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Objective: Osteonecrosis of the femoral head (ONFH) is a disabling and
intractable orthopedic disease largely affecting young and middle-aged
groups. Current standard of treatment relies on the collapse of femoral head
as a predictor for prognosis. However, a wide range of variability in repair
potentials is observed in patients with femoral head collapse. Therefore, the
present study aimed to evaluate the accuracy of femoral head collapse as a
predictor and to propose the necrotic lesion boundary as a novel yet reliable
measure for ONFH prognosis.

Methods: A retrospective cross-sectional study was conducted at the First
Affiliated Hospital of Guangzhou University of Chinese Medicine, 203 hips with
ONFH from 134 patients were included. The occurrences and progression of
femoral head collapse were recorded. Necrosis lesion boundary was quantified
and classified for each case based on anteroposterior view intact ratio (APIR) and
the frog-leg view intact ratio (FLIR) as independent variables. Dependent
variables were defined as progressive collapse or terminal collapse for
Association Research Circulation Osseous (ARCO) stage Il and Ill respectively.
Logistic regression analysis, Receiver Operating Characteristic (ROC) curve and
Kaplan-Meier (K-M) survival analysis was performed and results were interpreted.

Results: Out of the 106 hips in ARCO stage I, 31 hips collapsed with further
progression, while 75 hips had no collapse or collapse with repair of the necrotic
areas. Out of the 97 hips in ARCO stage IlIA, the collapse continued to progress in
58 hips while the necrotic areas were repaired in 39 hips. Logistic regression
analysis demonstrated that both APIR and FLIR, were independent risk factors.
Further ROC curve analysis indicated that the cutoff values of APIR and FLIR
could be considered as indications for evaluating the prognosis of ONFH.
Contrary to the traditional view of poor prognosis after femoral head collapse,
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K-M survival analysis demonstrated a high value of APIR and FLIR for ONFH

prognosis.

Conclusion: The present study found that the occurrence of collapse is an
oversimplified predictor for ONFH prognosis. The collapse of the femoral head in
ONFH does not predict a poor prognosis. The necrosis lesion boundary has a
high value in predicting ONFH prognosis and informing clinical treatment

strategies.

KEYWORDS

osteonecrosis of the femoral head, necrosis lesion boundary, prognosis, collapse, the
necrosis lesion boundary classification

Introduction

Osteonecrosis of the femoral head (ONFH) is a disabling and
intractable orthopedic disease largely affecting young and middle-
aged groups (1). ONFH is characterized by the collapse of the
articular surface of the femoral head due to insufficient bone
remodeling capacity and disruption of the vascular supply (2).
Middle and late stages of ONFH can further lead to the collapse
of femoral head’s articular surface. As a result, recent studies have
argued that the severity of femoral head collapse should be the
ultimate guidance to clinical treatments for ONFH and have found
reliable methods to assess or predict femoral head collapse (3-12).

In current clinical practice, femoral head collapse is a marker of
severe irreversible osteonecrosis and is an indication for hip
preservation surgery or total hip arthroplasty (THA) (13-21).
However, we found contradictory conclusions in our clinical
observations of patients with ONFH. While some developed
further collapse as predicted, cases in Association Research
Circulation Osseous (ARCO) stage IT were observed to undergo
repair of the necrotic area which eventually led to regained abilities
for activities of daily life in patients. On the contrary, some patients
developed further collapse and underwent THA in as short as 1
year. More interestingly, in the follow-up of the patients of ARCO
stage IITA, we found a situation similar to the ARCO stage II
described above. Moreover, a study conducted by He et al. which
employed a non-surgical approach for patients in ARCO stage II,
with a mean follow-up of 7.95 years, found that progression to
ARCO stage III were either halted (in 1/4 of the patients), or
prevented with timely non-surgical interventions (22). These
findings contradict the traditional view on poor prognosis after
femoral head collapse and provide possibilities for non-
surgical interventions.

Since we observed a high correlation between the anterolateral
necrotic boundary and the collapse of femoral head (12), we
hypothesized that the necrotic lesion boundary, as a finer feature
of the necrosis, better predicts the prognosis of ONFH. To
investigate this hypothesis, we conducted a retrospective cross-
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sectional study to evaluate the predictive value of collapse and
necrotic lesion boundary for ONFH prognosis.

Methods
Patients

This study was approved by the institutional review board.
Patients with ONFH who presented to the First Affiliated Hospital
of Guangzhou University of Chinese Medicine from January 2000
to December 2016 were included. The diagnosis of ONFH was
confirmed by senior doctors from X-ray and MRI based on the
Chinese Guideline for the Diagnosis and Treatment of
Osteonecrosis of the Femoral Head in Adults (23).

Inclusion criteria

Inclusion criteria were as follows: (i) patients who presented with
ARCO stage II or IIIA (based on ARCO classification standard
established in 2019); (ii) patients aged between 18 years and 55
years; (iii) patients with regular follow-up and complete imaging data
of hip X-rays taken at least once every 6 months. Both anteroposterior
(AP) view and frog-leg lateral (FL) view of both hips are required.

