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PREDICTION OF COLLAPSE IN
FEMORAL HEAD OSTEONECROSIS: A
MoDIFIED KERBOUL METHOD WITH

USE OF MAGNETIC RESONANCE IMAGES

BY YONG-CHAN HA, MD, WOON HWA JUNG, MD, JANG-RAK KiM, MD,
NAK HOON SEONG, MD, SHIN-YOON KiM, MD, AND KYUNG-HoI Koo, MD

Background: The hypothesis that the combined necrotic angle measurement from magnetic resonance imaging
scans predicts the subsequent risk of collapse in hips with femoral head necrosis was tested.

Methods: Thirty-seven hips with early stage osteonecrosis in thirty-three consecutive patients were investigated.
With use of the modified method of Kerboul et al., we measured the arc of the femoral surface involved by necrosis
on a midcoronal as well as a midsagittal magnetic resonance image (rather than an anteroposterior and a lateral ra-
diograph) and then calculated the sum of the angles. On the basis of the magnitude of the resulting combined angle,
hips were classified into four categories: grade 1 (<200°), grade 2 (200° to 249°), grade 3 (250° to 299°), and grade
4 (=300°). After the initial evaluations, the hips were randomly assigned to a core decompression group or a nonop-
erative group. Patients underwent regular follow-up until femoral head collapse or for a minimum of five years.

Results: Seven grade-4 hips and sixteen grade-3 hips had development of femoral head collapse by thirty-six
months. Six of the nine grade-2 hips and none of the five grade-1 hips collapsed (log-rank test, p < 0.01). None of the
four hips with a combined necrotic angle of <190° (the low-risk group) collapsed, all twenty-five hips with a combined
necrotic angle of >240° (the high-risk group) collapsed, and four (50%) of the eight hips with a combined necrotic an-
gle between 190° and 240° (the moderate-risk group) collapsed during the study period.

Conclusions: The Kerboul combined necrotic angle, as ascertained with use of magnetic resonance imaging scans
instead of radiographs, is a good method to assess future collapse in hips with femoral head osteonecrosis.

Level of Evidence: Prognostic Level |. See Instructions to Authors on jbjs.org for a complete description of levels of

evidence.

steonecrosis of the femoral head is a debilitating dis-
O ease that usually leads to degenerative arthritis of the

hip. The collapse of the femoral head is affected by the
location and extent of the necrotic lesion'®. Various methods
have been proposed to quantify or categorize the extent of
osteonecrosis*'®. The ideal clinical evaluation method to deter-
mine the extent of necrosis should be simple and easy to use
with regard to performing measurements, should be based on
magnetic resonance imaging, and should evaluate necrotic ex-
tent in the coronal as well as the sagittal plane. It should also be
reproducible within and between observers and should success-
fully predict the progression of early stage osteonecrosis.

In 1974, Kerboul et al. developed a simple and easy
method of measuring the extent of necrosis in early stage os-
teonecrosis of the femoral head that involved measuring the
arc of the femoral surface involved by necrosis on an antero-
posterior as well as a lateral radiograph and then calculating
the sum of the two angles’.

Magnetic resonance images have been found to be more
accurate than radiographs in evaluating the size of osteone-
crotic lesions'*. The extent of necrosis should be measured in
the coronal as well as the sagittal plane because the measure-
ment in the coronal plane alone is not accurate in quantifying
the extent of necrosis or in predicting further collapse of the
femoral head.

In the present study, the necrotic angles were measured
on midcoronal and midsagittal magnetic resonance imaging
scans instead of radiographs. The hypothesis tested was that
the sum of the necrotic angles that had been measured on the
initial magnetic resonance images would predict the subse-
quent risk of collapse of the femoral head.

