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Abstract 

Introduction: Previous studies indicate that relatives have an increased risk of 

developmental dysplasia of the hip (DDH), especially first-degree relatives. This study 

investigates the association between uni- or bilateral periacetabular osteotomy (PAO), 

family history of DDH and the degree of relationship of relatives with DDH. 

Methods and Material: This cross-sectional study consists of 815 consecutive PAO 

patients treated from 1998 to 2016. The information about uni- or bilateral PAO, gender 

and age at the time of surgery was obtained from the clinical PAO database at Aarhus 

University Hospital, Denmark. Information about family history of DDH was collected 

through a questionnaire. The association was assessed by logistic regression analysis, 

and was divided into 615 unilateral and 200 bilateral PAO patients. 

Results: PAO patients with a first-degree relatives with DDH had a 72% (OR= 1.72, 95% 

CI 1.17; 2.50) higher occurrence of bilateral PAO than patients without family relatives with 

DDH. This association was statistically significant (p=0.005), even when adjusting for 

gender and age at the time of surgery. Corresponding association was not demonstrated 

among any other degrees of relationship. 

Conclusion: Danish patients with DDH, who have first-degree relatives with DDH, have 

increased odds of being surgically treated with bilateral PAO compared to patients without 

a family history of DDH. In other words having bilateral PAO indicates a greater likelihood 

of DDH being hereditary. This study point to a potential new subgroup of patients with 

DDH, where genetic investigation may identify relatives with a higher risk of the disease. 

 

Keywords: Hip Dysplasia, Bilateral surgery, Genetic background of Hip Dysplasia, 

Heredity, Periacetabular osteotomy 
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Untreated hip dysplasia can lead to early osteoarthrosis (1-3). The reported incidence of 

developmental dysplasia of the hip (DDH) varies, which can be partly due to the diagnostic 

criteria (4), age (5,6), ethnicity, environmental and genetic factors (7-9).  

The etiology of DDH is multifactorial, and genetic factors play an important role. As a 

heterogeneous condition, there may be an interaction of genetic and environmental factors 

(1,10,11). 

A number of susceptibility genes have been identified, including PAPPA2, GDF5, ASPN, 

TGF-β1 and IL6 (7). In addition, studies of large families identified markers in two 

chromosomal regions: 13q22 and 3p21 to be linked to the disorder. This provides two 

additional loci for DDH (12-15).   

In an American case-control study, 141 families with DDH were identified. For each family 

3-40 members had the disorder. The study showed that first-degree relatives have a 

higher risk of DDH than the control group (1). Similar findings are described in a cross-

sectional study, that investigated occult dysplasia in 19 families, consisting of 120 

individuals. There were 34 persons, who had been surgically treated for DDH including 19 

probands. Furthermore, the study found 23 persons with occult dysplasia. The majority of 

persons with DDH were first-degree relatives, both surgically treated and with occult hip 

dysplasia (16). The study highlighted that first-degree relatives to patients with DDH are a 

risk group for DDH. As clinicians, we should be aware of this in order to diagnose and treat 

these patients at an early stage. 

A Japanese study, implies that there may be an association between bilateral hip 

dysplasia and genetics, such as a positive family history of DDH. This study suggest 

genetic research in this field (17). The aim of this study is to investigate the association 
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between uni- or bilateral PAO, family history of DDH and the degree of family relationship 

of relatives with DDH. 

 

Methods and Material 

The study was designed as a cross-sectional study and based on data from a clinical 

database and questionnaires. Patients registered in the clinical database and operated 

with a PAO from December 1998 to September 2016 were invited to participate. In the 

database were the patients’ name, civil registrations number, gender, date of first surgery 

and numbers of PAO surgeries recorded. The patient information was collected as three 

separate datasets. Patients overlapping in the datasets were removed from the study. 