Exclusion criteria

Exclusion criteria were as follows: (i) patients who underwent
hip preservation surgery during the follow-up; (ii) patients with
severe cardiovascular and cerebrovascular diseases, tumors,
infections, or mental health deficit; (iii) patients who had coxa
plana, congenital hip dysplasia or other diseases that affect the
normal physiological structure of the hip joint; (iv) patients who
had rheumatoid arthritis, ankylosing spondylitis and other
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rheumatic diseases involving the hip joint; and (v) patients who
continued to take glucocorticoids or drink alcohol.

Imaging protocols and measurement of
predictive indicators

The anteroposterior view intact ratio (APIR) and the frog-leg
view intact ratio (FLIR) were used to assess the retention of the
anterolateral boundary of the necrotic lesion. The necrosis lesion
boundary was quantified by APIR and FLIR (Figure 1). To establish
reliability, APIR and FLIR were blindly measured by two
independent observers. Additionally, APIR and FLIR were unified
into the combined intact ratio (CIR) by means of logistic
regression analysis.

Classification of the necrotic lesion
boundary

Our study reclassified ONFH by quantitative values of the
necrosis lesion boundary. According to the proportion of the
non-necrotic area of the weight-bearing part of the femoral head
in the weight-bearing area of the acetabulum corresponding to the
AP view, the lateral necrotic boundary is classified (Figure 2A). (i)
type A: Point B (the boundary point of the necrotic area on the
femoral head) is inside the weight-bearing area, that is, the non-
necrotic area in the weight-bearing part of the femoral head
occupies more than 2/3 of the weight-bearing area of the
acetabulum (arc AB/arc CD=APIR>2/3); (ii) type B: the non-
necrotic area in the weight-bearing part of the femoral head
occupies between 1/3-2/3 of the weight-bearing area of the
acetabulum (1/3<APIR<2/3); (iii) type C: the non-necrotic area in
the weight-bearing part of the femoral head occupies no more than
1/3 of the weight-bearing area of the acetabulum (APIR<1/3); (iv)
type D: the necrosis lesion boundary extends beyond the outer rim
of the acetabulum; and (v) type E: the necrotic lesion boundary is

FIGURE 2
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FIGURE 1

The measurement of IR. Point C is the outermost edge of the
acetabulum, point F is the lowest point of the teardrop, and point D
is the intersection of the vertical line of the midpoint of the CF line
and the acetabulum. The parallel line with the central axis through
point C intersects the femoral head at point A, and B is the outer
boundary of the necrotic area involving the wall of the femoral
head. Length (A-B) represents the contour length of the femoral
head in the non-necrotic area of the weight-bearing part. Length
(CD) represents the contour length of the acetabulum in the
weight-bearing part. APIR/FLIR= Length (A-B)/Length (CD)x100%.
Length (C-D) as an acetabular weight-bearing part does not change,
while Length (A-B) changes according to the location of the
necrotic lesion boundary. Smaller lengths (A-B) imply smaller APIR
and FLIR, while smaller APIR and FLIR values indicate that the
necrotic lesion boundary is closer to the outer edge of the
acetabulum, which means less intact femoral head is available to
bear weight.

inside the femoral head. According to the proportion of the non-
necrotic area of the weight-bearing part of the femoral head in the
weight-bearing area of the acetabulum corresponding to the FL

The necrosis lesion boundary classification. (A) The lateral necrosis lesion boundary classification. (B) The anterior necrosis lesion boundary classification.
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view, the anterior necrotic boundary is classified (Figure 2B). (i)
type a: the non-necrotic area in the weight-bearing part of the
femoral head occupies more than 2/3 of the weight-bearing area of
the acetabulum (arc AB/arc CD=FLIR>2/3); (ii) type b: the non-
necrotic area in the weight-bearing part of the femoral head
occupies between 1/3-2/3 of the weight-bearing area of the
acetabulum (1/3<FLIR<2/3); (iii) type c: the non-necrotic area in
the weight-bearing part of the femoral head occupies no more than
1/3 of the weight-bearing area of the acetabulum (FLIR<1/3); (iv)
type d: the necrosis lesion boundary extends beyond the outer rim
of the acetabulum; and (v) type e: the necrosis lesion boundary is
inside the femoral head.

Classification of outcomes

(i) For ARCO stage II, progressive collapse as an endpoint was
defined as persistent collapse without repair (collapse >4 mm or
progression to ARCO stage IV) at follow-ups; and(ii) For ARCO
stage IIIA, terminal collapse as an endpoint was defined as
persistent collapse without repair (collapse >4 mm or progression
to ARCO stage IV) on X-rays. The degree of collapse was measured
according to Nishii’s modified method (24).

Grouping of patients

According to the severity of femoral head collapses, patients in
ARCO stage II were separated into a progressive collapse group and
non-progressive collapse group (non-progressive collapse group
included patients with no collapse). Patients in ARCO stage IITA
were separated into a terminal collapse group and a necrotic repair
group based on the repair progress of the femoral head.

