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Objective: It is unclear whether idiopathic osteonecrosis of the femoral head (ONFH) is associated with borderline
developmental dysplasia of the hip (BDDH). This study aimed to compare the incidence of BDDH between patients
with idiopathic ONFH and matched control subjects and determine the influence of BDDH on poor prognosis after core
decompression (CD).

Methods: We retrospectively examined 78 consecutive patients (111 hips) with idiopathic ONFH undergoing CD and 1:2 mat-
ched with 156 control subjects (222 hips). The anteroposterior pelvic radiographs were used to measure the acetabular
anatomical parameters and divide included subjects into BDDH or non-BDDH group. The incidence of BDDH and acetabular
anatomical parameters were compared between patients with idiopathic ONFH and matched controls. Clinical outcomes, such
as Harris Hip Score (HHS), progression of collapse, and conversion to total hip arthroplasty (THA), were compared between
patients with BDDH and without BDDH in the idiopathic ONFH group, with a mean follow-up of 72.1 � 36.6 months.

Results: Patients with idiopathic ONFH had a significantly higher incidence of BDDH than matched controls (29.7% vs
12.2%, p < 0.001). Less acetabular coverage was also found in patients with idiopathic ONFH than in matched con-
trols as demonstrated by lower CEA (28.5� � 4.7� vs 33.1� � 5.7�, p < 0.001), AHI (82.4 � 5.0 vs 86.3 � 5.4,
p < 0.001), ADR (299.6 � 28.4 vs 318.8 � 31.3, p < 0.001), and a higher sharp angle (40.0� � 3.4� vs
37.4� � 3.7�, p < 0.001). In patients with idiopathic ONFH, the BDDH group had a significantly lower mean HHS at
the last follow-up (83.5 � 17.4 vs 91.6 � 9.7, p = 0.015) with a different score distribution (p = 0.004), and a lower
5-year survival rate with both clinical failure (66.7%, 95% CI 52.4%–84.9% vs 83.7%, 95% CI 75.2%–93.1%;
p = 0.028) and conversion to THA (74.6%, 95% CI 60.7%–91.6% vs 92.1%, 95% CI 85.6%–99.0%; p = 0.008) as the
endpoints than the non-BDDH group.

Conclusion: The incidence of BDDH was significantly higher in patients with idiopathic ONFH than matched controls,
and idiopathic ONFH patients who underwent CD with BDDH had lower mean HHS as well as 5-year survival rate than
those without BDDH. Therefore, BDDH should be considered a risk factor predicting the development of idiopathic
ONFH as well as poor prognosis after CD.
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Introduction

Osteonecrosis of the femoral head (ONFH) is a globally
increasing and rapidly progressive hip disease that can

lead to great deterioration in quality of life.1,2 In China, the
estimated number of nontraumatic ONFH patients is 8.12
million.3 Once diagnosed with asymptomatic ONFH, pro-
gression to collapse the femoral head occurs in almost half of
cases within 4 years if left untreated,4 which often ends in
total hip arthroplasty (THA).5 It is well-acknowledged that
high-dose corticosteroid use and alcohol abuse are the major
risk factors for ONFH, while there are still 30% of patients
without an underlying etiology who have idiopathic ONFH.6

Therefore, identifying the potential predictors for the devel-
opment of ONFH and prognosis after some hip-preservation
treatments, such as core decompression (CD), is critical and
urgent. Currently, several studies have illustrated that the
decrease in acetabular coverage in certain scenarios, such as
developmental dysplasia of the hip (DDH), dramatically
increases intracapsular pressure and brings additional stress
to the hip joint, which might contribute to the development
of ONFH.7 Furthermore, less acetabular coverage could also
be a risk factor predicting ONFH failure of hip-preservation
procedures,8,9 which is worthy of attention.

Borderline developmental dysplasia of the hip (BDDH)
was first described by Fredensborg in 1976 as a center-edge
angle (CEA) of Wiberg between 20� and 25�,10 where CEA is
commonly measured for the quantification of acetabular cov-
erage.11 According to Wiberg’s description, a hip with a
CEA < 20� was considered pathological, and a CEA > 25�

was normal; hence, BDDH illustrates a condition of relatively
less acetabular coverage of the femoral head between acetab-
ular dysplasia and normality. However, previous studies on
BDDH have mainly focused on the challenging treatment
dilemma involving either periacetabular osteotomy or
arthroscopic surgery.12,13 Although evidence has indicated
the potential role of less acetabular coverage in ONFH, there
is still no literature paying attention to the exact association
between BDDH and ONFH.

