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Diagnosis of Acute Groin Injuries

A Prospective Study of 110 Athletes

Andreas Serner,*yz PT, MSc, Johannes L. Tol,y MD, PhD, Nabil Jomaah,y MD,
Adam Weir,y MBBS, PhD, Rodney Whiteley,y PT, PhD,
Kristian Thorborg,z PT, PhD, M Sportsphysio, Matthew Robinson,y MD, PGDip SEM,
and Per Hölmich,yz MD, DMSc
Investigation performed at Aspetar Orthopaedic and Sports Medicine Hospital, Doha, Qatar

Background: Acute groin injuries are common in high-intensity sports, but there are insufficient data on injury characteristics
such as injury mechanisms and clinical and radiological findings.

Purpose: To describe these characteristics in a cohort of athletes.

Study Design: Cross-sectional study; Level of evidence, 3.

Methods: A total of 110 male athletes (mean age, 25.6 6 4.7 years) with sports-related acute groin pain were prospectively
included within 7 days of injury from August 2012 to April 2014. Standardized history taking, a clinical examination, magnetic res-
onance imaging (MRI), and/or ultrasound (US) were performed.

Results: The most frequent injury mechanism in soccer was kicking (40%), and change of direction was most frequent in other
sports (31%). Clinically, adductor injuries accounted for 66% of all injuries and primarily involved the adductor longus on imaging
(91% US, 93% MRI). The iliopsoas and proximal rectus femoris were also frequently injured according to all examination modal-
ities (15%-25%). Acute injury findings were negative in 22% of the MRI and 25% of the US examinations. Of the clinically diag-
nosed adductor injuries, 3% (US) and 6% (MRI) showed a radiological injury in a different location compared with 35% to 46% for
clinically diagnosed iliopsoas and proximal rectus femoris injuries.

Conclusion: Adductor injuries account for the majority of acute groin injuries. Iliopsoas and proximal rectus femoris injuries are
also common. More than 1 in 5 injuries showed no imaging signs of an acute injury. Clinically diagnosed adductor injuries were
often confirmed on imaging, whereas iliopsoas and rectus femoris injuries showed a different radiological injury location in more
than one-third of the cases. The discrepancy between clinical and radiological findings should be considered when diagnosing
acute groin injuries.

Keywords: acute groin injuries; adductor; iliopsoas; rectus femoris; muscle strain; injury mechanism; diagnosis; clinical exami-
nation; MRI; ultrasound

Groin injuries are common in high-intensity team
sports44 and account for 8% to 18% of all injuries in soc-
cer,2,17,22-24,50,67,69 with a reported incidence of 0.4 to 1.3
groin injuries per 1000 hours of exposure.13,17,18,22,24,37,69

The majority of available literature on groin injuries

focuses on long-standing groin pain. Consequently, infor-
mation on acute groin injuries is limited to case studies
and data from general epidemiological studies. These stud-
ies often lack a differentiation between acute and long-
standing groin injuries23,24,26,50,68,69 and frequently do
not specify the structures involved.2,13,18,22-24,29,30,68

Although groin injuries are common, the associated
injury mechanisms remain undocumented. Information
on injury mechanisms provides important knowledge for
prevention and rehabilitation programs31,32,54 and has
shown potential in predicting the time to return to play
in acute hamstring injuries.3,4 In general, high running
loads, change of direction, and kicking are considered
potential acute groin injury mechanisms; however, this
has yet to be confirmed.

Acute groin injuries are usually diagnosed into catego-
ries using a clinical examination. A recent prospective epi-
demiological study describing clinically diagnosed groin
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injuries in football showed that 39% of the groin injuries
were acute.37 Adductor injuries were most frequent, with
iliopsoas and abdominal injuries also being common. The
only prospective study on the diagnosis of acute groin inju-
ries using both clinical examinations and imaging17 stated
that the majority of injuries were clinically diagnosed as
muscle/tendon injuries. Only 1 of the 13 clinical injuries
could be confirmed using ultrasound (US) likely because
of a delay of 1 to 6 months between the onset of symptoms
and the US examination. No studies have documented the
clinical and radiological findings in a larger cohort with all
examinations performed shortly after injury. The aim of
this prospective study was to describe injury mechanisms
and report clinical and radiological findings in a cohort of
athletes with acute groin injuries.

