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Abstract
Background Many studies have confirmed that the size
and location of necrotic lesions are major factors that affect
the prevalence of collapse and prognosis in patients with
osteonecrosis of the femoral head (ONFH). Although
several classification systems categorize and quantify

ONFH, there is no agreement on which one is most useful
for the purpose.
Questions/purposes We compared the Steinberg, modi-
fied Kerboul, and Japanese Investigation Committee (JIC)
classifications of ONFH in terms of (1) the correlation
among the three different classification systems.We further
examined (2) the inter- and intraobserver reliability of the
three classification systems and (3) the association of
higher grades within each classification and the risk of
subsequent collapse.
Methods Between January 2000 and December 2014, we
treated 101 hips in 74 patients for precollapse ONFH, di-
agnosed either on plain radiographs or MRI. Of those, one
patient (1%) died, six patients (8%) were lost to followup,
and two patients (3%) underwent osteotomy before 2 years,
leaving 86 hips in 65 patients (88%) for analysis here. Three-
dimensional spoiled gradient-echo sequence (3D-SPGR)
MRI was performed for all hips, and the presence of ONFH
was determined by finding the area surrounded by the outer
margin of the low-signal-intensity band on 3D-SPGRMRI.
Patients with ONFH were categorized using the Steinberg,
modified Kerboul, and JIC classification systems, and cor-
relations among these three classification systems were in-
vestigated. Inter- and intraobserver reliability was assessed
by 10 orthopaedic surgeons using 40 sets of 3D-SPGR MR
images. The reliability of each system was evaluated using
the kappa coefficient. The cumulative survival rate with
collapse and undergoing hip arthroplasty as the endpoints
was evaluated for each of the three classification systems
(mean followup, 9 years; range, 2–16 years), and the asso-
ciation of higher grades within each classification and the
risk of subsequent collapse were also evaluated.
Results We found strong correlations between the
Steinberg and modified Kerboul classifications (r = 0.83,
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p < 0.001), the Steinberg and JIC classifications (r = 0.77,
p < 0.001), and the modified Kerboul and JIC classi-
fications (r = 0.80, p < 0.001). Interobserver reliability in
the JIC classification (0.72; range, 0.30–0.90) was higher
than that in the Steinberg classification (0.56; range,
0.24–0.84; p < 0.001) and the modified Kerboul classifi-
cation (0.57; range, 0.35–0.80; p < 0.001). The cumulative
survival rate with collapse as the endpoint after a minimum of
2 years of followup in the Steinberg classification differed
between Grades A (82%; 95% confidence interval [CI],
66%–97%) and B (43%; 95% CI, 21.9%–64.8%; p = 0.007),
Grades A andC (20%; 95%CI, 4.3%–35.7%; p < 0.001), and
Grades B and C (p = 0.029). Survival was lower for modified
Kerboul Grade 4 hips (12%; 95% CI, 0%–27.1%) than for
SteinbergGradeC hips (20%; 95%CI, 4.3%–35.7%) and JIC
Type C2 hips (18%; 95% CI, 2.8%–34.0%). The JIC classi-
fication was best able to identify hips at low risk of collapse
because no JIC Type A hips collapsed.
Conclusions The JIC classification was more reliable and
effective, at least for early-stage ONFH, than the Steinberg
or modified Kerboul classifications. Further investigation
might be useful to identify whether each classification
system emphasizes specific risk factors for collapse.
Level of Evidence Level III, diagnostic study.

Introduction

Osteonecrosis of the femoral head (ONFH) causes severe
pain in affected patients, with collapse of the femoral head
often leading to secondary osteoarthritis. The size and lo-
cation of a necrotic lesion are important in determining the
risk of collapse [2, 3, 8, 10, 11, 13, 14, 16, 19, 25-27, 29-33,
36, 38-45, 47], and several classification systems have been
proposed to categorize and quantify ONFH on this basis [2,
3, 8, 10, 11, 16, 19, 23, 26, 33, 40, 42-44]. The Steinberg
classification, initially published in 1984 [42], is based on
lesion volume. Kerboul et al. proposed an angular method
and initially classified hips based on radiographs [16],
which has subsequently been modified to incorporate use
of MRI [11, 19]. Finally, the Japanese Investigation
Committee (JIC) classification is based on the location of
the necrotic lesion [33, 44]. According to a systematic re-
view of the natural history of untreated patients with
asymptomatic ONFH, symptoms or collapse occurred in
394 (59%) of 664 hips, progression to collapse was in-
dicated in 296 (49%) of 598 hips, and small and medially
located necrotic lesions had a good prognosis [27].

