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Objective: To study the asphericity of the femoral head in femoroacetabular impingement using the radiological
indices alpha angle and triangular index, and correlation with risk factors.

Methods: The study was conducted retrospectively from January 2008 to June 2010 on 50 consecutive patients with
suspected cam type femoroacetabular impingement of the hip who reported to the orthopaedics outpatients department
of the Postgraduate Institute of Medical Education and Research. Ten controls were also used in the study. Radiographs
of the affected hip were taken and then the alpha angle and triangular index were measured and correlated with various
risk factors.

Results: In the anteroposterior view the alpha angle range was from 55° to 106° for the cases and from 54° to 70° for
the controls. In the lateral view the range was from 62° to 104° for the cases and from 54° to 62° for the controls. The mean
alpha angle in the anteroposterior view was measured as 75° � 10° in the cases and 61° � 6° in the controls, and the mean
in the lateral view was 74° � 8° in the cases and 58° � 6° for the controls. The triangular index range in the radiographs
was from 1 to 7 in the cases and from 0 to 1 for the controls. The mean triangular index in the radiographs was 2.9 �

1.2 for the cases and 0.2 � 0.4 for the controls.

Conclusion: There was no significant correlation between the age and gender of the patient and the femoroacetabular
impingement. However, there was significant correlation between the body mass index of the patient and the femoro-
acetabular impingement.
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Introduction

Femoroacetabular impingement is a condition of
abnormal contact, which might arise as a result of either
an abnormal morphological feature involving the proxi-
mal femur and/or the acetabulum. It might occur in
patients with otherwise normal or near normal anatomic
structure of the hip who experience impingement as a
result of subjecting the hip to excessive and supra-
physiological range of movement1,2. Often a combination
of factors might lead to femoroacetabular impingement.

Femoroacetabular impingement as a cause of early
degenerative changes in the hips of young adults has been
recognized and described only recently2–5. There are two
types of femoroacetabular impingement. The first or cam

impingement is caused by an abnormal femoral head with
increasing radius into the acetabulum during forceful
motion, especially flexion5,6. The resulting shear forces
produce outside-in abrasion of the acetabular cartilage
and/or its avulsion from the labrum and the subchondral
bone in a rather constant anterosuperior rim area. Chon-
dral avulsion in turn leads to tear or detachment of the
principally uninvolved labrum. The second or pincer
impingement is the result of linear contact between the
acetabular rim and femoral head-neck junction. The
femoral head might have normal morphological features
and the abutment is the result of acetabular abnormality6.

In the early stage of femoroacetabular impingement,
the anatomical deformity is characterised by an increase
in the radius of the femoral head caused by a slight varus
deformity of the head-neck junction in the anteroposte-
rior plane, combined with a posterior displacement,
resulting in the characteristic hump deformity of the
femoral head-neck junction7,8. Normally the femoral head
is spherical in shape, which can be determined using a
circular template corresponding to the appropriate size of
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the femoral head. However, in the case of early femoroac-
etabular impingement, an anterolateral prominence is
seen at the femoral head-neck junction outside of the
circle that is extended in a convex shape to the base of the
neck. This is called asphericity9,10 (Fig. 1).

In the present study, we aimed to study asphericity of
the femoral head in femoroacetabular impingement
using new radiological indices such as the alpha
angle and triangular index in an Asian population, the
sex and age distribution of femoroacetabular impinge-
ment in an Asian population, and the correlation
between body mass index (BMI) and femoroacetabular
impingement.

Materials and methods

The present study was conducted retrospectively from
January 2008 to June 2010 on 50 consecutive patients
with suspected femoroacetabular impingement of the
hip who reported to the orthopaedics outpatients
department of the Postgraduate Institute of Medical
Education and Research. Ten controls were also used in
the study. The following inclusion and exclusion criteria
applied:

Inclusion criteria
1. Patients with chief complaints of:

(a) groin or buttock pain with walking
(b) restriction of movements.

