
Introduction
Femoral acetabular impingement syndrome (FAIS) has
been defined as a painful hip disorder which results from
abnormal contact between the femoral head-neck junc-
tion and the acetabular edge in hip joint movements,
especially in flexion.[1] In young adults, FAIS is the most
common cause of hip pain and early degenerative
changes.[2,3] It has been previously described in as acetab-

ular rim syndrome or cervico-acetabular impinge-
ment.[3,4] Since this syndrome was defined by Ganz et al.[2]

in 2003, it has been the subject of continuous debate in
the field of orthopedics. There are 3 different types of
FAIS; cam type deformity (CD), pincer type deformity
(PD), and mixed type deformity (MD) which is a combi-
nation of the CD and PD. Asymmetrical femoral head
and neck junctionmay lead to CD impingement (femoral
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Abstract

Objectives: Femoroacetabular impingement syndrome is a painful disorder of the hip formed by movements in the hip joint
between the femoral head-neck junction and the acetabular edge. The aim of this study was to determine the prevalence
of radiological femoroacetabular impingement syndrome findings in a young, asymptomatic Turkish population. 

Methods: A total of 1000 abdominal pelvic CT images were collected from patients aged between 18–40 years. Measurements
were taken on the CT images of the alpha angle and femoral head offset as signs of cam-type deformity, and of the acetabu-
lar version angle and center-edge angle as signs of pincer-type deformity. 

Results: Femoroacetabular impingement syndrome was determined in 2.3% of the individuals. Pincer type deformity was deter-
mined in 56.5%, being 83.3% in females and 47.1% in males. The cam-type deformity was present in 43.5% of all cases, being
in 16.7% of the females and in 52.9% of the males. No difference was determined between the genders in respect of alpha
angle which is >55°. A head-neck offset which is <8 mm was at a higher rate in females (13.3%) than males. An acetabular
anteversion angle which is <15° and centre-edge angle which is >40° was more in males than females at a rate of 11% and
25.2% respectively. 

Conclusion: The results of this study showed that the incidence of cam-type deformity in the adult males and the incidence
of pincer-type deformity in the adult females were lower in the asymptomatic Turkish population than previously reported
in literature. 
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type: pistol grip).[2–4] In this deformity, the spherical
property of the femoral head is lost, and the protrusion
at the head-neck junction leads to a decrease in femoral
head-neck offset.[5,6] In PD (acetabular type), the femoral
head is covered by the acetabulum focally or in a wide
diameter. PD impingement occurs as a result of greater
coverage than normal of the femoral head by an abnor-
mally deep or retroverted acetabulum.[7] The MD is
characterized by morphological abnormalities in both
the acetabulum and the femur head-neck junction.[2] 

The prevalence of FAIS may change according to eth-
nicity and level of physical activities.[8] Therefore, knowl-
edge of the prevalence in an asymptomatic population will
be useful both for patients and physicians for the imple-
mentation of the appropriate approach to the disease and
the prevention of unnecessary arthroplasties. Only a lim-
ited number of studies have investigated the prevalence of
FAIS in the asymptomatic Turkish population.[9]

Therefore, the aim of this study was to determine the inci-
dence of FAIS on Computed Tomography (CT) images
in a young adult asymptomatic Turkish population. The
main hypothesis of the study was that FAIS incidence
would be affected by demographic and ethnic factors and
level of physical activities in different populations.

Materials and Methods
A retrospective evaluation was performed of pelvic CT
images of patients, all aged 18–40 years, taken in the
Radiology Department of Akdeniz University Medical
Faculty Hospital between 2015 and 2020. CT images of
the patients who had pelvic trauma, an orthopedic disor-
der, or an oncology history were not included in this study.

CT images taken at the upper level of the iliac crest
to the proximal diaphragm of the femur were evaluated.
The pelvic bone structure was examined in respect of
cam, pincer, and mixed type deformities. Oblique, axial,
and coronal images were obtained from multiplanar
reformatted (MPR) images. Femoral head-neck junction
distance, acetabular version angle, and center-edge angle
were measured on these images.

The MDCT images were acquired by a 128-detector
CT device (Somatom Definition Edge, Siemens
Healthcare, Erlangen, Germany) in the Radiology
Department of Akdeniz University Medical Faculty
Hospital. The image acquisition parameters were set as
16×1.5 mm detector collimation, 120 kV tube voltage,
0.5 sec gantry rotation, and 180–220 mA tube flow. The
images were reconstructed with a 1.5 mm reconstruction
interval at a slice thickness of 1.5 mm. The MDCT

images sent from the picture archiving and communica-
tion system (Sectra Workstation IDS7; Sectra AB,
Linköping, Sweden) through the network were evaluat-
ed on the workstation. 

