
Int J Clin Exp Med 2020;13(2):823-829
www.ijcem.com /ISSN:1940-5901/IJCEM0104011

Original Article
Analysis of early imaging prediction signs of type  
2 avascular necrosis of the femoral  
head after DDH treatment

Yihua Ge, Zhigang Wang

Department of Orthopaedics, Shanghai Children’s Medical Center, Shanghai Jiao Tong University School of Medi-
cine, Shanghai, China

Received October 25, 2019; Accepted November 21, 2019; Epub February 15, 2020; Published February 28, 
2020

Abstract: Objective: This study aimed to analyze the early imaging predictive signs of type 2 avascular necrosis of 
the femoral head after treatment of developmental dysplasia of hip (DDH). Methods: The 5-year follow-up data of 
DDH patients treated in our hospital were collected. Among them, 25 cases with type 2 avascular necrosis of the 
femoral head were taken as the case group, and 30 cases diagnosed with DDH without type 2 avascular necrosis 
of the femoral head were taken as the control group. The differences in early imaging signs between the two groups 
were analyzed. Results: The incidence of early influencing signs in the case group was significantly higher than that 
in the control group (P<0.001), and the incidence of the two types of early imaging signs (distortion of lateral epiphy-
seal plate and formation of osteopontia) in the case group was significantly higher than that in the control group 
(P<0.001). Further study on the 25 cases of children in the case group found that the incidence rate of type 2 signs 
was the highest and had differences with type 3 (P<0.001). The incidence rate of the type 4 signs was the lowest 
and had differences with type 1 and 2 (P<0.05). The binary logistic regression analysis showed that there was a 
significant correlation of avascular necrosis of the femoral head in children with distortion of the lateral epiphyseal 
plate and formation of a bone bridge (OR=9.821, P=0.002). Conclusion: The incidence rate of early imaging signs 
of avascular necrosis of the femoral head in DDH in children is high, of which the distortion of the lateral epiphyseal 
plate and the formation and change of a bone bridge are the most common, suggesting that early imaging changes 
canalert to the occurrence of type 2 avascular necrosis of the femoral head.
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Introduction

Developmental dysplasia of the hip (DDH) is 
common in children’s orthopaedic diseases. 
Clinically, it is seen that there is a dynamic 
change with an aggravating or improving trend 
of growth and development, and the clinical 
incidence rate is 1-10‰ [1, 2]. At present, 
research on DDH shows that early diagnosis 
and treatment can significantly reduce the 
operation rates and disability rates [3-5]. 
Imaging plays an extremely important role in 
early screening and dynamic observation of 
DDH [6]. Once confirmed, appropriate observa-
tion and regular follow-ups should be actively 
carried out. DDH treatment is usually different 
according to age. Conservative treatment 
schemes are often used within 18 months of 
age. However, patients older than 18 months 

often have surgical treatment for intervention 
[7, 8]. However, due to the lack of specific clini-
cal signs in early DDH, most children often only 
see a doctor only after gait abnormalities are 
found. Delayed diagnosis results in children 
missing the optimal conservative intervention 
treatment time [3], and some children’s fami-
lies give up early intervention treatment, result-
ing in irreversible degeneration of the hip joint 
and changes in anatomical position of hip joint. 
Finally, DDH treatment is more difficult and 
increases the incidence of disability [9, 10]. 
There are many surgical treatment methods for 
DDH in children [11, 12], but the incidence of 
postoperative hemorrhage, infection, avascular 
necrosis of the femoral head and subluxation is 
significantly increased due to the large damage 
of soft tissue and surrounding tissues of the hip 
joint by surgery [13]. Among them, avascular 
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necrosis of the femoral head is the most seri-
ous, and avascular necrosis of the femoral 
head is an unavoidable complication in DDH 
treatment process, which will seriously affect 
the prognosis of the children [14]. Among the 
various types of avascular necrosis of the femo-
ral head, kalamchi-macewen type 2 has the 
highest incidence rate. This type of avascular 
necrosis of the femoral head involves the lat-
eral epiphyseal plate of the femoral head, caus-
ing growth a disorder of the proximal femur. As 
the children get older, it will eventually lead to 
coxa varus deformity, poor coverage of the 
head socket and early degeneration of joints. 
Unfortunately, this has the highest incidence 
and a huge impact on complications, but it is 
often not found early after DDH treatment [15]. 
In Kalamchi & MacEwen’s literature [16] some 
imaging early signs of type 2 avascular necrosis 
of the femoral head were proposed, including 
widening and calcification of the lateral epiphy-
sis, distortion and deformation of the lateral 
epiphyseal plate, lateral defect of epiphyseal, 
lateral cystic degeneration of metaphyseal, 
etc., but no detailed retrospective analysis was 
made on the specific occurrence of these early 
signs. Based on this, this study conducted a 
long-term treatment and follow-up of DDH chil-
dren for more than 5 years to observe whether 
the above-mentioned early signs are related to 
the occurrence of avascular necrosis of the 
femoral head. The study is reported as follows.

