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Abstract
Purpose  This study aimed to developed a novel and practical method to quantify the involvement of lesion 
in osteonecrosis of the femoral head (ONFH). We hypothesized that the new metric large lesion ratio (LLR) had 
promising prognostic value.

Methods  A total of 131 hips with non-traumatic ONFH were included in this retrospective study. Patient aged 18–60 
with MRI-confirmed diagnosis, and a minimum of 2-year follow-up or radiographic collapse progression during 
follow-up were included. Patients with prior hip surgery, incomplete data or advanced ONFH at baseline (femoral 
head collapse > 2 mm or osteoarthritis) were excluded. Involvement of necrotic lesion was evaluated by calculating 
LLR. The differences of LLR between collapse progression and non-progression groups were investigated, and the 
differences among different scanning parameters groups were also examined. Prognostic value of LLR was examined 
by multivariate regression analysis. Receiver operating characteristic curves (ROC) were constructed and areas under 
the curve (AUC) were compared.

Results  The median of LLR was 66.67% in the collapse progression group, which was significantly higher compared 
with 25.00% in the non-progression group (P < 0.001). Subgroups analysis showed that LLR were significantly higher 
in the collapse progression group of Japanese Investigation Committee type C1 (P < 0.001)and C2 (P = 0.002). 
Multivariate regression showed that LLR were independently correlated with collapse progression (OR, 1.46 [95% CI, 
1.24–1.78]; P < 0.001). ROC analysis showed that the AUC for LLR was 0.84, outperforming the 0.74 AUC OF the JIC 
classification.

Conclusion  LLR could served as a efficient tool to assess the risk of collapse progression and guide the selection of 
treatment strategy.
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Introduction
Osteonecrosis of the femoral head (ONFH) predomi-
nantly affects young and middle-aged adults. ONFH 
often, but not always progresses into collapse of the 
femoral head, leading to severe hip pain and dysfunction 
[1, 2]. Early diagnosis and intervention has been proven 
to be crucial for prevention of collapse progression. It is 
also important to assess the risk of collapse progression 
in ONFH, because patients with lower risk of progres-
sion might benefit from conservative treatment, while 
patients with higher risk might need hip preservation 
surgery [3, 4].

Previous studies have established that femoral head 
collapse progression is closely correlated with the size 
and location of the necrotic lesion, and several classifica-
tion systems have been developed to categorize ONFH 
on this basis [5–8]. Further studies suggested that the 
intactness of the anterior portion of the femoral head 
should also be paid attention to for a more comprehen-
sive evaluation [9, 10].

Most of the methods used in current practice evaluate 
the necrotic lesion on radiographs or mid-coronal slice 
of magnetic resonance imaging (MRI) [3, 6, 11–13]. This 
could be problematic because the imaging information 
from radiographs or single slice of MRI might be insuf-
ficient to comprehensively assess the overall of necrotic 
lesion. Moreover, the boundary of necrotic lesion is 
ambiguous or even not yet appears in radiographs in 
some cases of early stage ONFH [14]. On the other hand, 
MRI has been proven to be one of the most sensitive 
and accurate tools in the diagnosis of early stage ONFH 
[2], and MRI can provide the overall image of the fem-
oral head and necrotic lesion when taking all slices into 
account.

In this study, we aimed to establish and examine a 
novel metric named large lesion ratio (LLR) to quantify 
the involvement of necrotic lesion with MRI. We hypoth-
esized that the new metric LLR had promising prognostic 
value.

Patients and method
Patients
This retrospective cohort study adhered to the Strength-
ening the Reporting of Observational Studies in Epi-
demiology (STROBE) guidelines and was approved 
by the ethics committee of the First Affiliated Hos-
pital of Guangzhou University of Chinese Medicine 
(JY2023-005).

Non-traumatic ONFH patients receiving conserva-
tive treatment between January 2016 and August 2020 
were reviewed retrospectively. The inclusion criteria 
were as follows: (1) aged 18–60 years old, (2) diagnosis 
confirmed by MRI, (3) and completed follow-up for at 
least 2 years, or until collapse progression presented in 

radiographic examination. The exclusion criteria were as 
follows: (1) history of surgical treatment of the affected 
hip, (2) incomplete clinical or imaging data, (3) Hips with 
advanced stage ONFH at initial visit, including collapse 
of the femoral head over 2 mm or presentation of osteo-
arthritis. A total of 155 hips were reviewed, after screen-
ing based on eligible criteria, 24 hips were excluded due 
to lost of follow-up, leaving 131 hips in the final analyses.

