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Introduction
Femoroacetabular impingement (FAI) is reported as a 

common cause of hip pain in young adults [1]. It acts as a 
precursor for early degenerative changes [2] and it is considered 
a major etiological factor in the development of osteoarthritis of 
the hip (OA) [3-5]. It is not thought as a disease per se, but rather 
as a pathomechanic process by which the human hip can fail [6]. 
FAI occurs as a result of the abutment of the femoral neck and 
the acetabular rim that causes cartilage damage, with anterior 
hip pain and progression to early osteoarthritis of the hip [2,3,7]. 
Ganz et al. [3] identified two mechanism of impingement, based 
on the pattern of chondral and labral lesions observed during 
surgical treatment, and they divided the types of lesions in three 
groups, which result in different patterns of articular damage 
[1,2,8]. The first one was related to changes of the acetabular  

 
rim with an overhanging of the anterolateral component that 
primarily produces a breakdown of the acetabular labrum 
and then articular damage. This type was named Pincer 
impingement, resulting to be more common in active middle-
aged women [1,3,9-11]. Pincer lesions may due to acetabular 
retroversion, where the antero lateral edge obstructs flexion, 
or coxa profunda, where the relative depth of the acetabulum 
is increased [2,7]. The second kind of impingement involves the 
femoral head that has a non-spherical appearance and comes 
in contact with the acetabular articular surface, or presents a 
reduction of the anterior neck offset with a consequent articular 
failure. 

This type, named Cam impingement [2,7], is more common 
in physically active young males [1,3,10,11]. In this form there 
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Abstract

Background: During last years a lot of studies are investigating about femoroacetabular impingement (FAI) in athletes and its treatment. 
Few is known about the natural course of asymptomatic patients that present radiological FAI signs. 

Purpose: The purpose of this study is to evaluate the radiological and clinical outcome of early-detected radiological signs predisposing 
towards FAI.

Study design: this is a cross sectional study. 

Methods: All 2360 Computerized Tomography (CT) scans executed in our Emergency Department in 2006 were examined. Inclusion criteria 
were: age (20-40 years old), inclusion of both hips in the imaged range, absence of previous hip pathologies or trauma. The following bone ab-
normalities predisposing towards FAI were investigated: center edge angle, acetabular version angle, crossover sign. 44 patients (88 hips) were 
included in this study. At the 10-year follow-up, 42 patients were clinically evaluated using Hip Outcome Score. 19 patients also had repeated 
radiological examination.

Results: 34 out of 88 hips presented at least one radiological sign predisposing towards FAI. At follow-up, no patients developed symptoms. 
None of these 34 hips were found to have an increased number of signs at follow-up.

Conclusion: The role of early-detected radiological factors predisposing towards FAI remains unclear in asymptomatic patients and in the 
development time of FAI as a distinct clinical entity. The presence of radiographic signs of FAI is not predictive for the development of osteoar-
thritis at medium-long term.
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is a relative preservation of the labrum. The third type, the most 
common, occurs from mixed Cam and Pincer pathology at the 
anterior femoral neck and anterior superior acetabular rim 
[2,7,11,12-17], although Cobb et al. [2] found that the acetabulum 
in the two forms of impingement were different from each other. 
Several studies showed that is common to see abnormal bony 
morphologies predisposing to FAI in contralateral asymptomatic 
hips in patients with unilateral FAI [13,14], and that there 
is a prevalence of such risk factors for FAI in asymptomatic 
individuals [13]. However, in current literature there aren’t 
studies focusing on the development of radiological risk factors 
for FAI into clinical evidence at medium-long term.

