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ABSTRACT
Objective A decreased range of motion (ROM) of the 

hip joint is known to predispose to athletic groin injury. 

Femoroacetabular impingement (FAI) of the hip leads to 

a reduced ROM. This study examined the prevalence of 

radiological signs of FAI in patients presenting with long-

standing adductor-related groin pain (LSARGP).

Design Prospective case series.

Setting Outpatient Sports Medicine Department.

Patients 34 athletes with LSARGP defi ned as pain on 

palpation of the proximal insertion of adductor muscle 

and a painful, resisted adduction test.

Assessment A clinician blinded to the results of 

the radiological assessment performed a physical 

examination: iliopsoas length, hip ROM and anterior hip 

impingement test. Anteroposterior pelvic radiographs 

were examined by a second blinded clinician for the 

presence of: pistol grip deformity, centrum-collum-

diaphyseal angle, femoral head neck ratio, coxa 

profunda, protrusio acetabuli, lateral centre edge angle, 

acetabular index and cross-over sign.

Results The prevalence of radiological signs of FAI was 

94% (64/68). The mean number of radiological signs 

in hips with LSARGP was 1.84 (range 0–4, SD 1.05) 

and 1.96 (range 0–5, SD 1.12) in asymptomatic groins 

(p=0.95). The anterior hip impingement test was 

positive in nine cases. There was no relationship with 

the number of radiological signs (p=0.95). There was 

no correlation between hip ROM and the number of 

radiological signs (p=0.37).

Conclusion Radiological signs of FAI are frequently 

observed in patients presenting with LSARGP. 

Clinicians should be aware of this fact and the possible 

lack of correlation when assessing athletes with 

groin pain.

Long-standing adductor-related groin pain 
(LSARGP) is common in sports such as soccer and 
rugby involving cutting and kicking. The annual 
frequency of groin injuries is 8% to 18% in foot-
ball.1 2 LSARGP can be diffi cult to treat, and there 
is a lack of consensus as to the diagnostic criteria 
that apply in groin pain. Many authors have noted 
that multiple diagnoses are common.3–5a LSARGP 
is a diagnostic term used to describe pain at the 
proximal attachment of the adductor muscles on 
the pubic bone on sporting activities.5a The pain 
can be felt on palpating the proximal attachment 
of the adductor muscles and can de reproduced 
when resisted hip adduction is performed. It is 
termed long standing when symptoms have been 
present for more than 2 months.5b It has long 
been noted that patients with long-standing groin 

pain appeared to have a reduced hip joint range 
of motion (ROM).6 Recent prospective studies 
confi rmed this association.7 8 The cause of this 
reduced ROM is unclear.7 One possible explana-
tion may be that the reduced ROM could be due 
to a hip disorder.

Femoroacetabular impingement (FAI) is a hip 
condition which is considered by some authors 
to be due to subtle developmental disorders of the 
hip.9 FAI is caused by abnormal contact between 
the femur and the acetabulum. It is clinically char-
acterised by a reduced hip joint ROM and pain 
when the hip impingement test is performed.10 FAI 
has two subtypes: cam and pincer impingement. 
In cam impingement, there is an abnormality of 
the femoral head or neck, and pincer impingement 
occurs when the acetabulum is abnormal. At the 
time of writing, at least eight different radiological 
signs have been reported to show the presence of 
FAI.11–15

The natural history of this condition is unknown, 
although population studies are being performed 
to evaluate this.9 The current suggested treatment 
for FAI is conservative with activity modifi cation, 
analgesia of anti-infl ammatories and possibly 
modifi cation of technique.10 If conservative ther-
apy is unsuccessful, then surgical treatment with 
correction of the abnormal shape of the femur 
(cam impingement), acetabulum (pincer impinge-
ment) or both can be performed.9 11

This study aims to examine the relationship 
between LSARGP and FAI. First, the clinical fi nd-
ings of the hip joint ROM, the hip impingement 
test and the length of the iliopsoas muscle were 
examined in athletes presenting with LSARGP. 
Second, the prevalence of radiological signs of FAI 
in these athletes was examined. Third, the rela-
tionship between physical and radiological fi nd-
ings of FAI was examined.

