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Abstract

Purpose This study aimed to identify factors related to collapse progression in Japanese Investigation Committee classifica-
tion type B osteonecrosis of the femoral head (ONFH) and to identify patients who would benefit from surgical treatment.
Methods This study included 41 patients (56 hips) with type B ONFH with a minimum follow-up of three years. Based on
a>3 mm collapse progression in ONFH, we categorised patients into two groups: collapse progression and no collapse pro-
gression. Sagittal and coronal computed tomography images were used to measure the necrotic region relative to the intact
femoral head diameter. The ratios of the necrotic regions of transverse and vertical diameter in coronal and sagittal images
are defined as mediolateral transverse and mediolateral vertical, anteroposterior transverse and anteroposterior vertical,
respectively. Demographic data and these imaging findings were compared between the two groups. We established a cut-off
value for predicting collapse progression through receiver operating characteristic analysis and determined survival rates.
Results Type B ONFH had a 17.8% collapse progression rate. The mediolateral transverse, mediolateral vertical, anter-
oposterior transverse, and anteroposterior vertical were significantly higher in the collapse progression group (P <0.01).
Mediolateral transverse was an independent risk factor of collapse progression (hazard ratio, 1.27; 95% confidence interval,
1.03-1.57; P=0.03), with an optimal cut-off of 45.6%. The 5-year survival rates with collapse progression as the endpoints
were 57.0 and 94.9% in the mediolateral transverse of >45.6 and <45.6%, respectively.

Conclusion A mediolateral transverse of >45.6% predicts collapse progression in patients with type B ONFH.

Keywords Osteonecrosis of the femoral head - Joint-preserving procedure - Collapse progression - Prognosis - Mediolateral
transverse

Introduction Consequently, joint-preserving procedures are also consid-

ered for younger patients with ONFH, and favourable treat-

Osteonecrosis of the femoral head (ONFH) is a rare disease
characterized by ischaemic necrosis of the femoral head
[1, 2]. ONFH progression to collapse of the femoral head
is associated with worsening pain and affects the patients’
activities of daily living and quality of life [3]. Total hip
arthroplasty (THA) is the most common treatment for
patients with ONFH, with favourable long-term outcomes
[4, 5]. However, ONFH is more common in younger
patients; long-term implant preservation can be challeng-
ing in these patients, who may require THA revision [6].
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ment outcomes have been reported when joint-preserving
surgery is performed before ONFH progresses to femoral
head collapse [7-11].

Previous reports have considered the size of the necrotic
region as an important factor in ONFH collapse [12—14].
The Japanese Investigation Committee (JIC) classifies
ONFH based on the relationship between the weight-bearing
portion of the acetabulum and the lateral boundary of the
necrotic region on anteroposterior (AP) radiographs (Fig. 1)
[15, 16]. The femoral head collapse rates vary by classifica-
tion type and have been reported as follows: type A, 0-9%;
type B, 13-29%; and type C, 26-75% [17-19]. As type C
has a high femoral head collapse rate, joint-preserving pro-
cedures should be performed early when indicated before the
femoral collapse. Type B has a lower collapse rate, and it
remains unclear whether intervention is necessary for these

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s00264-024-06221-5&domain=pdf
http://orcid.org/0000-0002-8823-3532

2034

International Orthopaedics (2024) 48:2033-2040

Fig. 1 The classification of the Japanese Investigation Committee of
Health and Welfare (A) Type A regions occupy the medial third or
less of the weight-bearing portion. (B) Type B regions occupy the

patients. It is essential to identify necrotic features of type B
ONFH related to femoral head collapse to determine which
patients should undergo early intervention.

In recent years, various reports have emphasised the
importance of three-dimensional assessments in evaluating
the volume of necrotic regions in ONFH or using plain lat-
eral radiographs to assess the progression of femoral head
collapse [20-22]. Therefore, this study aimed to use imag-
ing of the necrotic region to assess the factors contributing
to femoral head collapse in patients with type B ONFH and
develop criteria that predict collapse progression.

In this study, we addressed the following questions: (1)
What imaging parameters are associated with femoral head
collapse in patients with type B ONFH? (2) Is there a cut-off
value in image evaluation that predicts collapse progression
and therefore can aid in selecting the treatment strategy?