The alpha angle and femoral head offset were meas-
ured for determination of the CD, and acetabular ver-
sion angle and center-edge angle were measured for the
determination of PD. The alpha angle was formed in the
oblique axial plane by centralization of the femoral neck
center in the coronal plane on MPR images. For meas-
urement of the alpha angle, a line was drawn along the
long axis of the femoral neck to the center of the femoral
head. A circle covering the subchondral bone was drawn.
A second line was drawn to the center of the femoral
head from the point where the femoral head emerges
outside the circle. The angle between these two lines was
defined as a alpha angle (Figure 1). An alpha angle value
of >55° was evaluated as an indicator of FAIS.[10]

The femoral head-neck junction distance was meas-
ured in the oblique axial plane, where the alpha angle
was obtained. The distance between the line drawn along
the anterior of the femoral neck and the parallel line
drawn from the widest anterior point of the femoral
head, was measured as the femoral head-neck junction
distance (Figure 2). A value <8 mm was accepted as sig-
nificant for FAIS.[11]

The acetabular version angle was evaluated on axial
slices. On sections where the acetabulum was deepest a
line was drawn at the level of the posterior boundaries of
the acetabular labrum. The angle between the defined
line and the line that was drawn between the anterior and
posterior edges of the acetabulum is the acetabular ver-
sion angle (Figure 3). An acetabular version angle <15°
was accepted as abnormal.[12]

The centre-edge angle was measured on CT
scanogram images. Firstly, a horizontal line was drawn
passing through inferior borders of both ischial tuberosi-
ties. Then a vertical line was drawn perpendicular to this
line from the centre of the femoral head. The angle
between the perpendicular line passing through the cen-
ter of the femoral head and the line drawn from the cen-
ter of the femoral head to the lateral border of the
acetabulum was considered as the central-edge angle
(Figure 4). A centre-edge angle of >40° was accepted as
abnormal.[13,14]

Data obtained in the study were analyzed statistically
with Statistical Package for Social Sciences (SPSS Version
23, Armonk; NY, USA). Descriptive statistics were given
as mean±standard deviation (SD), median (minimum-
maximum) and percentage (%). Conformity of the data to
normal distribution was assessed with the Shapiro Wilks
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test. In the analyses of relationships between categorical
variables, Pearson Chi-square test and Fisher’s Exact test
were used. In the analysis of the difference between two
groups, Student’s t-test was applied when the data showed
normal distribution and Mann-Whitney U test was
applied when distribution was abnormal. Spearman’s cor-
relation analysis was applied to evaluate relationships
between ordinal variables or data not conforming to the
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Figure 1. Measurement of the alpha angle. (a) Axial plane, (b) coronal
plane.

a

b

Figure 2. Measurement of the femur head-neck distance.  

Figure 3. Measurement of the acetabular version angle.  

Figure 4. Measurement of the centre-edge angle.



normal distribution, and Pearson correlation analysis was
applied to continuous variables with normal distribution. A
p-value <0.05 was accepted as statistically significant. The
incidence of male and female subjects was calculated by
dividing the total number of hips for each gender by the
total number of abnormal hips.

Results
Out of 1000 hips, 480 hips (48%) were female and 520
hips (52%) were male. FAIS was present in 2.3% of the
hips examined. Thirteen (56.5%) hips with FAS had PD
and 10 (43.5%) had CD (Figure 5). FAIS was identified in
1.3% of the females and in 3.3% of the males and the dif-
ference was statistically significant (p=0.033). FAIS was
effecting the right hip joint in 2.4% and the left hip joint
in 2.2%. The difference between sides was not statistically
significant (p=0.833). No significant difference was found
when evaluated bilaterally (p>0.5). The PD was found in
83.3% of the females with FAIS and in 47.1% of males.
CD was found in 16.7% of females and in 52.9% of males.
The PD was present on the right side in 58.3% of the
patients and on the left side in 54.5%. The CD was pres-
ent on the right side in 41.7% of the patients and on the
left side in 45.5% (Table 1).

The summary of descriptive statistics of the radiological
measurements of the patients were presented in the tables
(Tables 2 and 3). No statistically significant difference was
observed between the genders in respect of the alpha angle
(p=0.712). In males, the head-neck offset measurement and
center-edge angle were determined to be higher than those
of females. The acetabular anteversion angles were statisti-
cally significantly higher in females than males (p<0.001).
No significant difference was determined between the gen-
ders in respect of an alpha angle which is >55° (p=0.110).
Head-neck offset measurement which is <8mm was present
at a higher rate in females (13.3%) than males (p<0.001).

Acetabular version angle which is <15° and center-edge
angle which is >40° was present at a higher rate in males
(11% and 25.2%, respectively) than in females (p=0.001,
p<0.001). A significant positive weak correlation was found
in all the hips between age and head-neck offset measure-
ments (r=0.094, p=0.003), acetabular anteversion angle
(r=0.199, p<0.001), and the center-edge angle (r=0.153,
p<0.001) (Tables 2 and 3). 