METHODS
Patients
Patients with groin pain were seen at the Sports 
Medicine Department of a large general hospi-
tal. Patients were referred by their general prac-
titioner or a physical therapist. The diagnosis was 
made based on history and a standardised clin-
ical examination.16 All patients who presented 
were included in the study after they gave their 
informed consent. The regional medical ethics 
committee approved the study. The type of sport, 
frequency of sports activities and Tegner activity 
score were recorded. The inclusion and exclusion 
criteria are shown in table 1.
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Physical examination
All patients were examined by a single experienced sports 
medicine physician (AW) blinded to the results of the radio-
logical assessment using a standard protocol and the physical 
examination that has been shown to be reliable.16 The iliop-
soas length was assessed using the modifi ed Thomas test as 
reported by Hölmich et al.16 The iliopsoas was considered to be 
shortened when the thigh was horizontal or above horizontal. 
The length was considered to be normal when the thigh was 
below horizontal.

Hip joint ROM was measured using a goniometer with the 
patient lying supine with the knee and hip fl exed to 90°, which 
has been shown to be reliable.17 The internal and external rota-
tion was measured separately, and the total rotation was cal-
culated by adding the ROM for internal and external rotation.

The anterior hip impingement test (also called the fl exion-
internal rotation-adduction impingement test) was performed 
with the patient lying supine. The hip is passively fl exed to 
90°, and progressive internal rotation and adduction are then 
applied until an end point is reached.11 The test is positive if 
the groin pain is reproduced.

Radiological evaluation
In all patients, a plain anteroposterior radiograph of the pel-
vis was obtained. The fi lm focus distance was 1.2 m, and the 
central beam was directed to the midpoint between a line 
connecting the both anterosuperior iliac spines and the supe-
rior border of the symphisis.18 Digitalised radiographs were 
evaluated using a computer imaging system (Magic View; 
Fa.Siemens, Munich, Germany). All measurements were per-
formed by a single experienced examiner who was blinded to 
the clinical fi ndings.

The radiographs were assessed for signs of cam impinge-
ment using the following three signs: pistol grip deformity 
defi ned as a fl attening of the usually concave surface of the 
lateral aspect of the femoral head.12 13 The centrum-collum-
diaphyseal (CCD) angle was measured. A CCD angle of less 
than 125° has been reported to show cam impingement.13 The 
femoral head neck index of Heymann and Herndon was cal-
culated.14 The normal range for the femoral head neck index 
is 150–190 and was scored as being abnormal when it was less 
than 150.

Pincer impingement was assessed using the following fi ve 
signs: Coxa profunda was said to be present when the iliois-
chial line touches or overlaps medially with the fl oor of the 
fossa acetabuli.13 Protrusio acetabuli is said to be present when 
the head of the femur overlaps medially with the ilioischial 
line.13 The lateral centre edge angle is the angle formed by a 

vertical line and a line connecting the femoral head centre 
with the lateral edge of the acetabulum. An angle of less than 
25° defi nes a dysplasia.15 An angle greater than 39° is an indi-
cator for acetabular overcoverage.19 The acetabular index is 
the angle between a horizontal line and a line connecting the 
medial point of the sclerotic zone with the lateral centre of the 
acetabulum. A value of 0° or a negative value is said to be a sign 
of pincer impingement.13 In a normal acetabulum, the anterior 
rim line projects medially to the posterior wall due to antever-
sion.20 Focal over coverage of the anterosuperior acetabulum 
was assessed using the cross-over sign. The cross-over sign is 
present when the line of the anterior acetabular rim is lateral 
to the line of the posterior acetabular rim in the cranial part of 
the acetabulum.13

In total, each hip was radiologically assessed for eight differ-
ent signs for the presence of femoroacetabular impingement. 
These criteria are summarised in table 2.

