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Abstract 

Developmental Dysplasia of the Hip (DDH) is a congenital condition characterized by 

abnormality in acetabulum size and/or shape. The incidence rate of DDH differs between 

different populations with risk factors including positive family history, breech presentation, sex, 

firstborn status, side of the hip, mode of delivery and oligohydramnios. It is recognized that 

DDH has a genetic component that exhibit autosomal dominant pattern. Many candidate genes 

have been studied and found to be associated with the disease; most of them are involved 

normally in cartilage development and joint metabolism. In this study, the association of four 

single nucleotide polymorphisms (rs731236, rs1544410, rs7975232, and rs2228570) in vitamin 

D receptor gene was studied in a case-control analysis. The study sample involves 50 cases with 

confirmed DDH presentation and 50 non-DDH controls. SNPs were genotyped using 

conventional polymerase chain reaction (PCR) and restriction fragment length polymorphism 

(RFLP) techniques. Genotype and allele frequencies were analyzed using SPSS software. No 
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significant associations were found between VDR polymorphisms analyzed and Developmental 

Dysplasia of the Hip. Further work need to be performed using genome-wide analysis to 

elucidate the genetic basis of DDH. 

Keywords: Developmental dysplasia of the hip. Vitamin D receptor gene. Single nucleotide 

polymorphism. Genetic association study. 

Introduction 

Developmental Dysplasia of the Hip (DDH), previously known as congenital dysplasia of the 

hip, refers to a broad range of developmental abnormalities affecting the growing hip with 

varying degrees of expressivity (Noordin et al. 2010). These abnormalities include dysplasia, 

subluxation and dislocation. Hip dysplasia is defined as any abnormality in the shape, size and 

orientation of the femoral head, acetabulum or both. Subluxation of the hip refers to partial 

dislocation of the hip with partial surface contact between the femoral head and acetabulum. 

Dislocation refers to the complete separation between femoral head and acetabulum (Paton and 

Choudry 2016). 

The overall incidence rate of DDH is 1 per 1,000 live births. Among females the incidence is one 

in 600 and the incidence among boys is 1 in 4,000 live births. The incidence differs greatly 

among different populations (Storer and Skaggs 2006). DDH is more common among Native 

Americans and Canadians because of their swaddling habit whereas it is far less common among 

African and Chinese populations (Paton and Choudry 2016).  

Risk factors for DDH include positive family history, breech presentation, sex, firstborn status, 

side of the hip, mode of delivery and oligohydramnios (Ortiz-Neira et al. 2012; Jawadi et al. 

2017). A positive family history increases the risk for the born child to get DDH by 6 percent if 

he\she has an affected sibling because there is a genetic basis of the disease. It was also reported 

that the percent could increase up to 12% with one affected parent and 36% with both affected 

parent and sibling (Wynne-Davies 2012). The hips of fetuses that are in breech position are 

subject to hamstring forces due to the prolong knee extension, a condition that contributes to hip 

instability, that is why breech position in considered as a strong risk factor for DDH (Ortiz-Neira 

et al. 2012; Jawadi et al. 2017). Most of DDH children are females. This is thought to be due to 

the increased estrogen production by female fetus which cause increase ligamentous laxity which 

could increase the chance for femoral head to be displaced (Guille et. al. 2000). Because the left 

hip is abducted against the mother’s lumbosacral spine in the most common intrauterine position, 

it is found to be affected more commonly in DDH patients. First-born children are at two-fold 

risk of having DDH than the second-born children due to the tight abdominal structures and the 

un-stretched uterus in the mother. Oligohydramnios is also associated with DDH due to the 

limited fetus mobility in uterus affected with this condition (Jawadi et al. 2017).  

Clinical examination for hips is normally performed in all newborn babies and especially for 

those with high risk factors for DDH, such as positive family history. Classical screening 

involves performing the Ortolani and the Barlow tests with each hip examined separately. For 

undiagnosed children that reach walking age, DDH can be recognized with a limp on the affected 

side and hyperlordosis (Storer and Skaggs 2006). Radiographs cannot be used to diagnose DDH 

for children younger than 6 months because their femoral heads are mainly formed of cartilage, 

thus, ultrasound scanning is the best diagnosing tool for DDH in infants younger than six months 

of age. It is routinely recommended in many developed countries (Noordin et al. 2010). 



 

 

Treatment and management of DDH differs according to age and severity of the condition with 

the best outcomes reached with early diagnosis. Subluxation of the hip in neonates may correct 

spontaneously. If not, hip abduction brace (such as Erlanger, Thubinger, Pavlik- Harness, and 

Frejka) is performed. For children older than six months treatment can be performed either by 

closed or open reduction, followed by a spica cast (Paton and Choudry 2016). 

