
Original Article

Magnetic resonance imaging of avascular
necrosis of the femoral head: predictive
findings of total hip arthroplasty

Matti V€a€an€anen1,2, Osmo Tervonen1,2,3 and
Mika T Nevalainen1,2,3,4

Abstract

Background: Avascular osteonecrosis of the femoral head (AVNFH) is an ischemic condition which despite different

treatments often leads to collapse of the femoral head and to total hip arthroplasty. However, the magnetic resonance

imaging findings predisposing to disease progression and total hip arthroplasty are somewhat elusive.

Purpose: To evaluate the magnetic resonance imaging findings of AVNFH and to assess the patterns of findings which

may predict total hip arthroplasty.

Materials and methods: A retrospective study was conducted with a total of 18 diagnosed AVNFH treated with core

decompression combined with intraosseous stem cell treatment. After treatment, magnetic resonance imaging follow-

ups were done at three-month and one-year follow-up or until total hip arthroplasty. Association Research Circulation

Osseous classification and magnetic resonance imaging findings such as the size and the location of the AVNFH, bone

marrow edema in femoral neck, effusion and subchondral fracture were evaluated.

Results: Hips advancing to total hip arthroplasty have more often bone marrow edema in femoral neck (90% vs. 0%),

adjacent to necrotic lesion (100% vs. 43%) and in acetabulum (90% vs. 14%), but also subchondral fractures (70% vs. 0%),

effusion (80% vs. 29%), and synovitis (80% vs. 14,3%). The greater size and the lateral weight-bearing location of the

necrotic lesion also predicted future total hip arthroplasty.

Conclusion: Hips advancing to total hip arthroplasty have often a combination of pathognomonic AVNFH imaging

findings compared to hips not advancing to total hip arthroplasty.
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Introduction

Avascular osteonecrosis of the femoral head (AVNFH)

is an ischemic condition characterized by local disrup-

tion of intraosseous blood supply affecting predomi-

nantly young and middle-aged adults.1 The annual

incidence rates of AVNFH are rather elusive: it is esti-

mated that in Japan approximately 2500 new cases

arise annually, whereas in the United States the corre-

sponding number is 10,000 to 30,000.2,3 If left

untreated, AVNFH often progresses and often leads

to femoral head collapse, early osteoarthritis, and

total hip arthroplasty (THA) at relatively young age;

in the United States, AVNFH is the underlying cause

in roughly 10% of all THAs.4 Most common predis-

posing factors for osteonecrosis are trauma,

corticosteroids, and alcoholism.1,3,5 The etiology of
the ischemic process of the femoral head is still unclear,
and different and multifactorial etiologies have been
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proposed such as traumatic vascular disruption of the
vascular network of femoral head, intravascular occlu-
sions, and increased intraosseous pressure caused by
fatty infiltration of the bone marrow leading to vascu-
lar compression.6 Beyond the patient history and phys-
ical examination, various imaging techniques are
applied to diagnose AVNFH:7 Conventional radiogra-
phy is usually performed first, followed by magnetic
resonance imaging (MRI), which is the gold standard
of imaging with over 99% sensitivity and specificity for
AVNFH.1,5 As distinguishing the subchondral fracture
on MRI may be challenging, CT scan can provide res-
olution to this issue.8,9 Different pre-collapse treatment
strategies have been suggested including pharmacolog-
ical agents, such as bisphosphonates, but also biophys-
ical and surgical treatments. Surgical treatments
include core decompression with or without mesenchy-
mal stem cell implantation, bone grafts or tantalum
rods, and osteotomy.1,3,5 In post-collapse stage, the
THA is treatment of choice. Although MRI is powerful
imaging tool on AVNFH, the radiologic imaging
appearances predisposing to the progression of the
AVNFH and, ultimately to THA, remain vague.
Thus, the purpose of this study was to characterize
MR imaging patterns leading to disease progression
and subsequent THA.