Besides, we hypothesized that BDDH, which has
relatively less acetabular coverage and increases weight
bearing to hip joint, would be associated with the develop-
ment of idiopathic ONFH as well as poor prognosis after
CD. Therefore, the present study aimed to (i) compare the
incidence of BDDH between patients with idiopathic ONFH
and matched control subjects and (ii) determine the influ-
ence of BDDH on poor prognosis after CD.

Methods

Study Design and Patient Selection
This was a retrospective study approved by the Ethics Com-
mittee of West China Hospital (No. 2021[625]) and all
patients provided written informed consent before participa-
tion. Between January 2010 and December 2020, we
retrieved data of consecutive adult patients who were diag-
nosed with nontraumatic precollapse ONFH (Ficat stage I-

II)14 based on a comprehensive assessment of clinical history,
physical examination, and findings on radiography and mag-
netic resonance imaging15 from our institutional database.
The inclusion criteria were patients who were diagnosed with
idiopathic ONFH and underwent unilateral or bilateral
CD. The exclusion criteria were as follows: (i) alcohol- or
corticosteroid-induced ONFH; (ii) receiving nonoperative or
any other surgical treatments; (iii) DDH; and (iv) loss to
follow-up. Ultimately, a total of 78 patients (111 hips) met
the selection criteria. In the 1:2 matched control cohort, sub-
jects who visited our physical examination center without
any articular or osseous diseases, and who underwent
anteroposterior pelvic radiography that did not indicate any
hip pathology, such as ONFH, DDH, hip osteoarthritis, frac-
ture, bone tumor, and osteolytic or osteoblastic lesion, were
reviewed. The matching criteria were sex, age, body mass
index (BMI, � 3 kg/m2), hip side, and date of radiography
(within 1 week). Finally, 156 subjects (222 hips) coming
from 457 subjects who met matching criteria were included
as the 1:2 matched control group after randomization using
computer-generated random numbers. Figure 1 depicts the
detailed filtration process.

Preoperative Radiographic Evaluation
For the radiographic evaluation, preoperative anteroposterior
pelvic radiographs were obtained with patients in the supine
position and the lower extremities internally rotated 15�,
with a photon beam centered midway between the pubic
symphysis and the top of the iliac crests and a tube-to-image
distance of 120 cm.16,17 Acetabular anatomical parameters,
including CEA, sharp angle,18 acetabular head index
(AHI),19 and acetabular depth ratio (ADR),20 were evaluated
by two blinded authors independently on Digimizer (version
5.7.2, MedCalc Software, Mariakerke, Belgium) (Figure 2).
We then divided these included subjects into two groups
based on CEA: the BDDH group with a CEA of 20� to 25�

and the non-BDDH group with a CEA > 25�.21,22

Operative Method and Postoperative Care
All patients underwent CD in the standard procedure.
Briefly, under general anesthesia, the patients were placed on
the operating table in the supine position with the affected
hips internally rotated 15�. A 3.0-mm Kirschner wire was
driven through the lateral femoral cortex at the level of the
lesser trochanter under fluoroscopic guidance. After pene-
trating through the femur, the wire was advanced to the fem-
oral head via the femoral neck and gave access to the
necrotic lesion. Anteroposterior and lateral fluoroscopic
views were necessary to check on the appropriate position of
the Kirschner wire. Finally, two passes were drilled through
small-sized lesions, while three passes were drilled through
larger lesions. All patients were protected from weight-
bearing by crutches for 6 weeks postoperatively.
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Prognosis Evaluation
To further explore the influence of BDDH on the prognosis
after CD, we followed idiopathic ONFH patients routinely at
1, 3, 6, and 12 months postoperatively and annually thereaf-
ter. Clinical symptom assessment was conducted using the
Harris Hip Score (HHS) to evaluate the pain and functional

level of the joint,23 where a result was regarded as excellent if
the total score was 90–100, good if 80–89, fair if 70–79, and
poor if <70. The score at the last follow-up or the score
before THA was considered the final HHS.

Survival analysis after CD was performed. In our study,
clinical failure included progression of collapse and conversion

Fig. 1 Flowchart of the included patients with

idiopathic ONFH and the matched controls

A B

Fig. 2 Measurements of acetabular

anatomical parameters on

anteroposterior pelvic radiograph.

(A) Measurements of CEA and sharp

angle. (B) Measurements of AHI

and ADR
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to THA, where progression of collapse, assessed by
anteroposterior pelvic radiographs during follow-up, was con-
sidered as a subsidence of the articular surface more than 2 mm
compared with the initial postoperative film.24 The endpoints
were defined as clinical failure and conversion to THA for sur-
vival analysis.

Statistical Analysis
All continuous variables are presented as the mean � standard
deviation (SD) and were analyzed using Student’s t-test.

