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Femoral head osteonecrosis (ON) has a progressive 
and destructive process, and is usually seen between 
the third and fifth decades of life. If not treated 
appropriately, be complete deterioration of the 
hip joint occurs in the future. Femoral head ON is 
more common than in the other parts of the human 
body, due to the greater loading on the joint in a 
standing position. The most common symptom is 
pain, particularly in the affected hip region, groin, 
buttock, and thigh. The most frequently affected 
parts of the hip are the superior section, known as the 
10-12 o’clock position, and the most anterior part of 
the femoral head.[1,2]

The necrosis may result from trauma or 
may develop with no history of trauma.[3] In 
non-traumatic cases, both hips are affected in 
about 40 to 70% of cases.[4] In the literature, the 
known risk factors of ON have been reported to be 
alcoholism, smoking, systemic lupus erythematosus, 
human immunodeficiency virus infection, 
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chronic corticosteroid therapy, diabetes mellitus, 
hemoglobinopathies, myeloproliferative disorders 
(e.g., Gaucher disease, leukemia), coagulation 
disorders, pregnancy-related conditions, Caisson 
disease, chronic renal failure, and hyperlipidemia.[1,5] 
However, it is not possible to identify a specific cause 
in some patients, and these cases are evaluated as 
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idiopathic ON. The radiographic findings of ON 
vary according to the stage of the disease.[6] Magnetic 
resonance imaging (MRI) is the gold-standard imaging 
method for diagnosis, detection, and planning the 
treatment strategy for patients with femoral head ON.

It is well-known that excessive acetabular 
anteversion and retroversion may lead to several 
abnormalities in the hip joint.[7] Several studies have 
shown that acetabular anatomical abnormalities may 
increase intracapsular pressure due to the incomplete 
contact surface between the acetabulum and femoral 
head.[8-10] However, there has not yet been full 
clarification of acetabular morphology variations. In 
the present study, we aimed to investigate whether 
there was any relationship between hip version and 
acetabular coverage in hip ON patients compared to 
healthy individuals. To the best of our knowledge, 
this is the first study in the literature to evaluate the 
anatomic parameters on MRI and X-rays in idiopathic 
ON of the femoral head (only Stage 2).

PATIENTS AND METHODS

This single-center, retrospective study was 
conducted at Eskişehir Osmangazi University, 
Faculty of Medicine, Department of Orthopedics 
and Traumatology between January 2014 and March 
2020. A total of 46 patients (32 males, 14 females; 
mean age: 43 years; range, 18 to 66 years) who 
were diagnosed with unilateral or bilateral ON of 
the hip joint and 44 healthy age- and sex-matched 
controls (30 males, 14 females; mean age: 46 years; 
range, 18 to 79 years) with no signs of ON of 
the hip joint were included. Medical data of the 
patients and controls were retrieved from the 
hospital database. All patients were diagnosed 
from the clinical history, physical examination, 
radiography, and MRI (both radiology and clinical 
database reports). Group 1 consisted of 46 patients 
(79 hips [33 bilateral, 7 right, and 6 left]) with 
Stage 2 (Ficat and Arlet classification)[6] femoral 
head ON, and Group 2 consisted of 44 healthy 
controls (88 hips) who underwent pelvis X-ray 
and MRI for a complaint of the hip joint pain and 
no findings of any hip pathology were detected. 
The etiology of all the ON patients in this study 
was idiopathic. Other possible risk factors for 
ON, such as trauma, corticosteroid use, and 
hematological diseases were excluded from Group 
1. Those having missing X-ray or MRI scans were 
also excluded. The pelvic radiography and MRI 
examinations of Group 2 patients were performed 
in the Department of Radiology of our institution, 
and they were selected consecutively from the 

orthopedic outpatient clinics. Group 2 subjects were 
excluded from the study, if the X-rays or MRI scans 
showed any hip pathology such as ON of the hip 
joint, hip fracture, hip labral lesion, hip dysplasia, 
femoroacetabular impingement, hip osteoarthritis, 
advanced stage coxarthrosis, malignancies of the 
hip joint such as bone tumor (with osteolytic and/or 
osteoblastic lesions), developmental disorders of the 
hip, prosthetic implants and/or internal fixation 
implants. Measurements were taken of the anatomic 
parameters of acetabular version angle (VA), the 
sharp angle (SA), and center-edge angle (CEA) on 
MRI and anteroposterior pelvic radiography of 
the patients and control group. All these angles 
were compared between the two groups and the 
measurements were compared on MRI and X-ray.