METHODS

Participants

Athletes were included prospectively from August 2012 to
April 2014 from an outpatient department at a specialized
sports medicine hospital in Doha, Qatar, through a daily
walk-in clinic service for the assessment of acute sports
injuries. Athletes are referred to this hospital via their
club or federation medical staff, in cooperation with
a national sports medicine program involving all sporting
clubs and federations from the entire country. Inclusion cri-
teria were as follows: male athletes from 18 to 40 years old
who participated in competitive individual or team sports
and who presented at the hospital’s walk-in clinic within 7
days of an acute onset of sports-related groin pain. Athletes
were not considered for inclusion if they could not recall
a sudden onset of pain (eg, if a more gradual pain onset or
exacerbation of previous pain during a game/training was
described). Additionally, standard contraindications for
magnetic resonance imaging (MRI), such as claustrophobia,
were considered. Informed consent was acquired from all
athletes at inclusion. Ethical approval was obtained from
the Shafallah Medical Genetics Center Institutional Review
Board (IRB project no. 2012-013).

Injury History

A standardized injury history was recorded by a sports med-
icine physician on a study-specific data collection form. Data
were collected on the type of sport, injury time (training/
match), injury mechanism, leg dominance (defined as the
preferred kicking leg regardless of the type of sport), and
previous groin injuries. The injury mechanisms were cate-
gorized as ‘‘kicking,’’ ‘‘change of direction,’’ ‘‘stretch situa-
tions,’’ ‘‘sprinting/running,’’ ‘‘jumping,’’ and ‘‘other’’ (not
further specified). ‘‘Kicking’’ included any form of passes,
crosses, shots on goal, and combat kicks. It was also noted
whether the injury occurred in the kicking leg or the sup-
porting leg. ‘‘Stretch situations’’ included any situations
where the player was reaching with 1 leg (eg, reaching for
a ball or sliding on the surface [grass/floor]). Injuries noted
as ‘‘sprinting/running’’ were registered when the athlete

was moving straight forward either in acceleration, full
sprint, or deceleration. If a sideways movement during run-
ning or sprinting was made, it was registered as a ‘‘change
of direction.’’ Injuries during jumping included both takeoff
and landing. All other situations were categorized together,
along with instances where there was a definite sudden
onset of pain but the athlete could not recall the specific
inciting situation.

Clinical Examination

The clinical examination was performed by a sports medi-
cine physician and consisted of hip adduction squeeze tests
in 0� and 45� of hip flexion, resisted hip flexion in 0� and 90�
of hip flexion, resisted straight and oblique abdominal flex-
ion, hip adductor stretch, the modified Thomas test, the
FABER (flexion, abduction, external rotation) test, hip
internal rotation range of motion restriction in 90� of hip
flexion, the anterior hip impingement test (FADIR [flexion,
adduction, internal rotation]), log roll, and palpation of all
structures in the groin region including an inguinal canal
examination if lower abdominal pain was present. The loca-
tion of the injury was based on a minimum of 1 positive find-
ing on palpation, stretching, or muscle resistance testing. As
there is currently no agreement on a specific algorithm for
the diagnosis of acute groin injuries, the clinical diagnosis
was based on the individual sports medicine physician’s
own experience and clinical reasoning. The injury location
was categorized as adductor (without differentiating
between the different adductor muscles), iliopsoas, abdomi-
nal, proximal rectus femoris, and/or proximal sartorius inju-
ries. If more than 1 clinical injury location was present, the
injury was registered for each location and as ‘‘multiple loca-
tions.’’ It was also possible for the sports medicine physician
to note a different diagnosis to include other possible causes
of acute groin pain, such as hip injuries. To minimize differ-
ences in examination techniques between the different
sports medicine physicians, instructions were provided on
several occasions, and a standardized examination form
was completed for every examination.

