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Abstract 

Background: Developmental dysplasia of the hip (DDH) comprises a spectrum of pathology in the 

development of the immature hip joint ranging from mild dysplasias to complete dislocations. Epi-

demiological data about developmental dysplasia of the hip varies culturally and geographically. 

The aim of the study was to report on the sonographic incidence of developmental dysplasia of the 

hip in Erbil city. 

Methods: A retrospective descriptive study was conducted at the Helena Rehabilitation Center in 

Erbil City. All infants who underwent ultrasound examination for developmental dysplasia of the 

hip between January 2023 to July 2023 were included. Ultrasound screening was performed using 

the Graf method. Bivariate and multivariable logistic regression methods were used, and independ-

ent variables were determined based on adjusted odds ratios with 95% confidence intervals and a p

-value of less than 0.05. 

Results: Among 533 infants, 174 were diagnosed with developmental dysplasia of the hip, including 

165 with hip dysplasia and 9 with hip dislocation. The incidence of hip dysplasia in Erbil was 0.5 

per 100 for hip dysplasia (95% CI, 0.4-0.6) and 0.3 per 1000 for hip dislocation (95% CI, 0.2-0.4). 

The incidence of hip dysplasia at Helena center was 30.9% while hip dislocation was 1.7%. Devel-

opmental dysplasia of the hip was significantly associated with a positive family history (AOR: 

1.80, 95% CI: 1.21-2.66), female gender (AOR: 2.32, 95% CI: 1.58-3.42) and swaddling (AOR: 

2.01, 95% CI: 1.37-2.94). 
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 Introduction 

Developmental dysplasia of the hip (DDH) 

comprises a spectrum of pathology in the de-

velopment of the immature hip joint ranging 

from mild dysplasias to complete dislocations 

(1). While many newborn screening studies 

indicate that hip instability can be identified in 

approximately 1 in 100 to 1 in 250 infants, the 

occurrence of fully dislocated or dislocatable 

hips is considerably less frequent, with an inci-

dence of 1-1.5 per 1000 live births. The inci-

dence of DDH varies significantly across dif-

ferent geographical and racial groups, which 

may be influenced by environmental factors 

rather than solely genetic predisposition (1, 2). 

 

The instability of the hip joint results from in-

creased joint laxity which is likely the result of 

a combination of hormonal, mechanical, and 

genetic factors (1, 2). Approximately 12-33% 

of individuals with DDH have a positive fami-

ly history of the condition, indicating a poten-

tial genetic influence. Moreover, DDH is more 

prevalent in female patients (around 80%), 

which is thought to be due to the increased 

susceptibility of female fetuses to maternal 

hormones like relaxin, which can affect liga-

ment laxity. Even though only 2-3% of babies 

are born in breech presentation, the incidence 

of DDH in such cases ranges from 16-25%. 

Understanding these risk factors is crucial for 

the early identification and management of 

DDH (1). Factors leading to a restricted intrau-

terine space, resulting in less room for normal 

fetal movement, for example first pregnancy 

can be linked to DDH (1). The strong associa-

tion between DDH and torticollis (1, 2), sup-

ports the idea that the crowding effect plays a 

role in its development. Notably, the left hip is 

the most commonly affected, often because it's 

pushed into adduction by the mother's sacrum 

(1). 

Swaddling has been practiced for centuries as 

a method to soothe infants and when done 

safely research has proven its benefit for infant 

colic(3). However, tight and unsafe swaddling 

which is defined as wrapping babies tightly 

with their hips extended and adducted has been 

identified as a significant risk factor for hip 

dysplasia. Studies in populations where infants 

are traditionally swaddled in a manner that re-

stricts them from naturally bringing their hips 

into a flexed position (known as the "M" posi-

tion) have shown negative impacts on hip de-

velopment(1, 3, 4). 
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Conclusion: The incidence of developmental dysplasia of the hip in Erbil is lower than that re-

ported in global literature. Swaddling contributes to approximately half of all developmental dys-

plasia of the hip cases and most hip dislocations. Female infants and those with a positive family 

history had a twofold increased risk of developmental dysplasia. Public health initiatives should 

focus on educating parents about the risks of tight swaddling.  

Keywords: Developmental dysplasia, Incidence, Risk factors, Swaddling 



 Early diagnosis of DDH can prevent long-term 

complications and complex treatments. Ultra-

sonography is the diagnostic modality of 

choice for screening DDH ideally for infants 

aged six weeks to six months. Ultrasonogra-

phy earlier than six weeks may yield false pos-

itives and later than six months ultrasound will 

no longer be useful because of the ossification 

of the femoral head(1).  