Both the pelvic MRI scans and X-rays were 
acquired with the patient lying supine. Using a 
digital radiographic system, the X-rays were taken 
from a tube to film distance of 100 cm, and focus 
of the central beam on the pubic symphysis. All 
the angles assessed in this study were measured 
independently on both MRI and X-ray scans by 
two orthopedic surgeons with an experience of 
more than 15 years in this field. The contralateral 
uninvolved hip, and matched control patient hip 
was measured. The details of angle measurement 
techniques[11] are shown in Figures 1-4. For 
inter-observer reliability, two assessors, who were 
blinded to the measurement values of the other, 
measured each image separately.

A written informed consent was obtained from 
each participant. The study protocol was approved 
by the Eskişehir Osmangazi University, Faculty of 
Medicine Institutional Review Board (17.12.2019/20). 
The study was conducted in accordance with the 
principles of the Declaration of Helsinki.

Statistical analysis

Stat ist ical analysis was performed 
using the IBM SPSS version 22.0 software 
(IBM Corp., Armonk, NY, USA). Descriptive data 
were expressed in mean ± standard deviation 
(SD), median (min-max) or number and frequency, 
where applicable. The distributions of the VAs 
between Group 1 and Group 2 were found to 
be normal by using Shapiro-Wilk normality 
test. Sex distribution was analyzed using the 
chi-square test and age with the Student t-test. 
The intra-rater agreement was evaluated with 
intraclass correlation coefficient (ICC) with 95% 
confidence interval (CI). All the measured angles 
were compared between the two groups with the 
Student t-test. The concordance of all the angles 
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was compared between MRI and X-ray using the 
Pearson correlation test. A p value of <0.05 was 
considered statistically significant.

RESULTS

The angle measurements of the hips in both groups 
are shown in detail in Table I. The VA of hips 
both on MRI and X-ray was statistically significantly 
smaller in Group 1 than Group 2 (p=0.004, p<0.001, 
respectively). The SA of hips both on MRI and X-ray 
was also statistically significantly smaller in the 
ON group than the control group (p=0.001, p=0.036, 
respectively). The CEA of the right-side hip on both 

FIGURE 3. Magnetic resonance imaging coronal image 
(T1 image).
Line 1: Inter-ischial line; Line 2: It is drawn from the inferolateral part of the 
tear drop to the edge of the lateral acetabular sourcil; Line 3: It is vertical 
to the center of the femoral head; Line 4: It is drawn from the center of the 
femoral head to the lateral margin of the acetabular edge; Number 5: A 
circle which best fits on the femoral head. Sharp angle (SA) on magnetic 
resonance imaging (MRI): The angle between Lines 1 and 2. Center-edge 
angle (CEA) on MRI is formed between Lines 3 and 4.

FIGURE 4. Anteroposterior pelvic radiography.
Line 1: It is vertical to the center of the femoral head; Line 2 is drawn from 
the center of the femoral head to the lateral margin of the acetabular rim; 
Number 3: A circle which best fits on the femoral head. Center-edge angle 
(CEA) on pelvic radiography: The angle between Lines 1 and 2.

FIGURE 1. Axial MRI image (T1 image). Version angle on 
MRI is between Lines 2 and 3.
Line 1: Inter-ischial line; Line 2: It is vertical to the Line 1; Line 3: It is 
connecting the anterior and posterior bony edges of the acetabular rim. MRI: 
Magnetic resonance imaging.

FIGURE 2. Anteroposterior pelvic radiography.
Line 1: Inter-ischial line; Line 2: It is drawn from the inferolateral part of the 
tear drop to the margin of the lateral acetabulum; Line 3: Same as Line 2; 
Line 4: It is drawn from the most lateral margin of the acetabulum to the most 
sclerotic part of the posterior lunate fossa of the acetabulum. Version angle 
(VA) on X-ray image: The angle is between Line 3 and Line 4. Sharp angle 
(SA): The angle is between Line 1 and Line 2.

TAbLE I
Acetabular version angle, sharp angle, and center-edge 

angle values of Group 1 and Group 2

Group 1 Group 2

Mean±SD Mean±SD p

Hip MRI-VA 14.9±4.1 17.3±3.9 =0.004
Hip X-ray-VA 14.4±3.1 18.0±3.7 <0.001
Hip MRI-SA 39.0±2.9 41.6±3.9 =0.001
Hip X-ray-SA 38.9±2.8 40.8±4.9 =0.036
Hip MRI-CEA 36.7±6.1 32.0±6.0 <0.001
Hip X-ray-CEA 36.9±7.0 31.5±7.5 =0.001
SD: Standard deviation; MRI: Magnetic resonance imaging; VA: Version 
angle; SA: Sharp angle; CEA: Center-edge angle.
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MRI and X-ray was statistically significantly larger 
in the ON group than the control group (p<0.001, 
p=0.001, respectively).