 Materials and Methods 
We investigated the prevalence of bony abnormalities 

predisposing to FAI, according to the measurement parameters 

established in current literature, and we evaluated the evolution 
of these FAI radiological risk factors and the associated 
appearance of clinical symptoms in young adults that have never 
referred any symptoms before. In order to avoid exposition to 
radiation we used data obtained from routine Computerized 
Tomography (CT) scans that include hip joints in the imaged 
range.In the course of this study, 2,360 pelvic CT scans were 
examined. These scans were sourced from emergency ward 
in-patients between January and December 2006. Only patients 
between 20 and 40 years old (at the date of the CT scans) were 
included. Exclusion criteria were: pelvic fractures, rheumatic 
diseases, established degenerative changes (i.e., joint-space 
narrowing, osteophytes, subchondral cystic, sclerotic changes) 
and evidence of any arthropathy that could cause secondary 
alteration of the hip joint.

Figure 1: Acetabular version angle measurement.

Figure 2: Presence of crossover sign in both hip joints, giving the “bow-tie” configuration.
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We obtained 44 relevant patients, 25 females and 19 
males. On each one of the 88 hip joints we made the following 
measurements and observation: acetabular version angle, center 
edge angle, presence or absence of crossover sign. Version angle 
was evaluated on the orthogonal plane where the acetabulum 
cup is deeper, with two lines: the first one passing through the 
anterior and posterior rim of the acetabulum and the second 
one is perpendicular at the line passing through posterior 
acetabular rim bilaterally (Figure 1). The presence or absence of 
acetabular crossover sign was evaluated using the transparent 
3-dimensional pelvis model, drawing the acetabular rim and 
checking if the anterior margin was crossing the posterior 
margin (Figure 2).

The center edge angle was evaluated on the same 
transparent 3-dimensional pelvis model (ensuring that the 
tip of the coccyx was midline and approximately 1 cm above 
the superior border of the pubic symphysis while making this 
observation) [18]: we evaluated the angle between the line 
passing through the femoral head center and the lateral rim 
of the acetabulum, and the line passing through both ischiatic 
tuberosities (Figure 3). Version angle values below 15° define the 
condition of acetabular retroversion, center edge angle values 
over 40° indicate the condition of coxa profunda (deep socket). 
Acetabular retroversion, coxa profunda, positive crossover sign 
were considered risk factors for FAI [12,13,19-23].

Figure 3:PresenceCenter Edge Angle: the angle between the line joining the lateral edge of acetabulum and the center of the femoral 
head and the vertical line that is perpendicular to the horizontal line joining the ischiatic tuberosities (white lines are parallel).

To find the incidence of the development of hip symptoms 
we administered clinical evaluation at a minimum follow up of 
10 years (between December 2016 and January 2017). Forty-two 
patients were reviewed. Impingement tests (anteroposterior 
and posterorinferior), impingement sign test, Flexion Abduction 
External Rotation (FABER) provocation test were made 
[1,3,4,7]. In addition to the clinical evaluation, patients also 
completed the Hip Outcome Score (HOS) questionnaire as a 
measure of self-reported physical function [23]. We used two 
subscales for the evaluation: the activities-of-daily-living (ADL) 
subscale, containing items pertaining to basic daily activities, 
and the Sports subscale containing items pertaining to higher-
level activities, such as those required in athletics. On the ADL 
subscale, the item related to sitting and the item related to 
putting on socks and shoes were not scored. The response to 
each of the other 17 items were scored from 4 to 0, with 4 being 
“no difficulty” and 0 being “unable to do”. N/A responses were 
not counted. The score on each of the items was added together 
to get the item score total. The total number of items with a 
response was multiplied by 4 to get the highest potential score. 
If the subject answers all 17 items, the highest potential score 
is 68. The item score total was divided by the highest potential 
score. This value was then multiplied by 100 to get a percentage. 

The Sports subscale was scored in a similar manner with the 
highest potential score being 36.

Moreover 19 patients at a minimum follow up of 10 years 
(between December 2016 and January 2017) had performed CT 
scans that included hip joints in the imaged range for diagnostic 
purposes not related to orthopedics. For each hip the same 
measurements previously achieved were made: center edge 
angle, presence or absence of crossover sign, acetabular version 
angle. We were able to make a comparison, which allowed us 
to investigate if the affected hip joints eventually increased 
the risk factors, and if there was a development of such risk 
factors in the hips that did not present radiological signs. In 
order to avoid any further radiation exposure no additional 
radiological examinations were performed. All the procedures 
were approved by the Ethical Commettee. All persons gave their 
informed consent prior to their inclusion in the study.