The questionnaire was sent by mail along with an explanatory letter about family history of 

DDH with a pre-stamped addressed envelope. Patients were asked two questions. 1) 

Family history of DDH answering “yes” or “no”. 2) Relationship of their relatives with DDH 

(e.g. daughter, father, first-cousins). If the answer were ambiguous or blank, it was marked 

as missing data. Their family relationship of relatives was divided in three degrees as in 

the previous dataset. First-degree relatives includes parents, siblings and children. 

Second-degree relatives includes uncle/aunt, nephew/niece and grandparents. Third-

degree relatives and more distant related includes other family relatives e.g. first-cousins. 

The selected cut-point was at the patients closest relatives with DDH (18). 

In the period of the study 1340 patients were identified in the clinical database. Reasons 

for exclusion were incorrect civil registration numbers, unknown home address or 

withdrawal of consent to participate. Patients with Legg-Calve-Perthes disease, Downs’ 

syndrome and neurological illness were also excluded. The study invited 1176 eligible 

patients to participate, of which 361 patients choose not to participate. Information about 
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the 361 non-participants was collected as gender, number of PAO surgeries and age at 

time of the first surgery. The same data was obtained from 815 patients (Figure 1) along 

with the questionnaire and a signed consent. The study was approved by the Data 

Protection Agency. 

Figure 1 Flowchart of the recruitment for the current study 
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Statistical Analyses  

The results of data processing are presented as a descriptive and analytical statistics. The 

descriptive statistics presented the basic characteristics of the study population. The 815 

participants were divided into number of PAO surgeries as unilateral and bilateral hip 

surgery. Data were summarized as number of participations (n) and percent prevalence 

proportions (PP). A multiple logistic regression was used to evaluate the occurrence of 

bilateral PAO. The model included 798 patients and information about the degree of family 

relationship of relatives with DDH, gender and age at time of the first surgery, which were 

presented with odds ratio (OR) and 95% confidence interval (CI). 

At last, a responsiveness analysis was performed, which included 1176 eligible PAO 

patients. In the analysis, patients were divided comparing participants and non-

participants. The assessment was made by using a Χ2 test for categorical data. While 

Wilcoxon rank-sum test were used for continuous data. All statistical analyses were 

conducted using STATA version 14.2 (StataCorp, Texas, USA), and the significance level 

was set at p <0.05.  
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Results 

Table 1 Characteristics for the participants divided by numbers of PAO surgeries (n=815) 

 

A: Median and the interquartile range (25th and 75th percentile) 

B: The percent prevalence proportion is calculated by total number of PAO patients in whom all have 

dysplasia, for each two groups unilateral and bilateral surgery.  

*n: The number of participations 

**PP: Percent prevalence proportions 

 

The study population consists of 615 unilateral and 200 bilateral PAO patients (Table 1). 

The majority of bilateral hip operated patients are females, and they are younger at the 

time of the first surgery compared to patients, who have a unilateral hip surgery. A larger 

proportions of patients with a family history of DDH have had a bilateral surgery. There are 

Number of PAO surgeries 
 Bilateral 

(n*=200) 
PP** 

 (95% CI) 
Unilateral 

(n*=615) 
PP** 

 (95% CI) 
Gender     

Men 25 12 (8 ;18) 122 20 (17 ;23) 
Woman 175 88 (82 ;92) 493 80 (77 ;83) 

Age at time of the first 
surgery (year) 

    

Median A  32,5 (22 ;42) 35 (25 ;42) 
Family History of DDH     

 
Yes 74 37 (3 ;44) 163 27 (2 ;31) 
No 125 62.5 (56 ;69) 440 71 (68 ;75) 

Missing 1 0.5 (-0.1 ;15) 12 2 (0.9 ;3) 
The degree of family 
relationship of relatives 
with DDH B 

Bilateral 
(n*=75) 

PP** 
(95% CI) 

Unilateral 
(n*=175) 

PP** 
 (95% CI) 

First-degree 56 75 (65 ;85) 113 65 (58 ;72) 
 Second-degree  11 15 (7 ;23) 33 19 (6 ;16) 

Third-degree or more 
distant related  

6 8 (2 ;14) 14 8 (4 ;12) 

Missing 2 2 (-10; 6.3) 15 8 (4 ;13) 
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74/200 (37%) bilateral hip operated patients, who also have a family history of DDH. 

