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Abstract

Introduction: Avascular osteonecrosis of the femoral head (AVNFH) primarily affects young and middle-aged
adults, leading to a disruption in the blood supply to the bone. Many non-invasive diagnostic modalities are
available for detection of avascular necrosis of femoral head, like plain radiography, magnetic resonance
imaging (MRI), computed tomography (CT), skeletal scintigraphy, and single photon emission computed
tomography (SPECT). Magnetic resonance imaging (MRI) has been proved to be a highly accurate method both
for early diagnosis and for staging of the disease.

Materials and Methods: The present study is a hospital based cross sectional study, undertaken to estimate the
role of MRI in evaluation of avascular necrosis of femoral head in the Department of Radiodiagnosis, Agartala
Government Medical College and GB Pant Hospital, Agartala, Tripura.

The study period was 22 months, from May ’23 to Feb’25. A total of 30 such patients were included after
obtaining a consent.

Result: Patient age ranged from 5- 56 years. Out of these 30 patients, 23 patients were males and rest was
females. Most of the patients were of 21-40 years age group, counting 21 (70%). Focal subchondral signal
abnormality was most common MRI finding followed by double line sign. It was observed that majority of
patients had Stage III (Ficat and Arlet) AVN.

Conclusion: Early diagnosis of AVN helps in early intervention and management, which can significantly
improve the prognosis for the patient. MRI is also very useful in staging of avascular necrosis. MRI is the
modality of choice in diagnosing avascular necrosis of femoral head
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Introduction

Avascular osteonecrosis of the femoral head
(AVNFH) also known as osteonecrosis of femoral
head is an ischemic disorder that primarily affects
young and middle-aged adults, leading to a
disruption in the blood supply to the bone. The
annual incidence rates of AVNFH remain
somewhat unclear. [1]

Osteonecrosis can be caused by various factors
such as trauma, steroid use (either systemic or
local), vasculitis, hyperlipidaemia, sickle cell
anaemia, Gaucher’s disease, pancreatitis,
alcoholism, AIDS, radiation, and emboli. In some
cases, the cause is unknown (idiopathic). It's
important to note that osteonecrosis is diagnosed
when bone necrosis occurs without infection or
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cancer.[2] Several staging systems have been
established to assess adult femoral head
osteonecrosis (ON), including the Ficat and Arlet,
Steinberg, and Association Research Circulation
Osseous (ARCO) classifications. These systems
share a common progression, beginning with
radiologically occult disease, advancing to
detectable imaging changes indicative of ON,
followed by femoral head collapse, and ultimately
leading to the development of secondary
osteoarthritis.[3]

Initially, patients are asymptomatic, but in time,
AVN leads to joint destruction, requiring surgical
treatment and, in later stages, total hip replacement.
Many non-invasive diagnostic modalities are
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available for detection of avascular necrosis of
femoral head like conventional radiography,
magnetic resonance imaging (MRI), computed
tomography (CT), skeletal scintigraphy and single
photon emission computed tomography (SPECT).
Except MRI all are having radiation hazards.

Plain radiography is helpful in detection of
flattening of the femoral head and associated
degenerative changes, but it is not much beneficial
for diagnosing and detecting early changes of
avascular necrosis. Plain radiography also cannot
detect changes of subtle bone marrow edema in
AVN.

While computed tomography (CT) has lower
sensitivity, it can detect AVN and assess
subchondral fractures and reactive sclerosis,
especially with multidetector CT (MDCT) with
multiplanar reconstructions. CT is often used in
pelvic exams, making it important for radiologists
to evaluate for AVN, particularly in patients with
systemic illnesses or those on medications that
predispose them to AVN. Magnetic resonance
imaging (MRI) has been proved to be a highly
accurate method both for early diagnosis and for
staging of the disease. [4]

MRI is the most sensitive modality for diagnosing
AVN of femoral head, with a sensitivity of 71-
100% and specificity of 94-100% [5] with
characteristic findings such as low signal intensity
on Tl1-weighting, high signal intensity on T2-
weighting, and the “double line sign.”

This study aims to estimate the role of MRI in
evaluation of avascular necrosis of femoral head.
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Materials and Methods

The present study is a hospital based cross sectional
study, undertaken to estimate the role of MRI in
evaluation of avascular necrosis of femoral head in
the Department of Radiodiagnosis, Agartala
Government Medical College and GB Pant
Hospital, Agartala, Tripura.