All patients with ONFH were recommended with 
observational, nonoperative management. Restricted 
weight-bearing were maintained with bilateral crutches 
for 3 months after diagnosis. Unilateral crutch was then 
used for another 3 months, allowing gradual weight bear-
ing. Full weight-bearing was allowed when the patient 
was free of pain. During the course, patients were asked 
to practice hip abduction training to strengthen muscles 
of the gluteal region. All patients underwent regular clin-
ical assessments and radiographic evaluations follow-up 
at 3-months interval.

Radiological evaluation
Plain radiographs of both anteroposterior (AP) and 
frog leg (FL) views were taken at every visit. Standard-
ized protocols were employed for acquiring all plain 
radiographs. For the AP view, subjects were positioned 
supine with legs rotated internally at 15 degrees, align-
ing the crosshair of the X-ray beam on the pubic sym-
physis and included both iliac crests within the field of 
view. For the FL view, patients lay supine with hips flexed 
to 30 degrees, thighs abducted and externally rotated, 
ensuring the feet contacted each othe. The X-ray beam 
directed from anterior to posterior and centered on the 
pubic symphysis with the pelvic plane being parallel to 
the table.

Radiographs obtained at the initial visit were used to 
evaluate the Association Research Circulation Osse-
ous (ARCO) stage of the affected hip. Stage I is defined 
as abnormalities could only be noted on MRI; stage II 
is defined as the presence of focal osteosclerosis and 
osteoporosis on radiographic imaging without collapse 
of the femoral head; stage IIIA is defined as collapse of 
the femoral head lesser than 2 mm and demarcating scle-
rosis along the lesion are noted; stage IIIB is marked by 
collapse of the femoral head more than 2 mm; stage IV 
is defined as fragmentation collapse of the femoral head 
and progression to osteoarthritis [14].

The degree of collapse was evaluated by concentric cir-
cles on radiographs of both AP and FL views using Image 
J software (1.52a, National Institutes of Health, USA) [15, 
16]. Collapse progression was defined as the amount of 
collapse increased by more than 1  mm during the two 
year follow-up [17] (i.e. from ARCO stage I or II to stage 
IIIA, or from stage IIIA to stage IIIB ) in either AP or FL 
view.
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MRI evaluation
All hips were diagnosed and evaluated on T1-weighted 
coronal images at the initial visit. MRI data was acquired 
using three scanners (Siemens Prisma 3.0 T, GE 
Signa HDxt 3.0 T, GE Signa HDxt 1.5 T). The coronal 
T1-weighted turbo spin echo (TSE) images were acquired 
with scanning parameters set as follows: a range of TR/
TE values from 350–960/7–17 ms, and a slice thickness 
ranging from 3 to 5  mm. Considering slice count may 
affect the following analysis, we categorized the scanning 
parameters into four types according to slice thickness 
and the model of the scanner (Table 1).

The Japanese Investigation Committee (JIC) clas-
sification were determined by the mid-coronal slice of 
T1-weighted MRI. The JIC classification is comprised of 
four types, including A, B, C1 and C2. ONFH with lesion 
that was not seen in the central coronal slice was classi-
fied as type A [3, 11].

The slice count of femoral head were obtained by exam-
ining T1-weighted coronal images, and the total num-
ber of slices presenting with femoral head was counted. 
Slice present with low-intensity band in femoral head 
were regraded as presence of necrosis. The slice count 
of large lesion was determined by evaluating every slice 
with necrosis. Slices present with large lesion extending 

outside the lateral acetabular edge was regarded as large 
lesion slice, and the total number of slice with large lesion 
was counted. The LLR was then calculated as follows: 
LLR = slice count of large lesion / slice count of femoral 
head (Fig. 1).