Further 56/75 (75%) of these patients have at least one first-degree relative with DDH. 

 

Multiple Logistic Regression  

Table 2 Association between bilateral hip surgery, the degree of family relationship of 

relatives with DDH, age at time of the first surgery and gender (n=798) 

The Study population 
Multiple regression Adjusted  

Odds ratio 
(95% CI) P value 

A 
R2 

(%) B 
The degree of relationship of 
relatives with DDH  

    

None 1 (Reference)  2 

First-degree 1.72 (1.17;2.50) 0.005  
Second-degree 1.10 (0.54;2.25) 0.79  

Third-degree or more distant related 1.47 (0.55;3.90) 0.45  

Age at time of the first surgery 
(year)  
 

0.99 (0.97;1.00) 0.049  

Gender     

Men 1 (Reference)   

Women 1.67 (1.04; 2.66) 0.03  
A: P-value <0,05 indicates a significant association between bilateral hip surgery, the degree of relationship 

of relatives with DDH, gender and age at time of the first surgery in multiple logistic regression. 

B: R2 shows how much the multiple logistic regression can explain of the association between bilateral hip 

surgery and the three variables: the degree of family relationship of relatives with DDH, age at time of the 

first surgery and gender. 

 

Table 2 shows that the occurrence of bilateral hip surgery is 72% (OR = 1.72, 95% CI 

1.17; 2.50) increased for patients with DDH, who have first-degree relatives with DDH, 

compared to patients without a family history. The association is adjusted for effect of 

gender and age at time of the first surgery. An insignificant association is found between 
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the occurrence of bilateral hip surgery and patients with DDH, who have second and third-

degree relatives with DDH compared to patients without a family history of the disease 

(Table 2).  

 

Similarly, women have a 67% (OR=1.67, 95% CI 1.04; 2.66) higher occurrence of bilateral 

hip surgery then men, when adjusting for age at time of the first surgery and the degree of 

relationship of relatives with DDH (Table 2).  

However, the occurrence of bilateral hip surgery decreases by 1% (OR=0.99, 95% CI 

0.97;1.00) with the age at time of first surgery when adjusting for gender and the degree of 

relationship of relatives with DDH. This association is on the border of significance (p= 

0.049), but is interpreted as insignificant when looking at the 95% CI (Table 2). 

 

Responsiveness Analysis  

Table 3 Responsiveness analysis for the participants and non-participants (n=1176)  

 Participants 
(n =815) 

Non-participants  
(n=361)  

 

 
 

 
n* 
 

 
PP**  

(95% CI) 

 
n* 

 
PP**  

(95% CI) 

 
P value 

Gender      
         Men 147  18 (16 ;21) 85  24 (19 ;28) 0.029B 

         Women 
         

668  
 

82 (79 ;85) 276  
 

76 (72 ;81)  

Age at time of the 
first surgery (year) 

     

MedianA 34  (23 ;42) 29 (22 ;38) <0.001C 
Number of PAO 
surgeries 

     

          Unilateral 615  75 (73 ;78) 305  85 (81 ;88) 0.001B 
          Bilateral  200  25 (22 ;28) 56  15 (12 ;19)  
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A: Median and the interquartile range (25th and 75th percentile) 

B: Statistical significant difference is shown by using a χ2 –test, when the p value is <0.05 

C: Wilcoxon rank-sum test indicates a statistic significant difference, when the p-value is <0.05 

*n: The number of participants 

**PP: Percent prevalence proportions 

 

Table 3 shows that there is significant difference in gender, age at time of the first surgery 

and number of PAO surgeries between the participants who answered the questionnaire 

compared to non-participants. There is a higher representation of older females with a 

bilateral PAO in this study. 

