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Objective: To explore the incidence and epidemiological characteristics of developmental dysplasia of hip (DDH) in Lianyungang
and provide a basis for early detection, early diagnosis and early treatment.

Methods: Ultrasound screening was performed on aged 46 weeks to collect the incidence and epidemiological profiles of DDH. Graf
hip ultrasound imaging was used for screening. DDH was diagnosed with a classification of >Ila .

Results: Of the 9803 babies, 4999 were boys and 4687 were girls. There were 117 babies diagnosed with DDH, incidence rate of 1.19%.
The incidence of DDH rate at left was higher than that at right (0.89%, 87/9803) vs (0.37%, 36/9803) and the difference was statistically
significant (P <0.001). Multivariate logistic regression analysis indicated that female (OR = 5.059, 95% CI: 3.012-9.109) and first child (OR
= 1.871, 95% CI: 1.169-2.832) were the risk factors of DDH. Due to the small number of relevant cases and the absence of DDH cases,
improper swaddling, abnormal amniotic fluid volume and confluent malformation could not be included for statistical comparison.
Conclusion: The incidence of DDH in infants aged 4-6 weeks in Lianyungang was 1.19% (117/9803). DDH was more prone to occur
on the left side. Girl and first-borns were the risk factors of DDH.
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Introduction

Developmental dysplasia of the hip (DDH) is one of the most common orthopedic hip diseases of the pediatric population. If not
diagnosed and treated in time, it leads to hip pain, abnormal walking, and even severe functional impairment in adulthood.'
Therefore, early screening and timely intervention are currently considered the best solutions for DDH prevention and treatment.”
In recent years, with the introduction of ultrasound examinations of the hip and related epidemiological investigations, the
examination methods, screening times, and diagnostic criteria used have not been the same.> ® In China, color Doppler ultrasound
was widely used to screen babies younger than 6 months of age for DDH.” Countries in Asia, such as South Korea, also use this
approach.® A meta-analysis showed an increased risk of DDH in babies born breech, in female, in babies with a positive family
history, and in babies with clicking hip at the time of clinical examination.” Our hospital started Graf hip ultrasound screening
method in 2013 and gradually established an early DDH screening network across the city since 2019. In 2021, the hip ultrasound
technology, screening time and diagnostic criteria were unified across the city, and the epidemiological characteristics of DDH in
Lianyungang district were obtained. The geographical location of Lianyungang in China is shown in (Figure 1).

Materials and Methods

Patients
Babies who received hip ultrasounds from June 2019 to June 2022 at the First People’s Hospital of Lianyungang were
selected for the study. Babies were recruited for the current study if they were between 4 and 6 weeks old, able to
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Figure | Geography of Lianyungang in China.

successfully complete an ultrasound of the hip, and if patient’s guardian was willing to participate in this study and sign
a written informed consent. Those with poorly completed medical records, lacking epidemiological data necessary for
this work, and who had underwent some kind of prior therapeutic intervention for DDH elsewhere were excluded. The
Ethics Committee of the First People’s Hospital of Lianyungang approved all protocols (December 2021; approval
no. 20210203).

Ultrasound Examination Methods

Using SIUI color Doppler ultrasound (Apogee 3100) with a 7.5-10.0 MHz linear array probe and infant hip ultrasound
examination bed, both hips of the children were examined, standard plane images were obtained, and the a and 8 angles
were measured, then classification was performed according to the measurement results. Among them, o angle is the
angle between the line subtended from the ilium and the line of the bony acetabulum, which is mainly used to examine
the development of the bony acetabulum; B angle is between the baseline and the cartilaginous roof line that is drawn
from the turning point/bony rim (concavity/convexity) through the middle of the labrum (Figure 2)."°

Diagnostic Criteria

Graf classification was used to diagnose DDH, and it was most widely accepted worldwide (Table 1)."' Based on this
classification, babies with Type I hip did not require any treatment, whereas babies with Type IIb and higher classification
hips required intervention. Management of babies with Type Ila hips remains controversial due to a lack of consensus on
whether these hips required treatment, with some authors suggesting that they simply represent physiologically immature
hips with a slightly delayed maturation of the bony acetabular roof. Because of IIa type is a defect in the development of
the top of acetabular, so in this study, a diagnosis of DDH was Graf classification >Ila” type, including type of Ila", IIb,
Ilc, IIT;, IV and D.
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Figure 2 o and B angles. (A) Coronal ultrasound image of the Hip; (B) Ultrasound illustrating the measurement technique of the o angle and f angle; (C) Coronal
ultrasound image of thea angle and B angle.