Materials and methods
Patients

We retrospectively reviewed the data of 335 patients diag-
nosed with ONFH at our hospital between January 2010
and December 2020. Among these, 48 were categorised as
type B based on both plain radiographs and magnetic reso-
nance imaging (MRI), according to the JIC Classification
System [15, 16]. Necrotic regions were classified on AP
radiographs based on the positional relationship between
the weight-bearing portion of the acetabulum and the lateral
boundary of the necrotic region, with type B regions occupy-
ing the medial one- to two-thirds of the weight-bearing por-
tion. We excluded patients with a history of hip injuries and
conservative follow-up periods of less than three years from
the onset of hip pain. The final study population comprised
41 patients (56 hips) (Fig. 2). A previous study reported that
hip joint function can be preserved even with conservative
treatment in ONFH patients with collapse cessation <3 mm
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medial two-thirds or less of the weight-bearing portion. (C) Type C
regions occupy more than the medial two-thirds of the weight-bear-
ing portion

ONFH patients
N =335

Excluded (N = 287)
Type A/C1/C2 ONFH patients N =287

Type B ONFH patients
N =48

Excluded (N=7)
+ follow-up periods < 3 years N =3
* Insufficient data N =3
* previous history of hip injury N=1

Study population
N =41 (56 hips)

Fig.2 Patient flow chart

[23]. Therefore, based on a> 3-mm collapse progression in
ONFH, we categorised these patients into two groups: the
collapse progression and the no collapse progression group.
Written informed consent was obtained from all patients,
and the study was approved by our Ethics Committee and
conducted in accordance with the principles outlined in the
Declaration of Helsinki.

Data collection

Demographic and clinical data, including age, sex, body
mass index (BMI), aetiology of OFNH, and follow-up
period were collected retrospectively from medical records.
All patients underwent radiography, computed tomography
(CT), and MRI of the hip joint at the onset of hip pain. We
diagnosed ONFH using radiography and MRI and applied
the JIC classification. The extent of necrosis in the femoral
head was determined using CT.
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Radiological assessment

During each radiographic assessment, the extent of femo-
ral head collapse was determined from AP radiographs.
We measured the distance between an estimated circle
that best fitted each femoral head and the deepest point of
collapse along the line passing through the centre of the
femoral head, with measurements recorded to 0.01 mm
[24]. The maximum depth observed on the AP and lateral
radiographs was used to calculate the extent of femoral
head collapse. In this study, collapse progression was
defined as the appearance of sphericity loss and its con-
tinuous worsening, with a progression of >3 mm in col-
lapse depth from the onset of hip pain.

CT was performed at the onset of hip pain in each
patient. CT scans were performed with a 1 mm slice
thickness, and multiplanar reconstruction was performed
to reconstruct the images. Necrotic regions were character-
ised by band-like sclerosis. Sagittal and coronal CT scans
were used to measure the maximum transverse and verti-
cal diameters of the necrotic region at the centre of the
femoral head. These measurements were compared with
the diameter of the intact femoral head to determine the
ratio. Most cases did not exhibit femoral head collapse
during the initial visit, and we defined the femoral head
diameter of the ONFH side in CT slices at the centre of the
femoral head as the intact femoral head size. As shown in
Fig. 3, the ratios of the necrotic regions in the coronal and
sagittal planes were calculated as (a-ii)/(a-i), (a-iv)/(a-iii),
(b-ii)/(b-1), and (b-iv)/(b-iii) for the mediolateral (ML)
transverse, ML vertical, AP transverse, and AP vertical,
respectively. Nam et al. evaluated necrotic volumes using
coronal and sagittal images of the centre of the femoral
head [20]. The volumes were calculated using the ratios
previously described, determined by ML transverse X AP
transverse X 100.

Fig.3 (a) Coronal image at the
centre of the femoral head. (b)
Sagittal image at the centre of
the femoral head. (i) maximum
diameter of the femoral head (ii)
maximum transverse diameter
of the necrotic region (iii) maxi-
mum diameter of the femoral
head (iv) maximum vertical
diameter of the necrotic region

All imaging findings were assessed separately by two
orthopaedic surgeons. Intra- and inter-observer reliabilities
were assessed using intraclass correlation coefficients.