However, there is no consensus regarding which of the
classification systems in common use is most effective. In
particular, there are few reports on the relationships among
classifications based on volume, angle, or location [4, 13,
14, 25, 31, 39], and no report of which we are aware
compares the three classification systems in the same

patient group in terms of interobserver reliability or the
association with subsequent collapse of the femoral head.

We therefore compared the Steinberg, modified Ker-
boul, and JIC classifications of ONFH in terms of (1) the
correlation among the three classification systems. We
further examined (2) the inter- and intraobserver re-
liability of the three classification systems and (3) the
association of higher grades within each classification and
the risk of subsequent collapse.

Patients and Methods

This retrospective study was approved by the local ethics
commission. Between January 2000 and December 2014,
we diagnosed ONFH before femoral head collapse in 101
hips in 74 patients. Fifteen hips in nine patients were ex-
cluded as a result of death (two hips in one patient), loss to
followup (11 hips in six patients), or osteotomy within 2
years of diagnosis but before collapse (two patients in two
hips). Therefore, 86 hips in 65 patients were available for
followup at a minimum of 2 years (median, 9 years; range,
2-16 years) (Fig. 1). There were 24 men (30 hips) and 41
women (56 hips) with a mean age of 44.6 years (range,
14–81 years) and a mean body mass index of 21.8 kg/m2

(range, 16–35 kg/m2). ONFH was associated with steroid
therapy in 51 patients (70 hips) and associated with alcohol
abuse in 14 patients (16 hips). Three patients (four hips)
received bisphosphonates after diagnosis of ONFH. All
patients underwent clinical and radiographic examination
with followup at 3- or 6-month intervals for the first 2 years
and annually thereafter. MRI was performed in all patients
using a 1.5-T General Electric superconducting unit (Gen-
eral Electric, Milwaukee, WI, USA). Three-dimensional
spoiled gradient-echo sequence (3D-SPGR) was used in
a coronal planewith a repetition time of 6ms, echo time of 2
ms, a matrix size of 2563 256, slice interval of 1 mm, and
a field of view of 320 mm. All patients were imaged in
a supine position, and the position of hips was unified in
neutral abduction and adduction. The use of 3D-SPGRMRI
is prevalent in musculoskeletal and organ image analyses,
and it has several advantages over spin-echo imaging; these

Fig. 1 This is a flow diagram illustrating patient inclusion.
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include high resolution, a high signal-to-noise ratio, thin
imaging slices, and the ability to reconstitute images as
needed [6, 18, 35]. The necrotic area was determined as the
area surrounded by the outer margin of the low-signal-
intensity band on 3D-SPGR MRI [31, 35].

We investigated the relationships among the Steinberg
classification, modified Kerboul method, and JIC classifi-
cation by comparing the necrotic volume, combined necrotic
angle, and necrotic lesion location. The necrotic volumewas
measured according to the Steinberg classification (GradeA,
< 15%; Grade B, 15%–30%; Grade C, > 30%) using 3D-
SPGR MRI (Fig. 2) [40]. The whole necrotic volume was
calculated by taking a sum of the necrotic area of each slice
and multiplying it by the interslice gaps using an open-

source image processing program (Image J version 1.48;
National Institutes of Health, Bethesda, MD, USA). We
quantified the percent of necrotic volume by dividing the
calculated necrotic volume by the whole femoral head vol-
ume, and we then categorized the Steinberg grade. We cal-
culated the combined necrotic angle based on the modified
Kerboul method and divided it into four categories: Grade 1
(< 200°), Grade 2 (200°–249°), Grade 3 (250°–299°), and
Grade 4 ($ 300°) (Fig. 3) [11]. Three-dimensional-SPGR
MRI Digital Imaging and Communication in Medicine data
were transferred to a personal computer and reconstructed
from the coronal plane to the sagittal plane using computer
software (Virtual Place version 1.163; AZE, Tokyo, Japan).
We calculated the sum of the arc in the midcoronal and

Fig. 2 This is an illustration of the Steinberg grade.