Statistical analysis

All analyses of data were conducted with SPSS Software version
23.0 (International Business Machines, Armonk, New York, USA)
and GraphPad Prism Software version 7.04 (GraphPad Software
Inc, San Diego, CA, USA). Measurement data were tested for
normality using the Kolmogorov-Smirnov method. Measurement
data subject to normal distribution were expressed as mean +
standard deviation (Mean + SD), and independent samples t-test
was performed, and variables that did not obey normal distribution
were expressed as median and interquartile range [M (P25], P75)].
The independent samples t test was used to compare the
measurement data that obeyed the normal distribution between
groups, and the nonparametric two independent sample Mann-
Whitney U test was used for the non-normal distribution. The
count data were expressed as frequency and analyzed by chi-square
test. Univariate and multivariate logistic regression analysis were
performed to identify the risk coefficient of the variable, and then
the receiver operating characteristic (ROC) curve was used to
evaluate the cutoff of the variable. The Kaplan-Meier (K-M)
survival analysis was performed with the classification of
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outcomes. All statistical analyses were two-sided, with p-values <
0.05 indicating statistical significance.

Results

A total of 203 hips from 134 patients were included in this
study, including 106 hips in ARCO stage II and 97 hips in ARCO
stage ITTA. According to the necrosis lesion boundary classification,
there were 3 type A hips, 21 type B hips, 133 type C hips, 26 type D
hips, 20 type E hips, 1 type a hip, 28 type b hips, 128 type c hips, 28
type d hips and 18 type e hips. 113 hips were diagnosed with
steroid-induced ONFH (SONFH), 70 hips with alcohol-associated
ONFH (AONFH), and 20 hips with idiopathic ONFH (IONFH).

Out of the 106 hips in ARCO stage II, 31 hips collapsed with
further progression while 75 hips had no collapse or collapse with
repair of the necrotic areas. Out of the 97 hips in ARCO stage IITA,
the collapse continued to progress in 58 hips while the necrotic
areas were gradually repaired in 39 hips. For both ARCO stage II
and IITA, the necrotic lesion boundary classification turned out to
be a key factor affecting the outcome in both the progressive
collapse and terminal collapse groups (P=0.000, Table 1). Non-
parametric tests further showed that there were significant statistical
differences in both APIR and FLIR between the progressive collapse
group and the non-progressive collapse group, and between the
terminal collapse group and the necrotic repair group (P=0.000,
Tables 2, 3). For the progressive collapse or terminal collapse
groups, logistic regression analyses showed that both APIR
(progressive collapse: OR 0.886, 95% CI 0.801-0.980, p=0.018/
terminal collapse: OR 0.823, 95% CI 0.733-0.924, p=0.001) and
FLIR (progressive collapse: OR 0.783, 95% CI 0.690-0.888, p=0.000/
terminal collapse: OR 0.941, 95% CI 0.893-0.992, p=0.025) were
independent risk factors, and they inversely predicted the risk of
collapse (Table 4).

The combined intact ratio (CIR) was an ROC model for the
joint diagnosis of APIR and FLIR. For the progressive collapse
group, ROC curve analysis showed the cutoff value of 19.83%
(AUC=80.8%, sensitivity=72%, specificity=91%, Youden
index=0.63) for APIR, the cutoff value of 17.63% for FLIR
(AUC=95.4%, sensitivity=88%, specificity= 96%, Youden
index=0.84), CIR (AUC=96.4%, sensitivity=96%, specificity=91%,
Youden index=0.87), had a higher diagnostic value for collapse
(Table 5, Figure 3A). For the terminal collapse group, the cutoff
values of APIR and FLIR were 16.60% and 16.09%, respectively.
Compared with the two, the CIR had a more balanced diagnostic
value for terminal collapse (Table 5, Figure 3B).

The K-M survival analysis was performed with the cutoffs value
of APIR and FLIR as noted. For progressive collapse, the overall
survival rates were 94.8% at 6 years, 73.8% at 10 years when
APIR>19.83% (Figure 4A), 96.2% at 6 years, and 91.9% at 10
years when FLIR>17.63% (Figure 4B). For terminal collapse,
when the 6-year and 10-year survival rates were 87.5% and
82.0%, respectively, when APIR>16.60% (Figure 4C), and were
both 88.9% when FLIR>16.09% (Figure 4D).

In summary, the necrotic lesion boundary classifications predict
relatively good prognosis for of type Aa, type Ab, type Ae, type Ba,
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TABLE 1 The correlation between the characteristics of ARCO stage II-11l1A and collapse.

