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Background: This study proposed a new classification, the Edema Zone classification, that uses magnetic
resonance imaging images to grade the extent of edema in osteonecrosis of the femoral head. The
purpose of the study was (1) to examine how the Edema Zone classification compared to the Japanese
Investigation Committee (JIC) classification’s prognostic ability for early conversion to total hip
arthroplasty (THA), and (2) to determine how accurately and reliably the Edema Zone classification
performed as a classification system.

Methods: This was a retrospective study of hips that converted to THA from a core decompression
Keywords: . . 3 . . .
0SteONecrosis within 26 months compared to hips that received only core decompression. Preoperative magnetic
hip resonance images were examined. Hips were graded by Edema Zone and JIC classifications. Edema Zone
reliability was analyzed, and predictive accuracy of the classifications was compared.
Results: Inter-rater reliability for the edema zone classification was very high, with a k of 0.87. Edema
Zone grades were higher in hips that converted to THA (nine of 20 > grade 3) compared to hips that did
not (six of 74 > grade 3, 8.1%, P < 0.001) and demonstrated a significant P-value for trend (P < 0.001). In
contrast, JIC classification did not differ between patients who converted and those who did not (P =
0.83). Receiver operating characteristic curve analysis showed that the area under the curve for the
Edema Zone classification was 0.71, substantially greater than the area under the curve for the JIC
classification system at 0.52.
Conclusions: Edema Zone classification showed exceptional inter-rater reliability and was a more ac-
curate predictor of THA conversion compared to the JIC classification. Furthermore, the severity of the
Edema Zone grade demonstrated a statistically significant impact on the likelihood of conversion to
THA, with higher grades associated with increased conversion rates. This new classification system can
be a powerful tool in guiding appropriate surgical intervention for patients who have osteonecrosis of
the femoral head.
© 2025 The Author(s). Published by Elsevier Inc. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/).
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Osteonecrosis of the femoral head (ONFH) is the death of cellular
components of bone, usually due to disruption of blood supply to
subchondral regions of the femoral head [1]. Progression of ONFH
can lead to femoral head collapse, causing substantial pain, limited
range of movement, and dysfunction. There are 20,000 to 30,000
patients diagnosed with ONFH annually in the United States, and it
is estimated that 5 to 12% of patients who undergo total hip
arthroplasty (THA) have a diagnosis of ONFH [2—4].

Core decompression is an established, hip-preserving surgery
used for the treatment of early-stage ONFH. However, nearly 40%
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of patients who undergo core decompression convert to THA
within three years [5,6]. Converting from core decompression to
THA indicates worsening osteonecrosis, joint damage, and pain.
In addition, patients suffer a substantial cost burden, as con-
version to THA within five years from core decompression rep-
resents poor cost-effectiveness, exceeding $50,000 cost per
quality-adjusted life year gained [7]. It has been widely
accepted that preservation should be attempted in patients who
have necrosis and no collapse; however, many patients who
present to the clinic with no femoral head collapse have major
bone marrow edema. Based on our experience, this patient
population does not perform well after core decompression.
Thus, we aimed to investigate and develop a classification based
on bone marrow edema that could predict the progression of the
disease. Previous studies have shown that the presence of edema
is associated with femoral head collapse [8,9].

Current classification systems for ONFH, including the Japanese
Investigation Committee (JIC), modified Kerboul, and Steinberg, all
describe the location and extent of osteonecrosis. The JIC classifi-
cation is the most reliable and effective, especially among early-
stage ONFH, where core decompression could be appropriately
offered [10]. However, these classifications do not consider the
strong prognostic factor of edema within the femoral head.

This study proposed a new classification, the Edema Zone
classification, to grade the extent of edema in the femur, aiming to
serve as a prognostic tool for femoral head collapse. The Edema
Zone classification is simply assessed using a single imaging study,
whereas classifications such as the Association Research Circula-
tion Osseous Classification require, at minimum, x-ray and mag-
netic resonance imaging (MRI) findings in conjunction for full
grading. This study’s proposed classification was compared to the
most reliable and effective classification that could be simply
graded using a single imaging study, the JIC classification. The
purpose of the study was to examine (1) how the Edema Zone
classification compared to the JIC classification’s prognostic ability

for early conversion to THA and (2) how accurately and reliably the
Edema Zone classification performed as a classification system.