Statistical analysis
Statistical analysis was performed using SPSS (version 14.0; 
2005 SPSS, Chicago, Illinois, USA). Descriptive statistics 
were used for the patient demographics and the radiologi-
cal score. The results are presented as means with SD when 
the data were parametric and medians with inter-quartile 
ranges (IQR) when the data were non-parametric. The rela-
tionship between variables was examined with the Spearman 
test, the χ2 test or the t test according to the type of variable 
examined.

RESULTS
Patient demographics
Between September 2006 and June 2007, 44 consecutive 
patients were seen with groin pain. Six patients were excluded 
because they had pain above the conjoined tendon or a pal-
pable inguinal hernia. Four patients were excluded as they also 
had current lower back pain.

Thirty-four patients (68 groins) were suitable for inclusion 
and were assessed. There were 10 patients with bilateral pain, 
13 with right-sided pain and 11 with left-sided pain. This 
meant that of the 68 groins evaluated, 44 had LSARGP. The 
patient demographics for the patients included in the study 
were as follows: the average age was 30 (range18–45, SD 8.3) 
years. The mean body mass index was 24.3 (range 20–29, SD 
2.2) kg/m². The median duration of symptoms was 22 (range 
8–250, IQR 36) weeks with an average duration of abstinence 
from sport of 15 (range 0–130, SD 24) weeks. The patients 
were involved in the following sports: 23 (68%) soccer, 2 (6%) 
rugby, 2 (6%) distance running, 2 (6%) fi eld hockey and 5 (16%) 
other sports. Frequency of sports activities was: 4 (12%) once 
or twice weekly, 23 (68%) three to four times weekly and 7 
(21%) more than fi ve times a week. The mean Tegner activity 

Table 1 Inclusion and exclusion criteria
Inclusion criteria Exclusion criteria

Groin pain for at least 2 months Palpable inguinal or femoral hernia or pain 
felt above the conjoint tendon

Pain located at the proximal insertion 
of the adductor muscles on the 
pubic bone

Clinical signs or symptoms of prostatitis 
or urinary tract infection

Pain felt at the proximal insertion 
of the adductor muscles on the pubic 
bone when performing resisted 
adduction

Back pain felt from T10 to L5

Groin pain during or after sporting 
activities

Clinical suspicion of a nerve entrapment 
syndrome of the ilioinguinal, genitofemoral 
or lateral cutaneus nerves

Age 18–50 years Known malignant disease

Table 2 Criteria used to assess the presence of femoroacetabular 
impingement on anteroposterior radiograph
Type of impingement Sign

Cam Pistol grip deformity12 13

Cam CCD angle <125°13

Cam Femoral head neck index <15014

Pincer Coxa profunda13

Pincer Protrusio acetabuli13

Pincer Lateral centre edge angle >39°19

Pincer Acetabular index ≤013

Pincer Cross-over sign13
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score was 8.74 (range 7–10, SD 0.62). There were no dropouts 
or incomplete datasets.

Physical examination
The iliopsoas was noted to be shortened in 40% (27/68) of 
all groins. The average ROM in the hip joint was 22 (SD 12) 
degrees of internal rotation, and 60 (SD 18) degrees of total 
rotation. The hip joint total range of rotation or the range of 
internal rotation was not reduced in hips where adductor-
related groin pain was felt when compared to hips where no 
groin pain was felt (p=0.69, p=0.79). The anterior hip impinge-
ment test was positive in nine hips (13%), all of which were 
symptomatic for LSARGP.

There was no signifi cant relationship between the iliopsoas 
being shortened and a painful hip impingement test (p=0.68). 
The ROM in the nine hips with a positive anterior hip impinge-
ment test (56°) was not signifi cantly different from the 59 hips 
with a negative test (60°, p=0.53).