Progressive collapse ~ Non-progressive P Terminal collapse Necrotic repair P
group (31 hips) collapse group  value group (58 hips) group (39 hips) value
(75 hips)

Age 0.554 0.385
18-35 11 35 25 19
36-55 17 33 25 18
>55 3 7 8 2

Sex 0.561 0.188
Males 21 55 43 24
Females 10 20 15 15

Associated factor 0.603 0.181
Corticosteroid 19 38 29 27
Alcohol 9 27 24 10
Idiopathic 3 10 5 2

The lateral necrosis lesion 0.000 0.000

boundary classification

A 0 3 0 0
B 2 10 1 7
C 23 45 35 30
D 6 0 22 1
E 0 17 0 1
The anterior necrosis lesion 0.000 0.000

boundary classification

A 0 1 0 0
B 2 18 3 6
C 24 39 35 30
D 5 0 20 0
E 0 17 0 3
Follow-up time (mths) 37 (5-94) 84 (60-241) / 21 (6-78) 80 (60-154) /

type Bb, type Be, type Ea, type Eb and type Ee and non-surgical = preservation surgery or THA. Lastly the prognosis for type Ac, type
approaches are recommended. On the contrary, type Da, type Db,  Bc, type Ca, type Cb, type Cc, type Ce, and type Ec are
type Dc, type Dd, type De, type Ad, type Bd, type Cd and type Ed  undetermined and need to be further accessed based on our
are predicted to have poor prognosis, which would require hip  model (Table 6).

TABLE 2 The correlation between APIR and collapse.

APIR (%)

Progressive collapse
Progressive collapse group 25 15.18 (7.72,27.13) 4.407 0.000

Non-progressive collapse group 56 29.06 (23.97,32.66)

Terminal collapse

Terminal collapse group 34 12.31 (8.26,15.54) -5.977 0.000

Necrotic repair group 35 23.31 (18.84,31.29)
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TABLE 3 The correlation between FLIR and collapse.

FLIR (%)

Progressive collapse

Progressive collapse group 25 10.57 (6.51,12.04) -6.502 0.000

Non-progressive collapse group 56 30.72 (24.85,41.51)

Terminal collapse

Terminal collapse group 34 7.80 (2.40,13.63) -5.617 0.000

Necrotic repair group 35 21.32 (17.25,28.04)

TABLE 4 Analysis of Independent Risk Factors for APIR and FLIR.

Univariate OR (95% Cl) Multivariate OR (95% Cl)

P Value P Value

Progressive collapse

Age (yr) 0.922 /

18-35

36-55

>55

Sex 0.616 /

Females

Males

Associated factor 0.338 /

Corticosteroid
Alcohol

Idiopathic

APIR 0.000 0.869 (0.812-0.930) 0.018 0.886 (0.801-0.980)

FLIR 0.000 0.780 (0.699-0.870) 0.000 0.783 (0.690-0.888)

Terminal collapse

Age (yr) 0.789 /

18-35

36-55

>55

Sex 0.676 /

Females

Males

Associated factor 0.117 /

Corticosteroid

Alcohol

Idiopathic

APIR 0.000 0.796 (0.709-0.892) 0.001 0.823 (0.733-0.924)

FLIR 0.001 0.910 (0.859-0.964) 0.025 0.941 (0.893-0.992)

Frontiers in Endocrinology 06 frontiersin.org


https://doi.org/10.3389/fendo.2023.1137786
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Fan et al.

TABLE 5 The ROC Curve Analysis of APIR, FLIR and CIR.

10.3389/fendo.2023.1137786

Youden'’s index

Sensitivity/Specificity

Progressive collapse

APIR 19.83% 80.8 72%/91% 0.63
FLIR 17.63% 95.4 88%/96% 0.84
CIR 0.31 96.4 96%/91% 0.87
Terminal collapse

APIR 16.60% 91.8 82%/97% 0.79
FLIR 16.09% 89.3 889%/91% 0.80
CIR 0.58 91.2 859%/94% 0.80

CIR, Combined Intact Ratio is the joint ROC of APIR and FLIR; AUC, Area Under Curve.

Discussion

ONFH is a disabling disease that largely affects middle-aged and
young patients. If not intervened in time, some patients with ONFH
can develop femoral head collapse or hip osteoarthritis, both of
which indicate for THA (25, 26). For younger patients, serious
complications of THA, and poor durability of hip prosthesis make
hip preservation treatment especially beneficial (27). The prevailing
belief is that the occurrence of collapse predicts a poor prognosis in
ONFH, and hip preservation surgery or THA are the only treatment
options (13-21, 28). This view has led to an emergence of studies on
assessing risk for collapse in early stage of ONFH, in the hopes for
early intervention strategies (3-10, 12, 29-31). The aim of these
studies was to select an appropriate hip preservation strategy based
on the probability of hip collapse. However, we observed a wide
range of variability in the progress of ONFH patients with collapsed
femoral heads clinically. We hypothesized that the necrotic lesion
boundary better predicts the prognosis.