 

Discussion  

This study has identified an association between patients with DDH, who have first-degree 

relatives with DDH and bilateral PAO surgery. This study has some limitations. As the 

study is a cross-sectional design where data is collected simultaneously, there is no 

evidence of a cause and effect relationship. The current study is a hypothesis-generating 

study, which can contribute to further research. 

The study cannot exclude that there may be participants who are related to each other, 

which can affect the results. The descriptive and analytical results can be overestimated. 

As the proportion of men is quite small in our series, it is unknown whether gender 

modifies the relationship between bilateral DDH and second-, third-degree or more 

distantly related relatives with DDH. Otherwise, the analysis showed no interaction or 

significant confounding in any of the incorporated variables. Several factors may have 

affected the study as indicated by a low R2. Other significant aetiological factors could be 

level of activity,23 body mass index, educational level,24 breech birth position, firstborn child 

https://journals.sagepub.com/doi/full/10.1177/1120700018785293?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
https://journals.sagepub.com/doi/full/10.1177/1120700018785293?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
https://journals.sagepub.com/doi/full/10.1177/1120700018785293?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
https://journals.sagepub.com/doi/full/10.1177/1120700018785293?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
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and hormones, each of which can affect the associations studied.1,8,9,20 These factors 

might be able to explain the association between bilateral hip surgery, the family history 

and degree of family relationship with relatives with DDH. 

The responsiveness analysis indicates a systematic response, perhaps explained by the 

patients who are less disabled by the disease not finding the study relevant. Furthermore, 

there is a smaller proportion of missing answers among the patients with bilateral PAOs. 

The study consists of a selected population where participants are mainly elderly female 

patients who have had bilateral surgery. 

 

Internal validity 

Since data on family history of DDH are self-reported, this may lead to information 

problems, because the diagnosis cannot be verified. In an American study where the 

diagnoses were verified they found additional 23 relatives, who were undiagnosed with hip 

dysplasia. Out of the 23 relatives there were 13 first-degree relatives who were younger 

than 30 years old (16). In the current study, the diagnosis of the relatives with hip 

dysplasia cannot be verified. There may be relatives with DDH, who are not yet diagnosed 

or have no symptoms of DDH. Moreover, the participating patients may not have complete 

information about their distant relatives. For second and third-degree relatives, there is a 

wide 95% CI, which indicates a small sample size. The small size of distant relatives can 

be because of the study’s selected cut-point at the lowest rang of relatives with DDH. 

Another diagnosis than DDH can be registered e.g. dislocation of the hip. The uncertainty 

of precision on family history can over- and underestimates the association, but it is 

believed to be independent of the dysplastic hip and leads to non-differential 

https://journals.sagepub.com/doi/full/10.1177/1120700018785293?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
https://journals.sagepub.com/doi/full/10.1177/1120700018785293?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
https://journals.sagepub.com/doi/full/10.1177/1120700018785293?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
https://journals.sagepub.com/doi/full/10.1177/1120700018785293?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
https://journals.sagepub.com/doi/full/10.1177/1120700018785293?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
https://journals.sagepub.com/doi/full/10.1177/1120700018785293?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
https://journals.sagepub.com/doi/full/10.1177/1120700018785293?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
https://journals.sagepub.com/doi/full/10.1177/1120700018785293?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
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misclassification. 

Discussion of the main results 

Literature searches did not reveal comparable studies investigating the association 

between the number of PAO surgeries and a family history of DDH in adults. The 

discussion is therefore based on studies highlighting the number of hip dysplastic 

surgeries, a family history and the degree of relationship with relatives with DDH 

separately. 