Unordered categorical variables were analyzed using the chi-
squared test, whereas ordinal categorical variables were analyzed
by Mann–Whitney U test and are presented as numbers
(percentages). For survival analysis, the Kaplan–Meier method
was employed using clinical failure or conversion to THA as
the endpoint with the log-rank test to compare the discrepancy
between the BDDH group and the non-BDDH group. All -
statistical analyses were performed using R software (version
4.0.3), and statistical significance was considered as a
p value <0.05.

TABLE 1 The demographic characteristics of patients with idiopathic ONFH and matched control subjects

Variables Idiopathic ONFH Matched Controls Statistic

Number of hips/subjects 111/78 222/156
Age (y)a 36.6 � 9.8 36.6 � 9.8 t = 0, p = 1.000
Sex (male/female)b 79/32 158/64 χ2 = 0, p = 1.000
BMIa 24.0 � 3.0 23.3 � 4.7 t = 1.742, p = 0.083
Side (left/right)b 54/57 108/114 χ2 = 0, p = 1.000

Abbreviations: BMI, body mass index; ONFH, osteonecrosis of the femoral head.; a Data are presented as the mean � standard deviation (SD) and analyzed by
Student’s t-test.; b Data are presented as the numbers and compared using chi-square test.

TABLE 2 Comparison of the BDDH incidence and acetabular anatomical parameters between idiopathic ONFH group and matched control
group

Variables Idiopathic ONFH (111 hips) Matched Controls (222 hips) Statistic

Number of BDDH (hips), n (%)a 33 (29.7) 27 (12.2) χ2 = 14.297, p<0.001
CEA (�)b 28.5 � 4.7 33.1 � 5.7 t = 7.749, p<0.001
Sharp angle (�)b 40.0 � 3.4 37.4 � 3.7 t = 6.462, p<0.001
AHIb 82.4 � 5.0 86.3 � 5.4 t = 6.620, p<0.001
ADRb 299.6 � 28.4 318.8 � 31.3 t = 5.640, p<0.001

Abbreviations: AHI, acetabular head index; ADR, acetabular depth ratio; CEA, center-edge angle.; a Data are presented as the numbers (percentages) and com-
pared using chi-square test.; b Data are presented as the mean � standard deviation (SD) and analyzed by Student’s t-test. ONFH, osteonecrosis of the femoral
head; BDDH, borderline developmental dysplasia of the hip.

TABLE 3 The demographic characteristics of the BDDH and non-BDDH groups in patients with idiopathic ONFH

Variables

Idiopathic ONFH

StatisticBDDH group Non-BDDH group

Number of hips, n (%) 33 (29.7) 78 (70.3)
Age (y)a 38.5 � 8.9 35.8 � 10.1 t = 1.357, p = 0.179
Sex (male/female)b 20/13 59/19 χ2 = 1.845, p = 0.171
BMIa 24.2 � 2.7 23.9 � 3.1 t = 0.479, p = 0.366
Side (left/right)b 13/20 41/37 χ2 = 1.126, p = 0.289
Preoperative HHSa 68.9 � 14.0 73.9 � 8.6 t = 1.900, p = 0.064

Abbreviations: BMI, body mass index; HHS, Harris Hip Score.; a Data are presented as the mean � standard deviation (SD) and analyzed by Student’s t-test.
b Data are presented as the numbers (percentages) and compared using chi-square test. ONFH, osteonecrosis of the femoral head; BDDH, borderline developmen-
tal dysplasia of the hip.
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Results

Preoperative Radiographic Outcomes
A total of 78 consecutive idiopathic ONFH patients
(111 hips) met our criteria and were included. Meanwhile,
156 subjects (222 hips) were selected for the matched control
group. The baseline demographic characteristics were simi-
lar, and no significant differences between the groups were
detected (Table 1).

BDDH was found in 29.7% (33 hips) of the idiopathic
ONFH group, which was significantly higher than the 12.2%
(27 hips) of the matched control group (χ2 = 14.297,
p < 0.001). In addition, acetabular anatomical parameters,
including CEA, AHI, and ADR, in the idiopathic ONFH
group were significantly lower than those in the matched
control group (28.5 � 4.7� vs 33.1 � 5.7�, t = 7.749,
p < 0.001; 82.4 � 5.0 vs 86.3 � 5.4, t = 6.620, p < 0.001;
299.6 � 28.4 vs 318.8 � 31.3, t = 5.640, p < 0.001,

TABLE 4 Comparison of clinical outcomes between hips with BDDH and without BDDH in the idiopathic ONFH group

Variables

Idiopathic ONFH

StatisticBDDH (33 hips) Non-BDDH (78 hips)