Materials and methods

Materials

A case-control study method was used to col-
lect the imaging data of DDH-diagnosed [17] 
cases treated in our hospital from January 
2010 to June 2014. Inclusion criteria were as 
follows: (1) Unilateral DDH in children; (2) The 
research data were complete, including pelvic 
orthographic films before and at the last follow-
up; (3) The follow-up period was not less than 5 
years. Exclusion criteria were as follows: DDH in 
children caused by related diseases, such as 
cerebral palsy, spinal cord herniation, tethered 
cord syndrome, systemic multi-joint contrac-
ture and other neuromuscular system diseas-
es. Twenty-five patients with type 2 Kalamchi & 
MacEwen avascular necrosis of the femoral 
head after closed reduction or simple open 
reduction or Salter pelvic osteotomy + open re- 
duction were collected as the case group, and 

30 patients diagnosed with DDH5 with the 
same treatment plan as the case group but 
without type 2 avascular necrosis of the femo-
ral head were taken as the control group, 
including 19 males and 36 females, 36 cases 
on the left and 19 cases on the right. The age 
of first visit was 15.1±4.6 months, with an aver-
age follow-up of 84.3±24.8 months.

Methods

The basic information of this group of cases 
was collected, including sex, age, hip joint 
involvement, occurrence of ossification at the 
center of the femoral head, initial treatment 
and classification by International Hip Dysplasia 
Institute (IHDI) [18]. The imaging data of 12-24 
months after closed reduction or simple open 
reduction or Salter’s pelvic osteotomy + open 
reduction were reviewed to find the early imag-
ing signs of avascular necrosis of the femoral 
head proposed by kalamchi & MacEwen’s clas-
sic literature, including: 1) widening and calcifi-
cation of the lateral epiphysis, 2) distortion of 
the lateral epiphyseal plate, bone bridge forma-
tion, 3) lateral epiphyseal defect, and 4) lateral 
cystic change of the metaphyseal end. The 
occurrence of these imaging early signs in each 
case, the total occurrence rate of these early 
signs, and the occurrence rate of type 4 of early 
signs were recorded and statistically analyzed.

Statistical methods

SPSS 22.0 statistical software was used. Con- 
tinuous variables were expressed by mean ± 
standard deviation (X±SD). Paired t-test was 
used for data with normal distribution and vari-
ance homogeneity, and rank sum test was used 
for non-consistency with normal distribution 
and variance homogeneity. Counting data was 
expressed as % and Pearson chi-square test 
was applied. The risk factors of femoral head 
necrosis were analyzed by binary logistic re- 
gression. A P value less than 0.05 was regard-
ed as statistical significance.

Results

Analysis of general data of children

There was no statistical difference between the 
two groups in gender, age at first visit, average 
follow-up time, treatment method after diagno-
sis, lesion site, occurrence of ossification at the 
center of the femoral head at the first visit, and 
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IHDI classification before treatment (P>0.05), 
as shown in Table 1.