Demographic details for the groups are presented 
in Table II. The differences in age and sex between 
the groups were not statistically significant (p=0.887, 
p=0.336, respectively).

The ICC was 0.691 (95% CI: 0546-0806, p<0.001) 
in Group 1 and 0.504 (95% CI: 0.266-0.693, p<0.001) 
in Group 2 for all VA measurements between two 
assessors. The details of the ICC values for VA, SA, 
and CEA on both MRI and X-ray are presented 
in Table III. The MRI and radiography CEA, VA, 
and SA measurements were statistically significantly 
correlated (r=0.852, p<0.001; r=0.646, p<0.001; r=0.726, 
p<0.001, respectively). A post-hoc power analysis was 
performed based on the given results in Table I for 
each VA both on MRI and X-ray. The power of this 
study was found to be 82%.

DISCUSSION

Femoral head ON is an increasing health problem 
worldwide. The cause of ON is clearly identifiable 
in patients where bone vasculature, the bone, or 
the marrow are directly damaged.[1,12] However, 
the pathogenesis of ON remains a matter of debate 
in many patients, as there is still a lack of full 
understanding of the development mechanisms 
of this disorder. In addition to known identifiable 
causes of ON, some cases (30%) are defined as 
idiopathic, as the exact pathology cannot be 
determined.[13] Acetabular VA has been blamed for 
many hip problems.[14] The acetabulum anteversion 
angle may slightly increase throughout skeletal 
maturation.[14,15] Reynolds et al.[16] first described 
acetabular retroversion associated with a cross-over 
sign seen on pelvis radiography. Clinical problems 
may result from both increased retroversion and 
anteversion of the acetabulum. Excessive acetabular 
anteversion is a typical feature of acetabular 
dysplasia, and excessive retroversion is known to 
be associated with femoroacetabular impingement 
(pincer type), Perthes’ disease, early coxarthrosis of 
the hip, and even slipped capital femoral epiphysis. 
Salter and periacetabular osteotomies may also 
result in iatrogenic retroversion.[15] However, 
approximately one-third of the population suffering 
from this disease have no clear underlying etiology. 
It can be assumed that some structural anatomic 
acetabular shapes have a direct correlation with 
ON.

For several years, the quantification of acetabular 
version, computed tomography (CT) axial plane 
images are usually used.[7] There has been acceptance 
of CT as the gold-standard method for the 
measurement of acetabular version.[7,17-19] To avoid 
the exposure to radiation of CT scans, MRI has been 

TAbLE III
The ICC values for acetabular version angle, sharp angle, 

and center-edge angle on both MRI and X-ray

ICC 95% CI p

VA on MRI 0.611 0.389-0.753 <0.001

VA on X-ray 0.741 0.593-0.835 <0.001

SA on MRI 0.703 0.532-0.811 <0.001

SA on X-ray 0.773 0.643-0.856 <0.001

CEA on MRI 0.843 0.754-0.900 <0.001

CEA on X-ray 0.891 0.829-0.931 <0.001

ICC: Intraclass correlation coefficient; MRI: Magnetic resonance imaging; 
CI: Confidence interval; VA: Version angle; SA: Sharp angle; CEA: Center-
edge angle.

TAbLE II
Demographic data of the study population

Group 1 (n=46) Group 2 (n=44)

n % Mean±SD n % Mean±SD

Age (year) 43.4±11.8 46.3±16.8

Sex

Males

Females

32

14

69.6

30.4

30

14

68.2

31.8

Right hip 7 15.2 - -

Left hip 6 13 - -

Both hip 33 71.7 44 100

SD: Standard deviation.
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increasingly used, not only for pediatric patients, 
but also for adults. For however, plain radiographs 
are often preferred owing to their cost-effectiveness, 
and they can be obtained more quickly and more 
easily than CT. There is also a high radiation risk for 
patients and higher costs to the healthcare system 
with the use of CT. A number of procedures have 
been described for the measurement of acetabular 
version on anteroposterior radiographs.[7,11] In the 
current study, the measurements were made on MRI 
scans rather than the most commonly used method 
(CT). A recent study showed that zero echo time MRI 
could show similar angular measurement results 
compared to CT images, particularly in detecting 
the bony morphology of the hip joint.[17] Therefore, 
to diagnose femoral head ON and for staging of the 
disease, all three angles were measured on MRI, 
and information was obtained about acetabular 
coverage of the femoral head. However, there cannot 
be a 100 percent guarantee about measurements on 
MRI made from either bony or soft tissue structures 
of the acetabulum. Muhamad et al.[15] showed that 
acetabular version measurements on MRI either 
from the bony acetabulum or labrum were consistent 
with each other. Özçelik et al.[11] also reported a 
statistically significant correlation between X-rays 
and CT measurements of acetabular version. In 
the current study, the three angles were consistent 
with each other on MRI and X-ray, and there was a 
statistically significant correlation between the two 
sets of measurements (r=0.852, p<0.001).