Material and Methods

Patients

Institutional reviewboardapprovalwasobtainedandthe
requirement for informedconsentwaswaived.This study
was conducted according to the World Medical
Association Declaration of Helsinki. A retrospective
review of 15 consecutive patients (12 males, 3 females)
aged 19 to 69 years (mean 54 years) undergoing MRI
for AVNFH and treatment with core decompression
combined with local intraosseous stem cell therapy
between May 2015 and December 2017 was performed.
Three patients had both hips affected, so in total 18 hips
were included in this study.Accordingly, theMRIstudies
were reviewed by two radiologists with four and six years
of experience: 18 initial MRI studies, 18 three-month
follow-up studies, and 10 one-year follow-up studies
were evaluated. During the follow-up lasting until
November2018,10patients receivedaTHAand1patient
did not have the one-year follow-upMRI performed.

Imaging technique and statistical analysis

All MRI examinations were performed on 1.5 Tesla
MRI scanners (Optima and Signa, General Electric
Medical Systems, Milwaukee, Wisconsin, USA) with
dedicated coils and routine avascular necrosis protocol

including coronal T1- and STIR or T2-weigthed fat-
saturated, axial T2-weighted fat-saturated and sagittal
T1-weighted sequences; additionally, roughly 50% of
the MRI scans included an i.v. contrast coronal T1-
weighted fat-saturated sequence. The size of the
AVNFH lesion was evaluated in T1-weighted coronal
plane (both the greatest length and the depth of the
lesion, and the freehand drawn area), as well as in the
T1-weighted sagittal plane (Fig. 1). The percentage of
the volume of the AVNFH was calculated as follows:
the areas of the necrotic lesion and the femoral head
were freehand drawn from every image in coronal
plane and then the sum of the area of the necrosis
was divided by the sum of the area of femoral head
(Fig. 2). Then, lesions were graded as small (less than
15%), moderate (15–30%), and large (more than 30%).
Location of the necrotic lesion in the femoral head was
estimated. Additionally, the extent of the necrotic
lesion to the weight-bearing area of femoral head was
estimated according to Japanese Investigation
Committee (JIC) guidelines (Type A lesion occupying
medial one-third or less of the weight-bearing portion
of the femoral head, Type B lesion occupying medial
two-thirds, Type C1 and C2 both occupying more than
the two medial two-thirds; Type C2 extending
laterally to the acetabular edge whereas Type C1 does
not) (Fig. 3). Furthermore, double-line sign, bone
marrow edema (BME) adjacent to the AVNFH,
BME at femoral neck, subchondral fracture, effusion
and synovitis in the hip joint, BME at the acetabulum,
and the Association Research Circulation Osseous
(ARCO) stage were collected and graded (Fig. 4).
Initially, the effusion was graded as normal, small/min-
imal, moderate (fluid extending around the femoral
neck), and severe (bulging of joint capsule), and on
the statistical analyses only moderate and severe were
treated as significant effusion. Synovitis was considered
present if synovial enhancement was seen with i.v. con-
trast sequence or if clear synovial hypertrophy was pre-
sent within the joint capsule. Routine anteroposterior
and lateral view hip radiographs were also available on
all patients; on radiographs, the findings suggestive of
AVNFH – crescent sign, femoral head lucency, or dis-
tinct necrotic lesion – were evaluated and applied to the
ARCO classification, which is a four-tiered grading
system for AVNFH: in stage I radiographs are
normal, but either MRI or bone scan is positive; in
stage II radiographs are abnormal (subtle trabecular
bone changes) without any evidence of subchondral
fracture, or femoral head deformity. Accordingly,
MRI findings are characteristic with BME, double-
line sign, and necrotic lesion; in stage III fracture in
the subchondral or necrotic zone is present on radio-
graphs or MRI, but the joint space in still preserved; in
stage IV features of secondary osteoarthritis with
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associated femoral head deformity, acetabular changes,
and joint destruction are present.10

For statistical analyses, paired Student’s T-test was
applied to test statistical significance between the
groups. Statistical software (SPSS Inc., version 24.0,
Chicago, IL) was used for the analysis.