Anterior slices only present with necrosis of femo-
ral head without exposure of the acetabulum were also 
regraded as large lesion slice, because these slice were 
located at the most anterior portion of the femoral 
head without acetabular coverage. Note that the lateral 
necrotic margin was defined as the lateral boarder of the 
lesion at the subchondral area (Fig.  2). Identifying the 
boundary of necrotic lesion in some cases may be diffi-
cult due to bone marrow edema. In these cases, images 
from multiple sequences including T2-weighted fat sup-
pression sequence or contrast-enhanced MRI were also 
used in combination. The distance between the lateral 
margin of ONFH lesion and the lateral edge of acetabu-
lum may be too close to distinguish in some slices. We 
tended to categorize these slices as large lesion slices to 
avoid underestimating the risk of collapse progression 
when our results applied in clinical practice.

MRI images from 50 patients were randomly chosen 
for inter- and intra-observer agreement assessment. Two 
independent orthopaedics surgeon (WH, ZL) assessed 

Table 1  MRI scanning parameters of T1-weighted coronal images
Scanner model Parameter 1 Parameter 2 Parameter 3 Parameter 4

SIEMENS Prisma GE Signa HDxt GE Signa HDxt GE Signa HDxt
Magnetic field strength 3.0T 3.0T 3.0T 1.5T
Slice thickness (mm) 3 4 5 5
Spacing between slices (mm) 3.6 or 3.9 4.4 or 4.5 6 6
TR (ms) 500 430–550 350–770 520–960
TE (ms) 10 7–10 7–17 12–14
TR: time of repetition, TE: time of echo

Fig. 1  A Case of bilateral osteonecrosis of the femoral head. A 35 years old male present bilateral hip pain of 2 weeks and received conservative treat-
ment and follow-up. (A) X-ray of initial visit showed bilateral ONFH, both hips were classified as JIC type C2. (B)-(C) Slices of coronal T1 MRI. (E) Illustration 
of lesion involvement: dash lines were slices of femoral head and red lines indicated large lesion slices; the LLR of left hip was 27.27% (3/11), and the LLR 
of right hip was 63.64% (7/11); (F) X-ray of 2 years after initial visit showed right hip experience femoral head collapse progression, while no significant 
progression was seen in the left hip
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the LLR of the patients separately to evaluate the inter-
observer reliability. One of the rater (ZL) assessed again 
24  h after the initial assessment for intra-observer reli-
ability evaluation. Intraclass correlation coefficient 
(ICC) was used to evaluate the inter-and intra-observer 
reliability.

Statistical analysis
Data were reported as medians and inter quartile ranges 
(IQR) for continuous variables and as percentages or fre-
quencies for categorical variables. Mann-Whitney test 
or Kruskal-Wallis test was used for continuous variables 
and chi-square test for categorical variables to estimate 
the difference among groups. Univariate and multivari-
ate logistic regression analyses were adopted to evaluate 
the relationship between LLR and collapse progression. 
Three models were constructed, including univariate 
model (no covariate was adjusted), model 1 (LLR and 
ARCO stage were included) and model 2 ( age and gen-
der were further adjusted on the basis of model 1). 
Finally, receiver operating characteristic (ROC) curves 
were constructed and the area under the curve (AUC) 

was calculated. All statistical analyses were performed on 
R studio (R for Windows, version 4.3.2).

Result
The ICC value for inter-observer reliability of LLR was 
0.916 (P < 0.001). For intra-observer reliability, the ICC 
value was 0.954 (P < 0.001). Both indicated high repro-
ductibility of LLR.

As shown in Table  2, the percentages of JIC type C2 
(52.38%) and ARCO stage IIIA (53.97%) ONFH were sig-
nificantly higher in the progression group compared to 
the non-progression group (P < 0.001, P = 0.007, respec-
tively). The difference of LLR between two groups were 
statistically significant (P < 0.001), with a median of 
66.67% (IQR, 44.95–87.86%) LLR in the progression 
group compared to 25.00% (IQR, 0.00–42.86%) in the 
non-progression group.

