinal-, and
pubic-related entities [4].

This review presents some limitations that should be considered when interpreting
the findings. A notable gap in the literature is the lack of data on female athletes, despite
emerging evidence of sex-specific injury patterns. This underrepresentation may reflect
multifactorial barriers, including unconscious referral or recruitment biases, and highlights
the need for more inclusive research designs [16]. Additionally, the included studies
were heterogeneous in terms of sport types, population characteristics, diagnostic criteria,
and outcome definitions, which precluded meta-analytic pooling. Sample sizes varied
considerably, and several investigations involved small or homogeneous cohorts, reducing
external validity. The overall methodological quality was moderate, with common concerns
regarding confounding control and outcome measurement identified through the ROBINS-
E assessment. These factors limit the ability to establish causality and generalise the results.
Nevertheless, the consistency of associations across studies supports the interpretation that
groin pain in athletes arises from a multifactorial interaction between intrinsic and extrinsic
risk factors.

By consolidating and critically appraising heterogeneous evidence, this review con-
tributes to establishing a more structured framework for identifying, assessing, and address-
ing the risk of groin pain in team sport athletes. Although the available evidence remains
limited, this review consolidates the most consistent findings and delineates the primary
methodological gaps that must be addressed in future research. By integrating recent
studies and highlighting the role of subclinical symptoms and sport-specific exposures, it
refines the current understanding of groin pain aetiology and provides direction for future
preventive approaches. Future studies should adopt prospective designs with standardised
diagnostic protocols and robust surveillance systems to enhance the understanding of the
disease. Research incorporating biomechanical, neuromuscular, and load-monitoring vari-
ables is needed to clarify modifiable risk factors and evaluate the effectiveness of preventive
strategies. Consensus-based anatomical classifications and longitudinal follow-ups are
crucial for advancing the understanding of groin pain aetiology and prevention.

Clinicians should implement individualised screening programmes that assess hip
eccentric adduction strength, hip rotation ROM, and injury history. Practical tools, such
as the adductor squeeze test, can help identify at-risk athletes. Preventive programmes
should prioritise preseason conditioning, gradual load progression, and ongoing symptom
monitoring to maximise performance. Recognising subclinical signs may allow for early
intervention and reduce chronic injury development. Beyond isolated screening, effective
prevention requires an integrated, multidisciplinary approach involving coaches, strength
and conditioning specialists, and medical staff to balance performance goals with injury
risk. Education of athletes on early symptom recognition and adherence to preventive
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exercises should also be emphasised. These clinical strategies, grounded in the current
evidence, may support more sustainable participation and performance in team sports.

5. Conclusions

This systematic review identified previous groin injury, reduced eccentric hip adduc-
tion strength, limited hip rotation range of motion, and inadequate preseason conditioning
as the main risk factors for groin pain in team-sport athletes. These findings highlight the
multifactorial nature of the condition and support the need for individualised screening and
preventive strategies. Despite the moderate methodological quality of the included studies,
this review consolidates the current evidence and outlines key priorities for future research,
including the development of standardised diagnostic criteria, the use of prospective study
designs, and the greater inclusion of female athletes.

Author Contributions: Conceptualization, T.B.M. (Tamiris Beppler Martins) and T.B.M. (Tais Beppler
Martins) and R.O.; methodology, T.B.M. (Tamiris Beppler Martins) and T.B.M. (Tais Beppler Martins);
formal analysis, T.B.M. (Tamiris Beppler Martins) and T.B.M. (Tais Beppler Martins); investigation,
T.B.M. (Tamiris Beppler Martins) and T.B.M. (Tais Beppler Martins); data curation, T.B.M. (Tamiris
Beppler Martins) and T.B.M. (Tais Beppler Martins); writing—original draft preparation, T.B.M.
(Tamiris Beppler Martins) and T.B.M. (Tais Beppler Martins); writing—review and editing, EM.,
N.M. and R.O.; visualisation, T.B.M. (Tamiris Beppler Martins) and T.B.M. (Tais Beppler Martins);
supervision, R.O.; project administration, R.O.; funding acquisition, FM. and N.M. All authors have
read and agreed to the published version of the manuscript.

Funding: This research was partially funded by the Coordination for the Improvement of Higher
Education Personnel (CAPES—Finance Code 001), the Foundation for the Support of Research and
Innovation of the State of Santa Catarina (FAPESC), and the National Council for Scientific and
Technological Development (CNPq).

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable. This systematic review was registered in the Interna-
tional Prospective Register of Systematic Reviews (PROSPERO): CRD42022363350.