Fig. 3 A-B This is an illustration of the modified Kerboul grade. (A) The necrotic angle is in
the midcoronal image, and (B) the necrotic angle is in the midsagittal image.
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midsagittal images and then categorized the modified Ker-
boul grade. We categorized the location of the necrotic le-
sion at the weightbearing portion using the JIC
classification, which is divided into four types (A, B, C1, and
C2) (Fig. 4) [44]. Morphologic parameters for investigating
the relationships among subdivisions in the three classifi-
cation systems were also measured according to the fol-
lowing descriptions: (1) percentage of the necrotic area in
the midcoronal image (necrotic area/whole femoral head
area in the midcoronal image); (2) percentage of the necrotic
area in the midsagittal image (necrotic area/whole femoral
head area in themidsagittal image); and (3) the percentage of
the largest necrotic area in the coronal image (the largest
necrotic area/whole femoral head area in the midcoronal
image) (Fig. 5). We evaluated correlations among the
measured morphologic parameters.

We followed the methods of Donner and Eliasziw [7] to
evaluate inter- and intraobserver reliability. We chose

a sample size of 40 sets of MR images to validate the
evaluation. Inter- and intraobserver reliability was assessed
by 10 orthopaedic surgeons with at least a 4-week interval
between trials. Of the 10 observers, three were selected
from other centers. Several studies have supported the
validity of the number of necessary cases and observers
[5, 11, 17, 19, 22, 28, 34, 37, 43]. Steinberg grades,
modified Kerboul grades, and JIC types were in-
dependently categorized by each observer. We assessed
the inter- and intraobserver reliability of the three classifi-
cation systems using the kappa coefficient, which served
as a standard for the strength of agreement. Kappa
values were considered poor (< 0), slight (0–0.20), fair
(0.21–0.40), moderate (0.41–0.60), substantial (0.61–0.80),
and almost perfect (0.81–1.00) [21].

We evaluated two types of cumulative survival rates: one
with collapse as the endpoint and the other with undergoing
hip arthroplasty as the endpoint. The cumulative survival rates

Fig. 4 This is an illustration of JIC type. Type A lesions occupy themedial one-third or less of
the weightbearing portion, Type B lesions occupy the medial two-thirds or less, Type C1
and Type C2 lesions both occupymore than the medial two-thirds; however, whereas Type
C2 lesions extend laterally to the acetabular edge and Type C1 lesions do not. The
weightbearing portion (blue dotted lines) is defined as the area lateral to the midvertical
line of the line through the acetabular edge and teardrop bottom (yellow dotted lines).

Fig. 5 This is an illustration of themorphologic parameters that weremeasured in this study.
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were assessed for each of the three classification systems, and
the reliability of categorizations in the three classification
systems with the risk of subsequent collapse was estimated.
The occurrence of collapse was investigated using AP and
lateral radiographs evaluated by two orthopaedic surgeons.
During this study, 39 of 86 hips (45%) collapsed, and themean
time between MRI examination and collapse was 24 months
(range, 1–96 months). Of the 39 hips that collapsed, 28 (72%)
hips collapsed within the initial 24 months. Meanwhile, hip
arthroplasty was performed for 24 of 86 hips (28%; mean, 32
months; range, 3–97 months). All hip arthroplasties were
performed on hips that had previously collapsed. Hip arthro-
plasty was indicated for patients who experienced unbearable,
constant pain associated with collapse that limited their
physical activity andwho expressed a strong desire to undergo
hip arthroplasty to reduce pain and improve activity.

Correlations in the subdivisions among the three classi-
fication systems were compared using Spearman’s rank
correlation coefficient. Correlations of the morphologic
parameters were compared using Spearman’s rank correla-
tion coefficient. The classification systems and the measured
morphologic parameters were set as independent variables
with the remaining parameters set as dependent variables for
evaluating these correlations. Kappa values of interobserver
reliability among the three classification systems were
compared using the Steel-Dwass test. Two types of cumu-
lative survival rates were measured using the Kaplan-Meier
method. The log-rank test was used to compare survival rates
among the subdivisions in each classification system. Power
analysis suggested that 82 hips would be required to achieve
an adequate power of 0.8 for detecting minimum differences
in the prediction of the prevalence of collapse. Results with p
values of < 0.05 were considered to indicate differences or
correlations. All statistical analyses were performed using
SPSS software (version 23; IBM Japan, Tokyo, Japan).