Subgroup analysis was performed based on JIC classifi-
cation (Table 3). For type A ONFH, none of the hips had 
lesion extended beyond the coverage of acetabulum, and 
none of the hip collapsed during follow-up. For type B 
lesion, the overall median of LLR was 26.79% (IQR, 2.50–
40.00%), and there was one hip progressed to collapse of 

Fig. 2  Illustration of MRI slice evaluation. (A), (B), and (C) are large lesion slices. The lateral margin of necrotic lesion at the subchondral area (simple ar-
rows) extends beyond the lateral edge of the acetabulum (filled arrows). (D), (E), and (F) are slices presents with necrosis, but not large lesion. The lateral 
margin of necrotic lesion (simple arrows) is medial to the edge of the acetabulum (filled arrows)
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femoral head with a LLR of 20%. For type C1 subgroup, 
the overall median of LLR was 45.45% (IQR, 28.57–
75.00%); and for type C2 subgroup, the overall median of 
LLR was 63.64% (IQR,40.00–85.71%). Approximately half 
of the type C1 hips and two thirds of the type C2 hips had 
collapse progression. In the collapse progression group 
of type C1 hips, the median of LLR was 59.82% (IQR, 
44.81–93.18%), while in the non-progression group, the 
median of LLR [28.57% (IQR, 10.00–50.00%)] was signifi-
cantly lower (P < 0.001). Similarly, LLR was significantly 
lower in the non-progression group of type C2 hips 

(P = 0.002). The median of LLR was 37.50% (IQR, 6.25–
61.90%) in the non-progression group of type C2 hips, 
compared with 70.00% (IQR, 50.00–85.71%) in the col-
lapse progression group.

We further investigate the difference of MRI evalu-
ation results between four scanning parameter groups 
(Table 4). There was no statistically significant difference 
in JIC classification and LLR among groups with different 
scanning parameters (P = 0.547, P = 0.917, respectively), 
indicating that the distribution of ONFH types in four 
groups was relatively consistent, and most importantly, 
LLR were not affected by the difference in scanning 
parameters.

Univariate logistic regression analysis showed signifi-
cant correlations between LLR (OR, 1.60 [95% CI, 1.36–
1.87]; P < 0.001) with collapse progression. Multivariate 
regression analysis (model 1) showed that LLR (OR, 1.60 
[95% CI, 1.36–1.87]; P < 0.001) was associated with col-
lapse progression independent to ARCO staging. After 
further adjusting for age and gender (model 2), LLR (OR, 
1.46 [95% CI, 1.24–1.78]; P < 0.001) still showed a consis-
tent independent correlation with collapse progression, 
suggesting the result were relatively robust (Table 5).

The predictive efficacy of LLR and JIC classification on 
the progression of collapse were analyzed by construc-
tion of ROC curves and calculation of corresponding 
AUC values. Results suggested that the predictive effi-
cacy of LLR (AUC = 0.84) was higher compared with JIC 

Table 2  Baseline characteristics of included hips
Non-progression Collapse progression P

N 68 63
Affected side 0.4
  Left 35 (51.47%) 38 (60.32%)
  Right 33 (48.53%) 25 (39.68%)
Age (years) 35.50 [28.75, 47.00] 38.00 [32.50, 46.00] 0.121
Gender 0.127
  Male 40 (58.82%) 46 (73.02%)
  Female 28 (41.18%) 17 (26.98%)
JIC classification < 0.001
  Type A 11 (16.18%) 0 (0.00%)
  Type B 13 (19.12%) 2 (3.17%)
  Type C1 29 (42.65%) 27 (42.86%)
  Type C2 15 (22.06%) 34 (53.97%)
ARCO 0.007
  Stage I 6 (8.82%) 1 (1.59%)
  Stage II 42 (61.76%) 28 (44.44%)
  Stage IIIA 20 (29.41%) 34 (53.97%)
Etiology 0.36
  Steroidal 41 (60.29%) 31 (49.21%)
  Alcoholic 21 (30.88%) 27 (42.86%)
  Idiopathic 6 (8.82%) 5 (7.94%)
Duration of pain (months) 1.00 [0.00, 7.00] 2.00 [1.00, 5.50] 0.073
LLR (%) 25.00 [0.00, 42.86] 66.67 [44.95, 87.86] < 0.001
Data are presented as median [IQR] or n (%); LLR: large lesion ratio, JIC: Japanese Investigation Committee, ARCO: Association Research Circulation Osseous

Table 3  Comparison of MRI evaluation results in JIC subgroups
Non-progression Collapse progression P

A
N 11 0
LLR(%) 0.00 [0.00, 0.00] - -

B
N 13 1
LLR(%) 28.57 [0.00, 40.00] 20.00 -

C1
N 29 28
LLR(%) 28.57 [10.00, 50.00] 59.82 [44.81, 93.18] < 0.001

C2
N 15 34
LLR(%) 37.50 [6.25, 61.90] 70.00 [50.00, 85.71] 0.002

Data are presented as median [IQR]; LLR: large lesion ratio, JIC: Japanese 
Investigation Committee
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classification (AUC = 0.74). The Youden index was then 
calculated for different cutoff values of LLR, yielding an 
optimal threshold of 40%, with a sensitivity of 88.89% and 
a specificity of 69.12% (Fig. 3).