Early family studies on DDH (MIM 142700) showed that it has a genetic component and it 

follows autosomal dominant inheritance pattern. Most candidate genes selected for analysis were 

genes for cartilage development and joint metabolism.  

Linkage study through genome-wide screening performed by Mabuchi et al. on Japanese family 

contained eight patients in four generations revealed a linkage at locus 13q22. Further haplotype 

analysis narrowed the locus to a 6.0-cM interval between markers D13S1296 and D13S162 

(Mabuchi et. al. 2006). Feldman et al. studied a 72-member, four-generation family from Utah 

that showed autosomal dominant transmission of DDH with incomplete penetrance. Genome-

wide linkage analysis revealed a 2.61-Mb candidate region located on the short arm of 

chromosome 3 that is co-inherited by all affected family members. Whole exome sequencing of 

this region in severely affected individuals revealed a shared variant in CXECR1 gene that 

causes a threonine to methionine substitution at position 280 of the expressed protein. The 

affected protein is expressed in mesenchymal stem cells destined to become chondrocytes and 

has cellular adhesive and migratory functions (Feldman et. al. 2013).  Recently, whole genome 

genotyping and whole exome sequencing performed on three DDH-affected members of a Saudi 

family showed rare variants in HSPG2 and ATP2B4 genes. Prediction software showed that the 

variants are deleterious, but no functional analysis was performed. Based on their results, the 

researchers suggested an autosomal dominant inheritance pattern of these variants with 

incomplete penetrance (Basit et. al. 2017). However, these results were not validated by 

independent cohorts of DDH patients.   

Several candidate genes have been studied for genetic associations with DDH. In a case-control 

association study among Caucasian population in France, the association of single nucleotide 

polymorphisms in two candidate genes, HOXB9 and COL1A1, with DDH was investigated. 

Although the expression of these genes is important in limb embryonic development and joint 

laxity, respectively, the study failed to find an association between them and DDH in the study 

population (Rouault et. al. 2009).  Jia et al., found a significant association between SNP 

rs726252 located in the region of fifth intron of pregnancy associated plasma protein-A2 

(PAPPA2) and DDH in Han Chinese population using case-control study (Jia et. al. 2012). In 

another Chinese study, two SNPs in growth differentiation factor 5 (GDF5), rs224332 and 

rs224333, were found to be associated with DDH in females (Zhao et. al. 2013).  

Vitamin D receptor (VDR) is located on chromosome 12q13.11. The gene product, once bound 

to vitamin D, initiate cell-signaling pathway that leads to the regulation of several genes that 

function in controlling calcium and phosphate absorption among other processes. Polymorphisms 

in VDR gene have been linked to osteoporosis (Wu et. al. 2016) and osteoarthritis (Olama et. al. 

2016). In this study, we examined the association between selected Vitamin D Receptor 

polymorphisms (rs731236, rs1544410, rs7975232, and rs2228570) and DDH in Saudi patients. 

 

 



 

 

 

 

Materials and Methods 

Study Subjects 

A total of fifty DDH patients were recruited for the study at the pediatric department in King 

Abdullah Specialist Children Hospital (KASCH), Riyadh, along with 50 healthy controls. 

Informed written consents were obtained from all participants before enrolling them in the study. 

Ethical approval was obtained from Institutional Review Board (IRB) office in King Abdullah 

International Medical Research Center (KAIMRC). 

Blood Samples Collection 

Blood samples from DDH and control groups were collected in EDTA-tubes and stored at 4⁰C 

until the time of DNA extraction. For DNA isolation, 250 µl of whole blood were used and the 

remaining quantity was aliquoted into 1.5 ml Eppendorf tubes and stored at – 20⁰C. 

Genomic DNA Isolation 

DNA isolation was performed using E.Z.N.A.® Blood DNA Mini Kit (OMEGA™) according 

to manufacturer’s instructions. For each sample, 250 µl of whole blood was used for DNA 

isolation. The isolated DNA was rehydrated in 150 µl Elution Buffer and stored at -20⁰C 

until genotyping analysis. The quality of isolated DNA was assessed by running 5 µl on 1% 

agarose gel to check for DNA degradation. DNA concentration and purity were measured 

using Genova Nano instrument (JENWAY®). 