Epidemiology Data

A questionnaire on the epidemiological characteristics of DDH was designed (Table 2), which was filled out by the
child’s guardian with the help of a nurse, and the data was kept after doctors confirmed that it was correct. In this study,
the authors double-checked and obtained the final data according to the inclusion and exclusion criteria.

Identification of Sample Size
Based on our pilot data, the sample size was estimated using the PASS11 software (NCSS, Kaysville, Utah) with a study
power of 80% and a significance level of 5%. A minimum of 65 patients was recommended.

Statistical Analysis

Statistical analyses were performed using SPSS 17.0 statistical software (SPSS Inc., Chicago, IL, USA). Pearson’s 2 and
Fisher’s exact tests were performed to assess the categorical variables. The relationship between risk factors and DDH
incidence was analyzed using multivariate logistic regression analysis. P < 0.05 was considered to indicate a statistically
significant difference.

Results

Between June 2019 and June 2022, a total of 18,932 babies underwent hip ultrasound and filled out the questionnaire at
the First People’s Hospital of Lianyungang. According to the inclusion and exclusion criteria, 9803 cases were eventually

Table | Ultrasound Classification According to the Graf Method

Graf Hip | Age (Years) o Angle p Angle Descriptive Term Recommended
Type (Degrees) (Degrees) Treatment
la Any 260 >70 Normal No
I'b Any 260 <70 Normal No
Ia* 0-12 weeks 50-59 NA Physiologically No
immature
Ila" 6—12 weeks 50-59 NA At risk of developing Close observation or
DDH (10%) early treatment
II'b >12 weeks 50-59 NA Immature Yes
Ilc Any 4349 <77 Dysplastic with risk Yes
for dislocation
D Any 4349 >77 Decentered Yes
Il a Any <43 NA Decentered Yes
b Any <43 NA Decentered Yes
v Any <43 NA Decentered Yes

Abbreviation: DDH, developmental dysplasia of hip.
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Table 2 Child Hip Ultrasound Screening Registry Date

General Name Sex Date of Birth Postnatal Day
Information
Home Address Phone
Epidemiology Delivery pattern Feeding pattern
Eutocia Caesarean Breast feeding Artificial feeding Mixed feeding
Risk factors Family Premature Breech Improper | Asymmetry | Maternal | Parity Combined Abnormal
history birth delivery Swaddling in skin age malformation | amniotic fluid
groove volume
Ultrasound Laterality Angle degree Graf Examination Examination Examination | Treatment
examination classification time piont doctor
Results of screen Left o
p
Right o
p

included. Of these, 4999 were male and 4687 were female. Type I was diagnosed in 8903 cases, type Ila" in 713 cases,
type Ila in 35 cases, type Ilc in 42 cases, type D in 8 cases, type Illa in 11 cases, type IIIb in 9 cases, and type IV in 14
cases. If the same DDH child had of hip joints of different types on both sides, the type was calculated based on the
severe side (Table 3).

Finally, a total of 117 children were diagnosed with DDH in this study, including 35 cases of type Ila", 42 cases
of type IIb and Ilc, and 42 cases of type D, Illa, IIIb, and IV. The confidence interval (CI) of DDH for the
calculated population incidence was 9.8/thousand-13.7/thousand in the city of Lianyungang per year. The incidence
of DDH on the left side was 87, higher than that on the right side (P < 0.001); there were 97 female and 20 males
(P < 0.001); and there were also 88 first-time births and 29 that were not (P = 0.005); the difference was statistically
significant (Table 4). A multivariate logistic regression analysis was performed with the occurrence of DDH as the
dependent variable and each risk factor as the independent variable. The results suggest that female (OR = 5.059,
95% CI: 3.012-9.109) and first birth (OR = 1.871, 95% CI: 1.169-2.832) were risk factors for DDH, with no
statistical difference between other risk factors including improper swaddling, asymmetry in the skin groove,
combined malformation, and abnormal amniotic fluid volume (Table 5) (Figure 3).