Consistent with clinical observations, we found that out of the
106 hips in ARCO stage II, 31 hips collapsed with further progression.
75 hips had no collapse or collapse with repair of the necrotic areas.
Out of the 97 hips in ARCO stage IIIA, the collapse continued to
progress in 58 hips while the necrotic areas were repaired in 39 hips
(Table 1). We then classified the necrotic lesion boundary by APIR

°
»
T

— CIR

Sensitivity

0.2~

0.0 2 1 1 1 1 |
00 02 04 06 08 1.0

1 - Specificity

FIGURE 3

and FLIR, a quantification of the lesion boundary. These results
suggested that the necrotic lesion boundary classification turned out
to be a key factor determining the outcome in both the progressive
collapse and terminal collapse groups, suggesting the predictive value
of APIR and FLIR for ONFH prognosis (Tables 1-5, Figures 3, 4).
These results prompted that the prognosis and treatment of type Ac,
type Bc, type Ca, type Cb, type Cc, type Ce, and type Ec need to be
further accessed according to the cutoff values of APIR and FLIR, and
the rest of the types had relatively clear prognosis and treatment
options. Taken together, our study creatively proposed a necrosis
lesion boundary classification, which predicts prognosis and inform
treatment options (Table 6).

Literature research have further revealed prior studies that
found associations between the anterior necrotic lesions and
femoral head collapse (8, 9, 32-34). These studies suggest that not
only the lateral necrotic lesions but also the anterior necrotic lesions
contribute to the prognosis potential of ONFH and should be taken
into consideration when making clinical decisions.

In regards to evaluating the necrotic lesions, even though
Computed tomography (CT) and Magnetic Resonance Imaging
(MRI) can provide higher-resolution images, x-rays are currently
still the most frequently used clinical examination imaging modality
in China due to their low cost beneficial for the large population
base. X-rays also have the ability to clearly show the anatomical
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ROC curve analysis of APIR, FLIR and CIR. (A) Progressive collapse as an endpoint. (B) Terminal collapse as an endpoint.
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FIGURE 4

Kaplan Meier femoral head survival curves (A-D). Smaller values of APIR and FLIR (dashed lines) indicate that the necrotic lesion boundary is closer to
the outer edge of the acetabulum, which means less intact femoral head is available to bear weight leading to reduced survival of the femoral head.

relationships between bones, making them the best tools for
identifying the boundary of necrotic lesions. Several studies have
confirmed the value of an FL view on top of a traditional AP view of
the X-rays for a clear evaluation of the anterior necrotic lesions (3,
12, 35). Therefore, both AP and FL views of the lesions need to be
taken into account when prognosis is determined. The necrosis
lesion boundary classification by X-rays described in this work has
taken into account both the AP and FL views, which improved the
evaluation accuracy in our analyses.

Current commonly used staging such as Ficat staging, Steinberg
staging and ARCO staging only reflect the progression of ONFH
(whether there is collapse or arthritis) compared to the necrosis
lesion boundary classification, while ignoring the location of the
necrotic lesion which is considered to be predictive of prognosis. In
addition, although the Japanese Investigation Committee (JIC)
classification is widely accepted across the world, it is limited in
its ability to predict the prognosis of ONFH since it is based solely
on the AP view and ignores the three-dimensional anatomy of the

TABLE 6 The prognosis prediction and treatment for the necrosis lesion boundary classification.

The necrosis lesion
boundary classification

Type a Good prognosis/non -surgical Good prognosis/non-surgical APIR=>19.83%: good prognosis/non-surgical Poor prognosis/hip Good prognosis/non-surgical
treatment treatment treatment; preservation surgery or treatment
APIR<19.83%: poor prognosis/hip preservation THA
surgery or THA
Type b Good prognosis/non -surgical Good prognosis/non-surgical APIR>19.83%: good prognosis/non-surgical Poor prognosis/hip Good prognosis/non-surgical
treatment treatment treatment; preservation surgery or treatment
APIR<19.83%: poor prognosis/hip preservation THA
surgery or THA
Type ¢ FLIR=17.63%: good prognosis/non FLIR=17.63%: good prognosis/non- APIR=19.83% and FLIR>17.63%: good Poor prognosis/hip FLIR=17.63%: good prognosis/non-
-surgical treatment; surgical treatment; prognosis/non-surgical treatment; preservation surgery or surgical treatment;
FLIR<17.63%: poor prognosis/hip FLIR<17.63%: poor prognosis/hip APIR<19.83% and/or FLIR<17.63%: poor THA FLIR<17.63%: poor prognosis/hip
preservation surgery or THA preservation surgery or THA prognosis/hip preservation surgery or THA preservation surgery or THA
Type d Poor prognosis/hip preservation Poor prognosis/hip preservation Poor prognosis/hip preservation surgery or THA Poor prognosis/hip Poor prognosis/hip preservation
surgery or THA surgery or THA preservation surgery or surgery or THA
THA
Type e Good prognosis/non -surgical Good prognosis/non-surgical APIR=>19.83%: good prognosis/non-surgical Poor prognosis/hip Good prognosis/non-surgical
treatment treatment treatment; preservation surgery or treatment
APIR<19.83%: poor prognosis/hip preservation THA
surgery or THA
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femoral head. In general, compared to other classifications, the
necrosis lesion boundary classification is a more appropriate new
classification to determine the prognosis of ONFH.