Materials and Methods
Patient Selection

This was a retrospective study of all patients undergoing a core
decompression who had a diagnosis of ONFH between June 13,
2018, and November 6, 2023. This was a single-institutional study,
and all procedures were performed by one specialized hip surgeon
(C.P.G.) who had extensive experience utilizing core decompres-
sion and THA for treatment of ONFH. The institutional review
board evaluated and approved the study (#202210081).

Inclusion criteria included patients who failed conservative
therapy (activity modifications, physical therapy, and nonsteroidal
anti-inflammatory drugs), demonstrated clinical symptoms of
ONFH, and had preoperative MRI images available for review in the
electronic health record (EHR) with findings consistent with
ONFH. The use of MRI is an established, highly accurate modality
for early diagnosis of ONFH [3,11,12]. In cases of bilateral hip pro-
cedures, each hip was included as an individual data point, with
each hip graded independently of the other hip. The current study
used 26 months as the inclusion cutoff for early conversion to THA,
based on literature indicating that the average time to THA con-
version after core decompression was 26.3 months [6]. Exclusion
criteria were patients who did not fit the inclusion criteria, had any
surgery that was not THA on their core decompression hip, or
lacked preoperative MRI images in the EHR (Figure 1).

Demographic and Risk Factors
Demographic data were collected and included age at surgery,

time to THA conversion, laterality, and sex- the term sex refers to
biologic classification (male or female) as documented in the

Core Decompression Surgery

June 2018 - November 2023
102 hips
|

Conversion to THA
25 hips

Conversion to THA
greater than 26 months
N =1 hips

24 hips

MRI not available in
electronic health record
N =4 hips

20 hips

No additional hip surgery
77 hips

MRI not available in
electronic health record
N =3 hips

74 hips

THA, Total Hip Arthroplasty
MRI, Magnetic Resonance Imaging

Figure 1. Flowchart of final study population. THA, total hip arthroplasty; MRI, magnetic resonance imaging.
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medical record. Established risk factors for ONFH development and
subsequent collapse were recorded and included corticosteroid use,
body mass index (BMI), alcoholic drinks per week, trauma, human
immunodeficiency virus, sickle cell disease, and sickle cell trait
[3,8,13—16]. Positive corticosteroid use was defined as either a
physician note citing chronic corticosteroid use, a prescription of
greater than five mg oral prednisolone for greater than one month,
or intravenous methylprednisolone at doses of greater than two
grams for greater than three months [17,18]. The BMI groupings
were based on National Health Service definitions of underweight
(< 18.5), healthy weight (18.5 to 24.9), overweight (25 to 29.9),
obese (30 to 39.9), and severe obesity (> 40.0) [ 19]. Alcoholic drinks
per week were recorded as the highest amount reported in the EHR
by a health care worker preoperatively, as patients generally report
lower consumption habits in interviews compared to daily tracking
[20]. Alcohol consumption groupings were based on definitions by
the National Institute on Alcohol Abuse and Alcoholism, leading to
groups including no alcohol on all notes, one drink or less per week,
low to moderate alcohol consumption (< seven drinks a wk for
women, < 14 drinks a week for men), and heavy alcohol con-
sumption (> eight drinks a week for women, > 15 drinks a week for
men, diagnosis of alcohol use disorder, or EHR note citing heavy
alcohol consumption) [21]. Trauma was defined as a note citing a
traumatic event leading to hip pain.