Discussion
As a result of the impaired anatomic relationship in FAIS,
there is unusual contact between the two sides of the car-
tilage and the labrum, and there may be degeneration in
the hip joint in this process. This unusual form of contact
can be determined with radiological tools such as conven-
tional radiography, CT, and magnetic resonance imaging
(MRI), taking measurements of some angles and distances
using significant points in the bones.[2] According to the
2016 Warwick Agreement, it was regarded that the mor-
phology could be better characterized on cross-sectional
images such as CT or MRI.[15] CT imaging has been
reported to provide detailed visualization of the hip joint
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Figure 5. (a) Bilateral cam-type deformity (black arrows); (b) bilateral pincer-type deformity (black arrows)  

a b

Table 1
Patient characteristics.

n: 1000

Age (years) 27.8±6.6 (18–40)

Gender Female 480 (48%)

Male 520 (52%)

FAIS Absent 977 (97.7%)

Present 23 (2.3%)

FAIS Type PINCER 13 (56.5%)

CAM 10 (43.5%)

Results are presented as n (%) and mean±SD values.



segments such as the inferoposterior and posterolateral hip
joint which may be difficult to define on radiographs.[16] In
addition, CT scanning can provide information about the

proximal femoral version for the characterization of extra-
articular deformity and impingement.[17] In several studies,
researchers have examined the parameters and prevalence
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Table 2
Comparison of the parameters according to gender.[1]

Total Female Male

Measurements Mean±SD Median (min-max) Mean±SD Median (min-max) Mean±SD Median (min-max) p-value

Alpha angle 38.69±5.45 38.1 (15.2–63.2) 38.22±5.19 37.7 (15.2–52.3) 39.14±5.66 38.45 (24–63.2)
p= 0.106
z=-1.618

Head-neck offset 10.47±1.84 10.55 (4.5–15.3) 9.81±1.73 10 (4.5–13.7) 11.08±1.73 11.2 (5–15.3)
p<0.001*
t=-8.228

Acetabular anteversion 21.11±3.55 21 (8.5–34.1) 22.05±3.3 22.1 (13.1–34.1) 20.24±3.55 20.2 (8.5–31.2)
p<0.001*
t=5.886

Centre-edge angle 36.32±4.87 36.3 (19.1–51.9) 35.17±4.63 35 (23.2–51.1) 37.39±4.84 37.3 (19.1–51.9)
p<0.001*
t=-5.231

Alpha angle 38.37±5.68 37.7 (20.9–62.1) 38.65±5.69 38 (27.2–61.1) 38.12±5.66 37.2 (20.9–62.1)
p=0.285
z=-1.068

Head-neck offset 10.67±2.17 10.75 (6–37.4) 10.11±1.56 10.3 (6–13.9) 11.2±2.49 11.3 (6.4–37.4)
p<0.001*
z=-6.458

Acetabular anteversion 20.03±3.89 20.4 (8.5–32.1) 20.7±3.69 21.1 (9.9–30.3) 19.42±3.97 19.8 (8.5–32.1)
p<0.001*
z=-4.112

Centre-edge angle 35.88±4.87 35.7 (18.6–57.1) 34.97±4.67 34.8 (21.8–49.2) 36.71±4.91 36.5 (18.6–57.1)
p<0.001*
t=-4.054

Alpha angle 38.53±5.57 37.9 (15.2–63.2) 38.43±5.45 37.8 (15.2–61.1) 38.63±5.68 38.1 (20.9–63.2)
p=0.712
z=-0.369

Head-neck offset 10.57±2.01 10.65 (4.5–37.4) 9.96±1.65 10.2 (4.5–13.9) 11.14±2.14 11.2 (5–37.4)
p<0.001*
z=-9.946

Acetabular anteversion 20.57±3.76 20.7 (8.5–34.1) 21.37±3.57 21.45 (9.9–34.1) 19.83±3.79 20 (8.5–32.1)
p<0.001*
t=6.618

Centre-edge angle 36.1±4.87 36 (18.6–57.1) 35.07±4.65 34.9 (21.8–51.1) 37.05±4.88 37 (18.6–57.1)
p<0.001*
t=-6.558

Mann-Whitney U test, Student’s t-test. *p<0.001.
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Table 3
Comparison of the parameters according to gender.[2]. 