Radiological examination
In total, there were 128 abnormal radiological signs observed 
in the 68 hips of the 34 patients with LSARGP. The prevalence 
of different signs observed is shown in table 3.

The prevalence of radiological signs for FAI was 94% with 
only four hips (6%) without any signs of FAI. The number of 
signs for each hip is shown in table 4.

There was no association between the number of radiologi-
cal signs and the anterior hip impingement test being positive 
(p=0.95). In fact, the two hips with the highest number of 
radiological signs of FAI had a negative anterior hip impinge-
ment test. The mean number of radiological signs in sides 
with LSARGP (n=44; 1.84, range 0–4, SD 1.05) was not sig-
nifi cantly different from the number in the asymptomatic hips 
(n=24; 1.96, range 0–5, SD 1.12, p=0.95). There was no correla-
tion between hip ROM and the number of radiological signs 
(p=0.37).

DISCUSSION
In this study, there was a high prevalence of radiological signs 
of FAI in athletes presenting with LSARGP. Ninety-four per 
cent (64/68) of the hips assessed showed radiological signs 
of FAI. The fact that only 6% of the hips were found to be 

radiologically normal is concerning, and it raises a number of 
questions. In the literature, at the time of writing, eight differ-
ent signs were found that have already been reported to show 
the presence of FAI. There are a growing number of publica-
tions on the different signs that can be observed on additional 
imaging investigations for making the diagnosis of FAI. As the 
number of possible signs used to make the diagnosis increases, 
the prevalence of the disorder will also increase. At present, 
there is no clear consensus as to when the diagnosis of FAI can 
be made, and a gold standard is missing. This is a problem in 
clinical practice and has been noted by other authors.21 Many 
studies reporting on the treatment of patients with FAI have 
no clear inclusion criteria.22 23 This may be due to bias as all 
the patients did in fact have groin pain. There are no studies at 
present that report the prevalence of abnormalities in asymp-
tomatic populations. Ganz et al have reported that a study is 
in progress, and these results will be welcome to enable the 
defi nition of normal values.9 This may help to create clear 
diagnostic criteria for FAI which can serve as a gold standard 
for making the diagnosis. At the present time, it is unclear as to 
whether hips with radiological signs of FAI but no pain should 
be diagnosed as having FAI or not.

There was no association between a positive anterior hip 
impingement test and reduced ROM or a higher number of 
radiological signs of FAI. The anterior hip impingement test 
that involves moving the hip into fl exion, internal rotation and 
adduction is cited in many papers as being positive in FAI. In 
this study, nine hips (13%) had pain in the groin on perform-
ing the test. It could be argued that these nine patients all have 
FAI as they all also had at least one radiological abnormality. 
They did, however, present with pain located at the proximal 
insertion of the adductor muscles on the pubic bone and had 
recognisable tenderness on palpation. This would suggest that 
their primary pain may be located in the soft tissues and may be 
of extra-articular origin. These may then be false-positive tests. 
Recent research on the reliability of the anterior hip impinge-
ment test showed that it had a low reliability (κ=0.58) when this 
was examined in a population of patients with different intra-
articular hip joint problems.24 In this study, 70 patients with a 
variety of hip joint conditions (of which 48 were diagnosed with 
FAI) were examined by an orthopaedic surgeon and a physical 
therapist. They found the test to be positive in 57 patients sug-
gesting that in some cases, the test was false positive.

To our knowledge, the validity has not been examined in 
patients with extra-articular causes of groin pain. The move-
ment performed during the test could also cause movement 
and stress at the pubic symphisis, which is one of the possible 
sources of pain in patients with chronic adductor-related groin 
pain.25 The motion may also twist and compress the iliopsoas 
muscle which has been reported to be a secondary source of 
pain in many patients presenting with adductor-related groin 
pain.5a Until the validity of the anterior hip impingement 
test has been further examined, it should be interpreted with 
caution.