HHS at final follow-upa 83.5 � 17.4 91.6 � 9.7 t = 2.527, p = 0.015
Excellent, n (%)b 18 (54.5) 63 (80.8)
Good, n (%)b 6 (18.2) 6 (7.7)
Fair, n (%)b 1 (3.0) 4 (5.1)
Poor, n (%)b 8 (24.2) 5 (6.4) U = 936, p = 0.004

Clinical failure
Number of hips, n (%)c 14 (42.4) 15 (19.2) χ2 = 5.317, p = 0.021
5-year survival (mean% + 95% CI)a 66.7 (52.4–84.9) 83.7 (75.2–93.1) χ2 = 4.841, p = 0.028

Conversion to THA
Number of hips, n (%)d 8 (24.2) 6 (7.7) p = 0.026
5-year survival (mean% + 95% CI)a 74.6 (60.7–91.6) 92.1 (85.6–99.0) χ2 = 7.014, p = 0.008

Abbreviations: BDDH, borderline developmental dysplasia of the hip; CI, confidence interval; HHS, Harris Hip Score; ONFH, osteonecrosis of the femoral head;
THA, total hip arthroplasty.; a Data are presented as the mean � standard deviation (SD) and analyzed by Student’s t-test.; b Data are presented as the numbers
(percentages) and analyzed by Mann–Whitney U test.; c Data are presented as the numbers (percentages) and compared using chi-square test.; d Data are pres-
ented as the numbers (percentages) and analyzed by Fisher’s exact tests.

A B C

Fig. 3 The Kaplan–Meier survival curves for idiopathic ONFH patients undergoing CD. (A) The overall survival curves with clinical failure and

conversion to THA as the endpoints. (B) The survival curves compared the BDDH group with the non-BDDH group with clinical failure as the endpoint

(log-rank test, p = 0.028). (C) The survival curves compared the BDDH group with the non-BDDH group with conversion to THA as the endpoint (log-

rank test, p = 0.008)
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respectively), whereas the mean sharp angle in the idiopathic
ONFH group was dramatically higher than that in the mat-
ched control group (40.0 � 3.4� vs 37.4 � 3.7�, t = 6.462,
p < 0.001) (Table 2).

Prognosis Outcomes
In the idiopathic ONFH group, 33 hips were diagnosed with
BDDH, and the other 78 hips were non-BDDH. There were
no significant differences in terms of age, sex, BMI, hip side,
or preoperative HHS (Table 3).

The mean HHS was significantly improved from
72.4 � 10.7 preoperatively to 89.2 � 13.0 at the last follow-
up (t = 10.532, p < 0.001), with a mean follow-up of
72.1 � 36.6 months. The final scores of 81 hips (73.0%) were
considered excellent, 12 hips (10.8%) were good, five hips
(4.5%) were fair, and 13 hips (11.7%) were poor. Further-
more, the mean HHS at the last follow-up was significantly
lower in the BDDH group than in the non-BDDH group
(83.5 � 17.4 vs 91.6 � 9.7, t = 2.527, p = 0.015), with a dif-
ferent score distribution (U = 936, p = 0.004), where the
BDDH group had a lower incidence of hips with excellent
HHS (54.5% vs 80.8%) and a higher incidence of hips with

poor HHS (24.2% vs 6.4%) than the non-BDDH group
(Table 4).

The overall 5-year survival rate was 78.4% (95% CI
70.7%–86.8%) with clinical failure as the endpoint, and
86.7% (95% CI 80.1%–93.7%) with conversion to THA as
the endpoint (Figure 3A). Clinical failure occurred in 14 hips
(42.4%) in the BDDH group and 15 hips (19.2%) in the non-
BDDH group (χ2 = 5.317, p = 0.021), and conversion to
THA occurred in eight hips (24.2%) in the BDDH group
and six hips (7.7%) in the non-BDDH group (p = 0.026) at
the last follow-up (Figure 4). The log-rank tests showed that
the 5-year survival rate was significantly lower in the BDDH
group than in the non-BDDH group both with clinical fail-
ure as the endpoint (66.7%, 95% CI 52.4%–84.9% vs 83.7%,
95% CI 75.2%–93.1%; χ2 = 4.841, p = 0.028; Figure 3B) and
with conversion to THA as the endpoint (74.6%, 95% CI
60.7%–91.6% vs 92.1%, 95% CI 85.6%–99.0%; χ2 = 7.014,
p = 0.008; Figure 3C) (Table 4).