Discussion
The most important findings of this study was that that 
LLR was an independent risk factor of collapse progres-
sion and may be a more effective tool for the prediction 
of collapse progression compared to JIC classification. 
Moreover, it could be applied on MRI images with differ-
ent scanning parameters. This practical and reproducible 
method is suitable for risk assessment of collapse pro-
gression at initial diagnosis with MRI.

Precisely evaluating the risk of collapse progression of 
the femoral head is crucial before recommending a treat-
ment regime to an ONFH patient. To achieve this goal, 
several classification systems have been developed. In 
the Steinberg system, the size of the lesion is assessed by 
percentage (< 15%, 15–30%, > 30%), or calculated using 
a special software in the revised version [6, 18]. Differ-
ent from directly measuring the volume of lesion, the 
Kerboul classification system measures the angle of the 
lesion involvement on anteroposterior and lateral radio-
graphs, or on mid-coronal and mid-sagittal slices of MRI 
[12, 19]. The JIC classification is one of the widely used 
classification system. Sultan et al. reported that compared 
to both the Steinberg and Kerboul, the JIC classification 
showed higher intra- and inter- observer agreement [20]. 
Moreover, JIC classification showed promising prognos-
tic value while maintaining simplicity [3, 20].

In the JIC classification, ONFH lesion with localiza-
tion at the lateral weight-bearing area is considered more 
severe [3, 20]. Most of the existing classification systems 
emphasize on the size or the lateral boundary of ONFH 
lesion, but multiple studies have suggested that evaluat-
ing the anterior portion of the lesion is also important 
for the prediction of collapse progression [10, 21–24]. 
Results from the study of Kubo et al. indicated that col-
lapse could develop when the lesion involved the anterior 
of the femoral head even if the lesion is medially located 
[23]. Similarly, Nishii et al. pointed out that involvement 
of the anterosuperior portion of the femoral head was 
closely correlated with collapse [22].

It has been well established that acetabular coverage of 
necrotic lesion plays an important part in the progres-
sion of ONFH [25, 26]. When the lesion extends beyond 
the coverage of acetabulum, collapse may occur or prog-
ress rapidly due to excessive shearing force between the 
lateral edge of acetabulum and femoral head. Previous 
studies [23, 27] have found that necrotic lesion usually 
accounts for more volume in the anterior portion of fem-
oral head. Moreover, acetabular coverage on the anterior 
of femoral head is naturally decreased due to acetabular 
anteversion, making the anterolateral region of the femo-
ral head vulnerable to collapse progression.

Therefore, assessing the necrotic lesion comprehen-
sively is necessary. Recent studies have developed some 
effective methods to evaluate necrotic lesion on different 
views of radiographs simultaneously in order to quantify 
both anterior and lateral involvement [9, 10]. However, in 
the early stage of ONFH, the boundary of the lesion may 

Table 4  Comparison of MRI evaluation results grouped by scanning parameters
Parameter 1 Parameter 2 Parameter 3 Parameter 4 P

n 21 41 35 34
JIC classification 0.547
  Type A 4 (19.05%) 5 (12.20%) 4 (11.43%) 4 (11.76%)
  Type B 0 (0.00%) 2 (4.88%) 2 (5.71%) 5 (14.71%)
  Type C1 3 (14.29%) 5 (12.20%) 6 (17.14%) 8 (23.53%)
  Type C2 13 (61.90%) 27 (65.85%) 23 (65.71%) 17 (50.00%)
Number of large lesion slices 4.00

[3.00, 7.00]
4.00
[1.00, 7.00]

3.00
[2.00, 5.00]

3.50
[1.25, 5.00]

0.240

Number of femoral head slices 11.00
[10.00, 12.00]

10.00
[9.00, 10.00]

7.00
[6.00, 7.00]

7.00
[7.00, 7.00]

< 0.001

LLR (%) 40.00
[25.00, 63.64]