Results

We found strong correlations among the three different
classifications. Our comparisons included subdivisions of

the Steinberg grade and modified Kerboul grade (r = 0.83,
p < 0.001), the Steinberg grade and JIC type (r = 0.77, p <
0.001), and the modified Kerboul grade and JIC type (r =
0.80, p < 0.001) (Table 1). This was also the case when we
compared necrotic area in the midcoronal image and that in
the midsagittal image (r = 0.78, p < 0.001), necrotic area in
the midcoronal image and largest necrotic area in the cor-
onal image (r = 0.78, p < 0.001), and necrotic area in the
midsagittal image and largest necrotic area in the coronal
image (r = 0.84, p < 0.001).

Inter- and intraobserver reliability was best for the JIC
classification. Interobserver reliability was moderate for
the Steinberg classification (mean, 0.56; range, 0.24–0.84)
and modified Kerboul method (mean, 0.57; range,
0.35–0.80) and substantial for the JIC classification (mean,
0.72; range, 0.30–0.90), whereas intraobserver reliability
was substantial for the Steinberg classification (mean, 0.78;
range, 0.66–0.90) and modified Kerboul method (mean,
0.73; range, 0.64–0.84) and nearly perfect for the JIC
classification (mean, 0.88; range, 0.83–0.97). The kappa
values of interobserver reliability for the JIC classification
(mean, 0.72; range, 0.30–0.90) were higher than those for
the Steinberg classification (mean, 0.56; range, 0.24–0.84;
p < 0.001) and modified Kerboul method (mean, 0.57;
range, 0.35–0.80; p < 0.001).

All classification systems had equivalent ability to
identify a risk of collapse or use of THA in their higher
grades. However, the JIC classification was the only
system in which no hip classified as a more favorable
grade collapsed or went on to a THA (Table 2). As the
grades and types of the three classification systems in-
creased in severity, the risk of collapse and hip arthro-
plasty increased. For the Steinberg classification, the
cumulative survival rate with collapse as the endpoint
after a minimum of 2 years of followup differed
between Grades A (82%; 95% confidence interval [CI],
66.0%–97.0%) and B (43%; 95% CI, 21.9%–64.8%; p =
0.007), Grades A and C (20%; 95% CI, 4.3%–35.7%; p <
0.001), and Grades B and C (p = 0.029). The cumulative
survival rate for undergoing hip arthroplasty as the
endpoint was also different between Grades A (93%;
95% CI, 82.9%–100%) and B (65%; 95% CI,

Table 1. Correlations among the subdivisions of the Steinberg classification, modified Kerboul method, and JIC classification

Steinberg grade (hips) Steinberg grade (hips) Modified Kerboul grade (hips)

A B C A B C 1 2 3 4

Modified
Kerboul
grade
(hips)

1 29 5 1 JIC type
(hips)

A 14 1 0 JIC type
(hips)

A 14 0 1 0

2 4 8 2 B 11 4 1 B 15 1 0 0

3 0 13 7 C1 7 17 4 C1 5 12 7 4

4 0 2 15 C2 1 6 20 C2 1 1 12 13

r = 0.83, p < 0.001 r = 0.77, p < 0.001 r = 0.80, p < 0.001

JIC = Japanese Investigation Committee.
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44.4%–85.5%; p = 0.017), Grades A and C (41%; 95% CI,
20.3%–61.2%; p < 0.001), and Grades B and C (p = 0.046)
(Fig. 6). The cumulative survival rate with collapse as the
endpoint was lower for modified Kerboul Grade 4 hips
(12%; 95% CI, 0%–27.1%) than for Steinberg Grade C hips
(20%; 95% CI, 4.3%–35.7%) and JIC Type C2 hips (18%;
95% CI, 2.8%–34.0%) (Fig. 7). The JIC classification was
best able to identify hips at a low risk of collapse because no
JIC Type A hips collapsed, thereby producing cumulative
survival rates of 100% for both endpoints in the JIC Type A
hips (Fig. 8).