Total Female Male 
Measurements n (%) n (%) n (%) p-value 

Alpha angle >55° 3 (0.6) 0 (0) 3 (1.2) 0.250

Head-neck offset <8 mm 54 (10.8) 42 (17.5) 12 (4.6) <0.001*

Acetabular anteversion <15° 24 (4.8) 4 (1.7) 20 (7.7) 0.002*

Centre-edge >40° 105 (21) 36 (15) 69 (26.5) 0.002*

Alpha angle >55° 7 (1.4) 2 (0.8) 5 (1.9) 0.452

Head-neck offset <8 mm 35 (7) 22 (9.2) 13 (5) 0.068

Acetabular anteversion <15° 57 (11.4) 20 (8.3) 37 (14.2) 0.038

Centre-edge >40° 96 (19.2) 34 (14.2) 62 (23.8) 0.006

Alpha angle >55° 10 (1) 2 (0.4) 8 (1.5) 0.110

Head-neck offset <8 mm 89 (8.9) 64 (13.3) 25 (4.8) <0.001*

Acetabular anteversion <15° 81 (8.1) 24 (5) 57 (11) 0.001*

Centre-edge >40° 201 (20.1) 70 (14.6) 131 (25.2) <0.001*

Pearson chi-square test, Fisher’s exact test. *p<0.001.

Ri
gh

t 
(n

:5
00

)
Le

ft
 (

n:
50

0)
To

ta
l (

n:
10

00
)



of FAIS on conventional radiography-based, CT, and MR
images in large populations.[9,18–20]

The prevalence of FAIS in asymptomatic individuals in
the Turkish population was found to be 29.6%. Polat et
al.[9] reported FAIS at the rate of 30% in Turkish males.
Fukushima et al.[20] concluded that FAIS cases were very
rare in the Japanese population. Frank et al.[21] reported the
prevalence of cam deformity was 37% and the prevalence
of pincer deformity was 67%. Interestingly, there was an
almost 3:1 ratio of cam deformity in the athletic popula-
tion compared with the nonathletic people. 

Laborie et al.[18] reported the prevalence of CD and PD
in males to be 21.5% and 23.4%, respectively. In females,
PD impingement was reported at the rate of 11% by
Laborie et al.[18] and 11.6% by Polat et al.[9] In the current
study, the CD was determined at 16.7% and PD at 83.3%
in females. Gosvig et al.[19] found CD prevalence in males
to be 17%. Polat et al.[9] reported CD prevalence as 30.8%
and PD as 9.3%. In the current study, PD in the male pop-
ulation was determined to be 47.1%, and CD, 52.9%. 

Reichenbach et al.[22] examined CD prevalence in
young males and reported that 24% of the males had CD.
CD impingement is generally seen in young males and PD
impingement in middle-aged females.[8] In studies of
asymptomatic individuals, the CD has been reported at
rates varying between 9% and 25% in males and between
3% and 10% in females.[23] In a by Gosvig et al.[19] CD
impingement morphology was determined in 17% of
males and 4% of females. In a study of the CT images of a
young population, Chakraverty et al.[24] examined FAIS
prevalence and reported MD at the rate of 22%. No cases
of MD were observed in our study. 

Tannenbaum et al.[25] found a higher rate of acetabular
retroversion in women compared to men, similar to our
findings. In another study, alpha angle was found to be
45.6° in females and 48° in males, the acetabular version
angle was 16.8° in females and 16.2° in males, and the cen-
ter-edge angle was 37° in females and 37.4° in males.[14] In
the CT-based study of Jung et al.,[26] the mean alpha angle
was reported as 59.1° in 215 male hip joints and 45.4° in 540
female hip joint. These results demonstrated that CD was
not uncommon in an asymptomatic population group. Jung
et al.[26] revealed the mean alpha angle as 38.6° in men and
38.4° in women. These findings are similar to our findings.

Our study showed that the incidence of FAIS was
2.3%. The mean alpha angle was 37.8° in women and
38.1° in men, and there was no significant difference
between the genders. Head-neck deviation and center-
edge angle values were higher in men, and acetabular
anteversion angles were higher in women. In our study, the
center-edge angle was measured as 35° in women and 37°
in men. As a result, the alpha angle was found to be

extremely low in this study compared to other studies.
Since the pelvis is horizontal during CT measurements, we
think that this will affect the acetabulum version angle. We
believe that in Turkish society, the acetabulum is associat-
ed with more lordosis, especially in women. According to
the results obtained in this study, a slight anteverted posi-
tion was observed in the Turkish population. The inci-
dence of CD in the adult male asymptomatic population
and the incidence of PD in the adult female asymptomatic
population were higher than the rates reported in the liter-
ature. The incidence of pathological acetabular version
angle was higher in women. There was no significant dif-
ference between men and women in terms of alpha angle
measurements. 

Conclusion
In conclusion, our study is one of the most comprehensive
studies conducted in the Turkish population. We think
that the alpha angle is a controversial parameter in the
diagnosis of cam-type deformity. On the other hand,
head-neck offset measurement and median margin angle
were higher in males and higher in females in acetabular
version angles. The fact that our study results differ from
previous CT studies may be due to genetic factors and the
difference at the level of physical activity done during
childhood and adolescence.
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