Despite the importance of measuring acetabular 
version at the center of the femoral head, this 
does not fully describe the acetabular morphology. 
For instance, where there is pincer-type femoral 
acetabular impingement, acetabular retroversion 
may be limited to the superior aspect of the joint. 
Several studies have reported that acetabular 
anatomic problems which cause incomplete 
contact surface between the femoral head and the 
acetabulum may increase or alter intracapsular 
pressure of the hip joint.[8,9] Osteonecrosis occurs in 
the anterolateral part of the femoral head. Therefore, 
it can be assumed that ON may be related to the 
increased intra-articular pressure, due to the femoral 
head coverage by both the anterior and lateral parts 
of the acetabulum. Thus, in this study, the three 
angles (VA, SA, CEA) were measured to obtain more 
information about the femoral head coverage. There 
are reports in the literature showing an association 
between less posterior acetabular coverage of the 
femoral head and VA with posterior hip dislocation 
in adolescent cases with a sports-related injury, 
even in the absence of a high-energy mechanisms.[20] 

It was also reported that less acetabular coverage was 
found in idiopathic ON hips. In the aforementioned 
study, lower CEA, AHI (acetabular head index), 
acetabular depth ratio (ADR) and higher SA were 
found, compared to the control group. A study 
of patients from East Asia also showed that less 
acetabular coverage could be associated with the 
development of femoral head ON.[13] In the current 
study, the CEA values were found to be higher and 
the SA values were lower in ON patients, compared 
to the control group, in contrast to the study by 
Zeng et al.[13] Studies using CT and radiographs have 
suggested that malpositioning of the patient directly 
affects measurements of acetabular coverage of the 
femoral head.[11,21,22] Dandachli et al.[23] reported that 
every 5º increase in pelvic anterior tilt resulted in 
a decrease of up to 5º in acetabular anteversion. In 
the current study, special care was taken to avoid 
malpositioning of the patients while obtaining both 
pelvic X-rays and pelvic MRI. Taketa et al.[24] reported 
that, in patients with developmental dysplasia of the 
hip with ON, the CEA did not accurately represent 
acetabular coverage. In contrast, the current study 
showed that the CEA values on both MRI and X-ray 
were higher in ON patients. This can be attributed 
to the collapse of the femoral head having started 
earlier than thought and some part of the femoral 
head having moved deep into the acetabular fossa, 
even in Stage 2 ON patients. Moreover, the lower SA 
value on both MRI and X-ray images showed greater 
acetabular coverage in ON patients, compared to the 
control group.

The ON group in this study only included 
Stage 2 patients, whereas Zeng et al.[13] included 
both Stage 1 and Stage 2 patients. The difference 
in the results could be due to the lack of a 
standardization of the ON patients into one 
specific stage group. The current study results are 
inconsistent with a recent study by Zeng et al.,[13] 
as acetabular coverage in ON patients was found 
to be much greater than in the control individuals. 
A lower VA in the ON group in this study also 
indicates more acetabular coverage of the femoral 
head. At the end of this study, all the measured 
statistically significant angle values indicate early 
deterioration of the femoral head sphericity, and 
greater coverage of the femoral head was observed 
more in patients with ON.

Nonetheless, there were some limitations to 
this study. First, the study has a single-center, 
retrospective design with a relatively small sample 
size. Second, the angles were measured only once; 
therefore, the inter- and intra-observer reliability 
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could have been less than, if the measurements had 
been taken twice.

In conclusion, this is the first study in the 
literature to compare acetabular anatomic angles 
on both MRI and X-ray images in idiopathic Stage 2 
ON patients and healthy individuals. These small 
differences in the angle measurements in this study 
could be the reason for ON of the femoral head in 
patients with unknown etiology. The study results 
show more acetabular coverage in Stage 2 ON 
patients than healthy individuals. Based on these 
findings, we can speculate that subchondral collapse 
of the femoral head begins earlier than usually 
presumed, particularly in Stage 2 ON patients. Low 
VAs and greater coverage of the femoral head may 
be related to anterolateral ON. There is a need for 
further multi-center studies with larger series of 
ON patients to fully clarify these findings and the 
clinical relevance.
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