Discussion

Although several classification systems categorize and
quantify ONFH, there is no consensus regarding which of
the classification systems in common use is most effective.
In particular, no report of which we are aware compares the
three classification systems in the same patient group in
terms of inter- and intraobserver reliability or the associa-
tion with subsequent collapse of the femoral head. We
found that reliability was best for the JIC classification and
that the JIC classification was the only system in which no
hip classified as a more favorable grade collapsed or went
on to a THA. The JIC classification was more reliable and
effective at least for early-stage ONFH than Steinberg or
Kerboul classifications.

This study had several limitations. First, this study in-
cluded patients with ONFH associated with steroid therapy
and alcohol abuse. The proportion of steroid- and alcohol-
associated ONFH is particular to studies in Asia [9, 15, 46]
and might not be necessarily typical of studies elsewhere.
In addition, patients with sickle cell disease, whose
prognosis is considered poor, are less frequent in Japan
[9, 12, 24]. However, the proportion of patients who sus-
tained femoral head collapse in this study (45%) was
similar to those reported in a systematic review (49%) [27].
We believe that our results probably generalize to other
populations. Second, this study did not evaluate whether
patients with ONFH were initially symptomatic or
asymptomatic. However, it is generally known that when
the femoral head collapses, patients with ONFH become
symptomatic [20]. Furthermore, none of the patients
without collapse underwent hip arthroplasty in this study.
Third, three of 65 patients in this study received
bisphosphonates after a diagnosis of ONFH (Table 3).
However, the effect of bisphosphonates in patients with
ONFH is controversial. A previous study demonstrated
that bisphosphonates improved function and survival in
patients with ONFH [1], whereas a multicenter, random-
ized controlled trial showed that bisphosphonates had no
effect on collapse prevention, disease progression, or hipTa

b
le

2.
Ri
sk

of
co
lla
ps
e
an

d
un

de
rg
oi
ng

hi
p
ar
th
ro
pl
as
ty

fo
r
th
e
St
ei
nb

er
g
cl
as
si
fi
ca
tio

n,
m
od

ifi
ed

Ke
rb
ou

lm
et
ho

d,
an

d
JI
C
cl
as
si
fi
ca
tio

n

V
ar
ia
b
le

St
ei
nb

er
g
cl
as
si
fi
ca
ti
on

M
od

ifi
ed

K
er
b
ou

lm
et
ho

d
JI
C
cl
as
si
fi
ca
ti
on

G
ra
d
e
A

(n
=
33

)
G
ra
d
e
B

(n
=
28

)
G
ra
d
e
C

(n
=
25

)
G
ra
d
e
1

(n
=
35

)
G
ra
d
e
2

(n
=
14

)
G
ra
d
e
3

(n
=
20

)
G
ra
d
e
4

(n
=
17

)
Ty

p
e
A

(n
=
15

)
Ty

p
e
B

(n
=
16

)
Ty

p
e
C
1

(n
=
28

)
Ty

p
e
C
2

(n
=
27

)

C
ol
la
ps
e

#
24

m
on

th
s

2
(6
%
)*
,†

10
(3
0%

)*
,‡

16
(6
4%

)†
,‡

1
(3
%
)*
,†
,‡

3
(2
1%

)*
,§
,||

11
(5
5%

)†
,§

13
(6
4%

)‡
,||

0
(0
%
)*
,†

1
(6
%
)‡
,§

11
(3
9%

)*
,‡

16
(5
9%

)†
,§

#
12

0
m
on

th
s

5
(1
5%

)*
,†

14
(4
2%

)*
,‡

20
(8
0%

)†
,‡

3
(9
%
)*
,†
,‡

7
(5
0%

)*
,§

14
(7
0%

)†
20

(8
8%

)‡
,§

0
(0
%
)*
,†

1
(6
%
)‡
,§

17
(6
1%

)*
,‡

20
(7
8%

)†
,§

H
ip

ar
th
ro
pl
as
ty

#
24

m
on

th
s

1
(3
%
)*

4
(1
2%

)
9
(3
6%

)*
0
(0
%
)*
,†

1
(7
%
)‡

8
(4
0%

)*
,‡

5
(2
9%

)†
0
(0
%
)*

0
(0
%
)†

4
(1
4%

)‡
10

(3
7%

)*
,†
,‡

#
12

0
m
on

th
s

2
(6
%
)*
,†

8
(2
9%

)*
,‡

14
(4
2%

)†
,‡

1
(3
%
)*
,†
,‡

4
(2
9%

)*
11

(5
5%

)†
8
(4
7%

)‡
0
(0
%
)*
,†

0
(0
%
)‡
,§

9
(3
2%

)*
,‡

15
(5
6%

)†
,§

Va
lu
es

ar
e
ex
pr
es
se
d
as

th
e
nu

m
be

r
of

hi
ps

(%
);
di
ff
er
en

ce
s
ar
e
ob

se
rv
ed

am
on

g
sy
m
bo

ls
(*
,
†
,
‡
,
§
,
|| )
in

ea
ch

cl
as
si
fi
ca
tio

n
sy
st
em

;J
IC

=
Ja
pa

ne
se

In
ve
st
ig
at
io
n
C
om

m
itt
ee

.

