
Measurement Changes Used for Femoroacetabular 
Impingement Diagnosis in Hip Pain

Address for correspondence: Halime Cevik Cenkeri, MD. Okan Universitesi Tip Fakultesi Hastanesi, Radyoloji Klinigi, İstanbul, Turkey
Phone: +90 533 225 48 16 E-mail: hlm.cvk@hotmail.com

Submitted Date: September 21, 2019 Accepted Date: January 14, 2020 Available Online Date: March 18, 2020
©Copyright 2020 by Eurasian Journal of Medicine and Investigation - Available online at www.ejmi.org
OPEN ACCESS  This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License.

Acetabulum consists of ilium, iskum and pubis. The de-
lays in the development or damage to any of these 

bones lead to deformaties.[1] Acetabular impingement, due 
to global or focal overlay of acetabulum on the femoral 
head is the most commonly encountered one (5%) among 
joint deformities. In cases with idiopathic osteoarthritis, the 
rate of acetabular retroversion is 20%. FAI (femoroacetabu-
lar impingement) and acetabular retroversion cause labrum 
damage, cartilage lesions and subsequent osteoarthritis if 
left untreated. Therefore, chronic hip pain that is not caused 
by arthritis is becoming increasingly important.[2]

Parameters used in the assessment of hip dysplasia on 
Pelvis anterior posterior (AP) radiograph are; centre-edge 
angle (CEA), the acetabular angle (AA) with acetabulum in-
clination in the frontal plane, the acetabular index defined 
by Tönnis for the inclination of the acetabulum roof, and 
the acetabulum head index, which is the percentage of the 
acetabulum covering the femur head.[3]

Magnetic Resonance Imaging (MRI) facilitates the differen-
tial diagnosis of persistent pain, since it gives information 
on the hip soft tissues such as labrum, tendon, and bursa. 
In young cases, the possibility that the etiology of hip pain 
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is of soft tissue origin, is higher. For this reason, it is possi-
ble to achieve rapid and early diagnosis with MRI without 
exposing the pelvis to radiation by radiographs, in young 
patients with persistent hip pain.

In our study, it was aimed to determine the mean values of 
the hip angles defined in direct radiographs of the Turkish 
patients in hip MRI examinations, the presence of variance 
between the genders, and to demonstrate whether there is 
a difference in angle values between the painless and the 
painful sides of the same case.

Methods
The study was initiated with 97 cases younger than 60 
years of age and having MRI due to hip pain, retrospec-
tively, April-June 2016. The cases with Tönnis grade 2 and 
above osteoarthritis, lumbar fusion, hip surgery, and scans 
which were not suitable for evaluation were excluded. One 
patient with a partial hip prosthesis and a lumbar spondy-
lolisthesis operation, one patient with scoliosis and three 
patient with a scan that is not suitable for evaluation were 
excluded from the study and 91 cases, 182 hips were evalu-
ated. The study was approved by the Fatih Sultan Mehmet 
Training and Research Hospital Research Ethics Board.

Pelvic AP radiograph can be taken in standing or lying po-
sition. Correct pelvic AP radiograph should be in standing 
position, neutral pelvic tilt and rotation according to the 
definition of Tannast et al.[5] Tönnis criteria were used in the 
evaluation of osteoarthritis on pelvis radiograph.[3]

Acetabular inclination (Acetabular Angle, Sharp angle, AA) 
is the angle between the line drawn between the sclerotic 
corner of the acetabulum in the inferior aspect of the ace-
tabulum and the sclerotic corner of the acetabulum lateral 
aspect of acetabulum in the AP graph of the pelvis; and the 
horizontal line.[4]

Acetabular depth (AD) is used to assess the relation of ace-
tabular ceiling to femur head according to ilioiskial line on 
AP pelvis graph. If the medial corner of the femur head is in 
the medial region of the ilioiskial line, it is called protrusio, 
if it is not, it is called profundo. There is a risk in terms of FAI 
in both cases.[4]

The Tönnis angle (T-angle) measures the relationship be-
tween the acetabulum gradient and the weight bearing 
surface. The angle is between the medial and lateral corner 
of the acetabulum and the horizontal line. The downside is 
that it is affected by rotation and inclination of the pelvis.[5–7]

The alpha angle (AF) is the angle between the line drawn 
from the center of the femur neck to the center of the fe-
mur head and the line drawn from the center of the femur 
head to the point where the femur head sphericity deteri-

orates in the anterior direction. AF, increases with FAI, and 
as the value of alpha angle increases, the rate of damage to 
cartilage and labrum increases. AF does not correlate with 
age[8] (Fig. 1).

The collodiaphyseal angle (CDA) is the angle between the 
femur neck and its body. In adults, it is normally 120-130° 
and it decreases with weight increased on the joint[9] (Fig. 2).