2. Patients with signs of:
(a) crepitus with movement
(b) decreased range of movement
(c) positive impingement test.

3. Patients with roentgenographic changes of:
(a) bony enlargement
(b) mild to moderate narrowing of hip joint space.

Exclusion criteria
(a) congenital joint abnormality
(b) history of prior trauma
(c) increased erythrocyte sedimentation rate
(d) positive rheumatoid arthritis factor
(e) diffuse involvement of joint in X-ray
(f) positive human leukocyte antigen B27.
Patients for the control were selected from emergency
orthopaedic services of the Postgraduate Institute of
Medical Education and Research, Chandigarh, and
various indices were measured for correlation with respect
to accuracy and cost-effectiveness.

The radiographs were obtained with the patient supine,
positioned with the patellae pointing straight upwards
and feet mounted in holders. The frog leg lateral was taken
with the patient supine, the ipsilateral knee flexed and the
leg abducted so that the sole of the foot contacted the
contralateral leg at the level of the knee; the leg was then
externally rotated while ensuring that the pelvis did not
rotate away from the plane of the table.

The center of the femoral head was identified using
Mose’s circles, which consisted of a transparent sheet of
plastic with concentric circular markings 1 mm apart.
The longitudinal axis of the femoral head was
identified by connecting the center of the femoral head
to the midpoint of the narrowest place on the femoral
neck, which corresponds to bisecting a line drawn from
the tip of the greater trochanter to the apex of the lesser
trochanter.

The alpha angle was measured by drawing a line per-
pendicular to the femoral neck at its narrowest point. A
second line (b) was drawn perpendicular to this point,
bisecting the femoral neck. A best fit circle was drawn,
outlining the femoral head. The (alpha) angle was calcu-
lated as the angle formed between line b and the point
where the femoral head protrudes anterior to the circle
(Fig. 2).

The triangular index (Fig. 3) was calculated as follows:
the length of the natural femoral head radius was marked
laterally along the longitudinal axis of the femoral neck. At
the point half the length of the radius along this axis, the

Figure 1 X-ray film of a 35-year-old man, who complained of hip
pain, showing cam type femoroacetabular impingement.
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perpendicular height to the superior border of the head-
neck junction was measured. From this height the corre-
sponding radius was calculated using pythogram axiom
for right-angled triangles.

The weight and height of the patients were measured to
calculate the BMI. Patients with a BMI greater than 25 was
considered obese. Finally, the indices were correlated with
various risk factors such as age, sex, inheritance and
obesity.

Evaluation of results

The shape of the femoral head was classified as normal
if the femoral head was spherical in both the anteropos-
terior and lateral view. A hip was classified as aspherical
if the head protruded out of a circle drawn around the
head and extended anteriorly in a convex shape to the
base of the neck. Patients were considered to have asphe-
ricity if the alpha angle was greater than 65°, or in the
triangular index, if the resultant radius exceeded the
natural radius of the femoral head by 2 mm on a roent-

genography with 1.2 magnification. Because there was
usually a difference in magnification at the various insti-
tutes or centers, we decided to find the ratios between the
resultant radius and the natural radius to minimize the
error due to magnification.

Results

Among the 60 patients enrolled in the study, 50 were
cases and 10 were controls. For each patient, a roentgen-
ography of the hip joint in both the anteroposterior and
frog leg lateral view were taken.

Age distribution

The patients in the study were aged between 21 and 78
years. The mean age in the control group was 48.9 � 4.6
years and the mean age in the femoroacetabular impinge-
ment group was 52.4 � 13.2 years. The majority of
patients were older and the distribution in the two groups
was similar.

Sex distribution

There were 27 men and 23 women in the cases and the
10 controls had an equal distribution of male and female
patients.