Discussion

In the present study, we compared the incidence of BDDH
between patients with idiopathic ONFH and matched con-

trol subjects and determined the influence of BDDH on poor

A B C D E

F G H I J

Fig. 4 Two typical idiopathic ONFH patients undergoing CD. Patient A was a 32-year-old woman with BDDH who initially underwent CD but finally was

converted to THA in 2 years. Patient B was a 36-year-old man without BDDH whose necrotic lesion of femoral head became stable and was

reconstructed gradually after CD
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prognosis after CD. When compared with the matched con-
trol group, we found that patients with idiopathic ONFH
had a significantly higher incidence of BDDH and less ace-
tabular coverage, suggesting that BDDH should be consid-
ered a potential risk factor for the development of idiopathic
ONFH. In addition, BDDH indicated poor prognosis after
CD, as demonstrated by the HHS at the last follow-up and
log-rank tests with both clinical failure and conversion to
THA as the endpoints.

BDDH Was Not Rare in Patients with Idiopathic ONFH
BDDH was typically defined as a CEA of 20� to 25�,21,22

whereas some authors considered it to have a CEA as low as
18�.25,26 Previous studies demonstrated that patients diag-
nosed with BDDH might have capsular laxity, which proba-
bly leads to poor outcomes following arthroscopic surgery.21

It was also reported that DDH might be a predictor of the
progression of collapse and conversion to THA in ONFH
patients undergoing free vascularized fibular grafting.8 How-
ever, the association between BDDH and ONFH has never
been investigated. To the best of our knowledge, the present
study represents the first study to systematically investigate the
role of BDDH in the development of idiopathic ONFH and
prognosis after CD. In addition, in our study, we found that
there were seven hips (five patients) with DDH in the excluded
idiopathic ONFH group, and the incidence of BDDH
(33/[111 + 7] = 28.0%) was significantly higher than that of
DDH (7/[111 + 7] = 5.9%) in idiopathic ONFH patients. As a
consequent, it is necessary for us to attach importance to such
a large population of BDDH patients who have the potential to
suffer from ONFH with a poor prognosis.

BDDH Contributed to the Development of ONFH
It is not a novel concept that less acetabular coverage could
increase intracapsular pressure and further add to excessive
weight-bearing to the hip joint,27,28 which might contribute
to the development of ONFH. Ollivier et al.29 retrospectively
analyzed 90 idiopathic ONFH patients compared with
180 matched control patients, and noted that idiopathic
ONFH patients had lower CEA than the control group
(25.7� vs 35.0�, p = 0.006). Similarly, in Zeng’s work, less
acetabular coverage was found in the idiopathic ONFH
group than in control subjects.30 Moreover, an experimental
study of rats revealed that standing, which applies excessive
mechanical stress to the hip joints, could lead to ischemia
and ONFH.31 BDDH represents a hip with relatively less
acetabular coverage than a normal hip, and a higher inci-
dence of BDDH was found in the idiopathic ONFH group
than in the matched control cohort in our study. Meanwhile,
when compared to the control subjects, we demonstrated
that patients with idiopathic ONFH had less acetabular
coverage as demonstrated by lower CEA, AHI, ADR, and
a higher sharp angle, which indirectly indicated the poten-
tial association between BDDH and the morbidity of
ONFH. Therefore, all these results suggested that BDDH
with undercoverage of the femoral head might increase

intracapsular pressure and weight bearing of the hip joint,
which further contributed to blood occlusion and avascular
necrosis.

BDDH Predicted Poor Prognosis of ONFH after CD
Moreover, other studies reported that less acetabular cover-
age might be closely related to poor prognosis in ONFH
patients who underwent hip-preservation procedures, which
was consistent with our study. Roush et al.8 demonstrated
that hips with clinical failures had significantly lower CEA
than hips without collapse or additional surgery in ONFH
patients undergoing free vascularized fibular grafting
(p < 0.001), where hips with CEA ≤ 25� were 11 times more
likely to progress to collapse and seven times more likely to
convert to THA than hips with CEA > 25�. Meanwhile, in
another independent study, CEA < 25� was also regarded as
an independent factor predicting radiographic failure and
conversion to THA in ONFH patients who underwent
curved intertrochanteric varus osteotomy.9 Consequently, we
speculated that a femoral head with osteonecrosis, in the set-
ting of excessive weight bearing secondary to less acetabular
coverage such as BDDH, is more likely to suffer from col-
lapse or THA after the hip-preservation procedure.

Treatment Strategies of ONFH with or without BDDH
CD is one of the most common hip-preservation procedure
options for precollapse ONFH. In hips with ONFH, intra-
osseous pressure increases rapidly due to cellular swelling
and inflammation in the necrotic area, and CD is carried out
through percutaneous drilling to effectively reduce such
intraosseous hypertension and delay the process of ONFH.32

However, the long-term clinical prognosis of CD varies in
the literature.33 To determine the indications of CD,
Lieberman et al.34 conducted a review and found that the
failure rates of CD were 14% to 25% in small lesions and
42% to 84% in larger lesions. Likewise, Mont et al.35

suggested that CD was more appropriate for symptomatic
hips with precollapse, small-, or medium-sized lesions. In
our study, CD showed a satisfactory overall 5-year survival
rate, and ONFH patients with BDDH were more vulnerable
to poor prognosis after CD than those without BDDH.
Therefore, it is highly recommended that CD be chosen as
the first hip-preservation procedure option in symptomatic,
small-sized precollapse lesions without BDDH.