All patients were scanned with a 1.5 Tesla MR device (Gen-
eral Electric, WI, USA) and with superficial coilled straps. Pa-
tients were placed in the device, lying on their back, with 
adequate internal rotation of the feet and legs parallel to 
each other. Bilateral crista ilia anterior superior and femur 
proximal metaphyseal diaphysis region were included in 
the study. The images taken on the coronal and axial plane 
were taken into consideration. The imaging protocol was 
performed with axial plane T1 (TR: 740, TE: 8.6-25.7) and 
T2 fat sat (TR: 4564, TE: 85), coronal plane T1 (TR: 401, TE: 
8.6-25.7), STIR: 4765, TE: 42 TI: 150) (cross sectional thick-
ness:4mm, spacing: 1 mm, FOV: 32-35 cm and NEX: 2). 
Sagittal plane PD (TR: 2000, TE: 30) (cross-sectional thick-
ness 4 mm, spacing 0.5 mm, FOV: 28 cm) was added when 
deemed necessary in some cases.

Figure 1. Alpha angle measurement in T1 MR examination in axial plane.
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In MRI, on coronal plane; CDA, AA, T-angle and in axial 
plane, AD, ante-version angle (AnA), PA (protrusio acetabu-
li), and AF were measured.
Hip MRI scans were evaluated as double blind by two ra-
diologists with at least 10 years of experience.

Statistics
SPSS (Statistical Package for Social Sciences) version 15.0 
for Windows (SPSS Inc., Chicago, IL) was used for statisti-
cal evaluations. It was assessed whether the data exhibited 
normal distribution according to Kolmogorov-Smirnov and 
Shapiro-Wilk and whether it can be subjected to paramet-
ric tests. Although the data do not show a normal distribu-
tion, since the Skewness and Curtosis values are within ± 2, 
it was concluded that parametric tests can be used.
A paired sample T-test was used to compare bilateral hip 
measurements of the patients with unilateral and bilater-
al pain. Independent sample T-test was used to compare 
the angle measurements of hips according to gender and 
right/left hip of patients with bilateral hip pain and the 
measurements of right or left hip, in those who have pain 
only on one side.

Results
In our study, 91 cases, 61 women and 30 men, were includ-

ed. Of the cases, 28 (8 males, 20 females) felt pain in the 
right hip and 26 (6 males and 20 females) felt pain in the 
left hip, totally 54 (14 males, 40 females) felt pain in one hip 
only and 37 (16 males and 21 females) complained of pain 
on both hips. The average age is 54.6±16.54years (21-60) 
for women, 47.1±21.33 (9-60) years for men and 52.2±18.42 
(9-60) years in general.

In MRI, mean CDA±SD is 131.9±4.57° (120-148.7), mean 
AA±SD is 35.9±2.66° (33.7-39.9), mean T-angle±SD is 
9.1±1.94° (8-11.9), mean AD±SD is 21±3.08 mm (12.8-
29.4), mean PA±SD is (-4.9±2.91) mm [(-12)-(-8.1)], mean 
AnA angle±SD is 17.9±9.57° (8.4-37), mean AF angle ±SD 
is 50±6.95° (37-54). There was no statistically significant dif-
ference between the measurements of the two radiologists 
except for the alpha angle.

Mean CDA angle for women is 131.3±3.95°; mean AA is 
35.7±3.19°; mean T-angle is 8±1.45°; in axial plane, mean 
AD is 20.6±2.36 mm; mean AnA is 18.0±3.19°; mean AF is 
49.4±0.56°, mean PA is (-4.8)±2.58 mm.

CDA angle in males is 133.2±0.61°; mean AA is 36,4±4.49°; 
mean T-angle is 8.6±0.32°, mean AD is 21.7±0.49 mm; mean 
AnA is 17.6±2.13°; mean AF is 51.1±1.07°, and the mean PA 
is (-5.0)±0.39 mm (Fig. 3).

When we look at the genders, CDA, T and AD values were 
statistically significantly lower in women (p<0.05).

In 54 cases with unilateral hip pain, there was no statistical-
ly significant difference in the angle measurements of the 
painful and painless hips were compared.

In cases with pain complaints on both sides; there was no 
statistically significant difference between the two sides 
when we compared the right and left hip measurements.

When angle measurements were compared between pain-
ful and painless hips, only CDA increased statistically sig-
nificantly in the group with pain (p<0.05) (Table 1).

Figure 2. Collo-diaphyseal angle measurement in T1 MR examination 
in coronal plane.
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Figure 3. Mean hip measurements in men and women.
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When the right hip angle measurements of the patients 
with bilateral hip pain were compared with the right hip 
of those with complaint of pain only on the right hip, AnA 
was found to be statistically significantly higher in those 
patients with unilateral pain (p<0.05).