This study has several limitations. First, the necrosis lesion
boundary classification cannot be evaluated for ARCO stage I
Second, this classification does not take into account the size of
the necrotic areas, which could potentially affect prognosis. Finally,
the sample size of this study is relatively small, and real-life
situations may have more complicated considerations. However,
these limitations do not obscure the strengths of this study. The
patients with non-progressive collapse group and necrotic repair
group included in this study were followed up for at least 5 years,
maximizing the accuracy of outcome determination. In addition,
the necrotic lesion boundary classification is a novel classification
that quantify lesion boundary based on both AP and FL views of
X-rays

Conclusion

Taken together, the occurrence of collapse is an oversimplified
predictor for ONFH prognosis. The present study demonstrates
that the necrosis lesion boundary has a high value to predict ONFH
prognosis and to inform clinical treatment options.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Ethics statement

This study was approved by the institutional review board of the
First Affiliated Hospital of Guangzhou University of Chinese

References

1. Tan B, Li W, Zeng P, Guo H, Huang Z, Fu F, et al. Epidemiological study based on
China osteonecrosis of the femoral head database. Orthop Surg (2021) 13(1):153-60.
doi: 10.1111/0s.12857

2. Sodhi N, Acuna A, Etcheson ], Mohamed N, Davila I, Ehiorobo JO, et al.
Management of osteonecrosis of the femoral head. Bone Joint J (2020) 102-B
(7_Supple_B):122-8. doi: 10.1302/0301-620X.102B7.BJJ-2019-1611.R1

3. Wei QS, Li ZQ, Hong ZN, Hong GJ, Pang FX, Yang P, et al. Predicting collapse in
osteonecrosis of the femoral head using a new method: Preserved angles of anterior and
lateral femoral head. J Bone Joint Surg Am (2022) 104(Suppl 2):47-53. doi: 10.2106/
JBJS.20.00507

4. Sugano N, Takaoka K, Ohzono K, Matsui M, Masuhara K, Ono K.
Prognostication of nontraumatic avascular necrosis of the femoral head. significance
of location and size of the necrotic lesion. Clin Orthop Relat Res (1994) 303):155-64.
doi: 10.1097/00003086-199406000-00019

5. Kim HJ, Yoo JJ, Song WS. Quantifying the extent of femoral head involvement in
osteonecrosis. ] Bone Joint Surg Am (2003) 85(12):2481-2; author reply 2. doi: 10.2106/
00004623-200312000-00034

6. Ha YC, Jung WH, Kim JR, Seong NH, Kim SY, Koo KH. Prediction of collapse in
femoral head osteonecrosis: A modified kerboul method with use of magnetic
resonance images. J Bone Joint Surg Am (2006) 88 Suppl 3:35-40. doi: 10.2106/
JBJS.F.00535

Frontiers in Endocrinology

10.3389/fendo.2023.1137786

Medicine (No. JY [2021]165). The patients/participants provided
their written informed consent to participate in this study.

Author contributions

Conceptualization: YF and ZC. Data extraction and quality
assessment: YZ and XL. Software: YF and YL. Formal analysis: JZ
and HF. Validation: CZ, WH and ZC. Writing: YF and CZ. All
authors contributed to the article and approved the
submitted version.

Funding

This work was supported by grants from Guangzhou Municipal
Health Commission (N0.2023P-TS22), Department of education of
Guangdong province (N0.2021JD166), Guangzhou University of
Chinese Medicine (N0.2021xk46 and No.YS[2022]84).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

7. Okura T, Hasegawa Y, Morita D, Osawa Y, Ishiguro N. What factors predict the failure
of curved intertrochanteric varus osteotomy for the osteonecrosis of the femoral head? Arch
Orthop Trauma Surg (2016) 136(12):1647-55. doi: 10.1007/s00402-016-2563-0

8. Nishii T, Sugano N, Ohzono K, Sakai T, Sato Y, Yoshikawa H. Significance of
lesion size and location in the prediction of collapse of osteonecrosis of the femoral
head: A new three-dimensional quantification using magnetic resonance imaging.
J Orthop Res (2002) 20(1):130-6. doi: 10.1016/S0736-0266(01)00063-8

9. Kubo Y, Motomura G, Ikemura S, Sonoda K, Hatanaka H, Utsunomiya T, et al.
The effect of the anterior boundary of necrotic lesion on the occurrence of collapse in
osteonecrosis of the femoral head. Int Orthop (2018) 42(7):1449-55. doi: 10.1007/
500264-018-3836-8

10. Chen L, Hong G, Fang B, Zhou G, Han X, Guan T, et al. Predicting the collapse
of the femoral head due to osteonecrosis: From basic methods to application prospects.
J Orthop Translat (2017) 11:62-72. doi: 10.1016/j.jot.2016.11.002

11. Wells J, Schoenecker P, Duncan S, Goss CW, Thomason K, Clohisy JC.
Intermediate-term hip survivorship and patient-reported outcomes of periacetabular
osteotomy. the Washington university experience (Vol 100, pg 218, 2018). ] Bone Joint
Surg Am (2018) 100(3):218-25. doi: 10.2106/JBJS.ER.17.00337