For ONFH patients with BDDH, the 5-year survival
rate was 74.6% with conversion to THA as the endpoint and
66.7% with clinical failure as the endpoint, which might still
be a favorable result referring to previous studies.36,37 What’s
more, because of the minimal invasion and low complication
of CD, we thought that if the procedure fails to relieve the
pain or avoid progression of the femoral head, it does not
preclude the use of other procedures, so CD could still be
the first procedure option for ONFH patients with BDDH.
Nevertheless, given that BDDH was tightly related to the
development of idiopathic ONFH and prognosis after CD,
orthopaedic surgeons should pay more attention to the
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existence of BDDH, and early prevention as well as prompt
diagnosis of ONFH were necessary for those patients. Once
diagnosed with ONFH, receiving CD as soon as possible is
recommended. Furthermore, combining with limited weight-
bearing and relevant pharmacological treatment, regular
follow-up is also warranted to observe the dynamic progres-
sion of ONFH in time and improve the survival rate of the
femoral head.

Limitations
This study had several limitations. First, we retrospectively
reviewed idiopathic ONFH patients undergoing CD and mat-
ched them with control subjects, which could not assess the
potential advantages of CD compared with other treatments,
such as femoral osteotomy. Second, we merely discussed the
influence of BDDH on the clinical results after CD, although
the size of the lesion or clinical stage might also play an
important role in the final prognosis. Third, we ruled out idio-
pathic ONFH patients with DDH in the analysis, so the over-
all survivorship of ONFH after CD might be overestimated.
Fourth, BDDH represents a borderline condition between
DDH and normal hip, so the use of CEA as the only diagnos-
tic criterion may be not enough and other measures about
acetabulum and femoral morphology should be further con-
sidered to define BDDH more comprehensively. Finally, this
was a single-center retrospective study that might not be
applicable to all patients. Further larger, multicenter, prospec-
tive studies are warranted to confirm our findings.

Conclusion
The present study demonstrated that idiopathic ONFH
patients had a significantly higher incidence of BDDH and
less acetabular coverage than matched control subjects. Fur-
thermore, the mean HHS at the last follow-up and the 5-year
survival rate in the BDDH group were also significantly lower
than those in the non-BDDH group among patients with idio-
pathic ONFH who underwent CD. Consequently, BDDH
should be considered a risk factor predicting the development
of idiopathic ONFH as well as poor prognosis after
CD. Although patients with idiopathic ONFH have good out-
comes from CD, more cautious treatment with regular follow-
up is suggested for those with BDDH.

Statements and Declarations

Ethics Approval

This study was performed in line with the principles of
the Declaration of Helsinki. Approval was granted by

the Ethics Committee of West China Hospital.

Consent to Participate

Informed consent was obtained from all individual partici-
pants included in the study.

Consent to Publish

The authors affirm that human research participants pro-
vided informed consent for publication of the images in

Figure 2 and Figure 4.

Clinical Trials Registry

This study was registered in the Chinese Clinical Trial
Registry (ChiCTR2100053471).

Funding

This work was supported by National Clinical Research
Center for Geriatrics, West China Hospital, Sichuan

University (Z20191008), the 1.3.5 Project for Disciplines of
Excellence, West China Hospital, Sichuan University (Grant
No. ZYJC18002) and International Science and Technology
Cooperation Project of Chengdu Science and Technology
Bureau (2019-GH02-00076-HZ).

Disclosure statement

The authors have no relevant financial or non-financial
interests to disclose.

Author Contributions

All authors contributed to the study conception and
design. Material preparation, data collection, and analy-

sis were performed by Kai Huang, Qing-Yi Zhang, Hui-Yu
He, and Chen-Xiang Gao. The first draft of the manuscript
was written by Kai Huang and Qing-Yi Zhang. All authors
commented on previous versions of the manuscript. All
authors were in agreement with the final manuscript.

Conflicts of Interest

The authors have no conflicts of interest to declare.