Occurrence of early imaging signs

The incidence of early influencing signs in the 
case group was significantly higher than that in 
the control group (P<0.001), and the incidence 
of type 2 early imaging signs (distortion of the 
lateral epiphyseal plate and formation of osteo-
pontia) in the case group was significantly high-
er than that in the control group (P<0.001). 
Further study on the 25 cases of children found 
that 23 of them showed early imaging signs in 
the 12-24 months of follow-up, with an inci-
dence rate of 92.00%. A total of 32 early imag-
ing signs were found in 23 children, of which 2 
children had 3 signs at the same time, 4 chil-
dren had 2 signs at the same time, and the 
remaining 18 children had 1 sign. Among the 
type 4 imaging signs, the incidence of type 2 
signs (distortion of the lateral epiphyseal plate 
and formation of a bone bridge) was the high-

est, accounting for 84% (21/25 hips), the inci-
dence of type 1 signs (widening and calcifica-
tion of the lateral epiphysis) was 28% (7/25 
hips), the incidence of type 3 signs (lateral 
epiphyseal defect) was 12% (3/25 hips), and 
the incidence of type 4 signs (lateral cystic 
change of the metaphysis) was the lowest, 
accounting for 4% (1/25 hips). Among them, 
the incidence rate of the type 2 signs was the 
highest and the incidence rates of the other 3 
types of signs were statistically different 
(P<0.001). The incidence rate of the type 4 
signs was the lowest and the incidence rates of 
the type 1 and 2 were statistically different 
(P<0.05). See Table 2; Figures 1-3.

Risk factor analysis of avascular necrosis of 
the femoral head 

The data of 55 children with DDH were ana-
lyzed. Avascular necrosis of the femoral head 
was taken as the dependent variable (no occur-
rence =0, occurrence =1). The related factors 

Table 1. Analysis of general data of children

Term Case group 
(n=25)

Control group 
(n=30) X2/t P

Gender (male:female) 7:18 12:18 0.868 0.351
Age at first visit (months) 15.0±4.6 15.2±4.8 0.163 0.871
Treatment methodafter diagnosis 0.005 0.997
    Closed reduction 10 (40.00) 12 (40.00)
    Simple open reduction 11 (44.00) 13 (43.33)
    Salter pelvic osteotomy + open reduction 4 (16.00) 5 (16.67)
Lesion site 0.868 0.351
    Left side 18 (72.00) 18 (60.00)
    Right side 7 (28.00) 12 (40.00)
Occurrence of ossification center of femoral head at first visit 21/25 (84.00) 22/30 (73.33) 1.833 0.176
IHDI classification 2.984 0.394
    I 1 (4.00) 4 (4.00)
    II 3 (12.00) 6 (12.00)
    III 8 (32.00) 10 (32.00)
    IV 13 (52.00) 10 (52.00)

Table 2. Occurrence of early imaging signs
Term Case group (n=25) Control group (n=30) X2/t P
Number of children 23/25 (92.00) 12/30 (40.00) 15.934 <0.001

Early imaging signs

    Type 1 (widening and calcification of lateral epiphysis) 7/25 (28.00)***,# 4/30 (13.33) 1.833 0.176

    Type 2 (distortion of lateral epiphyseal plate and formation of bone bridge) 21/25 (84.00)### 9/30 (30.00) 16.038 <0.001

    Type 3 (lateral epiphyseal defect) 3/25 (12.00)*** 2/30 (6.67) 0.469 0.493

    Type 4 (lateral cystic change of metaphysis) 1/25 (4.00)*** 1/30 (3.33) 0.017 0.895
Note: Compared with Type 2, ***P<0.001; compared with Type 4, #P<0.05, ###P<0.001.
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included widening calcification of the lateral 
epiphysis (no occurrence =0, occurrence =1), 
distortion of the lateral epiphysis plate, forma-
tion of a bone bridge (no occurrence =0, occur-
rence =1), lateral defect of the epiphysis (no 
occurrence =0, occurrence =1), lateral cystic 
degeneration of the metaphysis (no occurrence 
=0, occurrence =1) as independent variables. 
The binary logistic regression analysis showed 
that the dependent variable avascular necrosis 
of the femoral head in children was significantly 
correlated with the distortion of the lateral 
epiphyseal plate and the formation of osteo-
pontia (P=0.002) in independent variable 
patients. There was no significant correlation 

among widening calcification of the lateral 
epiphyseal, lateral epiphyseal defect and later-
al epiphyseal cyst (P>0.05) (Table 3).

Discussion

Previous studies have found that DDH occurs in 
3-4 of 1,000 live births, and the severity of the 
disease is closely related to the natural pro-
gression of DDH. Early detection of mild dyspla-
sia of the hip may lead to clinical symptoms 
later in adulthood as the disease progresses 
slowly, while early findings of severe hip dyspla-
sia may show symptoms in infancy. In addition, 
differences in limb length may occur for chil-

Figure 1. Imaging images of children with type 1 (widening and calcification of lateral epiphysis).