Table 3 Graf Classification Type of |17 DDH

Cases

Graf Classification Type Number
lla” 35

lIb 0

llc 42

llla Il

Ilib 9

v 14

D 8

Abbreviation: DDH, developmental dysplasia of hip.
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Table 4 Patient Characteristic

Variable Normal DDH P value

Sex, n <0.001
Male 4999 20
Female 4687 97

Laterality, n <0.001
Left 9716 87
Right 9767 36

Parity, n 0.005
First born 5894 88
Other 3792 29

Delivery way, n 0.231
Eutocia 5509 73
Cesarean 4177 44

Feeding pattern, n 0.798
Breast feeding 5612 70
Artificial feeding 742 10
Mixed feeding 3332 37

Delivery time, n 0.709
Premature delivery 307 3
Term delivery 9379 114

Family history, n 0.052
True 699 3
False 8987 114

Delivery position, n 0.216
Breech delivery 123 3
Head delivery 9563 114

Hip or leg lines, n 0.166
Asymmetry 285 6
Symmetry 9401 11

Abbreviation: DDH, developmental dysplasia of hip.

Table 5 Logistic Regression Analysis of Risk Factors for DDH

Variables OR 95% ClI P-value
Low Up

Sex

Male Ref.

Female 5.059 3.012 9.109 <0.001
Feeding pattern

Breast feeding Ref.

Artificial feeding 0.981 0.457 2.186 0.235

Mixed feeding 0.789 0.521 1.179 0.968
Delivery way

Eutocia Ref.

Cesarean 0.820 0.503 1.288 0.402
Family history

False Ref.

True 0.708 0.175 3.141 0.608
Delivery position

Head delivery Ref.

Breech delivery 1.315 0.286 4418 0.846

(Continued)
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Table 5 (Continued).

Variables OR 95% CI P-value

Low Up

Asymmetry hip or leg lines

False Ref.

True 2.176 0.708 6.026 0.137
Delivery time

Term delivery Ref.

Premature delivery 0.616 0.169 2.894 0.649
Parity

Other Ref.

First born 1.871 1.169 2.832 0.008

Abbreviations: DDH, developmental dysplasia of hip; OR, odds ratio; Cl, confidence interval; Ref,
reference.

Discussion
Time for DDH Screening

With the development of ultrasound diagnostics, most cases of DDH can be diagnosed within 6 months of birth, and
some countries and regions have adopted hip ultrasound screening for newborns, which has improved the early diagnosis
and treatment rates.'” Early screening and intervention can significantly reduce the risk of late surgery in babies with
DDH."® The time of early ultrasound screening is currently debated by scholars. Donnelly believed that 6 weeks after
birth was an important time to perform a hip ultrasound examination and recommended two clinical ultrasounds,
consisting of the first at birth and the second between the ages of 6 and 10 weeks.'* Gokharman et al also studied the
timing of ultrasonography and found that ultrasonography at 8 weeks postpartum was better than those at 4 weeks
postpartum, and they suggested that 8 weeks postpartum was the best time for ultrasound screening.'> However, after an
extensive review of the literature, the American Academy of Orthopaedic Surgeons currently recommends 4—6 weeks as
the optimal screening time,> so we chose 4-6 weeks as the screening time for this study.

characteristics OR (95%Cl) . P-value
First born 1.871 (1.169-2.832) E i 0.008
Premature delivery 0.616 (0.169-2.894) Ip 0.649
1
Asymmetry hip or leg lines 2.176 (0.708-6.026) : @ 0.137
Breech delivery 1.315 (0.286-4.418) E o 0.846
Family history 0.708 (0.175-3.141) Eo 0.608
Cesarean 0.820 (0.503-1.288) QI 0.402
1
Mixed feeding 0.789 (0.521-1.179) 4 0.968
Artificial feeding 0.981 (0.457-2.186) :b 0.235
Female 5.059 (3.012-9.109) E i <0.001

I T 1
-2 0 2 4 6 8 10

Figure 3 Logistic regression analysis of risk factors for DDH.
Abbreviations: DDH, developmental dysplasia of hip; Blue circles and the blue squares: odds ratio.
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Incidence of DDH and Early Screening and Diagnostic Criteria

Reports of the incidence of DDH vary widely across the world, ranging from 0.15% to 4.45%.">'°"'® In addition to
geographic and ethnic factors, this may also be related to the diagnostic methods, timing of testing, diagnostic criteria,
and sample size. The incidence of DDH in this study was 1.19%, which is consistent with previous reports.