Radiological Assessment

The radiological examination included US and MRI. Addi-
tionally, radiographs were taken to assess for fractures
(including avulsion fractures) and other signs of an acute
injury. The US examination was performed with a linear
array VF 10-5 and a curved array CH6-2 transducer
(ACUSON Antares system; Siemens) using a sequential
procedure in which all muscles in the groin region on the
affected side were assessed. MRI was performed on a
1.5-T magnet system (Magnetom Espree; Siemens) using
a body matrix coil and 8 standardized sequences (see the
Appendix, available in the online version of this article at
http://ajsm.sagepub.com/supplemental) based on those
used in the Copenhagen Standardised MRI protocol for
the pubic and adductor region.6 The radiological findings
were all assessed by musculoskeletal radiologists. For
this study, injuries were categorized dichotomously as pos-
itive or negative. Positive findings included radiological
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signs of edema, with or without architectural disruption, as
well as signs of complete tears or avulsions. A negative find-
ing was reported when none of the aforementioned radiolog-
ical signs were present. Additional signs of long-standing
injuries/overuse, such as adductor tendinopathy, osteoarthri-
tis, or femoroacetabular impingement, were not included in
the study. Positive findings in the iliopsoas were classified
as injuries to the iliacus, injuries to the psoas, or both. Inju-
ries within the adductor muscle group were likewise classi-
fied as injuries to the adductor longus, adductor magnus,
adductor brevis, pectineus, gracilis, and obturator externus.
One or more positive findings within a muscle group were
categorized as 1 injury within the respective injury location.

Statistical Analysis

Statistical analysis was performed with SPSS software (v 21;
IBM Corp). The study was primarily based on descriptive sta-
tistics. A x2 test for independence was performed for distribu-
tional comparisons of injury mechanisms and injury
locations, with a level of significance at P � .05.

RESULTS

In the study period, 121 consecutive athletes with an acute
groin injury were considered for inclusion. Upon further
questioning, 7 players reported a more gradual onset and
were excluded, and 3 players did not wish to participate
in the study. Of the 111 included participants, 1 player
did not attend the imaging appointments and was excluded
from the analysis. The study analysis was based on 110
athletes (mean age, 25.6 6 4.7 years; range, 18-36 years).
Players from football codes accounted for 76% (n = 84),
with 57% (n = 63) from soccer, 17% (n = 19) from futsal,
1% (n = 1) from beach soccer, and 1% (n = 1) from Austra-
lian rules football. Additionally, 10% (n = 11) were basket-
ball players, 8% (n = 9) were handball players, and 5% (n =
6) were athletes from other sports (2 volleyball, 1 tae-
kwondo, 1 decathlon, 1 goalball, and 1 shot put).

Injury History

Injuries occurred during both training (45%) and matches
(55%). The overall distribution of the injury mechanisms,

including a comparison of athletes from football codes with
those from other sports, is presented in Table 1. Sixty-one
percent (n = 67) of the injuries occurred in the dominant
leg, 38% (n = 42) occurred in the nondominant leg, and 1
athlete (1%) had bilateral symptoms. Of the kicking inju-
ries, 81% (n = 29) occurred in the kicking leg and 11%
(n = 4) in the supporting leg; there was missing information
from 8% (n = 3). In 17% (n = 6) of the kicking injuries, the
nondominant leg was the kicking leg. For all other injury
mechanisms, 55% (n = 41) occurred in the dominant leg,
43% (n = 32) occurred in the nondominant leg, and 1%
(n = 1) was bilateral. A previous groin injury with absence
from play was reported by 48% (n = 53) of the players.

Injury Distribution

All athletes (N = 110) were examined clinically, and 90 ath-
letes underwent both MRI and US examinations; 15

TABLE 1
Injury Mechanisms for 110 Athletes

With Acute Groin Injuriesa

Injury Mechanism
Total

(N = 110)
Football Codes

(n = 84)
Other Sports

(n = 26)

Kicking 36 (33) 34 (40) 2 (8)
Change of direction 22 (20) 14 (17) 8 (31)
Stretch situations 19 (17) 14 (17) 5 (19)
Sprinting/running 16 (15) 11 (13) 5 (19)
Jumping 8 (7) 5 (6) 3 (12)
Other 9 (8) 6 (7) 3 (12)

aData are presented as n (%).

TABLE 2
Location of Acute Groin Injuries on Clinical,

MRI, and US Examinationsa

Clinical MRI US

Total examinations, n 110 105 95
Negative imaging result, n (%) N/A 23 (22) 24 (25)
Injury locationb

Adductor 73 (66) 54 (66) 45 (63)
Adductor longus — 50 (93) 41 (91)
Adductor magnus — 1 (2) 1 (2)
Adductor brevis — 9 (17) 7 (16)
Pectineus — 10 (19) 5 (11)
Gracilis — 1 (2) 2 (5)

Iliopsoas 28 (25) 14 (17) 13 (18)
Iliacus only — 7 (50) 10 (77)
Psoas only — 1 (7) 3 (23)
Iliacus and psoas — 6 (43) —