Figure 2. Imaging images of children with type 2 (distortion of lateral epiphyseal plate and formation of bone bridge).
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dren who have not been identidied in time for 
delayed treatment, and secondary issues of 
the spine and knee joint may occur [19]. If chil-
dren with positive clinical symptoms are not 
treated in time, the hip may deteriorate, and 
finally surgery is needed or serious sequelae 
may occur [20]. Among all complications, avas-
cular necrosis of the femoral head is the most 
serious. Avascular necrosis of the femoral head 
is an unavoidable complication during DDH 
treatment, and once it occurs, it will seriously 
affect the prognosis of the children [14].

Among various types of avascular necrosis of 
the femoral head, Kalamchi-Macewen type 2 
has the highest incidence rate. This type of 
avascular necrosis of the femoral head involves 
the lateral epiphyseal plate of the femoral 
head, causing growth disorder of the proximal 
femur. As the children get older, it will eventu-
ally lead to coxa varus deformity, poor coverage 
of the head socket and early degeneration of 
joints. Unfortunately, this has the highest inci-
dence and a huge impact on complications, but 
it is not easily found early after DDH treatment 
[15]. Therefore, imaging plays an extremely 
important role in early screening and dynamic 

observation of DDH [6], and patients need 
long-term follow-up after treatment and inter-
vention. The epiphyseal plate is the birthplace 
of bone growth and development, and the con-
nection of the epiphyseal plate is much weaker 
than other ligament parts, which is more prone 
to injury. The local gap after the epiphyseal 
plate injury causes barrier function to blood 
vessels, which leads to the formation of fibro-
vascular bridges at the epiphyseal and metaph-
yseal ends, and eventually leads to the forma-
tion of bone bridges. The formation of bone 
bridges will lead to angulation and shortening 
of affected limb parts [21]. Clinically, it is con-
sidered that the formation of bone bridges is 
the main cause of limb deformities, so various 
treatment schemes are often used to prevent 
the formation of bone bridges for such patients 
[22-24]. In this study, the exploration of early 
imaging signs found that the incidence of early 
influencing signs in the case group was signifi-
cantly higher than that in the control group 
(P<0.001), and the incidence of type 2 of early 
imaging signs (distortion of the lateral epiphy-
seal plate, formation of a bone bridge) in the 
case group was significantly higher than that in 
the control group (P<0.001).

Figure 3. Among them, (A and B) are types 3 (lateral epiphyseal defect), and (C) is an imaging picture of a child with 
type 4 (lateral cystic change of metaphysis).

Table 3. Analysis of risk factors for avascular necrosis of the femoral head

Variable (B) B Standard 
error

Degree of 
freedom Wald EXP (B) P

Widening and calcification of lateral epiphysis 0.812 0.835 1 0.945 2.252 0.331
Distortion of lateral epiphyseal plate and formation of bone bridge 2.282 0.729 1 9.828 9.821 0.002
Lateral epiphyseal defect 1.059 1.193 1 0.788 2.883 0.375
Lateral cystic change of metaphysis 1.901 1.558 1 1.488 6.691 0.223
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Previous studies believed that the relevant fac-
tors of avascular necrosis of the femoral head 
in DDH in children include being female, prima-
ry delivery, DDH family history and left hip joint 
lesion [25, 26]. In this study, it was found that 
distortion of the lateral epiphyseal plate and 
formation of a bone bridge are independent 
risk factors for avascular necrosis of the femo-
ral head in DDH in children. It was suggested 
that if the lateral epiphyseal plate is distorted 
early DDH in children, the risk of avascular 
necrosis of the femoral head should be indicat-
ed when a bone bridge is formed.

The sample size of this study is relatively small, 
which can be expanded in further study of the 
early imaging signs of avascular necrosis of the 
femoral head in DDH.

To sum up, the incidence rate of early imaging 
signs of avascular necrosis of the femoral head 
in DDH in children is high, of which the distor-
tion of the lateral epiphyseal plate and the for-
mation and change of a bone bridge are the 
most common, suggesting that early imaging 
changes should be indications to the occur-
rence of type 2 avascular necrosis of the femo-
ral head.
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