There were 20 hips (21.3%) that converted from core decom-
pression to THA within 26 months. The average time to THA con-
version was 13.5 + 7.7 months. There were 74 hips (78.7%) that
received a core decompression and did not convert. Of 64 patients,
30 (46.9%) had bilateral osteonecrosis. Of the hips that converted
to THA, 12 (60%) had contralateral hip osteonecrosis treated with
core decompression, and there were no bilateral conversions to
THA. There was no significant difference in age at the time of core
decompression in hips that converted (43 years + 12.3) compared
to unconverted hips (44 years + 12.4, P = 0.98). There was no
significant difference in the sex of patients whose hip converted
(12 of 20, 60.0% women) compared to unconverted hips (32 of 74,
43.2% women, P = 0.18) (Table 1). Similarly, there was no statis-
tically significant difference in established risk factors of BMI
(P = 0.072), alcohol consumption (P = 0.76), corticosteroid use
(P = 0.77), or inciting trauma (P = 0.29) (Table 2).

Edema Zone Classification

The Edema Zone classification was developed to define the
extent of edema in the femur using a simple scheme. The scheme
was created according to our experience with patient care of this
population and inspired by the Delbet-Colonna classification, the
most used classification for proximal femur fractures in children

Table 1
Patient Characteristics.
Characteristic Core Core P-Value
Decompression Decompression
Converted to Only
THA N =74
N =20
Age at core decompression, years 43 + 12.3 44 + 124 0.98
Time to THA conversion, months 13.5 + 7.7
Sex 0.18
Men 8 (40.0) 42 (56.8)
Women 12 (60.0) 32(43.2)
Laterality 0.31
Right 12 (60.0) 35 (47.3)
Left 8 (40.0) 39(52.7)

THA, total hip arthroplasty.

Table 2
Risk Factors.
Risk Factor Core Core P-Value
Decompression Decompression
Converted to Only
THA N=74
N =20
BMI grouping 0.072
Underweight, < 18.5 0 0
Healthy weight, 18.5to 249 2 (10.0) 19 (25.7)
Overweight, 25.0 to 29.9 7 (35.0) 26 (35.1)
Obese, 30 to 30.9 8 (40.0) 26 (35.1)
Severe obesity, > 40.0 3(15.0) 3(4.1)
Alcohol consumption grouping® 0.76
No alcohol 5(25.0) 10 (13.7)
<1 week 4 (20.0) 22 (30.1)
Low moderate 8 (40.0) 32 (43.8)
Heavy 3(15.0) 9(12.3)
Corticosteroid use 0.77
Yes 8 (40.0) 42 (56.8)
No 12 (60.0) 32(43.2)
Inciting trauma 0.29
Yes 2 (10.0) 3(4.1)
No 18 (90.0) 71 (95.9)

BMI, body mass index; THA, total hip arthroplasty.
2 N = 73 for core decompression; only alcohol consumption grouping.

(Figure 2) [22,23]. We have observed a variable pattern of edema
regardless of the size or location of the lesion. The Edema Zone
classification uses the distal extent of edema rather than pure size,
since classifications that focus on three-dimensional volumetric
size, such as the Steinberg classification, are less effective than
classifications based on two-dimensional imaging that consider
components of both size and location [10]. Each zone corresponds
to the greatest extent that edema can be visualized on MRI
(Figure 3). Grade 0 was assigned to ONFH where edema was not
appreciated on MRI or when edema was a thin border completely
tangential to the osteonecrotic lesion. Grade 1 included edema
that, at its greatest extent, did not extend distal to the midline of
the femoral head. Grade 2 included edema that, at its greatest
extent, was distal to the midline of the femoral head but proximal

Delbet-Colonna classification for pediatric femoral neck fractures; (I)
Type I: Transphyseal, (II) Type II: Transcervical, (III) Type III:
Basocervical and (IV) Type IV: Intertrochanteric fracture lines were
shown.