Data Availability Statement: No new data were created in this study. Data sharing is not applicable
to this article.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.  Harper, D.J.; Carling, C.; Kiely, J. High-Intensity Acceleration and Deceleration Demands in Elite Team Sports Competitive Match
Play: A Systematic Review and Meta-Analysis of Observational Studies. Sports Med. 2019, 49, 1923-1947. [CrossRef] [PubMed]

2. Weir, A.; Brukner, P; Delahunt, E.; Ekstrand, J.; Griffin, D.; Khan, K.M.; Lovell, G.; Meyers, W.C.; Muschaweck, U.; Orchard, J.;
et al. Doha Agreement Meeting on Terminology and Definitions in Groin Pain in Athletes. Br. |. Sports Med. 2015, 49, 768-774.
[CrossRef] [PubMed]

3.  Whittaker, J.L.; Small, C.; Maffey, L.; Emery, C.A. Risk Factors for Groin Injury in Sport: An Updated Systematic Review. Br. ].
Sports Med. 2015, 49, 803-809. [CrossRef]

4. Mitrousias, V.; Chytas, D.; Banios, K.; Fyllos, A.; Raoulis, V.; Chalatsis, G.; Baxevanidou, K.; Zibis, A. Anatomy and Terminology
of Groin Pain: Current Concepts. J. ISAKOS 2023, 8, 381-386. [CrossRef]

5. Werner, J.; Hagglund, M.; Ekstrand, J.; Waldén, M. Hip and Groin Time-Loss Injuries Decreased Slightly but Injury Burden
Remained Constant in Men'’s Professional Football: The 15-Year Prospective UEFA Elite Club Injury Study. Br. J. Sports Med. 2019,
53, 539-546. [CrossRef]

6. Preskitt, ].T. Sports Hernia: The Experience of Baylor University Medical Center at Dallas. Bayl. Univ. Med. Cent. Proc. 2011, 24,
89-91. [CrossRef]

7. Tyler, TE,; Silvers, H].; Gerhardt, M.B.; Nicholas, S.J. Groin Injuries in Sports Medicine. Sports Health 2010, 2, 231-236. [CrossRef]

[PubMed]


https://doi.org/10.1007/s40279-019-01170-1
https://www.ncbi.nlm.nih.gov/pubmed/31506901
https://doi.org/10.1136/bjsports-2015-094869
https://www.ncbi.nlm.nih.gov/pubmed/26031643
https://doi.org/10.1136/bjsports-2014-094287
https://doi.org/10.1016/j.jisako.2023.05.006
https://doi.org/10.1136/bjsports-2017-097796
https://doi.org/10.1080/08998280.2011.11928689
https://doi.org/10.1177/1941738110366820
https://www.ncbi.nlm.nih.gov/pubmed/23015943

Life 2025, 15, 1688 15 of 16

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Ryan, J.; DeBurca, N.; Creesh, K.M. Risk Factors for Groin/Hip Injuries in Field-Based Sports: A Systematic Review. Br. J. Sports
Med. 2014, 48, 1089-1096. [CrossRef]

Markovic, G.; Sarabon, N.; Pausic, J.; Hadzi¢, V. Adductor Muscles Strength and Strength Asymmetry as Risk Factors for Groin
Injuries among Professional Soccer Players: A Prospective Study. Int. ]. Environ. Res. Public Health 2020, 17, 4946. [CrossRef]
Eberbach, H.; Fiirst-Meroth, D.; Kloos, F,; Leible, M.; Bohsung, V.; Bode, L.; Wenning, M.; Hagen, S.; Bode, G. Long-Standing Pubic-
Related Groin Pain in Professional Academy Soccer Players: A Prospective Cohort Study on Possible Risk Factors, Rehabilitation
and Return to Play. BMC Musculoskelet Disord. 2021, 22, 958. [CrossRef]

Khan, J.A.; Gupta, S. Athletic Pubalgia: A Clinical Reform. J. Adv. Sports Phys. Educ. 2022, 5, 1-6. [CrossRef]

Pedrinelli, A.; Fernandes, J.V.d.C.; Filho, C.G.D.L.; de Almeida, A.M.; Fernandes, T.L.; Hernandez, A.J. Clinical Results of Surgical
Treatment for Athletic Pubalgia. Preprint 2022, 1-19. [CrossRef]

Tak, I; Engelaar, L.; Gouttebarge, V.; Barendrecht, M.; Van Den Heuvel, S.; Kerkhoffs, G.; Langhout, R.; Stubbe, J.; Weir, A. Is
Lower Hip Range of Motion a Risk Factor for Groin Pain in Athletes? A Systematic Review with Clinical Applications. Br. J.
Sports Med. 2017, 51, 1611-1621. [CrossRef]