Results

Two groups were formed of the hips advancing and not

advancing to THA. The group advancing to THA con-

sisted of seven hips undergoing THA after three-month

follow-up and three hips undergoing THA after

Fig. 1. Maximal measures and area (yellow lines) of the avascular necrosis of the femoral head (AVNFH) were measured from
coronal (a, c) and sagittal planes in T1-weighed images (b, d). The surrounding edema was not included.

Fig. 2. Avascular necrosis lesion and femoral head (yellow lines) (a, b) were measured from every coronal plane to calculate the
percentage of the volume of the necrosis. Femoral head volume was measured along the epiphyseal line.
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one-year follow-up. From THA the MRI findings were
separately evaluated retrogradely and then combined
forming findings in the two last MRI scans before
THA. Another group (8 hips) which did not advance
to THA had initial, three-month and one-year follow-
up MRI findings evaluated as a control. One ARCO
stage I hip was lost after three-month follow-up for
patient being completely symptomless and subsequent
one-year follow-up MRI was not performed.

Most of the lesion size and area measurements

showed minor growth in both groups, but most statis-
tically significant increases in size were seen in the

group advancing to THA. Also, the size and area meas-

urements of the AVNFH lesion were generally greater

in the group advancing to THA (Table 1). In the group
not advancing to THA the volume of most AVNFH

was less than 15% of the femoral head, whereas in the

group advancing to THA most AVNFH were greater

than 15% (Table 2). There was not apparent difference
in the location of the necrotic lesion. In the group

advancing to THA 70% and in the group not advanc-

ing to THA 75% of the necrotic lesions located in the

central and anterolateral portion of the weight-bearing
femoral head. Instead, the extent of the lesions differed

between the groups. In the group advancing to THA

90% of the AVNFHs extended more laterally than

medial two-thirds of the weight-bearing femoral head
(JIC types C1 and C2). In the group not advancing to

THA the extent to weight-bearing femoral head of the

lesions was more varied (Table 3).

In the group advancing to THA, eventually every
hip had BME adjacent to the AVNFH. Nearly all

(80–90%) had BME in the femoral neck, effusion,

and synovitis. Out of the 10 hips, the presence of

Fig. 3. The extent of the avascular necrosis of the femoral head
(AVNFH) to the weight-bearing region of the femoral head was
evaluated according to Japanese Investigation Committee (JIC)
classification. This shown AVNFH extends to lateral third of the
weight-bearing area representing JIC type C1 lesion.

Fig. 4. The different ARCO stages on coronal T1-weighted (a, c,
e, g) and T2-weighted fat-saturated (b, d, f, h) MR images. The
ARCO I stage avascular necrosis of the femoral head (AVNFH)
shows only subtle bone marrow edema in the subchondral bone
(white arrow) (a, b), while plain radiograph findings are still normal
(not shown). The ARCO II stage AVNFH demonstrates charac-
teristic double-line sign (white arrows) surrounding the lesion (c,
d). Plain radiographs show subtle changes but no findings of sub-
chondral fracture (not shown). The ARCO III stage AVNFH
depicts subchondral fracture i.e. irregularity of the bony contour
(white arrowheads), effusion with synovitis (white arrows) and
bone marrow edema (black arrow) spanning to the neck of the
femur (e, f). The ARCO IV stage AVNFH shows deformity of the
femoral head paired with full-thickness cartilage loss (white
arrowheads), acetabular bone marrow edema (black arrows) and
effusion with synovitis implying secondary osteoarthritis.
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acetabular BME increased from six to nine and the
presence of subchondral fracture from five to seven.
Interestingly, the pathognomonic double-line sign was

seen in 5 hips out of 10 in the second last MRI scan and
it was seen only in three in the last MRI scan before the
hips advanced to THA.

Hips not advancing to THA had at three-month

follow-up increased BME adjacent to necrotic lesion
and in femoral neck, but at one-year follow-up BME
on both regions had decreased. Also, initially the pres-
ence of BME was less common than in hips advancing
to THA. In contrast to hips advancing to THA there
were not any subchondral fractures and almost no ace-
tabular BME. At the initial MRI scan, four out of eight

hips had effusion, and at one-year follow-up only two
of the hips presented effusion. In hips not advancing to
THA, the presence of double-line sign also became
rarer. Table 4 summarizes the MRI findings in both
groups.