Our aim was to determine the incidence of 

DDH in Erbil City, where epidemiological da-

ta is lacking. By doing so, we aim to contrib-

ute to the global understanding of DDH epide-

miology and provide a foundation for future 

research. In addition, we analyzed the associa-

tion between DDH and key risk factors, partic-

ularly swaddling which remains a traditional 

and common practice in Erbil City, Iraq. Our 

findings aim to raise awareness about the risks 

of unsafe swaddling and contribute to public 

health education. 

Methods 

Study setting, period and design 

A retrospective descriptive study was conduct-

ed at the Helena Rehabilitation Center, a pedi-

atric orthopedic center specializing in DDH 

diagnosis and management in Erbil, Iraq. Hel-

ena center is the only recognized public center 

in Erbil for pediatric orthopedics and rehabili-

tation where almost all DDH cases are diag-

nosed and managed. Some cases are managed 

at private sector. Therefore, in this study it is 

assumed that almost all cases of DDH are pre-

sented to Helena center. The study was per-

formed from January 2023 to July 2023.  

Population and eligibility criteria 

The study population comprised infants aged 6 

weeks to 6 months. The center’s policy restricts 

ultrasound screening to this age group to mini-

mize false positives and account for femoral 

head ossification beyond 6 months. Data were 

collected from medical records of all infants 

screened during the study period. Subjects were 

referred from both public and private outpa-

tients of Orthopedics and Pediatrics in Erbil 

city. Referrals originated from both public and 

private healthcare facilities, with most cases 

referred from Helena Rehabilitation Center, 

Raparin Pediatric Teaching Hospital and the 

Neonatal Care Unit of Erbil Obstetrics and Ma-

ternity Hospital. 

Sample size and sampling technique 

A total of 533 infants who underwent DDH 

screening at Helena Rehabilitation Center be-

tween January 2023 and July 2023 were includ-

ed in the study. 

Data collection 

Data about clinical examination was not availa-

ble so physical examination is not included in 

this study.  Data was collected from the record 

about the infants’ age, sex, parity, presentation, 

family history of DDH (first- and second-

degree relatives), torticollis and club foot and 

traditional swaddling. Every infant had been 

sonographically screened for both hips by an 

experienced radiologist using ultrasound GE 

versana premier machine, linear probe L6-12 

using Graf method at the ultrasound unit of the   
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 center. Graf method originally described by 

Reinhard Graf in 1980(5) in which the hips are 

examined for DDH in coronal section at rest 

then alpha and beta angles are measured. Alpha 

(α) angle (measures osseous convexity) nor-

mally >60°. Beta (β) angle (measures the ace-

tabulum’s cartilaginous growth) normally 

<55°, Table (1). 
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Table (1): Graf classification (5) 

Graf type α angle β angle Description 

Type Ⅰ ≥60° ˂55° Normal mature hip joint 

Type Ⅱa 50°-59° 55°-77° Physiological immaturity at ˂3months of age 

Type Ⅱb 50°-59° 55°-77° Delayed maturity at >3months of age 

Type Ⅱc 43°-49° <77° Dysplastic hip but the cartilaginous roof (labrum) 
still covering the head 

Type Ⅱd 43°-49° >77° Similar to type Ⅱc but the labrum is everted cranially 

Type Ⅲ <43° >77° Dislocated femoral head with shallow acetabulum 
and everted labrum (pressed upwards) 

Type Ⅳ unmeasurable unmeasurable Total dislocation of femoral head with marked dis-

placement and inversion of labrum 

 

Operational definition 

In our study type 1 is considered normal, type 

2 with all its subtypes is regarded as hip dys-

plasia and type 3 along with type 4 were re-

garded as hip dislocation. 

Data analysis 

Microsoft Office Excel version 21 and Statisti-

cal Package for the Social Sciences (SPSS) 

version 27 were used to organize and clean the 

data. Chi-Square Test of associations and Fish-

er’s Exact Test were used to compare propor-

tion. A p-value of ≤ 0.05 is considered statisti-

cally significant. Bivariable analysis was used 

to study the association. Variables that had a p-

value of less than 0.25 in the bivariable analy-

sis were included in the multivariable logistic 

regression analysis. A confidence interval of 

95% is calculated for the incidence. 