Statistical analysis

Differences between groups were assessed using the Stu-
dent's #-test for normally distributed continuous variables.
The Chi-squared test was used to compare categorical vari-
ables. The Cox proportional hazards model was used to
identify risk factors for femoral head collapse in patients
with JIC type B ONFH. A receiver operating characteristic
(ROC) curve was generated, and the area under the curve
(AUCQ), sensitivity, and specificity of each factor were calcu-
lated. Kaplan—Meier survival curves were generated with the
occurrence of collapse progression (>3 mm) as the endpoint
and analysed using the log-rank test. All statistical analyses
were performed using EZR software version 1.38 (64-bit).
P <0.05 was considered indicative of statistical significance
[25].

Results

Table 1 presents the demographic and clinical charac-
teristics of the study population. The mean age of the
patients in the overall cohort was 38.7 years, and 21
patients (51.2%) were male. The aetiology of ONFH was
alcohol-induced in six cases (14.6%), idiopathic oste-
onecrosis in four cases (9.8%), and steroid-induced in 31
cases (75.6%). In the collapse progression group, there
were ten hips and three males (30.0%), and in the no col-
lapse progression group, there were 46 hips and 22 males
(47.8%). The prevalence of collapse progression of >3
mm in the study cohort was 17.8%, while the prevalence
of collapse progression characterised by a loss of femoral

(b)
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Table 1 The demographics of patients with type B osteonecrosis of
the femoral head

n=41

Age (year), (SD) 38.7 (12.8)
Sex, n, (%) Woman 20 (48.8)

Man 21(51.2)
Body mass index, mean, (kg/mz), (SD) 21.8 (3.2)
Height, (cm), (SD) 164.7 (8.4)
Weight, (kg), (SD) 59.4 (10.9)
Aetiology, n, (%) Alcohol 6 (14.6)

ION 4(9.8)

Steroid 31 (75.6)
Follow-up period (month), (SD) 77.0 (64.6)

SD: standard deviation, /ON: idiopathic osteonecrosis

head sphericity of <3 mm was 8.9%. No significant dif-
ferences were observed between the two groups regarding
age, sex, BMI, or ONFH aetiology. A significant difference
was observed in the ML transverse (31.3+16.0% in the no
collapse progression group vs. 49.9+8.3% in the collapse
progression group; P = 0.001), ML vertical (29.0+19.5%
in the no collapse progression group vs. 54.6+22.3% in
the collapse progression group; P = 0.001), AP transverse

(39.4+21.1% in the no collapse progression group vs.
69.4+16.8% in the collapse progression group; P < 0.001),
AP vertical (36.7+17.6% in the no collapse progression
group vs. 60.4+22.3% in the collapse progression group;
P = 0.002), and necrotic volume (13.4+12.2 in the no
collapse progression group vs. 37.0+11.9 in the collapse
progression group; P < 0.001) (Table 2).

Variables including age, sex, BMI, ML transverse, ML
vertical, and AP transverse were entered into the Cox pro-
portional hazards model; only ML transverse (hazard ratio,
1.27; 95% confidence interval [CI], 1.03—-1.57; P=0.03)
was an independent risk factor for the collapse of the fem-
oral head in patients with JIC type B ONFH (Table 3).
The ROC analysis showed that the optimal cut-off value
for the ML transverse to predict femoral head collapse in
type B ONFH was 45.6% (sensitivity, 0.800; specificity,
0.804; AUC, 0.857) (Fig. 4). The Kaplan—Meier survival
curves, with the endpoint defined as the occurrence of col-
lapse progression of >3 mm, showed a significant differ-
ence in the survival rate between ML transverse <45.6%
and >45.6% (P <0.001) (Fig. 5). The 5-year survival rate
was 94.9% (95% CI, 81.0-98.7%) %, and 57.0% (95% CI,
30.1-76.9%). Representative cases are shown in Figs. 6
and 7, where ML transverse was < 45.6% and >45.6%,
respectively.