Mosler, A.B.; Weir, A.; Serner, A.; Agricola, R.; Eirale, C.; Farooq, A.; Bakken, A.; Thorborg, K.; Whiteley, R.J.; Holmich, P.; et al.
Musculoskeletal Screening Tests and Bony Hip Morphology Cannot Identify Male Professional Soccer Players at Risk of Groin
Injuries: A 2-Year Prospective Cohort Study. Am. |. Sports Med. 2018, 46, 1294-1305. [CrossRef]

Quintana-Cepedal, M.; Vicente-Rodriguez, G.; Crespo, I.; Olmedillas, H. Is Hip Adductor or Abductor Strength in Healthy
Athletes Associated with Future Groin Pain? A Systematic Review and Meta-Analysis. Br. |. Sports Med. 2025, 59, 501-509.
[CrossRef] [PubMed]

Hynes, ].P.; O'Flaherty, M.; Glynn, D.; Eustace, S.; Kavanagh, E.C. Imaging of Groin Pain in Athletes: Patterns of Injury at MRI
and Gender Differences Therein. Ir. . Med. Sci. 2023, 192, 1411-1418. [CrossRef]

Holmich, P.; Thorborg, K.; Dehlendorff, C.; Krogsgaard, K.; Gluud, C. Incidence and Clinical Presentation of Groin Injuries in
Sub-Elite Male Soccer. Br. ]. Sports Med. 2014, 48, 1245-1250. [CrossRef]

Alsirhani, A.A.; Muaidi, Q.I,; Thorborg, K.; Husain, M.A.; Al Attar, W.S.A. Enhancing Eccentric Hip Adduction Strength in Soccer
Players: A Systematic Review and Meta-Analysis of Randomized Controlled Trials. Isokinet. Exerc. Sci. 2025, 33, 89-96. [CrossRef]
Fujisaki, K.; Akasaka, K.; Otsudo, T.; Hattori, H.; Hasebe, Y.; Hall, T. Risk Factors for Groin Pain in Male High School Soccer
Players Undergoing an Injury Prevention Program: A Cluster Randomized Controlled Trial. Trauma Care 2022, 2, 238-250.
[CrossRef]

Rethlefsen, M.L,; Kirtley, S.; Waffenschmidt, S.; Ayala, A.P.; Moher, D.; Page, M.].; Koffel, ].B.; Blunt, H.; Brigham, T.; Chang, S.;
et al. PRISMA-S: An Extension to the PRISMA Statement for Reporting Literature Searches in Systematic Reviews. Syst. Rev.
2021, 10, 39. [CrossRef] [PubMed]

Morgan, R.L.; Whaley, P,; Thayer, K.A.; Schiinemann, H.J. Identifying the PECO: A Framework for Formulating Good Questions
to Explore the Association of Environmental and Other Exposures with Health Outcomes. Environ. Int. 2018, 121, 1027-1031.
[CrossRef] [PubMed]

Ouzzani, M.; Hammady, H.; Fedorowicz, Z.; Elmagarmid, A. Rayyan—A Web and Mobile App for Systematic Reviews. Syst. Rev.
2016, 5, 210. [CrossRef]

Higgins, ].P.T.; Morgan, R.L.; Rooney, A.A.; Taylor, KW.; Thayer, K.A ; Silva, R.A.; Lemeris, C.; Akl, E.A.; Bateson, T.F.,; Berkman,
N.D,; et al. A Tool to Assess Risk of Bias in Non-Randomized Follow-up Studies of Exposure Effects (ROBINS-E). Environ. Int.
2024, 186, 108602. [CrossRef]

Emery, C.A.; Meeuwisse, W.H. Risk Factors for Groin Injuries in Hockey. Med. Sci. Sports Exerc. 2001, 33, 1423-1433. [CrossRef]
Delahunt, E.; Fitzpatrick, H.; Blake, C. Pre-Season Adductor Squeeze Test and HAGOS Function Sport and Recreation Subscale
Scores Predict Groin Injury in Gaelic Football Players. Phys. Ther. Sport 2017, 23, 1-6. [CrossRef]

Ibrahim, A.; Murrell, G.; Knapman, P. Adductor Strain and Hip Range of Movement in Male Professional Soccer Players. ].
Orthop. Surg. 2007, 15, 46-49. [CrossRef] [PubMed]