Weight distribution

The height and weight of all patients in the study were
recorded. The BMI was measured. According to interna-

Figure 2 A 42-year-old man with a body mass index of 32 and
positive impingement test, complained of hip pain that was aggra-
vated by walking. A radiograph showed a hump formation. The
alpha angle was estimated to be 90°.

Figure 3 Triangular index of Gosvig et al.15 R is the radius of the
femoral head at the level of the narrowest part of the femoral neck
and R’ is the radius of the femoral head at the level of the hump.
The triangular index is the difference between the R’ and R.
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tional standards, patients with a BMI greater than 25 were
labelled as obese. There were 33 obese and 17 non-obese
patients in the case group and four obese and six non-
obese patients in the control group.

Family distribution

There was no family history of a similar illness in the
cases and controls.

Alpha angle

In the anteroposterior view, the alpha angle range was
from 55° to 106° for the cases and from 54° to 70° for the
controls. In the lateral view the range was from 62° to 104°
for the cases and from 54° to 62° for the controls. The
mean alpha angle in the anteroposterior view was mea-
sured as 75° � 10° in the cases and 61° � 6° in the
controls, and the mean in the lateral view was 74° � 8° in
the cases and 58° � 6° for the controls. In the cases, the
alpha angle in males in the anteroposterior view ranged
from 62° to 104°, whereas in females it ranged from 55° to
106°. The average mean angle in males was 75° � 10°,
whereas in females it was 73° � 9°. In the lateral view the
average alpha angle in males was the same as in the antero-
posterior view with a range from 64° to 104° and the
females also had the same mean as that of the anteropos-
terior view with a range from 62° to 104°. In the antero-
posterior radiograph, patients younger than 50 years had
an alpha angle in the range from 55° to 106° with a mean
of 82° � 22° and patients older than 50 years had a range
from 62° to 88° with a mean of 75° � 13°. In the lateral
radiograph, patients younger than 50 years showed an
alpha angle in the range from 62° to 104° with a mean of
83° � 19° and those older than 50 years showed from 64°
to 90° with a mean of 77° � 13°. In the anteroposterior
radiograph, patients who were not obese (i.e. BMI lesser
than 25) had an alpha angle in the range from 55° to 104°
with a mean of 79° � 24° and those who were obese had
a range from 62° to 104° with a mean of 84° � 22°. In the
lateral roentgenograph, the alpha angle range in non-
obese patients was from 62° to 104° with a mean of 83° �

21°, whereas in obese patients the range was from 70° to
104° with a mean of 87° � 17°.

Triangular index

The triangular index range in the radiographs was from
1 to 7 in the cases and from 0 to 1 for the controls. The
mean triangular index in the radiographs was 2.9 � 1.2
for the cases and 0.2 � 0.4 for the controls. In patients
younger than 50 years the index ranges were from 2 to 6

with a mean of 4 � 2 in the radiographs, whereas in older
patients it ranged from 1 to 7 with a mean of 4 � 3 in the
radiographs. In male patients the index ranged from 1 to
7 with a mean of 4 � 3 in the radiographs. In female
patients it ranged from 1 to 4 with a mean of 2.5 � 1.5 in
the radiographs. In obese patients the index ranged from
1 to 7 with a mean of 4 � 3 in the radiographs and in
non-obese patients the index ranged from 1 to 6 with an
average of 1.5 � 1.

Triangular ratio

Because there were differences in the size of the femoral
head, which might be due to either the difference in the
physical status of the patient or the difference in the dis-
tance between the sources of the X-ray beam to the
patient, we decided to take the ratios between the two
radii. The mean ratio in the anteroposterior radiograph
was 1.12 with a standard deviation of �0.05.

Discussion

Femoroacetabular impingement has been proposed as a
major etiological factor in the development of osteoar-
thritis of the hip11–13. Current knowledge suggests that
early diagnosis and surgery are efficacious in relieving hip
symptoms and enhancing hip function. Efforts continue
to further optimize diagnostic strategies. The initial radio-
graphic evaluation is critical in formulating an accurate
diagnosis. Different radiographic views and imaging tech-
niques have been used to assess deformities of the antero-
lateral femoral head-neck junction10.