Materials and Methods

Between June 1990 and June 1992, thirty-seven femoral
heads in thirty-three consecutive patients who showed

definite findings for osteonecrosis of the femoral head but no
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evidence of collapse on plain radiographs and/or magnetic
resonance images” (Ficat stages I, IIA, and IIB*) were enrolled
into this prospective study protocol. There were thirty-one
men (thirty-four hips) and two women (three hips) with an
average age of forty-seven years (range, eighteen to sixty-eight
years). Associated conditions or factors for osteonecrosis in-
cluded alcohol abuse in twenty-eight patients (thirty-one
hips) and a history of high-dose corticosteroid use in three pa-
tients (four hips). The remaining two patients (two hips) had
no identifiable risk factor. There were twenty-two hips with
Ficat stage-I osteonecrosis, eleven with stage-IIA osteonecro-
sis, and four with stage-IIB osteonecrosis. The initial examina-
tion included clinical evaluation, radiographs, and magnetic
resonance imaging scans.

The clinical evaluation was conducted according to the
method of Merle d’Aubigné et al.”. The plain radiographs in-
cluded standard anteroposterior and frog-leg lateral views.

Magnetic resonance imaging was then performed with
either of two 1.0-tesla superconducting units (Magnetom,; Sie-
mens, Erlangen, Germany; or 100X, Shimadzu; Kyoto, Japan).
T1-weighted spin-echo images (echo time = 15 to 20 msec,
repetition time = 150 to 200 msec) and T2-weighted spin-
echo images (echo time = 80 to 90 msec, repetition time =
2000 to 2500 msec) were acquired in the coronal and sagittal
planes. Section thickness was 5 to 10 mm with no gap. Images
were reconstructed with a 128 X 256 or 256 x 256 matrix. The
excitation number ranged from one to four.

The extent of osteonecrosis was estimated by a modifi-
cation of the combined necrotic angle method of Kerboul et
al.®. The necrotic angle was measured on coronal and sagittal
magnetic resonance imaging scans instead of anteroposterior
and lateral radiographs. The midcoronal and midsagittal
sections, which show the largest diameter of the femoral
head, were used for the measurements. Magnified images of
those scans, in which the femoral head diameter ranged from
25 to 35 mm, were acquired. These images showed the larg-
est area of abnormal signal intensity within the femoral
head. The arc of the necrotic portion on both the midcoro-
nal and the midsagittal image (B) was measured, and the

Fig. 1
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sum of the two angles was then calculated (Fig. 1).

In a pilot study for the reproducibility of this measure-
ment, ten independent orthopaedic surgeons were asked to
measure the combined necrotic angle from the same magni-
fied images of an osteonecrotic femoral head. The coefficient
of variation of estimation was 4.3%. Although the variability
within observers was not quantified, it was expected to be less
than that between observers.

On the basis of the magnitude of the combined ne-
crotic angle, hips were classified into four categories: grade 1
(<200°), grade 2 (200° to 249°), grade 3 (250° to 299°), and
grade 4 (=300°).

After the initial evaluation, eighteen hips were random-
ized to core decompression with cancellous bone graft and the
remaining nineteen hips were randomized to nonoperative
management (the use of crutches and the intermittent use of
analgesic medication). In the core-decompression group, ten
hips were at stage I, seven were at stage IIA, and one was at
stage IIB; in the nonoperative group, twelve hips were at stage
I, four were at stage I1A, and three were at stage IIB.

The primary end point was collapse of the femoral head
as demonstrated on plain radiographs. Patients were evaluated
clinically and radiographically every three months for the first
two years and every six months thereafter until the time of
collapse or for a minimum of five years. Hips that did not col-
lapse were recorded as such at the end of the study.

The selected baseline characteristics were compared
with use of the Fisher exact test or the Kruskal-Wallis test
(two-tailed; oo = 0.05). The Kaplan-Meier survival curve was
drawn to estimate the survival time, which was defined as the
time elapsed from the initial enrollment to the end point or to
the end of follow-up. A log-rank test was applied to compare
the survival distributions. With use of the Cox proportional-
hazards model, we calculated the hazards ratios for grades 3 or
4 (combined necrotic angle 2250°) compared with the base-
line hazards for grades 1 or 2 (combined necrotic angle <250°)
before and after adjusting for covariates, such as age, gender,
stage of disease, and treatment group. All hips were assumed
to be independent in the statistical analysis. The statistical

The calculation of the combined necrotic angle from magnetic resonance imaging scans. A: The angle of necrotic area in the midcoronal image.