Volume 476, Number 6 Comparison of ONFH Classifications 1245



arthroplasty compared with a placebo [4]. Fourth, the
individuals evaluating MRIs in our study were not of equal
experience or degree of specialization. However, there was
no difference in the inter- or intraobserver reliability be-
tween subspecialists and others. Finally, this study did not
evaluate the degree or the extent of collapse. Nishii et al.
[30] reported that even if collapse occurs, subsequent
cessation of collapse can be expected in certain patients.
They observed cessation of collapse in patients with small
necrotic lesions occupying less than the medial two-thirds

of the weightbearing portion, and they found that patients
with < 2 mm of collapse could possibly become asymp-
tomatic. Further investigation is necessary to identify the
factor(s) responsible for differences between patients with
progression and cessation of collapse.

This study is the first report to compare the three clas-
sification systems in the same patient group in terms of
inter- and intraobserver reliability and the association with
subsequent collapse of the femoral head. We found strong
correlations among the subdivisions of the three different

Fig. 6 A-B Graph (A) shows the cumulative survival rate with collapse as the endpoint and
graph (B) shows those undergoing hip arthroplasty as the endpoint for Steinberg classi-
fication. (A) Survival rates at 10 years were 82% (95% CI, 66.0%–97.0%) for Grade A, 43%
(95% CI, 21.9%–64.8%) for Grade B, and 20% (95% CI, 4.3%–35.7%) for Grade C; and
differences were observed between Grades A and B (p = 0.007), Grades A and C (p < 0.001),
and Grades B and C (p = 0.029). (B) Survival rates at 10 years were 93% (95% CI,
82.9%–100%) for Grade A, 65% (95% CI, 44.4%–85.5%) for Grade B, and 41% (95% CI,
20.3%–61.2%) for Grade C; and differences were observed between Grades A and B
(p = 0.017), Grades A and C (p < 0.001), and Grades B and C (p = 0.046).

Fig. 7 A-B Graph (A) shows the cumulative survival rate with collapse as the endpoint, and
graph (B) shows those undergoing hip arthroplasty as the endpoint for the modified
Kerboul method. (A) Survival rates at 10 years were 91% (95% CI, 81.0%–100%) for Grade 1,
43% (95%CI, 13.7%–72.0%) for Grade 2, 19% (95%CI, 0%–40.3%) for Grade 3, and 12% (95%
CI, 0%–27.1%) for Grade 4; and differences were observed between Grades 1 and 2 (p =
0.001), Grades 1 and 3 (p < 0.001), Grades 1 and 4 (p < 0.001), and Grades 2 and 4 (p = 0.008).
(B) Survival rates at 10 years were 96% (95% CI, 88.8%–100%) for Grade 1, 68% (95% CI,
41.2%–93.9%) for Grade 2, 35% (95% CI, 9.8%–60.2%) for Grade 3, and 50% (95% CI,
25.2%–75.6%) for Grade 4; and differences were observed between Grades 1 and 2
(p = 0.006), Grades 1 and 3 (p < 0.001), and Grades 1 and 4 (p < 0.001).
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classifications. Steinberg et al. [39] have proposed that
volumetric measurement is more reliable and more accu-
rate than angular measurement; however, they have
reported the correlation between the volumetric and an-
gular methods without evaluating the reliability of these
methods for prognosis. Koo and Kim [19] and Ha et al. [11]
have concluded that the angular methods are more ac-
ceptable for clinical use than the Steinberg classification
based on the necrotic volume because the former methods
are simple and easy to use. They have also indicated that
the angular methods are more accurate in predicting the
occurrence of collapse than methods of measurement in
a single plane. However, they have not compared the an-
gular systems directly with volumetric and locational
classification systems.