ARCO classification was initially more severe and
showed clear progression in hips advancing to THA.
All ARCO stage III and IV hips and total of three stage
II hips eventually underwent THA during the follow-
up. In hips not advancing to THA, the ARCO classi-
fication was less severe and only one hip progressed

from stage I to stage II (Table 5).

Discussion

In this study we show that a cavalcade of typical MRI
findings exists on hips where the AVNFH tends to
progress. Earlier it has been represented that the
band-like pattern is the initial finding of the necrotic
lesion11 and later the developing BME in the femoral
head and neck is associated with the onset of the symp-
toms and considered a marker for potential progression
of the AVNFH and collapse of the femoral head.12

Several studies have also found an association between
the BME and AVNFH – however, it must be noted
that BME is not pathognomonic for AVNFH.13–15

Table 1. AVNFH lesions of hips advancing to THA are generally
larger.

Non-THA group THA group

Initial
12
month

2nd last
MRI

Last
MRI

T1 cor width (mm) 22.4 26.4* 28.2 30.2
T1 cor depth (mm) 13.7 14.9 13.2 13.8
T1 cor area (mm2) 246.7 277.9 265.5 297.5*
T1 sag length (mm) 28.2 27.6 29.1 32.8*
T1 sag depth (mm) 11.4 13.6 12.9 14.3*
T1 sag area (mm2) 248.0 286.0 276.5 347.0*
Volume of femoral

head (%)
17.4 19.5 18.4 21.3*

MRI: magnetic resonance imaging; cor: coronal; sag: sagittal; THA: total

hip arthroplasty.

*Statistically significant change (p<0.05).

Table 2. Volumes of AVNFH in hips advancing and not
advancing to THA.

Non-THA group

(N¼ 8)

THA group

(N¼ 10)

Volume

Small (less than 15%) 6 3

Moderate (15–30%) 0 4

Large (more than 30%) 2 3

THA: total hip arthroplasty.

Table 3. The extent to weight-bearing femoral head of AVNFH
in hips advancing and not advancing to THA (according to JIC
guidelines).

Non-THA group

(N¼ 8)

THA group

(N¼ 10)

Type

A 2 0

B 3 1

C1 and C2 3 9a

THA: total hip arthroplasty.
aOnly one type C2 lesion existed in the study.

Table 4. The prevalence of MRI findings in hips advancing and not advancing to THA.

Non-THA group (N¼ 8) THA group (N¼ 10)

Initial 3 month 12 month (N¼ 7a) 2nd last MRI Last MRI

Double-line sign 7 (87.5%) 6 (75%) 5 (71.4%) 5 (50%) 3 (30%)

BME AVN lesion 3 (37.5%) 5 (62.5%) 3 (42.9%) 9 (90%) 10 (100%)

BME femoral neck 0 2 (25%) 0 9 (90%) 9 (90%)

Subchondral fracture 0 0 0 5 (50%) 7 (70%)

BME acetabulum 0 1 (12.5%) 1 (14.3%) 6 (60%) 9 (90%)

Effusion 4 (50%) 1 (12.5%) 2 (28.6%) 8 (80%) 8 (80%)

Synovitis 1 (12.5%) 1 (12.5%) 1 (14.3%) 9 (90%) 8 (80%)

THA: total hip arthroplasty; MRI: magnetic resonance imaging; BME: bone marrow edema; ARCO: Association Research Circulation Osseous; AVN:

avascular necrosis.
aOne ARCO stage I hip was lost during follow-up for being symptomless and one-year MRI was not done.
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Also, lately it was reported that BME adjacent to
necrotic lesion indicates a subchondral fracture,
which may not be visible on MRI.16 Our study favors
this finding as nearly every hip advancing to THA had
initially BME adjacent to necrotic lesion and 7 out of
10 hips also in the femoral neck. In hips not advancing
to THA, the presence of BME in femoral neck and
adjacent to the AVN lesion was less common.
Initially, subchondral fracture was present in five hips
and during follow-up two new subchondral fractures
became visible. In these five hips and in hips with not
visible subchondral fracture before THA, there were
nearly always BME but also effusion, synovitis and
secondary BME in the acetabulum suggestive of
intra-articular pathology.