B: The angle of necrotic area in the midsagittal image. The combined necrotic angle = A+B.
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TABLE | Baseline Characteristics by the Categories of the Combined Necrotic Angle*

Chgfascig?i(;tio Grade 1 (N =5) Grade 2 (N =9) Grade 3 (N = 16) Grade 4 (N=7) Total

Mean age (yr) 53+7.8 36 + 13.7 49+ 11.5 49 +11.9 47 £12.9
Gender

Male hips 5 6 16 7 34

Female hips 0 3 0 0 3
Associated risk factors

Alcohol 5 5 15 6 31

Corticosteroid 0 3 (0] 1 4

Idiopathic 0 1 1 0 2
Ficat stage

| 5 5 8 4 22

1A 0 3 6 2 11

115] 0 1 2 1 4
Hip pain at initial presentation

Present 5 6 9 3 23

Absent 0 3 7 4 14
Treatment

Nonoperative 4 6 6 3 19

Core decompression 1 3 10 4 18

any of the selected characteristics.

*N = Number of hips. Grade 1 denotes hips with a combined necrotic angle of <200°; Grade 2, 200° to 249°; Grade 3, 250° to 299°; and
grade 4, >300°. With use of the Fisher exact test or the Kruskal-Wallis test, there were no significant differences among the four groups in

analysis was performed with use of Statistical Package for the
Social Sciences (SPSS) software (version 7.5 for Windows;
SPSS, Chicago, Illinois).

Details of the study design, including the protocols for
treatment and the earlier two to three-year follow-up results
from the analysis that compared the effectiveness of core de-
compression and nonoperative management, have been re-
ported previously'**. All patients gave informed consent for
participation, and the protocol was approved by our institu-
tional review board.

Results

N one of the baseline characteristics were different between
the two treatment groups. Fourteen femoral heads in the

core decompression group and fifteen in the nonoperative

group collapsed within three to thirty-six months. Eight fem-

oral heads, which did not collapse, had a duration of follow-

up of five to eight years.

It has been reported in earlier studies that core decom-
pression has a notable effect on the prevention of collapse and
on clinical improvement in hips with osteonecrosis of the
femoral head"*. However, later studies have shown that core
decompression has no greater value than nonoperative man-
agement in preventing collapse in hips with early stage os-
teonecrosis™. In the current study, the median time to failure
was nine months in both the core-decompression group and
the nonoperative group. By survival analysis, there was no sig-

nificant difference in the time to collapse between the two
groups (log-rank chi-square = 0.05, p = 0.83). Because of this
finding of no difference in results, the two treatment groups
did not undergo separate size-of-lesion assessments.

There were five grade-1 hips, nine grade-2 hips, sixteen
grade-3 hips, and seven grade-4 hips. Table I shows the baseline
characteristics of the four groups. Except for gender, there were
no significant differences among the four groups in any selected

TABLE Il Summary Statistics for the Survival Time to

Collapse by Grade*

Number of Hips Time to Collapse (mo)

Grade Total Collapsed Median Mean Range
1 5 0 — — —

2 9 6 9.0 9.5 61to 15
3 16 16 9.0 10.7 3 to 36
4 7 7 6.0 6.9 3to 12
Overall 37 29 9.0 9.5 31t0 36

*Mean and median survival times were based on Kaplan-Meier
estimates. Grade 1 denotes hips with a combined necrotic angle
of <200°; Grade 2, 200° to 249°; Grade 3, 250° to 299°; and
Grade 4, 2300°. The overall total medium, mean, and range per-
tain to the twenty-nine collapsed femoral heads.
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TABLE Ill Unadjusted and Adjusted Hazards Ratios Obtained with Use of Cox Proportional-Hazards Modeling by the Dichotomous