DDH includes hip dislocation, hip subluxation, and acetabular dysplasia. Early screening should not only detect hip
dislocations or subluxations but also focus on finding children with hip dysplasia. In the Graf classification, type IIb and
type Ilc are typical of acetabular dysplasia, but whether type Ila can be diagnosed as DDH is still debated. Nicola et al
argued that even if type Ila was not pathological, it represented potentially a low-grade dysplasia and required a second
examination.'® Graf further refined the Ila classification at a later stage. Babies within 6 weeks after birth are divided into
type Ila” and type Ila~ according to o angle and the days after birth. Type IIa" is physiologically immature and does not
require intervention, while type Ila” is a defect in the development of the acetabular apex and is recommended for close
observation or early treatment.'® A cross-sectional study of Chinese people found a prevalence of DDH of 1.52%,%°
which was close to the incidence in this study. This study also had some differences from the previous literature. First,
type Ila~ was included in the diagnosis of DDH in this study. Second, the screening period in this study was 3—4 weeks
after birth, while most other reports were 0—6 months or even later. This may also be responsible for the difference in the
final incidence results. Taken together, we believe that early screening and diagnosis of DDH by Graf classification >type

Ila~ may provide a more comprehensive assessment of overall incidence.

DDH Risk Factors

The pathogenesis of DDH is not well understood. Most scholars now agree that that femininity, breech presentation,
oligohydramnios, prematurity, and other deformities such as clubfoot or torticollis are risk factors for DDH.*! In recent
years, however, there have been reports of a different view. A meta-analysis by Ibrahim et al suggested no association
between clubfoot and incidence of DDH.** Swarup et al suggested that preterm birth was a protective factor against DDH,
and that those with higher birth weights were more susceptible to DDH.?* A 10-year survey in the United Kingdom showed
that female sex, family history, breech presentation and first birth were the main risk factors for DDH, with pregnancy after 38
weeks also a high-risk factor.”* The results of this study showed that female was a risk factor for DDH, the incidence of DDH
in the left hip was higher than that in the right side, and the risk of DDH in the first child was higher than that in the second
child and later, which was consistent with most reports. However, in this study, the traditionally important risk factor for
breech presentation failed to emerge as a risk factor for DDH occurrence, and two possible reasons for this were analyzed.
First, there were 123 cases of breech delivery in this group, of which 108 (88%) for cesarean section. Breech cesarean section
may reduce the pathogenic effects of breech presentation, as it avoids the stimulation of the lower limbs during natural
delivery. Second, the time node in this study was 4—6 weeks after birth, and babies born partial breech may naturally develop
from hip dysplasia at birth to a relatively mature hip. A study from The Children’s Hospital of Philadelphia also confirmed
that breech babies had significantly higher spontaneous relief of mild hip instability than non-breech babies.?> As a result, the
risk of DDH from breech presentation may decrease with growth, but more samples and longer follow-up are needed to make
firm conclusions. In addition, factors such as amniotic fluid volume and combined malformations could not be included in the
statistical analysis due to the absence of DDH children in the sample, which may be related to the insufficient overall sample
size. However, the present study showed no statistical significance between hip or leg asymmetry, feeding patterns, delivery
patterns, prematurity, and DDH incidence. It should be noted that the asymmetry in hip or leg lines is common in pediatric
orthopaedic clinics, often causing anxiety among parents, and a good job of popular science is required.

Shortcomings of This Study

First, some parents of children may have misconceptions about specialized medical terms, leading to related errors.
Second, the survey period and sample size were still insufficient, and there may be errors or biases. In the future, we
intend to build on this work with a longer-term, multi-center, large-sample epidemiological study of DDH on this basis to
further improve the quality of early DDH screening and reduce the rates of DDH surgery and disability.

International Journal of General Medicine 2022:15 heeps: 8553

Dove:


https://www.dovepress.com
https://www.dovepress.com

Zhu and Zhu Dove

Ethics Approval and Consent to Participate

Written informed consent was provided by guardian of all enrolled babies. This research conformed to the principles of
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