The study period was 22 months, from May ’23 to
Feb’25. During the study period, all the cases with
suspected hip pathology who were referred to this
department for MRI of hip joint and in whom the
study was done, were initially identified. The
imaging was done with appropriate imaging
protocol using 3 tesla MRI machine. The Ficat and
Arlet classification of avascular necrosis is
followed to stage the severity of the disease.

Among these population, who were diagnosed as
AVN of femoral head, were included in the present
study. A total of 30 such patients were included
after obtaining a consent.

Statistical Package for the social sciences (SPSS)
software (version- 15) was used for data analysis.

Result

Patient age ranged from 5- 56 years. Out of these
30 patients, 23 (76.7%) patients were males and
rest was females (23.3%). Most of the patients were
of 21-40 years age group, counting 21 (70%),
followed by 7 in 41-60 age group (23.3%) and least
(only 2) were of 5-10 years age group (6.6%). Total
17 cases had bilateral (56.7 %) diseases and rest 13
had unilateral disease (43.3%). Refer table-1
(below).

Table 1: Distribution of gender, age group and laterality of disease.

Parameters Frequency Percent
Gender Male 23 76.7
Female 7 23.3
Age group
5-20 2 6.6
21-40 21 70
41-60 7 233
Laterality Bilateral 17 56.7
Unilateral 13 43.3

It was observed in MRI that all of patients showed focal subchondral signal abnormality (100%) followed by
double line sign (60 %) [Fig- la]. The other findings includes joint space narrowing (43.3 %) [Fig-2], joint
effusion (40 %) [Fig-1b, 3¢ & 3d], subchondral cyst (33.3 %) [Fig-2c] and marrow edema (30 %) [Fig-1b].

Refer table-2 (below).
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Table 2: various MRI finding among the cases of this study population.

MRI Finding Frequency Percent
1 Focal subchondral signal 30 100
2 Bone marrow edema 9 30
3 Subchondral cyst 10 333
4 Subarticular collapse 8 26.6
5 Secondary osteoarthritis 8 26.6
6 Joint effusion 12 40
7 Double line 18 60
8 Subchondral fracture 2 6.7
9 Joint space narrowing 13 43.3

It was observed that majority of patients had Stage III (Ficat and Arlet) AVN (40 %) followed by Stage II (33.3
%). Refer table-3 (below).

Table 3: Distribution of Stage of AVN. (Ficat and Arlet)

Stage of AVN (Ficat & Arlet) Frequency Percent
STAGE-1 1 3.3
STAGE 2 10 33.3
STAGE 3 12 40.0
STAGE 4 6 20.0
STAGE 5 1 3.3
Total 30 100.0

Figure 1a: axial T2WI showing evidence of ill-defined subchondral hyper and hypointense lines seen in
the articular surface of left femoral head- the double line sign. Fig-1b: coronal T2 FS showing features of
bone marrow edema involving left femoral head. Minimal left hip joint effusion is also seen. This is a case

of avascular necrosis of left femoral head (stage II).
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Fig 2a (T1WI1) . Fig 2 b (T2 W | -coronal)

Figure 2: Above figures of MRI sequences in axial and coronal sections shows - Collapse involving the
right femoral head with ( Asterix ) reduced joint space, irregular margins, few osteophytes & cystic
lesions which appear hyperintense in T2 & PDFS involving subchondral region of femoral head &

acetabulum ( Blue arrows ) — a case of stage IV avascular necrosis involving right femoral head.

Fig 3 ¢ (T 2 sag) Fig 3 d (PDFS coronal)

Figure 3: Above MRI figures in axial and coronal sections shows -Evidence of marked irregularity &
sclerosis seen in epiphysis of left femoral head resulting in cortical collapse of head (Asterix ) with T2 &
PDFS hyperintense minimal collection seen in peri & intra articular space( Blue arrows) ...... Suggestive
of stage II1 AVN involving left femoral head.

Discussion hyperintense signal abnormality in corresponding
The role of MRI in the evaluation of AVN of STIR sequences.

femoral head is well established. Normally femoral It is needed to differentiate this condition from
head is hyperintense in T1 in adults. In AVN hip, transient osteoporosis of the hip, which has similar
this signal turns into hypointense in TIWI with a clinical presentation as well as similar bone

marrow signal changes. Transient osteoporosis of
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the hip is a self-limiting condition, but AVN
progresses if left untreated.