No report of which we are aware compares the
three classification systems in the same patient group in
terms of inter- and intraobserver reliability. This study
demonstrated that reliability was best for the JIC

classification. A reliability coefficient of 81.9% for the
Steinberg classification was reported for three in-
dependent observers [43]; however, the volume mea-
surement of ONFH is time-consuming if special software
cannot be used [31, 40]. Although a previous study
demonstrated that the coefficient of variation of estima-
tion in the angular methods was 4.3% for 10 independent
orthopaedic surgeons [11], the other study reported that
the diffuse and patchy case of necrotic lesions was diffi-
cult to calculate necrotic angle [5]. Previous work has
shown that the JIC classification is reproducible with in-
ter- and intraobserver reliability of 82% and 80%, re-
spectively, for MRI on a 1.5-T unit. Moreover, no
difference was observed in the inter- and intraobserver
reliability between 0.5-T and 1.5-T units [28]. The JIC
classification is the simplest method of the three classifi-
cation systems because lesions are categorized with re-
spect to the midcoronal image alone. Therefore, the JIC
classification appears to be the most reliable.

Fig. 8 A-B Graph (A) shows the cumulative survival rate with collapse as the endpoint, and
graph (B) shows those undergoing hip arthroplasty as the endpoint for JIC classification. (A)
Survival rates at 10 years were 100% for Type A, 94% (95% CI, 81.9%–100%) for Type B, 32%
(95% CI, 12.8%–51.9%) for Type C1, and 18% (95% CI, 2.8%–34.0%) for Type C2; and
differences were observed between Types A and C1 (p < 0.001), Types A and C2 (p < 0.001),
Types B and C1 (p = 0.001), and Types B and C2 (p < 0.001). (B) Survival rates at 10 years were
100% for Types A and B, 60% (95% CI, 38.9%–81.0%) for Type C1, and 42% (95% CI,
22.1%–61.2%) for Type C2; and differences were observed between Types A and C1
(p = 0.016), Types A and C2 (p < 0.001), Types B and C1 (p = 0.012), and Types B and C2
(p < 0.001).

Table 3. Characteristics of patients who received bisphosphonates after diagnosis of ONFH

Patient
number Sex

Age
(years)

BMI
(kg/m2) Side Etiology

Steinberg
grade

Modified
Kerboul
grade

JIC
type Collapse

Time of
collapse
(months)

Hip
arthroplasty

Time
of hip
arthroplasty
(months)

1
(Bilateral)

Female 33 24.0 Right Steroid C 4 C2 Yes 17 Yes 28

Left C 4 C2 Yes 1 Yes 17

2 Female 46 23.3 Left Steroid A 1 B No No

3 Female 74 20.9 Right Steroid C 4 C2 Yes 1 Yes 123

ONFH = osteonecrosis of the femoral head; BMI = body mass index; JIC =Japanese Investigation Committee.
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Several studies regarding the JIC classification have in-
dicated that the location of the necrotic lesion relative to the
acetabular weightbearing portion is an important factor for
the association with subsequent collapse [13, 14, 29-33, 36,
38, 45, 47]. Although the size and location of necrotic
lesions are considered independently related factors of col-
lapse, quantitative analysis of necrotic lesion morphology
revealed that the necrotic volume is correlated with the risk
of collapse and that the location of necrotic lesions is an
important prognostic factor of collapse even if the necrotic
volume is small [13, 31]. According to the natural history in
patients with ONFH, but without collapse, using an MRI-
based evaluation, most collapses were observed within the
initial few years [29, 38, 45, 47]; however, other studies have
found that some collapses occurred after long-term followup
(Table 4) [13, 25]. We found that severe grades and types of
hips such as Steinberg Grade C, modified Kerboul Grade 4,
and JIC Type C2 hips had similar collapse appearance times.
However, some Steinberg Grade A and modified Kerboul
Grade 1 hips collapsed during midterm followup, resulting
in hip arthroplasty. The finding that no JIC Type A hips
collapsed can help surgeons evaluate the prognosis and se-
lect treatment for ONFH.

We conclude that the JIC classification was more reliable
and effective at least in early-stage ONFH than the Steinberg
or modified Kerboul classifications. Further investigation
might be useful to identify whether each classification sys-
tem emphasizes specific risk factors for collapse.
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