Categories of the Combined Necrotic Angle*

Unadjusted Unadjusted 95% Adjusted Adjusted 95%
Grade Hazards Ratio Confidence Interval P Value Hazards Ratio Confidence Interval P Value
lor2 1.0 — 1.0 — —
3or4 4.6 1.8to011.7 0.00 8.2 2.51t026.9 0.00

*Grade 1 or 2 denotes hips with a combined necrotic angle of <250°, and Grade 3 or 4 denotes hips with a combined necrotic angle of
>250°. The hazards ratio and the confidence interval were adjusted for age, gender, stage, and treatment group.

characteristics (age, etiologic factors, radiographic stage, symp-
toms of hip pain at initial presentation, and treatment).

Figure 2 shows the Kaplan-Meier survival curve by the
combined necrotic angle, and Table II summarizes the sur-
vival time to collapse. None of five hips with grade-1 lesions
collapsed though the end of the study (median follow-up pe-
riod, seven years; range, five to eight years). Six of nine grade-

2 hips collapsed within fifteen months (median time to col-
lapse, nine months; range, six to fifteen months). All sixteen
grade-3 hips collapsed by thirty-six months (median time to
collapse, nine months; range, three to thirty-six months). All
seven grade-4 hips collapsed by twelve months (median time
to collapse, six months; range, three to twelve months). Sur-
vival distributions for the four groups were statistically signifi-

grade 1
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cant according to log-rank testing (p < 0.01).

The unadjusted hazards ratio for a combined necrotic an-
gle that was >250° was 4.6 (95% confidence interval; 1.8 to 11.7)
compared with the baseline hazards ratio for a combined ne-
crotic angle that was <250°. The ratio was much larger (8.2;
95% confidence interval, 2.5 to 26.9) after adjusting for covari-
ates such as age, gender, stage of disease, and treatment group
with use of the Cox proportional-hazards model (Table III).

Various criteria of cut points were assessed retrospec-
tively to find alternative cut points that might better differen-
tiate hips with a better prognosis from those with a worse
prognosis. None of four hips with a combined necrotic angle
of £190° collapsed, all twenty-five hips with an angle of >240°
collapsed, and four (50%) of eight hips with an angle between
190° and 240° collapsed during the study period (Fig. 3). This
would suggest that hips with a combined necrotic angle of
<190° belong to a low-risk group, that those with an angle be-
tween 190° and 240° are in a moderate-risk group, and that
those with an angle of >240° are in a high-risk group.

Discussion

he extent of the necrotic lesion is an important risk factor

for predicting collapse in femoral head osteonecrosis'*.
The Ficat and Arlet staging system that is currently often used
for treatment decisions is based on the radiographic stage and
clinical symptoms, without consideration of the extent of
necrosis®. This study showed that the combined necrotic angle,
as measured on magnetic resonance imaging scans according to
the modified method of Kerboul et al.’, is an important method
to predict collapse in femoral head osteonecrosis.

To date, various methods to quantify or categorize the
extent of osteonecrosis have been proposed” . An ideal evalu-
ation method—one that would be most useful to clinicians—
would need to meet several conditions. It should be simple
and easy to use with regard to performing measurements. It
should include the measurement of necrotic extent in the
coronal as well as the sagittal plane because the measurement
in one plane alone is not accurate for predicting further col-
lapse of the femoral head. It should be reproducible within
and between observers and should successfully predict the
progression of early stage osteonecrosis. It should be based on
magnetic resonance imaging rather than radiography because
magnetic resonance imaging is more accurate in the evalua-
tion of the extent of osteonecrosis and can provide a three-
dimensional assessment of the extent of the lesion'".