Rectus femoris 25 (23) 12 (15) 13 (18)
Abdominal 11 (10) 5 (6) 4 (6)
Sartorius 7 (6) 3 (4) 1 (1)
Multiple locations 32 (29) 7 (9) 6 (8)

Adductor and iliopsoas 12 (11) — 1 (1)
Iliopsoas and rectus femoris 5 (5) 1 (1) 1 (1)
Rectus femoris and sartorius 4 (4) — 1 (1)
Adductor and abdominal 3 (3) 5 (6) 3 (4)
Adductor, abdominal, and iliopsoas 2 (2) — —
Adductor and rectus femoris 2 (2) — —
Iliopsoas and abdominal 2 (2) — —
Iliopsoas and sartorius 2 (2) — —
Adductor and sartorius — 1 (1) —

aMRI, magnetic resonance imaging; N/A, not applicable; US,
ultrasound.

bInjury locations are noted as n (%) of positive examination find-
ings for the respective examination modality. If imaging showed
signs of an injury at .1 location, the injury was counted once in
each location and as multiple injury locations with the combina-
tion described below. The sum of injuries is therefore higher
than the total number of examinations. A specific muscle injury
distribution within the adductor and iliopsoas muscles is pre-
sented as the percentage of total positive radiological findings
within the muscle group.
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underwent MRI only, and 5 underwent US only. Eighteen
different sports medicine physicians performed the clinical
examinations, 6 different radiologists performed the US
examinations, and 9 different radiologists assessed the
MRI scans. The distribution of the injury locations is
shown in Table 2. A comparison of the overall distribution
of injury locations between the 3 examination modalities
showed no significant difference (P = .803). In 2 cases, pos-
sible labral tears were reported (1 bilateral and 1 unilat-
eral). In both cases, the physicians felt that these labral
tears were incidental findings when they reviewed the ath-
letes again at 1 and 3 days, respectively, after imaging.
Radiographs were obtained from 86 of the athletes, with
no signs of acute skeletal injuries detected.

Clinical Diagnosis and Radiological Findings

A post hoc comparison between the clinical diagnosis and
radiological findings is provided in Table 3.

DISCUSSION

In this prospective study of 110 athletes with acute groin
injuries, we found that kicking was the most frequent
injury mechanism in football and change of direction the
most frequent mechanism in other sports. The adductor
longus accounted for the majority of acute groin injuries.
One-fourth of the injuries were negative on imaging. Clin-
ically diagnosed adductor injuries had findings in a differ-
ent location on imaging (without injury in the adductors)
in around 1 of 20 cases. In clinically diagnosed rectus fem-
oris and iliopsoas injuries, a different injury location was
found in around 2 of 5 cases.

Injury Mechanism

In the football codes, kicking was shown to be the most fre-
quent cause of injury. The kicking leg was injured in 81%
of kicking injuries, and the adductor longus was the most
frequently injured muscle. This supports the hypothesis
that the adductor longus is at highest risk of an acute
injury when the muscle reaches its highest muscle activity
and maximal rate of stretch in the swing phase of the kick-
ing leg.10 Change of direction has mainly been investigated
in relation to anterior cruciate ligament injuries33,41,63 and
performance.8,71 Although it is a frequent injury mecha-
nism for acute groin injuries, as confirmed in the present
study, information on the contributing factors during
change of direction in acute groin injuries is still lacking.
In general, the findings in this study confirm descriptions
from previous studies, which usually described groin inju-
ries as occurring in sports with kicking, change of direc-
tion, twisting, and turning.47,50

Injury Distribution

Previous studies have also found adductor injuries to be one
of the most frequent muscle injury locations.14,15,25,37,61,66,70

Iliopsoas injuries are rarely included in these overviews,

and rectus femoris injuries are usually included in ‘‘quadri-
ceps injuries’’ without specification.14,25,66,70 The rectus fem-
oris is often reported as the most frequently injured
quadriceps muscle.11,61 Our findings suggest that it is clin-
ically relevant to include proximal rectus femoris injury in
the differential diagnosis during acute groin injury exami-
nations. A recent large prospective study on all muscle inju-
ries in professional soccer contained data on the groin
pertinent to our study.15 All injuries were clinically diag-
nosed, and in keeping with this study, those authors also
found adductor injuries to be the most common groin inju-
ries, followed by quadriceps, iliopsoas, sartorius, and
abdominal muscle strains.