The subject of differential diagnosis in athletes presenting 
with chronic groin pain has long been a topic of interest. Many 
authors have reported multiple entities in patients presenting 
with long-standing groin pain.3 5a The prevalence of different 
conditions varies greatly between the studies. In one study 
of 203 athletes presenting with groin pain of more than 2 
months, only one hip problem was diagnosed.5a In this study, 
adductor pain was the primary diagnosis in 58% of cases. 
In a different study examining 218 athletes presenting with 
groin pain, the hip was the primary source of pain in 46% of 

Table 4 Number of radiological signs per hip
Number of radiological signs Number of hips (total=68)

0 4 (6%)
1 18 (27%)
2 26 (38%)
3 12 (17%)
4 6 (9%)
5 2 (3%)

Table 3 Prevalence of abnormal radiological signs
Sign Number of times observed in 68 hips

Pistol grip deformity11 12 27 (40%)
CCD angle <125°12 2 (3%)
Femoral head neck index <15013 0
Coxa profunda12 23 (34%)
Protrusio acetabuli12 0
Lateral centre edge angle >39°15 20 (29%)
Acetabular index ≤012 31 (46%)
Cross-over sign12 25 (37%)
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all cases.26 While this may be due to differences in referral 
patterns that would seem unlikely, considering that the study 
with the far lower prevalence of hip disorders was performed 
by an orthopaedic surgeon, the study with the high prevalence 
was performed by a sports physician. It is hypothesised that 
the differences may well be due to varying diagnostic criteria. 
At present, there are no generally accepted diagnostic criteria 
for the different entities causing groin pain. This is in part due 
to a lack of understanding about the underlying pathology and 
partly due to the confusing scientifi c taxonomy surrounding 
groin pain. It is clear that there is great need for clear diagnos-
tic criteria in cases of groin pain and that these criteria should 
also cover intra-articular hip pathologies.

As mentioned above, multiple diagnoses can coexist, and 
indeed, Bradshaw et al26 reported that 10 of the 218 athletes 
did have coexisting osteitis pubis and hip joint pathology, 
although these conditions are not further defi ned.

It may also be that the relationship between the hip joint 
and chronic adductor-related groin pain is more complex. 
Prospective studies have shown that athletes with a reduced 
hip joint ROM have a higher risk of developing chronic groin 
injury. It was hypothesised that the reduced ROM may cause 
increased loading and mechanical stress on the pubic sym-
phisis and surrounding structures.7 In previous studies, it was 
stated that it was unclear as to which structures limit the hip 
joint range of rotational motion.7 A possible explanation may 
be that an underlying FAI predisposes to chronic groin injury 
through a reduced ROM. Other authors have suggested that 
infl ammation as a response to loading may cause capsular 
tightness leading to a reduction of ROM.27 This mechanism 
has been noted to cause a restriction of the range of shoul-
der rotation in overhead athletes.28 As this study is not pro-
spective, no cause–effect relationship can be established, and 
future studies will be necessary to examine this further.

A possible shortcoming of this is the fact that the ROM of 
the hip joint was measured once using a goniometer with the 
hip in 90° of fl exion. Although the use of a single measurement 
has been shown to be reliable,17 it has also been suggested 
that multiple measures should be taken for joints with a large 
ROM.29 The choice to measure the hip joint in fl exion has also 
been noted by others to be questionable as most loading dur-
ing sports activities occurs at a much lesser degree of fl exion.7

Future studies are needed to provide clear diagnostic crite-
ria for causes of groin pain and to examine the relationships 
between these pathologies.

CONCLUSION
Radiological signs of femoroacetabular impingement are 
frequently observed in patients presenting with LSARGP. 
Radiological fi ndings of hip impingement are often present with-
out the anterior hip impingement test being painful. The anterior 
hip impingement test may not be specifi c for femoroacetabular 
impingement. Clear diagnostic criteria for femoroacetabular 
impingement and other causes of groin pain are needed.
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