When the left hip angle measurements of the cases with 
bilateral pain were compared with the left hip angle mea-
surements of the cases with pain on their left hip only, no 
statistically significant difference was observed.

In the right hip angle measurements, CDA and AF values 
were found to be statistically significantly higher (p<0.05) 
in the group with pain than the group without pain.

In left hip angle measurements, when the patients with 
pain and without pain were compared, no statistically sig-
nificant difference was observed.

Discussion
Hip angle measurements are defined on the direct radi-
ography. Direct radiographs are usually taken in standing 
position, while hip MRI are performed in lying position. In a 
study comparing Computerized tomography (CT) in lying 
position and pelvic radiographs in standing position, there 
was no significant difference between two shots, in cross-
over, ischial spine and posterior wall findings.[10, 11] In anoth-
er study, it was observed that crossover and ischial spine 
findings were reduced in the horizontal position, when 
pelvis AP radiographs taken in the standing and lying po-
sitions were compared. CEA does not change depending 
on the position.[10] In a study comparing Dunn 45° and 90° 
direct X-rays, axial oblique MRI and alpha angle measure-
ments at CT, there was no significant difference between 
values in other modalities except Dunn 45° radiography. 
Dunn 45° was found to have higher alpha angle than the 
others.[12]

In our study, one of our aims was to determine the average 
of the measurements used in the routine assessment of FAI 
in routine hip MRI scans in Turkish patients. Mean angle 
measurements in women were 131.3° for CDA; 35.7° for AA; 

8° for T, 20.6 mm for AD, 18.0° for AnA; 49.4° for AF, (-4.8) 
mm for PA. In the case of men, mean angle measurements 
were 133.2° for CDA; 36.4° for AA; 8.6° for T, 21.7 mm for 
AD; 17.6° for AnA; 51.1° for the AF, and (-5.0) mm for the PA. 
When we look at gender, CDA, T and AD values were found 
to be lower in women.

The majority of CDA-related studies report average value 
without specifying gender discrimination. In the study, in 
which CDA and anteversion were evaluated by pelvic ra-
diographs, it was reported that when genders were com-
pared, no significant difference between the groups was 
observed in terms of CDA. However, a significant correla-
tion between femur length and CDA is reported in women. 
In the same study, the mean value of anteversion was high-
er in females than males, and both genders, it was found to 
be higher in the right side than in the left side.[9]

Similary, in a study conducted on healthy young individ-
uals in Turkish patients by direct radiography, the average 
value of Sharp angle in males was 37.9±2.5° and in females 
it was 38.5±2.1°. Although, the difference between the 
genders was significant.[13]

In another study comparing CEA and acetabular angle in 
two hips in Turkish patients, the CEA angle was found to be 
higher at the left and the acetabular angle was higher at 
the right. Although both angle values were higher in males 
than females, the difference was not statistically significant. 
It was also found that the CEA angle increased with increas-
ing weight and acetabular angle decreased with age.[14]

Preoperative axial MRI and direct radiographic examina-
tions of adolescent FAI cases were evaluated. No significant 
difference was found between genders in terms of T- an-
gles and CEA. However, it has been demonstrated that AF 
is higher in males.[8]

There are studies in the literature that show an increase in 
AF in cases with high BMI. In the same study, it was stated 
that the acetabular morphology did not change depend-
ing on BMI.[15]

Hip joint morphology may vary in different ethnic groups 

Table 1. Measurements on painful and painless hip

	 Collodiaphyseal	 Acetabular	 Tönnis	 Acetabular	 Protrusio acetabuli	 Alpha 
	 angle (0)	 angle (0)	 angle (0)	 depth (mm)	 (mm)	 angle (0) 
	 Mean (±SD)	 Mean (±SD)	 Mean (±SD)	 Mean (±SD)	 Mean (±SD)	 Mean (±SD)

Right painless	 131.06±0.61	 21.39±0.39	 7.37±0.28	 21.16±0.37	 -5.02±0.44	 50.25±1.02
Left painless	 131.71±0.57	 21.10±0.37	 7.22±0.24	 20.80±0.38	 -4.62±0.35	 51.42±1.01
Right hip pain	 131.93±1.26	 21.55±1.08	 8.39±0.75	 21.16±0.37	 -5.73±0.88	 50.25±1.02
Left hip pain	 132.34±1.08	 21.18±1.03	 7.70±0.60	 24.76±0.79	 -5.13±0.65	 53.30±2.13
Bilateral hip pain	 132.83±0.80	 20.67±0.42	 7.20±0. .32	 21.39±0.56	 -5.34±0.43	 48.91±1.05

SD: Standard deviation.
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and populations.[16–19] The normal values of radiographic 
measurements used in the evaluation of adult hip dyspla-
sia in Turkish population have been reported by Özçelik et 
al.[20] When CEA angle was evaluated in terms of right-left 
and gender, different interpretations of different popula-
tions were encountered.[14, 16, 20]