In 1974, Kerboul et al. developed a simple and easy-to-
use method of combined necrotic angle measurement®. They
measured the arc of the femoral surface involved by necrosis
on both an anteroposterior and a lateral radiograph of the
femoral head and then calculated the sum of the two angles.
When the sum was >200°, the clinical outcome was worse than
when the sum was <200°. In our study, midcoronal and mid-
sagittal magnetic resonance imaging scans were used instead
of anteroposterior and lateral radiographs, and the combined
angles predicted the subsequent risk of collapse more success-
fully. In the current study, the combined necrotic angle for ten
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of fifteen hips with Ficat stages IIA and IIB could not be mea-
sured with use of the conventional Kerboul method because
the necrotic margin was not evident in the subchondral area
on the radiographs. In the remaining five hips, the combined
necrotic angle differed by 1° to 58° (mean, 26°) between the
measurements made from the radiographs and those made
from the magnetic resonance images.

In 1984, Steinberg et al. developed staging systems for
osteonecrosis on the basis of plain radiographic findings’. The
major contribution of their classification was the addition of
quantitation of femoral head involvement. The extent of head
involvement with osteonecrosis was quantified by angular
measurements of the arc of involvement from standard radio-
graphs. In 1995, Steinberg et al. proposed a comprehensive
quantitative system". Hips affected with osteonecrosis were
grouped into seven stages (0 to VI) and three grades (mild,
moderate, and severe) for stages I to V. The merit of their
method was the maximized utility of routine anteroposterior
and lateral radiographs in the staging and grading of hips of
stages II through V, and they have now incorporated magnetic
resonance imaging into their system. However, the method
was too complicated to be used by clinicians and the repro-
ducibility of the method was not acceptable.

In 1991, Ohzono et al. introduced the concept of radio-
graphic location of the lesion to correlate with prognosis. The
findings on anteroposterior radiographs were used to classify
the lesions into three categories®. Type-A lesions occupied the
medial one-third or less of the weight-bearing portion of the
femoral head and rarely progressed. Type-B lesions occupied
the medial two-thirds or less of the weight-bearing portion
and had a prognosis of intermediate severity. Type-C lesions
occupied more than the medial two-thirds of the weight-
bearing portion and had the worst prognosis. In 1994, Sugano
et al. used coronal magnetic resonance imaging scans instead
of anteroposterior radiographs®. This system was based on
coronal-plane images and described the location of the lesion.
However, measurement in the coronal plane alone was not ac-
curate to quantify the necrosis.

In 1993, Lafforgue et al. measured three quantitative pa-
rameters on contiguous magnetic resonance imaging sections,
corresponding to the 2-cm-wide medial portion of the femo-
ral head: the angle filled by the osteonecrosis, the percentage
of weight-bearing femoral cortex involved with osteonecrosis,
and the percentage of the femoral head surface involved with
osteonecrosis'’. The values were strikingly lower in the group
with good clinical or radiographic outcomes compared with
those with poor outcomes and appeared to be accurate for use
in the prediction of the outcome of osteonecrosis. However,
this method was rather complicated for clinical application.

In 1995, Koo and Kim estimated the extent of osteonecro-
sis as determined from a combination of coronal and sagittal
magnetic resonance imaging scans. The arc of the necrotic
portion in the midcoronal image (A) and that in the midsagittal
image (B) were used to quantify the extent of necrosis by the
formula: (A/180) x (B/180) x 100. There was a strong correla-
tion between this index and the risk of collapse, and the index
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was a major predictor of future collapse. However, to obtain the
index, a conversion table or a calculator was necessary.

The combined necrotic angle of the current study can be
calculated in a simple, easy-to-use, and reproducible manner. It
is based on biplanar magnetic resonance imaging scans and
provides a three-dimensional assessment of the extent of the
necrosis. The categorization of femoral head osteonecrosis
according to the combined necrotic angle measurement from
midcoronal and midsagittal magnetic resonance imaging scans
may accurately predict the risk of subsequent collapse of the
femoral head. We believe that studies of the effectiveness of any
surgical treatment to prevent collapse should be limited to hips
in the moderate and high-risk groups because surgical interven-
tion in the low-risk group may be hard to justify. Further stud-
ies concerning the reliability of this method are required. m
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