References
1. Mont MA, Cherian JJ, Sierra RJ, Jones LC, Lieberman JR. Nontraumatic
osteonecrosis of the femoral head: where do we stand today? A ten-year update.
J Bone Joint Surg Am. 2015;97:1604–27.
2. Seki T, Hasegawa Y, Masui T, Yamaguchi J, Kanoh T, Ishiguro N, et al. Quality
of life following femoral osteotomy and total hip arthroplasty for nontraumatic
osteonecrosis of the femoral head. J Orthop Sci. 2008;13:116–21.
3. Zhao D-W, Yu M, Hu K, Wang W, Yang L, Wang B-J, et al. Prevalence of
nontraumatic osteonecrosis of the femoral head and its associated risk factors in
the Chinese population: results from a nationally representative survey. Chin Med
J. 2015;128:2843–50.
4. Mont MA, Zywiel MG, Marker DR, McGrath MS, Delanois RE. The natural
history of untreated asymptomatic osteonecrosis of the femoral head: a
systematic literature review. J Bone Joint Surg, Am. 2010;92:2165–70.

5. Chughtai M, Piuzzi NS, Khlopas A, Jones LC, Goodman SB, Mont MA. An
evidence-based guide to the treatment of osteonecrosis of the femoral head.
Bone Joint J. 2017;99-B:1267–79.
6. Tsai S-W, Wu P-K, Chen C-F, Chiang C-C, Huang C-K, Chen T-H, et al. Etiologies
and outcome of osteonecrosis of the femoral head: etiology and outcome study in
a Taiwan population. J Chin Med Assoc. 2016;79:39–45.
7. Hadley NA, Brown TD, Weinstein SL. The effects of contact pressure
elevations and aseptic necrosis on the long-term outcome of congenital hip
dislocation. J Orthop Res. 1990;8:504–13.
8. Roush TF, Olson SA, Pietrobon R, Braga L, Urbaniak JR. Influence of
acetabular coverage on hip survival after free vascularized fibular
grafting for femoral head osteonecrosis. J Bone Jt Surg, Am. 2006;88:
2152–8.

2434
ORTHOPAEDIC SURGERY

VOLUME 14 • NUMBER 10 • OCTOBER, 2022
BDDH PREDICTS THE DEVELOPMENT AND POOR PROGNOSIS FOR IDIOPATHIC ONFH



9. 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;136:1647–55.
10. Fredensborg N. The CE angle of normal hips. Acta Orthop Scand. 1976;47:
403–5.
11. Wiberg G. The anatomy and roentgenographic appearance of a normal hip
joint. Acta Chir Scand. 1939;83:7–38.
12. Kraeutler MJ, Safran MR, Scillia AJ, Ayeni OR, Garabekyan T, Mei-Dan O. A
contemporary look at the evaluation and treatment of adult borderline and frank
hip dysplasia. Am J Sports Med. 2020;48:2314–23.
13. Murata Y, Fukase N, Martin M, Soares R, Pierpoint L, Dornan GJ, et al.
Comparison between hip arthroscopic surgery and periacetabular osteotomy for
the treatment of patients with borderline developmental dysplasia of the hip: a
systematic review. Orthop J Sports Med. 2021;9:23259671211007401.
14. Ficat RP. Idiopathic bone necrosis of the femoral head. Early diagnosis and
treatment. J Bone Joint Surg. 1985;67:3–9.
15. Sugano N, Kubo T, Takaoka K, Ohzono K, Hotokebuchi T, Matsumoto T,
et al. Diagnostic criteria for non-traumatic osteonecrosis of the femoral head. A
multicentre study. J Bone Jt Surg, Br. 1999;81:590–5.
16. Welton KL, Jesse MK, Kraeutler MJ, Garabekyan T, Mei-Dan O. The
anteroposterior pelvic radiograph: acetabular and femoral measurements and
relation to hip pathologies. J Bone Joint Surg, Am. 2018;100:76–85.
17. Clohisy JC, Carlisle JC, Beaulé PE, Kim YJ, Trousdale RT, Sierra RJ, et al. A
systematic approach to the plain radiographic evaluation of the young adult hip.
J Bone Jt Surg, Am. 2008;90(Suppl 4):47–66.
18. Sharp I. Acetabular dysplasiadthe acetabular angle. J Bone Joint Surg, Br.
1961;43:268–72.
19. Heyman CH, Herndon CH. Legg-Perthes disease; a method for the
measurement of the roentgenographic result. J Bone Joint Surg Am. 1950;32:
767–78.
20. Cooperman DR, Wallensten R, Stulberg SD. Acetabular dysplasia in the
adult. Clin Orthop Relat Res. 1983;175:79–85.
21. Wilkin GP, Ibrahim MM, Smit KM, Beaulé PE. A contemporary definition of hip
dysplasia and structural instability: toward a comprehensive classification for
acetabular dysplasia. J Arthroplasty. 2017;32:S20–7.
22. Hatakeyama A, Utsunomiya H, Nishikino S, Kanezaki S, Matsuda DK,
Sakai A, et al. Predictors of poor clinical outcome after arthroscopic labral
preservation, capsular plication, and cam osteoplasty in the setting of borderline
hip dysplasia. Am J Sports Med. 2018;46:135–43.
23. Harris WH. Traumatic arthritis of the hip after dislocation and acetabular
fractures: treatment by mold arthroplasty. An end-result study using a new
method of result evaluation. J Bone Joint Surg Am. 1969;51:737–55.