12. Fan Y, Zhang J, Chen M, Pang F, Chen H, Wu Y, et al. Diagnostic value of
necrotic lesion boundary in bone collapse of femoral head osteonecrosis. Int Orthop
(2022) 46(3):423-31. doi: 10.1007/500264-021-05081-7

frontiersin.org


https://doi.org/10.1111/os.12857
https://doi.org/10.1302/0301-620X.102B7.BJJ-2019-1611.R1
https://doi.org/10.2106/JBJS.20.00507
https://doi.org/10.2106/JBJS.20.00507
https://doi.org/10.1097/00003086-199406000-00019
https://doi.org/10.2106/00004623-200312000-00034
https://doi.org/10.2106/00004623-200312000-00034
https://doi.org/10.2106/JBJS.F.00535
https://doi.org/10.2106/JBJS.F.00535
https://doi.org/10.1007/s00402-016-2563-0
https://doi.org/10.1016/S0736-0266(01)00063-8
https://doi.org/10.1007/s00264-018-3836-8
https://doi.org/10.1007/s00264-018-3836-8
https://doi.org/10.1016/j.jot.2016.11.002
https://doi.org/10.2106/JBJS.ER.17.00337
https://doi.org/10.1007/s00264-021-05081-7
https://doi.org/10.3389/fendo.2023.1137786
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Fan et al.

13. Larson E, Jones LC, Goodman SB, Koo KH, Cui Q. Early-stage osteonecrosis of
the femoral head: Where are we and where are we going in year 2018? Int Orthop
(2018) 42(7):1723-8. doi: 10.1007/s00264-018-3917-8

14. Zalavras CG, Lieberman JR. Osteonecrosis of the femoral head: Evaluation and
treatment. ] Am Acad Orthop Surg (2014) 22(7):455-64. doi: 10.5435/JAAOS-22-07-
455

15. Cao H, Guan H, Lai Y, Qin L, Wang X. Review of various treatment options and
potential therapies for osteonecrosis of the femoral head. J Orthop Translat (2016)
4:57-70. doi: 10.1016/j.j0t.2015.09.005

16. Hong YC, Luo RB, Lin T, Zhong HM, Shi JB. Efficacy of alendronate for
preventing collapse of femoral head in adult patients with nontraumatic osteonecrosis.
BioMed Res Int (2014) 2014:716538. doi: 10.1155/2014/716538

17. Hu LB, Huang ZG, Wei HY, Wang W, Ren A, Xu YY. Osteonecrosis of the
femoral head: Using ct, mri and gross specimen to characterize the location, shape and
size of the lesion. Br J Radiol (2015) 88(1046):20140508. doi: 10.1259/bjr.20140508

18. Shih LY, Wong YC, Shih HN. One-stage hip arthroplasty and bone grafting for
bilateral femoral head osteonecrosis. Clin Orthop Relat Res (2009) 467(6):1522-8.
doi: 10.1007/s11999-008-0393-2

19. Nozawa M, Enomoto F, Shitoto K, Matsuda K, Maezawa K, Kurosawa H.
Rotational acetabular osteotomy for osteonecrosis with collapse of the femoral head in
young patients. ] Bone Joint Surg Am (2005) 87(3):514-20. doi: 10.2106/JBJS.C.01461

20. Baba T, Nozawa M, Homma Y, Ochi H, Ozaki Y, Watari T, et al. Long-term
results of rotational acetabular osteotomy for osteonecrosis with collapse of the femoral
head in young patients. Arch Orthop Trauma Surg (2017) 137(7):925-31. doi: 10.1007/
s00402-017-2719-6

21. Hamanishi M, Yasunaga Y, Yamasaki T, Mori R, Shoji T, Ochi M. The clinical
and radiographic results of intertrochanteric curved varus osteotomy for idiopathic
osteonecrosis of the femoral head. Arch Orthop Trauma Surg (2014) 134(3):305-10.
doi: 10.1007/s00402-013-1919-y

22. He XM, He MC, Yang P, Zhang QW, Chen ZQ, He W, et al. The therapeutic effect
of huo xue tong luo capsules in association research circulation osseous (Arco) stage ii
osteonecrosis of the femoral head: A clinical study with an average follow-up period of
7.95 years. Front Pharmacol (2021) 12:773758. doi: 10.3389/fphar.2021.773758

23. Microsurgery Department of the Orthopedics Branch of the Chinese Medical
Doctor A, Group from the O, Bone Defect Branch of the Chinese Association of R,
Reconstructive S, Microsurgery, Reconstructive Surgery Group of the Orthopedics
Branch of the Chinese Medical A. Chinese Guideline for the diagnosis and treatment of
osteonecrosis of the femoral head in adults. Orthop Surg (2017) 9(1):3-12. doi: 10.1111/
0s.12302

Frontiers in Endocrinology

10

10.3389/fendo.2023.1137786

24. Nishii T, Sugano N, Ohzono K, Sakai T, Haraguchi K, Yoshikawa H. Progression
and cessation of collapse in osteonecrosis of the femoral head. Clin Orthop Relat Res
(2002) 400):149-57. doi: 10.1097/00003086-200207000-00019