Until now, randomized trials aimed at preventing groin
injuries with general strengthening programs have not
found significant reductions in the incidence of groin inju-
ries.19,36,60 The present study adds to the evidence that
adductor injuries are the most common groin injuries.
We therefore recommend placing a larger emphasis on
a more focused intervention with exercises specifically tar-
geting the adductors.40,57

Multiple injury locations were frequent in the clinical
examinations (29%), which is in line with previous findings
of 24% to 33%.34,37,43 Multiple injury locations were, how-
ever, less common in the radiological examinations
(\10%). The radiological examinations showed that multi-
ple adductor muscles were involved in some athletes. The
adductor longus, adductor brevis, and pectineus are often
combined. If a tissue-specific diagnosis is important for
rehabilitation and/or prognosis, this previously unde-
scribed information may be of relevance. Biomechanically,
it may also have implications in future research exploring
the cause of adductor injuries. Injuries to the iliopsoas
could be radiologically divided into injuries in the iliacus,
the psoas, or both, with injuries involving the iliacus mus-
cle occurring more frequently. The iliacus and psoas have
generally been considered to form a common tendon at
the distal insertion. Recent studies have shown, however,
that separate tendons are present in the majority of cases
and that an accessory iliacus tendon can sometimes be
present.45,48,64 The results of the present study support
this structural division, as a distinction was often found
in both the US and MRI examinations. The diagnostic reli-
ability and clinical relevance remain unknown.

Negative Imaging Findings

Negative imaging results were reported in around 1 of 4
acute groin injuries. Other studies on acute muscle injuries
have reported comparable percentages of negative imaging
results; in acute hamstring injuries, this percentage varies
between 12% to 45%.16,21,26,56,59,65 The only available study
examining acute groin injuries17 found that 12 of 13 (92%)
clinically diagnosed acute muscle/tendon groin injuries
were negative on US. The difference with our findings
might be explained by the fact that in that study, 19 of
25 participants had a gradual onset of symptoms as well
as a long duration between the clinical examination and
US. In our study, acute onset was the main criterion to
be included, and imaging was performed shortly after the
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clinical examination. The reasons for the injuries in our
study being negative on imaging are unclear. An acute
exacerbation of underlying asymptomatic pathological
lesions or insufficient sensitivity of the radiological exami-
nations to detect the presence of smaller injuries might be
possible explanations. Negative imaging results were par-
ticularly common with abdominal injuries, with approxi-
mately half of the clinically diagnosed injuries not
showing signs of an acute injury on imaging. An anterior
connection between the rectus abdominis, the adductor
longus, and in some cases also the adductor brevis fibers
into the anterior pubic periosteum and pubic symphysis
capsule has been shown anatomically.52,53,55,58 Injuries
both superior and inferior to the pubic attachments are
therefore likely with an anterior kinetic chain load trans-
fer, such as in kicking. The lower number of injuries shown
on imaging compared with the clinical findings can be
a result of increased pain around this presymphyseal ante-
rior connection (‘‘pubic aponeurosis’’/‘‘pubic plate’’), making
it difficult for the physician to distinguish between the dif-
ferent structures. It could also be a lack of sensitivity of the
imaging techniques, which could mean that minor injuries
in the inguinal region are not detected.

Clinical and Radiological Discrepancy

Clinically diagnosed adductor injuries were frequently con-
firmed by imaging, and only in 3% to 6% was an injury
found in a different location with no injury in the adduc-
tors. There was a higher discrepancy between the clinical
examination and imaging results for all other locations.
Our results show that there was only about a 50% chance
of the injuries being confirmed on imaging when an iliop-
soas or rectus femoris injury was diagnosed clinically.
Only 1 of 7 clinically diagnosed sartorius injuries was con-
firmed on imaging. This discrepancy may be because of the
anatomic proximity of the muscles, making it hard to dif-
ferentiate the injured structures clinically in acute presen-
tations, where resistance tests might be less specific and
palpation pain present adjacent to the actual injury. The

difficulty in distinguishing exact injury locations is also
indicated by the higher number of cases with multiple
diagnoses after the clinical examination compared with
imaging. There is currently no evidence for a specific com-
bination of tests, such as suggested with long-standing
groin pain34,39; imaging might therefore add clinical value
to the examination and should be considered in injuries
that seem less straightforward or that are not following
the suggested prognosis. Minor differences in diagnostic
techniques by the different sports medicine physicians
might also have an influence, emphasizing the need for
further investigation of a standardized clinical examina-
tion of acute groin injuries.