VDR gene SNPs analysis 

The four most common SNPs (rs731236, rs1544410, rs7975232, and rs2228570) of VDR gene 

were evaluated using restriction fragment length polymorphism (RFLP) technique. Three gene 

fragments that cover these SNPs were isolated using conventional polymerase chain reaction 

(PCR). Table 1 shows the primer pairs used for each amplifiable fragment of VDR gene, the 

SNPs covered, annealing temperature and the restriction endonuclease used in the analysis. 

For PCR reactions, the ready-made MegaMix-Blue (Microzone™) master mix was used to 

amplify the gene fragments. A total reaction volume of 25 µl was prepared by adding 22 µl 

MegaMix blue, 0.1 µl of each primer (10 µM) and l µg of DNA template. PCR conditions were 

set as those follow; initial denaturation step was carried out at 95оC for 5 minutes, followed by 

35 cycles of 95оC denaturation for 30 seconds, annealing at the proper temperature for 30 

seconds and 72оC extension for 30 seconds. A final extension step at 72оC for 5 minutes was 

performed followed by cooling at 4оC until reactions were collected. PCR products were 

analyzed on 2 % agarose gel using 100 bp DNA ladder (ACE Biotech™) as the DNA marker.  

Restriction digestion of PCR products was performed in a total reaction volume of 10 µl 

containing 1 X reaction buffer, 5 units of restriction enzyme and 1 µl of PCR product. Nuclease 

free water was added to each reaction to complete the volume. The reaction conditions for each 



 

 

enzyme were followed as recommended by the manufacturer. After incubation, the genotypes 

were read on 2% agarose gel. 

 

 

Statistical Analysis 

VDR genotype and allele frequencies were analyzed using SPSS version I 0.0 (SPSS, Inc, 

Chicago, IL, USA). Associations were quantified using: odds ratios [OR] with 95% confidence 

intervals [CI] that do not cross 1.00 with p value < 0.05, defined as statistically significant. Using 

the same software, we performed an overall comparison of allele frequency using a 2 x 2 chi-

square test.  

Results 

Study Subjects 

DDH risk factors that were considered in recruiting patients were gender, breech position, family 

history, oligohydromnios and whether the patient was the first child. Of the fifty DDH patients 

enrolled in the study, 41 (82%) were females and 9 (18%)  were males.  Breech position was 

positive in 10 cases (20%)  and 17  (34%) had positive family history of DDH. Four patients 

were positive for oligohydromnios and 11 (22%)  were the first child in the family. Most of the 

patients had one or two risk factors (18 and 20, respectively). Three patients combined up to four 

risk factors 

Three clinical features were represented among DDH patients enrolled in this study. These are 

Acetabular dysplasia, subluxation and dislocation. Dislocation was the prominent feature among 

patients with a percentage of 42% (21) followed by acetabulat dydplasia (20%) and then 

subluxation (12%). Thirteen (26%) patients exhibit combined acetabular dysplasia and 

dislocation whereas six (12%) show acetabular dysplasia combined with subluation. No patients 

show subluxation alone.  

Genotyping of VDR gene polymorphisms 

Restriction fragment length polymorphisms (RFLP) teachnique was used to genotype four SNPs 

located in vitamin D receptor (VDR) gene. These SNPs include rs1544410 (BsmI), rs2228570 

(FokI), rs7975232 (ApaI), rs731236 (TaqI). Tables 2 shows genotype and allele frequencies for 

the polymorphic sites in VDR gene. For BsmI polymorphism (SNP rs1544410) genotype AA 

was sligthly higher in DDH group (40%) compared to AG genotype (30%) although it failed to 

reach statistical significance. No significant associations were found between the tested 

genotypes and the disease. 

 

Discussion 

 

DDH has multifactorial etiology with a genetic basis that is still not fully understood. According 

to the hypothesis of Carter and Wilkinson, the genetic basis of DDH could involve two different 



 

 

systems. The first one is related to the dysplasia of the acetabulum and the other one is related to 

control of capsule around the hip (Carter and Wilkinson 1964). 

 

VDR is a major player in the vitamin D receptor endocrine system, which regulates calcium 

metabolism and absorption with other important cellular functions (Uitterlinden et. al. 2004). It 

is also involved in immune response (Hayes et. al. 2004), cancer (Gandini et. al. 2014) and 

mechanism of insulin release and glucose tolerance (Mathieu et. al. 2005). Because of its 

complex functions, and because of the presence of inter-individual differences in vitamin D 

endocrine system, several studies investigated the association between genes and proteins in this 

system with many complex diseases and traits. This has been done mainly at the genetic level, by 

studying genetic polymorphisms in the genes involved in vitamin D endocrine system including 

VDR gene.  