Table 2 Demographics of

. . . no collapse collapse progres-  ICC(2,1) P Value
patients with and .w1th0ut progression group  sion group (n=10)
collapse progression (n=46)
Age (year), (SD) 36.9 (11.7) 44.0 (13.7) 0.10a
Sex, n, (%)
Man 22 (47.8) 3 (30.0) 0.49b
‘Woman 24 (52.2) 7 (70.0)
Body mass index, (kg/mz), (SD) 21.9 2.9) 21.0 “4.2) 0.47a
Aetiology, n, (%)
Alcohol 5 (10.9) 2 (20.0) 0.53b
ION 6.5) 1 (10.0)
Steroid 38 (82.6) 7 (70.0)
Diameter ratio (%), (SD)
ML transverse 31.3 (16.0) 49.9 (8.3) 0.001a
ML vertical 29.0 (19.5) 54.6 (22.3) 0.001a
AP transverse 394 (21.1) 69.4 (16.8) <0.001a
AP vertical 36.7 (17.6) 60.4 (22.3) 0.002a
Necrotic lesion diameter (mm), (SD)
Transverse (Coronal) 18.0 9.5) 31.8 9.1) 0.84 0.001a
Vertical (Coronal) 12.7 (8.3) 24.1 9.9) 0.78 <0.001a
Transverse (Sagittal) 14.3 (7.3) 23.2 3.7 0.82 0.001a
Vertical (Sagittal) 16.3 (7.8) 27.5 (10.4) 0.75 0.001a
Necrotic Volume, (SD) 13.4 (12.2) 37.0 (11.9) 0.80 <0.001a
Femoral head diameter (mm), (SD) 45.7 3.8) 46.6 4.5) 0.82 0.49a

SD: standard deviation, JON: idiopathic osteonecrosis, ML: mediolateral, AP: anterolateral, a: Student's

t-test, b: Chi-squared test
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Table 3 The results of Cox proportional hazards model

HR (95% CI) P Value
Age 1.05 (0.97-1.14) 0.23
Woman 5.27 (0.51-53.89) 0.16
Body mass index 0.85 (0.65-1.13) 0.27
ML transverse 1.27 (1.03-1.57) 0.03
ML vertical 1.00 (0.94-1.07) 0.88
AP transverse 0.96 (0.89-1.03) 0.28

HR: hazard ratio, CI: confidence interval, ML: mediolateral, AP:
anteroposterior

08 7 0.456 (0.804, 0.800)
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Fig.4 Receiver operating characteristic curve plotted from the data
of each group. An ML transverse of 45.6% is the most sensitive for
predicting collapse progression in ONFH. ML, mediolateral; ONFH,
osteonecrosis of the femoral head

Discussion

In this study, we evaluated the progression rate of femoral
head collapse and the factors that contributed to this col-
lapse by analysing the imaging findings of necrotic regions
in patients with JIC type B ONFH and investigated the cri-
teria for predicting femoral head collapse. Over a follow-
up period of more than three years, the progression rate of
femoral head collapse in patients with type B ONFH was
17.8%. The ML transverse, ML vertical, and AP trans-
verse, calculated from imaging the necrotic regions, were
associated with femoral head collapse, and the ML trans-
verse was an independent risk factor for femoral head col-
lapse. The optimal cut-off value was 45.6%, and patients

1.0_ —i—Ll--. TR T T 1 1 . ]

- —— ML transverse < 45.6%

ML transverse > 45.6%

Probability of Survival
=
n
|

0.0-

| ! I ! I b
0 100 200
Time point (months)

Fig.5 Kaplan—Meier curves showing the progression of collapse,
with a threshold of >3 mm as the endpoint, in cases where the ML
transverse is<45.6% (black line) and>45.6% (dotted line). ML,
mediolateral

with an ML transverse < 45.6% had a significantly higher
survival rate than those with an ML transverse >45.6%,
with femoral head collapse as the endpoint.