The discrepancy between clinical and radiological find-
ings should not only be considered in clinical practice. It
should also be kept in mind when reviewing the literature
on the epidemiology of groin injuries in which injury clas-
sifications are often based on a variable combination of
clinical examinations and imaging. A gold standard exam-
ination for acute groin injuries is difficult to recommend, as
a clinical examination entails the risk of an inaccurate
injury location, while radiological examinations risk
underreporting with negative cases.

Hip Injuries

Although musculotendinous structures are considered as
primary locations of acute groin pain in athletes, hip joint
injuries have been reported to account for around 5% of all
hip and groin injuries in soccer.69 Acetabular labral tears
(ALTs) are generally considered a result of repetitive
trauma but might also present as acute anterior hip or
groin pain, which can occur in relation to athletic move-
ments in which the hip can be forced into hyperrotation
and/or hyperextension.9,39 It has also been suggested that
ALTs might be a result of traction from the distal iliopsoas
or proximal rectus femoris insertions12,20,38; however, clear
evidence of such a causative relationship has not been pro-
vided. In line with the low incidence in our study, a large
epidemiological study in football (soccer) noted that only

TABLE 3
Clinically Diagnosed Injuries Related to Radiological Findingsa

MRI US

Injury Location on
Clinical Diagnosis

Same
Location

Different
Location

Negative
Imaging Result

Same
Location

Different
Location

Negative
Imaging Result

Adductor 50 (72) 4 (6) 15 (22) 42 (68) 2 (3) 18 (29)
Iliopsoas 10 (38) 9 (35) 7 (27) 8 (35) 9 (39) 6 (26)
Rectus femoris 10 (42) 11 (46) 3 (13) 10 (45) 9 (41) 3 (14)
Abdominal 2 (18) 3 (27) 6 (55) 3 (33) 2 (22) 4 (44)
Sartorius — 4 (67) 2 (33) 1 (14) 5 (71) 1 (14)
Total 72 (53) 31 (23) 33 (24) 64 (52) 27 (22) 32 (26)

aData are presented as n (%) of injuries in the clinical location where the respective radiological examination was performed. Injuries are
noted as ‘‘same location’’ if both the clinical examination and imaging showed positive findings in the respective location and ‘‘different loca-
tion’’ if imaging did not show positive findings in the clinically diagnosed location but showed findings in a different location. Percentages do
not sum to 100% because of rounding. MRI, magnetic resonance imaging; US, ultrasound.
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2 of 628 (0.3%) hip and groin injuries were labral tears.69

The fact that the reported incidence is low and that the
clinical examination possesses only screening accuracy49

makes the clinical detection of ALTs challenging. Further-
more, we used noncontrast MRI, and as even magnetic res-
onance arthrography cannot detect all ALTs,51 we cannot
exclude the underreporting of ALTs in this study.

Femoroacetabular morphologies (FAMs), such as cam
and pincer (extra bone formation on the femoral head-
neck junction and acetabular rim, respectively) have been
suggested as possible risk factors for both ALTs and soft
tissue injuries, and they are therefore often reported as
a separate diagnosis. Recent studies suggest that these
morphological abnormalities may be related to the activity
level and type of sport performed during skeletal matura-
tion, when they are considered to be acquired.1,42,46,62 Fur-
thermore, FAMs have been reported to be present in up to
75% of asymptomatic athletes46 depending on the defini-
tion criteria. Cam and pincer deformities were therefore
not considered as possible acute injury diagnoses or evalu-
ated in the present study.

Limitations

To describe the injury mechanisms in this study, only his-
tory taking was used. Future research could also include
video analyses, where the inciting event can be expanded
to include the athlete and opponent behavior as well as bio-
mechanical characteristics, as suggested in a comprehen-
sive model for injury causation.5

A strength of this study is that 18 different sports med-
icine physicians performed the clinical examinations. This
provides good generalizability but may also add uncer-
tainty to the reliability of the clinical examinations. The
clinical examination of athletes with long-standing groin
pain using pain provocation tests has shown good intraob-
server and interobserver reliability35 and has been used to
categorize groin injuries into clinical entities.34 As the clin-
ical diagnosis of acute groin injuries has not been investi-
gated to the same extent, we modified this method to
accept only a minimum of 1 positive finding in palpation,
stretching, or resistance testing of the muscles. This might
have contributed to the higher number of injuries in the
clinical examination and might thereby explain some of
the negative imaging results. It might also have contrib-
uted to the discrepancy between the clinical findings and
imaging results.