Results 
The evaluation of 88 hips from 44 patients, 25 female and 

19 male, demonstrated that 34 out of 88 joints (38%), 15 of 50 
(30%) female joints (11 of 25 female participants), and 19 of 
38 (50%) male joints (13 of 19 male participants) had at least 
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one morphologic aspect predisposing towards FAI among the 
following: acetabular version angle <15°, presence of crossover 
sign, center edge angle > 40°. In 10 (6 males and 4 females) of 24 
individuals (41%) with at least one risk factor the findings were 
bilateral. Out of 88 joints, 7 presented more than one risk factor 
(4 out of 50 female joints and 3 of 38 male joints). Of those 7, 5 
(3 female joints and 2 male joints) presented all the three risk 
factors together (Table 1). Two patients (1 male and 1 female) 
had all of the predisposing factors in both of their hip joints. 
Hence, according to the measurement parameters established in 
current literature, 68% of male and 44% of female asymptomatic 
patients in our study had at least 1 predisposing factor towards 
FAI in 1 or both of their hip joints.
Table 1: Results.

1 sign 2sign 3sign

34 (15F, 19M) 10 
bilateral 2 (1F, 1M) 5 (3F,2M) 2 bilateral

42 patients out of 44 (2 female patients died during the follow 
up) between December 2016 and January 2017 were reviewed and 
visited. No one referred typical FAI symptoms, such as groin pain 
associated with activity or insidious onset of pain in prolonged 
activities. Impingement tests were performed (anteroposterior, 
posteroinferior, FABER). For all the 42 patients the tests didn’t 
elicit pain so the results were negative: the examination of the 
hip joints didn’t reveal any limitation or decrease of range of 
motion, nor in the internal rotation and adduction in flexion nor 
in the extension and external rotation of the hip. In addition to 
the visit, the 42 patients completed HOS to assess a self-reported 
functional status. The subjects’self-reported ability to carry out 
ADL or practicing sports was normal in 100% of the participants 
of the study. Hence, the HOS score was 100% for all the patients 
for both ADL subscale and the Sports subscale.

We assumed that all the patients that underwent the visit 
received negative results in impingement tests at the clinical 
examination and none of them presented functional impairment 
of their hip joints. Moreover 19 out of 42 patients clinically 
evaluated, 11 that presented predisposing factors and 8 without 
risk factors, at a minimum follow up of 10 years (between 
December 2016 and January 2017) underwent CT scans that 
included hip joints in the imaged range. In none of the 38 hip 
joints (22 with radiological signs and 16 without radiological 
signs) there was evolution of the abnormal morphologies 
towards FAI or development of evident OA of the hip. None of the 
patients who presented radiographic characteristics in only one 
hip developed any contralateral evidence of predisposing factor 
during follow up. Also, none of them demonstrated an increase 
in the number of risk factors during follow up in the hip joints. 
Hence, the hips that presented one or two risk factors didn’t 
develop a second or a third risk factor and the hips without 
radiological signs didn’t develop evidence of risk factors at a 
medium-long term follow up of 10 years.

 Discussion 
In the recent years the understanding and awareness of 

FAI has become more widespread, making it one of the most 
investigated diseases in orthopedics. This is due to the possibility 
that the treatment of FAI may reduce progression to end-stage OA 
or delay the onset of hip symptoms [1,3,4,14-16]. Some studies 
focus on the conditions that can lead to morphologic changes 
predisposing the hip to FAI, such as coxa profunda, protrusio 
acetabuli, and acetabular retroversion [2,3,9,24], and how 
genetic factors can be responsible for these anatomic variations 
[4,25,26]. However, the presence of bony abnormalities in the 
asymptomatic hips suggests that additional variables, such as 
vulnerability of the labrum and articular cartilage to injury and 
physical activity level play an important role in this pathology 
[13,14]. The bony abnormalities responsible for FAI are of 
unknown prevalence, and many patients are asymptomatic and 
unaware of this subtle anatomical aberration [4]. Besides, in 
literature there is almost no information or clinical evidence on 
the development of such femoral and/or acetabular deformities 
predisposing towards FAI.