The presence of a double-line sign is a very
characteristic feature of AVN, which indicates
central hyperintensity (corresponds to granulation
tissue) with a peripheral hypointense rim
(corresponds to sclerosis). Another characteristic
feature is geographical shape of the lesion bordered
by a double line. The flattening of the femoral
head, crescentic subchondral lucency are the other
features of avascular necrosis of the hip.

The affected surface area of the femoral head
determines the prognosis and further management.
The amount of this affected surface area can be
precisely assessed by MR imaging. If the medial
2/3rd and postero-inferior portion of femoral head
is involved, it indicates a bad prognosis. MR
imaging can also assess the extent of femoral head
collapse and secondary osteoarthritic changes like
marginal osteophyte, joint space narrowing, and
acetabular sclerosis.

MRI is also helpful in monitoring the post
treatment outcome. In postoperative follow-up,
MRI can helps in the assessment of the
revascularization of the bone graft and the
reduction in bone marrow edema.

In our study, out of 30 patients 23 are male and 7
are female with male: female ratio of 3.28:1.
Referred literatures show that male to female ratio
ranges from 2.2: 1 to 5:1 [6, 7]

The mean age of patients in this study is 34.33
years, which is similar to the study conducted by
Kumar et al [8] where the mean age was 35.3 years.

Most of the cases in our study belong to the age
group of 2140 years which is also comparable to
the study conducted by Kakaria et al [9]

Bilateral involvement(56.7 %) is more common
than unilateral involvement(43.3%) in our study
which is almost similar to the study by Chaudhari
et al [7], where bilateral & unilateral involvement
were 70% & 30% respectively.

Most common MRI finding in this study is focal
subchondral signal abnormality (100%) which is
similar to Dahiphale et al [10] where it was also
present in 100% cases. Double line sign is seen in
60% cases in this study. Previous literatures show
that frequency of this sign ranges from 41.6 % to
75%. [6, 10]. Joint effusion is seen among 40%
cases, which is almost same as the observation by
Choudhary et al, where they found it in 39.4%
cases [6]. 33.3% cases have subchondral cyst in
this study- almost similar finding (31.8%) was
noted by Choudhary et al. [6].

Though higher figure, ranging from 43.75% to
66.7% were observed in multiple earlier studies [6,
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7, 10], in this study bone marrow edema is seen in
30% cases.

We have observed secondary osteoarthritic changes
in 26.6% cases, which is consistent to the finding
by Hameed et al [11] where they also observed in
26% cases. Total 6.7% of subchondral fracture
were seen in this study- although higher number
(23%) were reported by Hameed et al [11].

Majority of patients of this study have Stage III
(Ficat and Arlet) AVN (40 %) followed by Stage II
(33.3 %), Stage IV (20%) & Stage I (3.3%). This
finding is almost similar to the study by Choudhary
et al [6], where the frequency of stage III was
39.4%, followed by stage II (30.4%), Stage IV
(22.7%) & Stage I (7.5%).

Here we have observed that stage III & Stage IV
disease is more common in 21-40 years age group,
which is similar to the study by Sarker et al [12],
where they also found that Stage-IIl & Stage -1V
were more in 21-40 age group.

To determine the occurrence of bone marrow
edema and joint effusion and their relationship to
pain in patients with osteonecrosis of the femoral
head, in a study of 71 patients, Huang et al
observed that bone marrow edema occurred in 72%
of stage III disease. They also observed effusions
of a grade greater than or equal to 2 were seen most
often in stage III disease (92%). Our study differs
from their study in this regard. Among the cases of
stage III disease (12), we observed that bone
marrow edema is present in 3 cases (25%) and joint
effusion in 6 cases (50%). From the later finding,
we can infer that joint effusion has a peak
occurrence in Stage I1I disease. Difference could be
due to the sample selection criteria, large sample
size (71 cases) and separate aim of their study. [13]

Conclusion

Early diagnosis of AVN helps in early intervention
and management, which can significantly improve
the prognosis for the patient. MR imaging is
helpful in early diagnosis of avascular necrosis of
femoral head, which is not possible in conventional
radiography or CT scan. In assessing the extent of
osseous, chondral involvement & depicting bone
marrow edema, MRI has significant role. MRI is
also very useful in staging of avascular necrosis.
MRI is the modality of choice in diagnosing
avascular necrosis of femoral head.
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