Results 

Among the total 533 infants, 174 (32.6%) 

were diagnosed with DDH. Regarding the dis-

tribution of affected hips, 72 (13.5%) had in-

volvement of the right hip, 47 (8.8%) had in-

volvement of the left hip, and 55 (10.3%) had 

involvement of both hips. The classification of 

DDH based on the Graf classification system 

revealed that the majority of infants were clas-

sified as Type 1 (67.4%). Type 2a, 2b, 2c, 2d, 

3, and 4 accounted for 16.9%, 10.7%, 2.8%, 

0.5%, 1.3%, and 0.4% of cases, respectively, 

Table (2). 
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Table (2): Ultrasound diagnosis of DDH among the infants  

 The incidence of hip dysplasia at Helena center 

was 30.9% and 1.7% for hip dislocation. The 

Incidence of DDH in Erbil city according to 

our study was 0.5 per 100 for hip dysplasia 

(95% CI, 0.4-0.6) and 0.3 per 1000 for hip dis-

location (95% CI, 0.2-0.4). This incidence was 

calculated based on the number of newborns 

in Erbil in 2022 which was 68,236. This data 

was obtained from KRSO (Kurdistan Region 

Statistics Office). Data for 2023 was not avail-

able, Table (3). 

Variables Categories Frequency Percentage 

Ultrasound  

diagnosis 

DDH 174 32.6 

Normal 359 67.4 

Affected hips Nill 359 67.4 

Right hip 72 13.5 

Left hip 47 8.8 

Both hips 55 10.3 

Graf type Type 1 359 67.4 

Type 2a 90 16.9 

Type 2b 57 10.7 

Type 2c 15 2.8 

Type 2d 3 0.5 

Type 3 7 1.3 

Type 4 2 0.4 

Total   533 100 

Table (3): Incidence of DDH in Helena center and in Erbil City. 

 

By using Chi-Square Test of associations and 

Fisher’s Exact Test there is statistically signifi-

cant association between DDH and each of 

family history, female gender and swaddling, p 

values were ≤0.05, ≤0.001 and ≤0.001 respec-

tively, while there is no statistically significant 

association between DDH and each of breech, 

torticollis, club foot and firstborn child, p val-

ues were ≤0.4, ≤0.6, ≤0.9 and ≤0.2 respective-

ly, Table (4). 

Variable DDH type Helena center Erbil City 

Incidence of DDH Hip dysplasia 30.9% 0.5 per 100 

Hip dislocation 1.7% 0.3 per 1000 



 

Variables that had a p-value of less than 0.25 

in the bivariable analysis were included in the 

multivariable analysis. In bivariable logistic 

regression, factors such as female gender, fam-

ily history, swaddling and firstborn were 

found to be significantly associated with 

DDH. In multivariable analysis these factors 

still remained statistically significantly associ-

ated with DDH. Accordingly, females are 

twice likely to have DDH compared to males 

(AOR; 2.32, 95% CI: 1.58-3.42). Infants who 

have positive family history of DDH (1st and/

or 2nd degree) are almost twice likely to have 

DDH than those who have negative family 

history of DDH (AOR; 1.80, 95% CI: 1.21-

2.66). Infants who have been swaddled tradi-

tionally unsafely are two times more likely to 

have DDH than those who have not been 

swaddled or swaddled but safely (AOR; 2.01, 

95% CI: 1.37-2.94). Infants who are firstborn 

are slightly more at risk to have DDH than 

those who are born to multiparous mothers 

(AOR; 1.34, 95% CI: 0.9-2.00) (Table 5). 
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Table (4): Association of DDH with certain variables 

Variable Categories DDH Normal P value 

Family history Positive 74 (42.5%) 115 (32%) ≤0.05 

Negative 100 (57.5%) 244 (68%)   

Breech Yes 46 (26.4%) 83 (23.1%) ≤0.4 

No 128 (73.6%) 276 (76.9%)   

Torticollis Yes 2 (1.1%) 6 (1.7%) ≤0.6 

No 172 (98.9%) 353 (98.3%)   

Club foot Yes 1 (0.6%) 2 (0.6%) ≤0.9 

No 173 (99.4%) 357 (99.4%)   

Gender Female 114 (65.5%) 167 (46.5%) ≤0.001 

Male 60 (34.5%) 192 (53.5%)   

First born Yes 62 (35.6%) 110 (30.6%) ≤0.2 

No 112 (64.4%) 249 (69.4%)   

Swaddling Yes 87 (50%) 122 (34%)  ≤0.001 

No 87 (50%) 237 (66%)   

Total   174 (100%) 359 (100%)   



 Discussion 

In our study the incidence of DDH in Erbil 

city was calculated to be 0.5 per 100 for hip 

dysplasia and 0.3 per 1000 for hip dislocation. 