Similar with BME, majority of patients with
AVNFH have shown present with a hip effusion.15,17–
19 Iida et al.12 mention that in the presence of BME,
92% of the symptomatic hips also had joint effusion
and most of these hips showed progression of the
AVNFH. In another study it was demonstrated that
BME associates with pain and the effect of BME was
enhanced in the presence of effusion; accordingly, the
findings were most pronounced in ARCO stage III
hips – i.e. in hips with subchondral fractures. In the
same study effusion was seen in 72% of hips with
AVNFH compared to 10% of healthy controls and
effusion was seen most in ARCO stage III disease
(92%) and less in lower stages than in more advanced
necrotic lesions.12 In our study joint effusion was
strongly associated with hips with more advanced
AVNFH lesions as in the group advancing to THA
effusion was seen initially in 80% of the hips.

In our study, AVNFH lesions kept slightly increas-
ing in size. Most size increases were very minor, which
could be included also in measurement bias. However,
most of the statistically significant increases in size were
in the group advancing to THA. According to the pre-
vious literature, the collapse commonly occurs within
two years in 32%–79% of patients having symptomatic
AVNFH,20 and untreated asymptomatic AVNFH
progresses to symptomatic disease or collapse in

approximately 60% during a maximal 20-year follow-
up.21 On MRI, it has been demonstrated that the great-
er size and the weight-bearing location of the AVNFH
is a risk factor for further collapse of the femoral
head.22–24 Our study indicates similar results as hips
advancing to THA had greater mean size and volume
of the AVNFH compared to cases not advancing to
THA. Similarly, the lateral weight-bearing location of
the AVNFH seemed to predict future THA. On the
contrary, medial location of AVNFH seemed to be a
protective factor as none of these hips underwent THA;
similar results were recently suggested by Takashima
et al.25 Previously, Ito et al.26 demonstrated that large
necrotic volume of 30% or more of the femoral head
may predict worsening of hip pain and the BME was
strongly associated with the volume. In our study, 15%
seemed to be the crucial volume of the AVNFH to
predict future THA.

Our study has several limitations. First, the sample
size in our study is too small and follow-up time rather
short to draw solid conclusions. There was not histo-
pathological confirmation of osteonecrosis and diagno-
ses of avascular necrosis were only dependent on
clinical symptoms and specific imaging findings.
There was no sub-grouping of hips according to
known risk factors of AVNFH. Moreover, an isotropic
3D MRI sequence would have been useful to assess the
integrity of the articular surface of the femoral head.
Lastly, on one patient the one-year follow-up MRI
scan was not done for patient being symptomless.

In conclusion, our study suggests hips advancing to
THA have a combination of pathognomonic MRI
findings such as BME adjacent to necrotic lesion and
in femoral neck but also subchondral fracture, effusion,
synovitis, and secondary acetabular edema. Also, the
greater size and the lateral location of the AVNFH
seem to be predictive factors for THA.
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Table 5. ARCO classification of hips advancing and not advancing to THA.

Non-THA group (N¼ 8) THA group (N¼ 10)

ARCO Initial 3 month 12 month (N¼ 7a) Initial 3 month 12 month (N¼ 3b)

Stage I 2 1a 0 2 0 0

Stage II 6 7 7 3 3 1

Stage III 0 0 0 4 4 1

Stage IV 0 0 0 1 3 1

THA: total hip arthroplasty; ARCO: Association Research Circulation Osseous.
aOne ARCO stage I hip was lost during follow-up for being symptomless and one-year MRI was not done.
bSeven hips advanced to THA after 3-month follow-up; two stage II, two stage III and three stage IV hips.
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