Figure 2. Delbet-Colonna classification. Reproduced with permission from Issin et al. [22].
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Grade 1

Edema Proximal to the Physis Scar

Grade 2

Edema Extending to the Midline of the Femoral Neck

Grade 3

Edema Extending to the Base of the Femoral Neck

Grade 4

Edema Extending to the Intertrochanteric Area

Figure 3. Edema Zone grades.

to the midline of the femoral neck. Grade 3 included edema that, at
its greatest extent, was distal to the midline of the femoral neck
but proximal to the line between the center of the greater and
lesser trochanters. Lastly, grade 4 included edema that, at its
greatest extent, was distal to the line between the center of the
greater and lesser trochanters. Edema was visualized using the
coronal images with T2 fat-suppressed, T1 short tau inversion
recovery, or T1 turbo inversion recovery magnitude [24—29]. The
coronal plane was chosen because we aimed to minimize vari-
ability and improve inter-rater reliability by standardizing our
measurements to a single, reproducible plane. The coronal plane
allowed for observation of the distal extent of edema while also
easily tracking the anatomical landmarks of the greater trochanter,
lesser trochanter, and femoral neck needed for this classification.
Edema Zone and JIC grading were conducted independently by
two authors (D.C.I, KK), and any discrepancy was reviewed inde-
pendently by a third author (K.P.O).

Data Analyses

Several statistical methods were used to compare classifica-
tions. Inter-rater reliability was calculated using Cohen’s kappa (k).
Mann—Whitney U-tests were used to compare classification scores
between patients who converted to THA and those who did not.
Wilcoxon signed-rank tests were applied to assess differences
between Edema Zone and JIC classification grades. Receiver oper-
ating characteristic curve analysis was performed to evaluate the
predictive accuracy of both classification systems for THA con-
version. A P-value for trend was calculated using the Cochran-
Armitage test for trend to examine if the trend of increasing
Edema Zone grade was statistically significant. Pearson Chi-square
tests were utilized to examine the relationship between Edema
Zone grades and THA conversion rates. Statistical significance was
set at P < 0.05 for all analyses.

Results
Comparison of Classification Scores

Inter-rater reliability for the Edema Zone classification was
substantial with a k of 0.87 (P < 0.001). The Mann—Whitney U test
revealed a significant difference in the Edema Zone grade between
patients who converted to THA (median: 0.5, interquartile range
(IQR): 0 to 4.0) compared to those who did not (median: 0, IQR:
0 to 0) (Table 3). There was no significant difference in JIC classi-
fication between patients who converted and those who did not,
both with a median of 3.0 and IQR of 2.0 to 4.0 (P = 0.83).

The Wilcoxon signed-rank test demonstrated a statistically
significant difference between the two classification scores (Z
score: —5.8, P < 0.001), indicating that the Edema Zone classifi-
cation may assess different aspects of osteonecrosis, including
indication for THA.

Predictive Accuracy for Total Hip Arthroplasty (THA) Conversion

The receiver operating characteristic curve analysis assessed
the predictive accuracy of both classification systems. The area

Table 3
Comparison of Classification Scores Based on Conversion to THA Status.
Classification Core Conversion to P-Value
Decompression THA
Only (Median [IQR])
(Median [IQR])
JIC classification 3.0 [2.0 to 4.0] 3.0 [2.0 to 4.0] 0.83
Edema Zone classification 0 [0 to 0] 0.5 [0 to 4.0] <0.001

Bold values indicate statistical significance at P < 0.05.
THA, total hip arthroplasty; IQR, interquartile range; JIC, Japanese Investigation
Committee.
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Receiver Operating Characteristic Area Under the Curve

AUC
JIC Classification 0.52
Edema Zone Classification 0.71
AUC Difference 0.19

JIC, Japanese Investigation Committee
ROC, Receiver Operating Characteristics
AUC, Area Under the Curve

ROC Curve

08

06

Sensitivity

04

0.2

0.0

Source of the Curve

=== Edema Zone Classification
= JIC classification

0.0 0.2 04 06

1 - Specificity

08

Figure 4. ROC curve. ROC, receiver operating characteristics; AUC, area under the curve; JIC, Japanese Investigation Committee.

under the curve (AUC) for the Edema Zone classification was 0.71,
while the JIC classification AUC was 0.52 (Figure 4). This suggests
superior predictive accuracy for THA conversion with the Edema
Zone classification.