These results are lower than that found in the 

literature which is globally about 1 per 100 for 

hip dysplasia and 1 per 1000 for hip disloca-

tion(1). This can be explained by the possibil-

ity of some of the infants being referred to pri-

vate hospitals instead of Helena center, which 

is the only recognized public center to care for 

DDH. Therefore, the incidence might be un-

derestimated. However, our incidence for hip 

dysplasia were comparable to that of Studer et 

al, Kural et al, Wilf-Miron et al, Wenger et al 

and Phelan et al which were 0.6, 0.5, 0.5, 0.4 

and 0.4 per 100 respectively(6-10). Our inci-

dence for hip dislocation were comparable 

with that of Moosa et al, Tyagi et al, Talbot et 

al, Giannakopoulou et al and Woodacre et al 

which were 0.3, 0.3, 0.3, 0.3 and 0.4 per 1000 

respectively(11-15). Our findings were high 

when compared with that in Ethiopia and other 

Sub-Saharan countries. In Ethiopia incidence 

of DDH is 0.15% which may be attributed to 

the lack of facilities or limited access to 

healthcare service. Another reason might be in 

Ethiopia and other Sub-Saharan countries 

mothers back carry their babies in the first two 

years of life in a position similar to that of the 

Pavlic harness(16). In contrast in Erbil the 

high incidence when compared with Ethiopia 

seems to be due to that mothers traditionally 

swaddle their babies unsafely in a position that 

makes them vulnerable to develop DDH(1). 

Gender distribution among DDH cases were 

65.5% for females and 34.5% for males with 

female to male ratio 1.9:1 which was almost 

consistent with a study done by Alrosan et al 

in which 62% of DDH patients were female 

and 38% were male with female to male ratio 

2:1(17). 

The most common hip affected in our study 

was right hip 41.4% followed by both hips 

31.6% which is not consistent with the results 

of the literature in which left  hip  is  the  most  
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Table (5): Bivariable and multivariable logistic analysis of factors associated with DDH  

Variables   DDH Normal Crude OR 
(95% CI) 

Adjusted OR 
(95% CI) 

Gender Female 114 (65.5%) 167 (46.5%) 2.18(1.50-3.17) 2.32(1.58-3.42) ** 

Male 60 (34.5%) 192 (53.5%) 1 1 

Family history Positive 74 (42.5%) 115 (32%) 1.57(1.08-2.28) 1.80(1.21-2.66) * 

Negative 100 (57.5%) 244 (68%) 1 1 

Swaddling Yes 87 (50%) 122 (34%) 1.94(1.34-2.80) 2.01(1.37-2.94) ** 

No 87 (50%) 237 (66%) 1 1 

Firstborn Yes 62 (35.6%) 110 (30.6%) 1.25(0.85-1.83) 1.34(0.9-2.00) 

No 112 (64.4%) 249 (69.4%) 1 1 

Key: *p-value≤0.05, **p-value ≤0.001, OR= Odds Ratio 



 commonly affected followed by both hips(18). 

Nevertheless, another study done by Pulik et al 

revealed right hip as most frequently involved

(19). 

The most common type of DDH was type 1 

67.4% followed by type 2a 16.9%, type 2b 

10.7%, type 2c 2.8%, type 3 1.3%, type 2d 

0.5% and type 4 as the least common type 

0.4% which was close to the result of the study 

conducted by Pulik et al with regards to com-

monest types(19). 

Generally accepted risk factors for DDH by 

most authors include family history, breech 

and torticollis(1). In our study family history 

(first and/or second-degree relatives) had sta-

tistically significant association with DDH. 

However, no such association was found be-

tween either of breech, torticollis and club foot 

with DDH. There is also no statistically signif-

icant association between first born and DDH. 

Swaddling nowadays is identified by many 

authors as an independent risk factor for DDH

(1, 3, 4). Our study revealed highly statistical-

ly significant association between swaddling 

and DDH. According to our study in Erbil city 

swaddling is responsible for about half of the 

cases of DDH in general and about most of the 

cases of hip dislocation in particular. One limi-

tation of our study is that the sample may not 

fully represent the entire population as some 

patients seek care at private clinics rather than 

visiting Helena Center. We suggest that future 

studies include a broader population base, in-

corporating data from private healthcare facili-

ties to improve generalizability. Another limi-

tation is the lack of longitudinal follow-up, 

which prevented us from tracking the long-

term outcomes particularly those with physio-

logical changes that may resolve spontaneous-

ly with observation. As a result, the reported 

incidence may not fully capture the true bur-

den of the condition. We recommend future 

follow-up studies to assess treatment out-

comes and long-term complications more ac-

curately. 

Conclusions 

Incidence of developmental dysplasia of the 

hip in Erbil is low compared with that in the 

literature which might be underestimated. Ac-

cording to our study swaddling is responsible 

for about half of the cases of DDH in general 

and about most of the cases of hip dislocation 

in particular. Therefore, public awareness 

should be done to educate people about the 

danger of tight swaddling. We recommend 

that a larger study to be done with frequent 

follow up for at least one year to have a more 

accurate epidemiology of DDH. 
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