In the present study, the alpha angle in the anteropos-
terior view ranged from 55° to 106° for the cases and 54°
to 70° for the controls. In the lateral view the range was
from 62° to 104° for the cases and from 54° to 62° for the
controls. The mean alpha angle in the anteroposterior
view was measured as 75° � 10° in the cases and 61° � 6°
in the controls, and the mean lateral view was 74° � 8° in
the cases and 58° � 6° in the controls. In comparison with
previously published results, Clohisy et al.14 stated that the
mean average alpha angle in the anteroposterior view was
71.5° with a range from 38° to 132° in the cases and 51.2°
with a range from 36° to 94° in the controls, and in the
frog leg lateral view the average was 65.2° with a range
from 38° to 114° in the cases and the mean was 43.7° with
a range from 31° to 76° in the controls.

In the present study, the mean triangular index mea-
sured in the anteroposterior radiographs was 2.9 � 1.2 in
the range from 1 to 7 for the cases and the mean was 0.2 �

0.4 with a range from 0 to 1 for the controls. Gosvig et al.15

had correlated the alpha angle and the triangular index in
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diagnosing the cam type femoroacetabular impingement
and stated that the alpha angle was more variable with
rotation of the femoral head, whereas the triangular index
is not variable within 20° internal rotation and 20° exter-
nal rotation. However, Gosvig et al.15 did not give any
mean or range for the triangular index. Due to the huge
variation in the size of the femoral head, we estimated the
ratios of the radius of the femoral head with the hump
radius.

The triangular ratio was measured in all anteroposte-
rior radiographs, which was a new parameter to be mea-
sured. We found that in the radiographs the mean ratio
was 1.12 with a standard deviation of �0.05 and a range
from 1.06 to 1.29 in the cases and 1.02 � 0.02 with a range
from 1.00 to 1.04 in the controls. It is a very useful param-
eter because it is not altered with the size of the head or the
source-to-film distance. Therefore, with this parameter we
can diagnose a case of femoroacetabular impingement
even with a digital radiograph. To our knowledge, this
parameter has not been described in the literature so far.

Risk factors such as age, sex, weight and inheritance
were correlated with different indices. None of our
patients had a family history of osteoarthritis or femo-
roacetabular impingement. Therefore, there was no cor-
relation between inheritance and femoroacetabular
impingement.

Correlation with age

The P-value ranged from 0.858 to 1.00 for all indices,
and because the P-value was greater than 0.05 there was
no correlation between the age of the patient and femo-
roacetabular impingement. Ito et al.4 studied the femoral
head-neck offset and stated that younger patients had sig-
nificantly smaller mean offset when compared with the
controls, which might lead to femoroacetabular impinge-
ment. Therefore, until now, there has been no study that
correlated femoroacetabular impingement with age.

Correlation with gender

The P-value ranged from 0.693 to 1.00 for all indices,
and because the P-value was greater than 0.05 there was
no significant correlation between gender and femoroac-
etabular impingement. Ito et al.4 studied the femoral
head-neck offset and stated that there was no significant
difference between genders. Therefore, there has been
no study that compared gender with femoroacetabular
impingement.

Correlation with BMI

The P-value ranged from 0.003 to 0.045 in all indices,
and because the P-value was less than 0.05 there was a

significant correlation between BMI and femoroacetabu-
lar impingement. To our knowledge, no study has
reported on the correlation of weight with femoroac-
etabular impingement.

Conclusions

1. There was no significant correlation between the age of
a patient and femoroacetabular impingement.

2. There was no significant correlation between
the gender of a patient and femoroacetabular
impingement.

3. There was significant correlation between the weight of
a patient and femoroacetabular impingement.

4. None of the cases had a family history of similar
problems.
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