A systematic review of 16 papers focusing on ONFH
revealed that in radiographic images, small-sized necrotic
regions (<25%) had a 7% progression rate, medium-sized
regions (25-50%) had a 25% progression rate, and large-
sized regions (>50%) had an 84% progression rate. This
indicates a correlation between the extent of femoral head
necrosis and the progression of femoral head collapse [19].
Recent reports have also shown that the extent of anterior
necrotic regions on lateral radiographs is associated with
a higher risk of femoral head collapse [21, 22]. Addition-
ally, necrotic volume (an index obtained by multiplying the
ratio of the coronal necrotic region and the sagittal necrotic
region at the centre of the femoral head on MRI) has been
identified as a significant prognostic factor [20]. There-
fore, the evaluation of lateral radiographs (to measure AP
necrotic regions) in addition to AP radiographs (to measure
ML necrotic regions) is crucial. In this study, we used the
transverse and vertical diameters of the necrotic regions at
the centre of the femoral head in coronal and sagittal CT
images as a simple indicator of the extent of the ML (coronal
images) and AP (sagittal images) necrotic regions. In our
study, the ML transverse, ML vertical, and AP transverse
necrotic regions were associated with femoral head collapse,
even in type B ONFH with its low collapse rate. These were
considered important indicators to assess the potential for
femoral head collapse. Following adjustments for age, BMI,
and sex, only ML transverse remained an independent risk
factor for femoral head collapse. ML necrotic regions have
previously been shown to be particularly important in femo-
ral head collapse, with a study suggesting that the lateral
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Fig.6 (a) Radiograph showing the symptomatic right ONFH of a
37-year-old woman at the first visit. (b) T1 MRI, coronal section. (c)
CT, coronal section, showing 53.7% (>45.6%) of ML transverse and
73.4% of ML vertical. (d) CT, sagittal section, showing 82.5% of AP
transverse and 73.6% of AP vertical. (e) Radiograph showing collapse

progression (>3 mm) of the right ONFH 1.5 years after the first visit.
ONFH, osteonecrosis of the femoral head; MRI, magnetic resonance
imaging; CT, computed tomography; ML, mediolateral; AP, anter-
oposterior

Fig.7 (a) Radiograph showing symptomatic right ONFH of a
32-year-old woman at the first visit. (b) T1 MRI, coronal section.
(¢) CT, coronal section, showing 34.7% (<45.6%) of ML transverse
and 68.4% of ML vertical. (d) CT, sagittal section, showing 30.3%
of AP transverse and 51.8% of AP vertical. (e) Radiograph showing

pillar of the femoral head plays a crucial role in preventing
femoral head collapse in ONFH [26]. This is consistent with
the results of our study.

Joint-preserving procedures for type B ONFH often
involve core decompression or curved intertrochanteric
varus osteotomy (CVO), depending on the size of the
necrotic region. Core decompression has been reported
to have a strong preventive effect against femoral head
collapse, particularly in early-stage cases (Ficat stage I)
[27, 28]. Furthermore, a ten year survival rate of 91.0% to
91.8% has been reported for CVO when using the surgical
procedure as the endpoint, indicating favourable treatment
outcomes [8, 9, 29]. Both procedures require intervention
before femoral head collapse occurs. However, owing to
the lower collapse rate in patients with type B ONFH, it is
crucial to select appropriate candidates for these joint-pre-
serving procedures. In this study, the optimal cut-off value
for ML transverse to predict femoral head collapse in type
B ONFH was 45.6%. In 2021, the Association Research
Circulation Osseous (ARCO) introduced a novel CT-based
classification for early-stage ONFH [30], where necrotic
regions are classified into three types: types 1 and 2 at
the centre of the femoral head and types 2 and 3 extend-
ing laterally to the acetabular edge. They reported femoral
head collapse rates of 0%, 29%, and 58% for types 1, 2,
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no collapse progression of the right ONFH 3 years after the first visit.
ONFH, osteonecrosis of the femoral head; MRI, magnetic resonance
imaging; CT, computed tomography; ML, mediolateral; AP, anter-
oposterior

and 3, respectively. The 45.6% cut-off value in this study is
equivalent to, and supports, the novel ARCO classification.
The survival rate with collapse as the endpoint was signifi-
cantly higher in cases with the ML transverse < 45.6% than
in those with the ML transverse > 45.6%. Therefore, the
results of this study may offer valuable criteria for assess-
ing surgical indications for type B ONFH and predicting
patient prognosis.

This study has several limitations. First, this was a retro-
spective study with a relatively small sample size of 56 hips.
Expanding the patient cohort could enhance the statistical
power of the results. Additionally, the relatively short mean
follow-up period in this study raises the possibility that fur-
ther progression of collapse or osteoarthritic changes could
occur in the natural history of the condition.

In conclusion, the ML transverse was identified as an
independent risk factor for femoral head collapse in patients
with JIC type B ONFH. Setting the cut-off value of the ML
transverse at 45.6% may provide an effective criterion for
determining the need for surgical treatment of type B ONFH.
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