In a study conducted on volunteers, the minimum range 
of joint space, CEA, acetabular depth-to-width ratio (ADR) 
and acetabular head index (AHI) were measured. Joint 
width, CEA, ADR, and AHI measurements were found to be 
associated with hip pain.[21]

Sagittal spinopelvic angle and acetabulum angle were 
compared with radiographs in asymptomatic adolescents. 
There was no correlation between CEA and T-angle and 
sagittal spinopelvic angle. However, the increase in pelvic 
tilt and lumbar lordosis does not cause an increase in AA.[7]

In our study, in cases with pain on both sides, no significant 
difference was found between the sides. When the left hip 
angle measurements of the left side of the patients with 
bilateral pain and the left hip of the patients with pain only 
on the left side were compared, no statistically significant 
difference was observed. When the right hip angle mea-
surements of the patients with bilateral hip pain were com-
pared with those of the right one who felt pain only on the 
right side, AnA was found to be higher in the group with 
unilateral pain complaints. This was thought to be second-
ary to the acetabulum adaptation to optimally grasp the 
femoral head, due to pain.

In a study by Watarai et al., where acetabulum was assessed 
three-dimensionally by CT for various reasons, complete 
peripheral bone extension was found to be rare but if there 
was, it was generally bilateral and accompanied a very 
small proportion of pain.[22]

In the follow-up patients with pathologic CEA between the 
ages of 13 and 60, it was observed that they developed 
osteoarthritis within 4 to 28 years.[2, 23] Another study of 
20-year follow-up of cases with a CEA value of less than 20 
showed that osteoarthritis developed.[2, 24]

In a study consisting of athletes with a restriction of hip 
joint motion (internal rotation <10 degrees) and a control 
group, the progressive degenerative changes in young ath-
letes were observed to be more than the control group, in 
their five year MRI and direct radiography follow-up.[25]

In a two-year follow-up of cases with CEA>40 degrees and 
profunda acetabuli, when the group in which acetabulum 
covered the femur head normally, was compared with the 
group in which it covered excessively, it was demonstrated 
that the group with excessive covering was likely to devel-
op labral tears and pain.[26] 

In a study evaluating acetabular rim cartilage in cases with 
Tönnis grade 0 and 1 coxarthrosis, cartilage damage was 
detected in 70.3% of 152 cases. The fact that the Tegner ac-
tivity scale is greater than 6 times increases the risk of car-
tilage damage, as the alpha angle is more than 55 degrees 
and the complaints are 20 months or longer.[27]

Femur head-neck offset reduction and cam deformity are 
common in developmental hip dysplasia.[28] In acetabu-
lar FAI cases, there are studies showing that cartilage and 
labral damage increased and the range of motion de-
creased as the anterior offset and alpha angle of the head 
and neck increased.[29]

There are many studies in the literature indicating that 
some selected hip measurements show inter and intraob-
server variation.[4, 30–35]

In a study evaluating FAI-like features in CT, FAI-like features 
were seen at a high frequency in a young asymptomatic 
population. Accordingly, it has been reported that the cut 
off values for defining the morphological abnormalities as-
sociated with FAI may be set too low in the current litera-
ture. In the same study, it was concluded that axial plane AF 
measurements could be more accurate than axial oblique 
plane.[36]

In a study by Wynne-Davies, associates the difference in 
CEA angle between the right and left hip with the differ-
ence in load on the hips.[37]

The limitation of our study is the fact that it is retrospective. 
For this reason, routine hip examinations of the cases were 
taken into consideration. Labrum evaluation is not optimal. 
Lack of long-term follow-up is our other limitation. Previous 
researches in the Turkish patients have usually been made 
on direct radiography. In the Turkish patients, these mea-
surements have never been performed on MRI. This is the 
advantage of our study. In addition, the cases in the previ-
ous studies belong to the young population. In our study, 
the fact that our case group consists of a wide range of age 
and different age groups, has the advantage of giving an 
idea about the general population. This is the advantage 
of our study.

Conclusions
In our study, which has a wide range of age in our society, 
the incidence of CDA, T and AD was found to be lower in 
women than in men. The angle of the CDA was higher in 
painful hips than painless hips. AnA was higher in cases 
with unilateral pain on the right side, than those with bilat-
eral pain. CDA and AF values increased in cases with pain 
on the right side, compared to those without pain on the 
right side. We think that this is due to the fact that acetab-
ulum changes its grasp of the femur head due to pain. The 
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fact that the measurements on the right side differ signifi-
cantly from the left, may depend on the weight applied on 
the hip. 

CDA and acetabular anteversion increase in patients with 
chronic hip pain. For these reason chronic pain may lay the 
ground for joint limitation. However, further studies are 
needed to demonstrate long-term follow-up and its asso-
ciation with labrum injury.
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