Impact of Edema Zone Classification on Total Hip Arthroplasty
(THA) Conversion

The Pearson Chi-square test revealed a significant association
between Edema Zone grades and conversion to THA (P < 0.001).
There was a trend of increasing THA conversion rates with higher
Edema Zone grades, indicating the extent of edema impacts the
likelihood of progression to THA (P < 0.001) (Table 4). The JIC failed
to show an association between higher grades and progression to
THA (P = 0.74) (Table 5).

Table 4

Conversion to THA Status Based on Edema Zone Classification.
Edema Zone No Conversion Conversion Total
Grade Conversion to THA Rate (%)
Zero grade 67 10 13.0 77
Grade 1 0 1 100.0 1
Grade 2 1 0 0.0 1
Grade 3 2 1 333 3
Grade 4 4 8 66.7 12
Total 74 20 94
P value for trend <0.001

Bold values indicate statistical significance at P < 0.05.
THA, total hip arthroplasty.

Discussion

There is a need to establish an improved prognostic tool for
core decompression failure, as nearly 40% of core decompression
failures convert to THA within 26 months. This results in prolonged
patient pain, increased complexity of THA, and greater overall
costs and burden for both patients and the health care system. The
Edema Zone classification outperformed the JIC classification as a
prognostic tool for conversion to THA after core decompression for
ONFH. This is further supported by our clinical experience, where
hips with extensive edema convert to THA quickly, whereas hips
with low-grade edema can have successful core decompression,
with greater surgery at greater than five years follow-up (Figure 5).
This novel classification system provides a simple scheme with
high inter-rater reliability that offers critical insight into clinical
decision-making for patients who have ONFH, potentially reducing
the number of patients who receive a core decompression only to
convert to THA shortly after.

Table 5

Conversion to THA Status Based on JIC Classification.
JIC Grade No Conversion Conversion Total

Conversion to THA Rate (%)

Grade A 12 0 0 12
Grade B 7 6 46.2 13
Grade C1 30 7 189 37
Grade C2 25 7 219 32
Total 74 20 94
P value for trend 0.74

THA, total hip arthroplasty; JIC, Japanese Investigation Committee.
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Preoperational Core Decompression MRI

Edema Zone
- . -

Follow-up Imaging

Successful Core Decompression
At 5-year Follow-up

Edema Zone Conversion to THA
- . - h -

THA, Total Hip Arthroplasty
MRI, Magnetic Resonance Imaging

Figure 5. Clinical case examples.

The Edema Zone classification proved superior as a prognostic
tool for conversion to THA compared to the JIC classification. The
THA conversion group could be compared to the nonconversion
group, as there were no significant differences in the established
risk factors of age, sex, BMI, alcohol consumption, corticosteroid
use, or inciting trauma among the patient groups. In total, 21.3% of
hips treated with core decompression converted to THA within 26
months, which is in accordance with the current literature. Hips
that converted to THA had greater Edema Zone grades, with nine of
20(45.0%) converted hips > grade 3 compared to unconverted hips
with six of 74 (8.1%) > grade 3 (P < 0.001). There was a statistically
significant trend that higher rates of THA conversion were asso-
ciated with higher Edema Zone grades (P < 0.001). There was no
difference in JIC classification between hips that converted to THA
and unconverted hips (P = 0.83). In AUC analysis, which compares
the effectiveness of imaging classifications, Edema Zone classifi-
cation, importantly, demonstrated superiority to JIC classification
[30]. The JIC has been described as the most useful and reliable
classification to identify femora with high and low risk for
collapse, and the Edema Zone classification had a substantially
greater AUC of 0.71 compared to the JIC classification AUC of 0.52
[10]. These AUC values show that JIC “fails” to predict collapse,
while the Edema Zone was meaningfully better and considered in
the acceptable range as a clinical predictor of THA conversion
[31,32]. The large Z score of —5.8 (P < 0.001) demonstrated that the
Edema Zone classification successfully assessed a different aspect
of the osteonecrotic hips, edema, compared to the lesion size and
location assessed in JIC. [33,34]. These results show that Edema
Zone classification was both novel to JIC classification and a better
prognostic tool for conversion to THA. Edema of the femoral head
can occur transiently and may not always correlate exclusively
with ONFH. Conditions such as transient bone marrow edema syn-
drome also cause edema of the femoral head; however, these pa-
tients’ clinical symptoms usually respond well to conservative
management with nonsteroidal anti-inflammatory drugs and have
the edema regress or resolve within six to 12 months of symptom
onset [35,36]. The transient nature of the edema seen in transient
osteoporosis of the hip, combined with all participants in this study
having failed conservative treatment, greatly reduces the chance
that a patient who has transient edema was included in the cohort.
In addition, all patients in this study had an identified necrotic