Excellent interrater and intrarater reproducibility of
MRI scoring has been documented in acute hamstring inju-
ries,28 but it is unknown if these figures can be reproduced
in acute groin injuries. The groin region is often considered
a complex region to assess with imaging7; therefore, cau-
tion is advised when interpreting imaging findings. Many
injury severity grading systems including imaging scoring
have been proposed for acute muscle injuries27; however,
an agreement on the optimal scoring system is still lack-
ing. The fact that we, in the present study, limited the
diagnoses to positive and negative only should increase
the validity of our results and give a representable over-
view of current practice. There was no statistically

significant difference in the distribution of injuries
between the different examination modalities. However,
the similarity of the MRI and US findings does not account
for the fact that injuries from different modalities could
represent different individual athletes, and as discussed,
there was often a discrepancy between clinical and radio-
logical findings. The reliability and agreement of the differ-
ent examination modalities in acute groin injuries
therefore warrant further investigation. Not all athletes
underwent both US and MRI, which was mainly a result
of the availability of the radiological examinations within
the required time frame.

CONCLUSION

This prospective, consecutive case series of 110 athletes
with acute groin injuries shows that the injuries most fre-
quently occurred during kicking in football codes and
change of direction in other sports. Two-thirds of injuries
were adductor injuries and primarily involved the adduc-
tor longus on imaging. Negative findings of an acute injury
on MRI and US were reported in around one-quarter of the
clinically diagnosed acute groin injuries. Clinically diag-
nosed adductor injuries were frequently confirmed on addi-
tional imaging, whereas when iliopsoas, rectus femoris,
and sartorius injuries were diagnosed clinically, an injury
was often found in a different location without an injury at
the clinically diagnosed location. The discrepancy between
clinical and radiological findings should be considered
when diagnosing acute groin injuries.
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24. Hägglund M, Waldén M, Ekstrand J. Previous injury as a risk factor

for injury in elite football: a prospective study over two consecutive

seasons. Br J Sports Med. 2006;40(9):767-772.
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35. Hölmich P, Hölmich LR, Bjerg AM. Clinical examination of athletes

with groin pain: an intraobserver and interobserver reliability study.

Br J Sports Med. 2004;38(4):446-451.

36. Hölmich P, Larsen K, Krogsgaard K, Gluud C. Exercise program for

prevention of groin pain in football players: a cluster-randomized trial.

Scand J Med Sci Sports. 2010;20(6):814-821.
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accuracy of clinical tests for the diagnosis of hip femoroacetabular

impingement/labral tear: a systematic review with meta-analysis

[published online December 16, 2014]. Br J Sports Med.

doi:10.1136/bjsports-2014-094302.

50. Renström P, Peterson L. Groin injuries in athletes. Br J Sports Med.

1980;14(1):30-36.

51. Reurink G, Jansen SPL, Bisselink JM, Vincken PWJ, Weir A, Moen

MH. Reliability and validity of diagnosing acetabular labral lesions

with magnetic resonance arthrography. J Bone Joint Surg Am.

2012;94(18):1643-1648.

52. Robertson BA, Barker PJ, Fahrer M, Schache AG. The anatomy of

the pubic region revisited: implications for the pathogenesis and clin-

ical management of chronic groin pain in athletes. Sports Med.

2009;39(3):225-234.

53. Robinson P, Salehi F, Grainger A, et al. Cadaveric and MRI study of

the musculotendinous contributions to the capsule of the symphysis

pubis. AJR Am J Roentgenol. 2007;188(5):W440-W445.

54. Schache AG, Wrigley TV, Baker R, Pandy MG. Biomechanical

response to hamstring muscle strain injury. Gait Posture. 2009;29(2):

332-338.

55. Schilders E. Groin injuries in athletes. Curr Orthop. 2000;14(6):418-

423.

56. Schneider-Kolsky ME, Hoving JL, Warren P, Connell DA. A compar-

ison between clinical assessment and magnetic resonance imaging

of acute hamstring injuries. Am J Sports Med. 2006;34(6):1008-1015.

57. Serner A, Jakobsen MD, Andersen LL, Hölmich P, Sundstrup E,
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