The first purpose of our study is to investigate the 
prevalence of bony abnormalities predisposing towards FAI in 
an asymptomatic population that underwent CT scans for non-
orthopedic purposes, as the CT scan has a higher resolution than 
conventional radiographs to detect bony abnormalities [6]. Our 
study demonstrated that 30% of female joints and 50% of male 
joints had at least one morphologic aspect predisposing towards 
FAI using measurement parameters established in current 
literature. In 41% of the individuals with at least one risk factor, 
the findings were evident in both hips. Out of the 88 joints, 
8% had more than one risk factor and 6% presented all 3 risk 
factors. The data obtained in this study confirm what is claimed 
in literature: there is a substantial prevalence of morphologic 
findings predisposing towards FAI in asymptomatic individuals, 
more frequent in male subjects than female, and the majority of 
the findings are evident in both hips [13].

The second objective of the study is to investigate the 
clinical and radiological evolution of such risk factors. As far 
as we could ascertain, this topic cannot be found in current 
literature. We followed up with the participants at a mid-long 
term check-up (after 10 years) to see what proportion of them 
eventually developed hip symptoms or evident FAI attributable 
to morphologic abnormalities. Most of the patients (42 of 44 
included in the study) received a check-up and completed the 
HOS questionnaire. The Impingement tests were negative for all 
42 patients. Also, no patients mentioned any limit in their ADL 
or sports attributable to the hip joint. The resulting HOS score 
was 100% for all subjects. At the same time we analyzed CT 
scans including hip joints in the imaged range that 19 patients 
had undergone at the mid-long term follow up (10 years). We 
were able to ascertain there has been no development of 
evident FAI in either the joints presenting risk factors or in 
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the joints that didn’t present risk factors. For each hip joint 
the same measurements previously made were checked as a 
comparison. The analysis stated that no increase of risk factors 
occurred and the hips without risk factors remain just as 
healthy. Although several studies in current literature evidence 
that the morphologic abnormalities we investigated can lead to 
impingement [2,3,9,24], the results we obtained do not show the 
natural evolution towards FAI nor the development of clinical 
evidence over the mid-long term.

We acknowledge the weaknesses of this study. First, it 
only involved a small number of participants (44 patients). 
However, strict patients selection criteria allowed us to achieve 
an excellent randomization. Second, this was a retrospective 
study, with all the typical limitations of this type of study. The 
analysis was limited to hip imaging that was already required 
or completed in the past, as the additional radiation exposure 
required for this study could not be justified. Third, this study 
involved only a marginal investigation into extrinsic factors such 
as high athletic levels and demands. These factors are identified 
as potential sources for the development of clinical symptoms 
of FAI; however, even though all the patients selected are young 
adults, none of them stated that they are involved or have ever 
been involved in competitive sports activities. 

On the other hand, the strengths of our study are the 
opportunistic use of raw data obtained from CT scans to assess 
hip joint morphologies characteristics, and the low dropout rate, 
with 42 subjects out of the 44 selected completing the study 
(5% loss in the mid-long term follow up). Moreover, as far as 
we can ascertain this is the only follow up study in literature 
that investigates the association between early radiological 
signs predisposing towards FAI and the development of clinical 
evidence.

Conclusion
On the basis of this study the significance of early radiological 

detected factors predisposing towards FAI remains unclear in 
asymptomatic patients, as well as time of development of FAI as 
a distinct clinical entity. Specific abnormalities associated with 
FAI are widely recognized as biomechanical risk factors for the 
development of OA of the hip, so a long term follow up in large 
numbers of patients may be useful to provide information on the 
natural course of FAI and the onset of hip symptoms.
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