 

VDR gene was suggested to be involved in the etiology of DDH by Granchi et al. He found an 

association between osteoarthritis secondary to DDH and vitamin D receptor polymorphism 

BsmI (Granchi et. al. 2002). However, Rubini et al., through a linkage analysis on a sample of 11 

pedigrees, excluded VDR as an etiologic factor for DDH (Rubini et. al. 2008). In another study 

published in 2007, Kapoor et al. suggested a possible correlation between VDR polymorphism 

(Taq I) and susceptibility to DDH. They found an association between this polymorphism and 

abnormal acetabular morphology leading to DDH (Kapoor et. al. 2007).  

 

However, the results of our study suggest that there are no associations between VDR 

polymorphisms analyzed and DDH. As is the case in most published case-control studies, the 

main problem we faced is the small sample size. According to the data received from the 

hospital, on an average there were 90 cases of DDH per year. With a confidence level of 95% 

and margin of error 5% the minimum sample size required was 74 with a 5% significance level 

calculated using Raosoft online sample size calculator. However, we were only able to collect 50 

samples per each group. Therefore, confounding factors could not be eliminated. However, even 

with neglecting confounding factors, no associations between VDR gene polymorphisms and 

DDH were found.  

 

More samples should be analyzed for more significant analysis. In addition, advanced 

technologies could be implemented to achieve satisfying results. However, Genome wide 

association studies (GWAS) is not practical at this stage due to the small sample size. 

Alternatively, linkage analysis and whole exome sequencing could provide wide coverage of the 

genome that can help in identifying variants linked to the disease especially in family studies.                                                                                                                                                                                                                                                                                                                                                              

                                                                                             

 

Conclusion 

 

Future work need to be performed on DDH disease in Saudi Arabia by collecting more samples 

or collaborate with other research groups in the Kingdom to establish a DNA bank for DDH. Due 

to the genetic complexity of the disease, searching random regions of candidate genes for 

possible association with DDH through case-control studies alone will make the task of 

understanding the genetic basis of the disease a difficult one. However, genome-wide association 

studies (GWAS) could be better alternative. Besides, linkage analysis for families with multiple 



 

 

generations will enable us to map new candidate loci and provide new insights to our current 

understanding of genetics of DDH in Saudi Arabia. 
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Tables 

 
Table 1: Genotyping of VDR gene SNPs 

ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ  
Primer pair     SNP(s)  Annealing Tm.  RE*  

ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ  
5’-CAGAGCATGGACAGGGAGCAAG-’3  rs7975232  69°C  ApaI 

5’-GCAACTCCTCATGGCGAGGTCTCA-’3  rs731236     TaqI 
ــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ  

5’-GGGAGACGTAGCAAAAGG-3’   rs1544410  64°C  BsmI 

5’-AGAGGTCAAGGGTCACTG-3’ 
ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ  

5’-AGCTGGCCCTGGCACTGACTCTGCTCT-3’ rs2228570  72°C  FokI 

5’-ATGGAAACACCTTGCTTCTTCTCCCTC-3’  
ــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ  

*Restriction endonucleases 

 

 
Table 2: Genotype and allele frequencies for VDR SNP polymorphisms 

ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ  
Group No. of subjects   Genotype Frequency           Allele Frequency HW 

ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ  
rs1544410 (BsmI) 

ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ  
AA  AG  GG  A G P value 

ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ  
DDH 50  20 (0.40) 19 (0.38) 11 (0.22) 0.59 0.41 0.1292 

Control 50  15 (0.30) 28 (0.56) 07 (0.14) 0.58 0.42 0.2907 
ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ  
rs2228570 (FokI) 
ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ  

CC  TC  TT  C T P value 
ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ  

DDH 50  29 (0.58) 19 (0.38) 02 (0.04) 0.77 0.23 0.6065 

Control 50  34 (0.68) 16 (0.32) 00 (0.00) 0.84 0.16 0.1780 
ــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ  
rs7975232 (ApaI) 
ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ  

   AA  AC  CC  A C P value 
ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ  

DDH 50  24 (0.48) 18 (0.36) 08 (0.16) 0.66 0.34 0.1618 

Control 50  26 (0.52) 21 (0.42) 03 (0.06) 0.73 0.27 0.6435 
ــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ  

SNP rs731236 (TaqI) 
ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ  

   CC  TC  TT  C T P value 
ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ  

DDH 50  16 (0.32) 21 (0.42) 13 (0.26) 0.53 0.47 0.2670 

Control 50  14 (0.28) 29 (0.58) 07 (0.14) 0.57 0.43 0.1852 
ــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ  

 

 

 

 

 

 

 



 

 

 

 

 

 

 