24. Miyanishi K, Noguchi Y, Yamamoto T, Irisa T, Suenaga E, Jingushi S, et al.
Prediction of the outcome of transtrochanteric rotational osteotomy for
osteonecrosis of the femoral head. J Bone Joint Surg. 2000;82:512–6.
25. Chandrasekaran S, Darwish N, Martin TJ, Suarez-Ahedo C, Lodhia P,
Domb BG. Arthroscopic capsular plication and labral seal restoration in borderline
hip dysplasia: 2-year clinical outcomes in 55 cases. Arthroscopy. 2017;33:
1332–40.
26. Maldonado DR, Perets I, Mu BH, Ortiz-Declet V, Chen AW, Lall AC, et al.
Arthroscopic capsular plication in patients with labral tears and borderline
dysplasia of the hip: analysis of risk factors for failure. Am J Sports Med. 2018;
46:3446–53.
27. Xie J, Naito M, Maeyama A. Intracapsular pressure and interleukin-1beta
cytokine in hips with acetabular dysplasia. Acta Orthop. 2010;81:189–92.
28. Wingstrand H. Intracapsular pressure in congenital dislocation of the hip.
J Pediatr Orthop, Part B. 1997;6:245–7.
29. Ollivier M, Lunebourg A, Abdel MP, Parratte S, Argenson J-N. Anatomical
findings in patients undergoing Total hip arthroplasty for idiopathic femoral head
osteonecrosis. J Bone Joint Surg Am. 2016;98:672–6.
30. Zeng J, Zeng Y, Wu Y, Liu Y, Xie H, Shen B. Acetabular anatomical
parameters in patients with idiopathic osteonecrosis of the femoral head.
J Arthroplasty. 2020;35:331–4.
31. Mihara K, Hirano T. Standing is a causative factor in osteonecrosis of the
femoral head in growing rats. J Pediatr Orthop. 1998;18:665–9.
32. Lee MS, Hsieh PH, Chang YH, Chan YS, Agrawal S, Ueng SWN. Elevated
intraosseous pressure in the intertrochanteric region is associated with poorer
results in osteonecrosis of the femoral head treated by multiple drilling. J Bone
Joint Surg. 2008;90:852–7.
33. Mont MA, Carbone JJ, Fairbank AC. Core decompression versus
nonoperative management for osteonecrosis of the hip. Clin Orthop Relat Res.
1996;324:169–78.
34. Lieberman JR, Engstrom SM, Meneghini RM, SooHoo NF. Which factors
influence preservation of the osteonecrotic femoral head? Clin Orthop Relat Res.
2012;470:525–34.
35. Mont MA, Ragland PS, Etienne G. Core decompression of the femoral head
for osteonecrosis using percutaneous multiple small-diameter drilling. Clin Orthop
Relat Res. 2004;429:131–8.
36. Liu ZH, Guo WS, Li ZR, Cheng LM, Zhang QD, Yue DB, et al. Porous tantalum
rods for treating osteonecrosis of the femoral head. Genet Mol Res. 2014;13:
8342–52.
37. Song WS, Yoo JJ, Kim YM, Kim HJ. Results of multiple drilling compared with
those of conventional methods of core decompression. Clin Orthop Relat Res.
2007;454:139–46.

2435
ORTHOPAEDIC SURGERY

VOLUME 14 • NUMBER 10 • OCTOBER, 2022
BDDH PREDICTS THE DEVELOPMENT AND POOR PROGNOSIS FOR IDIOPATHIC ONFH


	 Borderline Developmental Dysplasia of the Hip: A Risk Factor Predicting the Development and Poor Prognosis after Core Deco...
	Introduction
	Methods
	Study Design and Patient Selection
	Preoperative Radiographic Evaluation
	Operative Method and Postoperative Care
	Prognosis Evaluation
	Statistical Analysis

	Results
	Preoperative Radiographic Outcomes
	Prognosis Outcomes

	Discussion
	BDDH Was Not Rare in Patients with Idiopathic ONFH
	BDDH Contributed to the Development of ONFH
	BDDH Predicted Poor Prognosis of ONFH after CD
	Treatment Strategies of ONFH with or without BDDH
	Limitations
	Conclusion
	Statements and Declarations


	Ethics Approval
	Consent to Participate
	Consent to Publish
	Clinical Trials Registry
	Funding
	Disclosure statement
	Author Contributions
	Conflicts of Interest
	References