Verrall, G.M,; Slavotinek, J.P; Barnes, P.G.; Esterman, A.; Oakeshott, R.D.; Spriggins, A.]. Hip Joint Range of Motion Restriction
Precedes Athletic Chronic Groin Injury. J. Sci. Med. Sport. 2007, 10, 463—466. [CrossRef]

Neuville, A.J.; Benge, C.L.; Tjong, VK,; Lund, B.S.; Baer, G.S.; Walczak, B.E. Risk Factors for Athletic Pubalgia in Collegiate
Football Student-Athletes: A Retrospective Cohort Study. Sports Health Multidiscip. Approach 2023, 15, 760-766. [CrossRef]
Worner, T.; Thorborg, K.; Clarsen, B.; Eek, E. Incidence, Prevalence, and Severity of and Risk Factors for Hip and Groin Problems
in Swedish Male Ice Hockey Players: A 1-Season Prospective Cohort Study. J. Athl. Train. 2022, 57, 72-78. [CrossRef]
Engebretsen, L.; Steffen, K.; Alonso, ].M.; Aubry, M.; Dvorak, J.; Junge, A.; Meeuwisse, W.; Mountjoy, M.; Renstrom, P.; Wilkinson,
M. Sports Injuries and Illnesses during the Winter Olympic Games 2010. Br. ]. Sports Med. 2010, 44, 772-780. [CrossRef] [PubMed]
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, 557-559. [CrossRef] [PubMed]


https://doi.org/10.1136/bjsports-2013-092263
https://doi.org/10.3390/ijerph17144946
https://doi.org/10.1186/s12891-021-04837-x
https://doi.org/10.36348/jaspe.2022.v05i01.001
https://doi.org/10.21203/RS.3.RS-2113130/V1
https://doi.org/10.1136/bjsports-2016-096619
https://doi.org/10.1177/0363546518763373
https://doi.org/10.1136/bjsports-2024-108836
https://www.ncbi.nlm.nih.gov/pubmed/39532315
https://doi.org/10.1007/s11845-022-03126-3
https://doi.org/10.1136/bjsports-2013-092627
https://doi.org/10.1177/09593020241302732
https://doi.org/10.3390/traumacare2020020
https://doi.org/10.1186/s13643-020-01542-z
https://www.ncbi.nlm.nih.gov/pubmed/33499930
https://doi.org/10.1016/j.envint.2018.07.015
https://www.ncbi.nlm.nih.gov/pubmed/30166065
https://doi.org/10.1186/s13643-016-0384-4
https://doi.org/10.1016/j.envint.2024.108602
https://doi.org/10.1097/00005768-200109000-00002
https://doi.org/10.1016/j.ptsp.2016.07.002
https://doi.org/10.1177/230949900701500111
https://www.ncbi.nlm.nih.gov/pubmed/17429117
https://doi.org/10.1016/j.jsams.2006.11.006
https://doi.org/10.1177/19417381221121127
https://doi.org/10.4085/1062-6050-0522.20
https://doi.org/10.1136/bjsm.2010.076992
https://www.ncbi.nlm.nih.gov/pubmed/20820057
https://doi.org/10.1136/bjsports-2013-092607
https://www.ncbi.nlm.nih.gov/pubmed/23850734

Life 2025, 15, 1688 16 of 16

32. Kloskowska, P.; Morrissey, D.; Small, C.; Malliaras, P.; Barton, C. Movement Patterns and Muscular Function Before and After
Onset of Sports-Related Groin Pain: A Systematic Review with Meta-Analysis. Sports Med. 2016, 46, 1847-1867. [CrossRef]
[PubMed]

33. Serner, A ; van Eijck, C.H.; Beumer, B.R.; Hélmich, P.; Weir, A.; de Vos, R.-J. Study Quality on Groin Injury Management Remains
Low: A Systematic Review on Treatment of Groin Pain in Athletes. Br. J. Sports Med. 2015, 49, 813. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1007/s40279-016-0523-z
https://www.ncbi.nlm.nih.gov/pubmed/27142535
https://doi.org/10.1136/bjsports-2014-094256
https://www.ncbi.nlm.nih.gov/pubmed/25633830

	Introduction 
	Materials and Methods 
	Search Strategy 
	Eligibility Criteria 
	Study Selection and Data Extraction 
	Risk of Bias Assessment in Individual Studies 
	Data Synthesis 

	Results 
	Study Characteristics 
	Definitions and Outcome Criteria 
	Identified Risk Factors 
	Measures of Association and Effect Size 
	Synthesis Overview 
	Quality and Risk of Bias Assessment 

	Discussion 
	Conclusions 
	References