lesion, confirming the edema was secondary to osteonecrosis and
not true transient bone marrow edema syndrome. Clinically, it is
important to consider the potential for a transient cause of edema
before suggesting surgical management based on Edema Zone
grading. We believe the Edema Zone classification can be imple-
mented to define the best surgical treatment and patient coun-
seling. In our practice, patients who have Edema Zone grades 3 and
4 who have failed conservative treatment are indicated to have a
THA even when there is no collapse of the femoral head. We
believe this approach results in a predictable outcome for the
patient as well as substantially reduced cost and burden to the
health care system.

The Edema Zone classification reliably conveyed the expected
trend while also demonstrating consistent grading by different
raters. A key component of the Edema Zone classification was that it
followed a simple scheme. The effectiveness of this scheme was
supported by the high inter-rater reliability with a k of 0.87. This k
value demonstrated “almost perfect” agreement [37,38]. The Edema
Zone inter-rater reliability k was greater than the mean «k value re-
ported for JIC (k = 0.72), the modified Kerboul method (k = 0.57), and
the Steinberg classification (k = 0.56) [10]. The positive association of
Edema Zone grade with THA conversion, along with its excellent
inter-rater reliability, established that Edema Zone classification
achieved the intended goal and can be reliably implemented.

There were potential limitations to this study. The cohort size
was small, with 20 hips that converted to THA and 74 hips that did
not convert. This affected the ability to conduct a multivariate lo-
gistic regressions examining the impact that each risk factor had on
conversion to THA, since successful logistic regressions would
require five to 10 hips for each predictive factor [39]. The cohort
size also prevented us from using multivariate logistic regression to
compare Edema Zone classification to the established risk factors
for femoral head collapse. In addition, our cohorts demonstrated no
statistically significant difference in BMI between cohorts, but the
difference neared a significant result. So, conducting this study in a
larger cohort could elucidate the impact this risk factor may have
on the Edema Zone classification. However, despite the cohort size,
the study showed very strong statistical evidence that Edema Zone
grade was a strong prognostic factor. In future studies, we hope to
apply this classification to a larger cohort size to support the
generalizability of this study’s findings. Another limitation was that
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the cohort consisted of patients treated by only one specialized hip
surgeon, potentially decreasing the generalizability of the
outcomes. Future studies will focus on increasing the cohort
recruitment to conduct logistical regression and recording patient-
reported outcomes to examine if the Edema Zone grade is associ-
ated with more than the risk for conversion to THA. Future larger
studies will additionally help validate the concepts shared in this
study. Future studies will also compare the Edema Zone classifi-
cation to more complex grading systems such as the 2021 Associ-
ation Research Circulation Osseous Classification system.

Conclusions

In conclusion, our findings suggest that the Edema Zone clas-
sification system was a more accurate predictor of THA conversion
compared to the JIC classification and showed exceptional reli-
ability across different raters. Furthermore, the severity of Edema
Zone classification appears to have a substantial impact on the
likelihood of conversion to THA, with higher grades associated
with increased conversion rates. This classification system allows
us to counsel patients and define the best surgical treatment for
this patient population.
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