25. Moya-Angeler J, Gianakos AL, Villa JC, Ni A, Lane JM. Current concepts on
osteonecrosis of the femoral head. World J Orthop (2015) 6(8):590-601. doi: 10.5312/
Wj0.v6.i8.590

26. Issa K, Pivec R, Kapadia BH, Banerjee S, Mont MA. Osteonecrosis of the femoral
head: The total hip replacement solution. Bone Joint J (2013) 95-B(11 Suppl A):46-50.
doi: 10.1302/0301-620X.95B11.32644

27. Marker DR, Seyler TM, McGrath MS, Delanois RE, Ulrich SD, Mont MA.
Treatment of early stage osteonecrosis of the femoral head. ] Bone Joint Surg Am (2008)
90 Suppl 4:175-87. doi: 10.2106/JBJS.H.00671

28. Kuroda Y, Okuzu Y, Kawai T, Goto K, Matsuda S. Difference in therapeutic
strategies for joint-preserving surgery for non-traumatic osteonecrosis of the femoral
head between the united states and Japan: A review of the literature. Orthop Surg (2021)
13(3):742-8. doi: 10.1111/0s.12979

29. Ansari S, Goyal T, Kalia RB, Paul S, Singh S. Prediction of collapse in femoral
head osteonecrosis: Role of volumetric assessment. Hip Int (2022), 32(5):596-603.
doi: 10.1177/1120700020978587

30. Yu T, Xie L, Zhang Z, Ke X, Liu Y. Prediction of osteonecrosis collapse of the
femoral head based on the proportion of the proximal sclerotic rim. Int Orthop (2015)
39(6):1045-50. doi: 10.1007/s00264-014-2602-9

31. Bahk JH, Jo WL, Kim SC, Kwon SY, Lim YW. Lateral pillar is the key in
supporting pre-collapse osteonecrosis of the femoral head: A finite element model
analysis of propensity-score matched cohorts. J Orthop Surg Res (2021) 16(1):728.
doi: 10.1186/s13018-021-02875-8

32. Kang JS, Moon KH, Kwon DG, Shin BK, Woo MS. The natural history of
asymptomatic osteonecrosis of the femoral head. Int Orthop (2013) 37(3):379-84.
doi: 10.1007/500264-013-1775-y

33. Yoshida H, Faust A, Wilckens J, Kitagawa M, Fetto J, Chao EY. Three-

dimensional dynamic hip contact area and pressure distribution during activities of
daily living. J Biomech (2006) 39(11):1996-2004. doi: 10.1016/j.jbiomech.2005.06.026

34. Genda E, Iwasaki N, Li G, MacWilliams BA, Barrance PJ, Chao EY. Normal hip
joint contact pressure distribution in single-leg standing—effect of gender and anatomic
parameters. J Biomech (2001) 34(7):895-905. doi: 10.1016/s0021-9290(01)00041-0

35. Cheng W, Xian H, Wang L, Luo D, Huang Z, Lian K, et al. Frog leg lateral view is
a reliable predictor of the prognosis in osteonecrosis of the femoral head. J Orthop Res
(2021) 39(5):950-8. doi: 10.1002/jor.24825

frontiersin.org


https://doi.org/10.1007/s00264-018-3917-8
https://doi.org/10.5435/JAAOS-22-07-455
https://doi.org/10.5435/JAAOS-22-07-455
https://doi.org/10.1016/j.jot.2015.09.005
https://doi.org/10.1155/2014/716538
https://doi.org/10.1259/bjr.20140508
https://doi.org/10.1007/s11999-008-0393-2
https://doi.org/10.2106/JBJS.C.01461
https://doi.org/10.1007/s00402-017-2719-6
https://doi.org/10.1007/s00402-017-2719-6
https://doi.org/10.1007/s00402-013-1919-y
https://doi.org/10.3389/fphar.2021.773758
https://doi.org/10.1111/os.12302
https://doi.org/10.1111/os.12302
https://doi.org/10.1097/00003086-200207000-00019
https://doi.org/10.5312/wjo.v6.i8.590
https://doi.org/10.5312/wjo.v6.i8.590
https://doi.org/10.1302/0301-620X.95B11.32644
https://doi.org/10.2106/JBJS.H.00671
https://doi.org/10.1111/os.12979
https://doi.org/10.1177/1120700020978587
https://doi.org/10.1007/s00264-014-2602-9
https://doi.org/10.1186/s13018-021-02875-8
https://doi.org/10.1007/s00264-013-1775-y
https://doi.org/10.1016/j.jbiomech.2005.06.026
https://doi.org/10.1016/s0021-9290(01)00041-0
https://doi.org/10.1002/jor.24825
https://doi.org/10.3389/fendo.2023.1137786
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Evaluation of the predictive values of collapse and necrotic lesion boundary for osteonecrosis of the femoral head prognosis
	Introduction
	Methods
	Patients
	Inclusion criteria
	Exclusion criteria
	Imaging protocols and measurement of predictive indicators
	Classification of the necrotic lesion boundary
	Classification of outcomes
	Grouping of patients
	Statistical analysis

	Results
	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