40.00
[10.00, 70.00]

50.00
[28.57, 84.52]

50.00
[21.25, 70.24]

0.917

Data are presented as median [IQR]; LLR: large lesion ratio, JIC: Japanese Investigation Committee

Table 5  Result of univariate and multivariate logistics regression
Collapse progression

Univariate model Model 1 Model 2

OR (95% CI) P OR (95% CI) P OR (95% CI) P
LLR (per 10%) 1.60(1.36–1.87) < 0.001 1.60(1.37–1.93) < 0.001 1.60(1.36–1.91) < 0.001
Univariate model: no covariate was adjusted; Model 1: LLR and ARCO stage were included; Model 2: additionally adjusted for age and gender. OR: odds ratio, CI: 
confidence interval, LLR: large lesion ratio
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be blurred, which could affect the assessment of radio-
graphs. On the contrary, the boundary of necrotic lesion 
is relatively clearer on MRI in every stage, especially on 
T1-weighted images. Moreover, ARCO stage I ONFH 
could only be assessed through MRI [11].

One of the problem when assessing ONFH on MRI is 
how to determine the most valuable slice, because the 
size and location of necrotic lesion across the slices are 
usually different. In the definition of JIC classification, 
the mid-coronal slice is chosen [11]. Assessing ONFH 
on mid-coronal slice alone could be problematic when 
the larger portion of the necrotic lesion is located in the 
anterior of the femoral head, because the risk of collapse 
progression may be underestimated. Similar problem 
could also occur when trying to use different views for 
evaluation.

The major improvement of the method introduced in 
our study was that we evaluate every slice of the coro-
nal view. Because the whole of the necrotic lesion was 
inspected slice by slice from anterior to posterior, we 
could assess the anterolateral portion of the femoral head 
more comprehensively. In the recent version of ARCO 
classification, when the lateral margin of necrotic lesion 
extends beyond the lateral edge of the acetabulum, the 

lesion is categorized as large [28]. Therefore, we were 
evaluating whether the lesion could be categorized as 
large lesion on every slice, and further transferred the 
slice counts into LLR.

In our opinion, LLR may reflect the intactness of the 
anterolateral portion of femoral head. Biomechanical 
experiments has confirmed that the anterolateral por-
tion bears most of the pressure on femoral head in daily 
activities like standing and walking. If the intactness of 
anterolateral femoral head is compromised by necrotic 
lesion, collapse progression may occur rapidly [29, 30].

As scanning parameters like slice thickness could sig-
nificantly affect the slice count of imaging, we used ratios 
to quantify the necrotic lesion, which was proven to be 
robust under different scanning parameters according 
to our results. In addition, comparing the slice count of 
large lesion or necrosis directly could also be problematic 
even under unified scanning parameters because of the 
difference in the size of femoral heads. By transferring 
slice count to ratio, we believed this evaluating method 
could be generalize to other institutions.

Therefore, with comprehensive evaluation of the 
anterolateral portion of the femoral head using LLR, a 
more accurate identification of patients at high risk of 

Fig. 3  Receiver operating characteristic curves. The AUC of LLR and JIC were 0.84, and 0.74, respectively. The optimal cutoff point for LLR was 40%, with a 
sensitivity of 88.89% and a specificity of 69.12%. AUC: area under the curve, LLR: large lesion ratio, JIC: Japanese Investigation Committee
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collapse progression could be achieved, providing use-
ful insight for clinical decision-making. Furthermore, the 
reproducibility and applicability of LLR across various 
MRI scanning parameters could ensure uniformity across 
different healthcare settings.

There are several limitations in the current study. 
Firstly, due to the nature of retrospective study design, 
selection bias is inevitable. Secondly, although multivari-
ate regression showed LLR was independently associ-
ated with the risk of collapse, there may be factors that 
were not accounted for, including the amount of physical 
activity. Finally, there was risk of poor treatment adher-
ence of patients even if they were closely followed up and 
monitored. Large-scale prospective cohort studies with 
are needed to further validate our results in the future.

In conclusion, calculating LLR by evaluating every slice 
of femoral head on MRI may be an effective and robust 
way to quantify the involvement of necrotic lesion. LLR 
could served as an efficient tool to assess the risk of col-
lapse progression and guide the selection of treatment 
strategy.
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