In Denmark, a 25° CE angle is used as the diagnostic criteria for DDH, while several other 

countries use a 20° limit for DDH.2,5,19 Therefore, it could be assumed that the prevalence 

of DDH in Denmark is higher than in other countries. Other epidemiological studies report 

a higher prevalence of bilateral hip dysplasia than we found in this study,5,17,20 which can 

partly be due to geography, ethnicity and a mixed study population including children, 

adolescents and adults.7,10,17,20 

This study is based solely on adults and showed that 75% of the bilaterally affected 

patients have at least one first-degree relative with DDH. This result is consistent with 

previous studies reporting the majority of relatives with a family history of DDH are first-

degree relatives.3,16,18,20 

Stevenson et al.1 described a 12.1-fold higher risk of DDH in first-degree relatives, and a 

1.74-fold risk for first cousins compared to a control group. At the same time, grandparents 

had a higher risk of total hip arthroplasty compared to the control group.3 This indicates 

that genetic factors are important in the aetiology of DDH. 

https://journals.sagepub.com/doi/full/10.1177/1120700018785293?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
https://journals.sagepub.com/doi/full/10.1177/1120700018785293?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
https://journals.sagepub.com/doi/full/10.1177/1120700018785293?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
https://journals.sagepub.com/doi/full/10.1177/1120700018785293?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
https://journals.sagepub.com/doi/full/10.1177/1120700018785293?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
https://journals.sagepub.com/doi/full/10.1177/1120700018785293?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
https://journals.sagepub.com/doi/full/10.1177/1120700018785293?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
https://journals.sagepub.com/doi/full/10.1177/1120700018785293?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
https://journals.sagepub.com/doi/full/10.1177/1120700018785293?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
https://journals.sagepub.com/doi/full/10.1177/1120700018785293?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
https://journals.sagepub.com/doi/full/10.1177/1120700018785293?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
https://journals.sagepub.com/doi/full/10.1177/1120700018785293?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
https://journals.sagepub.com/doi/full/10.1177/1120700018785293?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
https://journals.sagepub.com/doi/full/10.1177/1120700018785293?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
https://journals.sagepub.com/doi/full/10.1177/1120700018785293?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
https://journals.sagepub.com/doi/full/10.1177/1120700018785293?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
https://journals.sagepub.com/doi/full/10.1177/1120700018785293?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
https://journals.sagepub.com/doi/full/10.1177/1120700018785293?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
https://journals.sagepub.com/doi/full/10.1177/1120700018785293?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
https://journals.sagepub.com/doi/full/10.1177/1120700018785293?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
https://journals.sagepub.com/doi/full/10.1177/1120700018785293?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
https://journals.sagepub.com/doi/full/10.1177/1120700018785293?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
https://journals.sagepub.com/doi/full/10.1177/1120700018785293?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
https://journals.sagepub.com/doi/full/10.1177/1120700018785293?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
https://journals.sagepub.com/doi/full/10.1177/1120700018785293?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
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Our study found that women have a higher occurrence of bilateral hip surgery than men, 

even when adjusting for age at time of the first surgery and the degree of relationship with 

relatives with DDH. Other studies indicate that women have an increased risk for DDH or 

surgery.20,21 Our previous study indicated that women had a 32% increased family 

prevalence of DDH compared to men. The association was insignificant, which might be 

due to a low statistical power at 41%.18 Feldman et al.10 performed a cross-sectional study 

on 71 family members, of whom 12 members had DDH. This study found that the majority 

of family members were females with unilateral DDH. Only 4 family members had bilateral 

DDH, and they had an equal gender distribution.10 Similarly, an American study on 

children found no difference in the family history of DDH and whether the disorder was 

unilateral or bilateral.22 The skeleton matures in adolescents up to the age of 18-20 years, 

5,17 therefore the association may be different in adults. The characteristic of the dysplastic 

hip differs between children and adults. For children, the left hip is more often affected 

than the right.9,20,22 Our previous study showed that PAO in adult patients with DDH was 

often performed on the right hip.18 As Lee et al.20 addresses, the occurrence of DDH might 

be different for children, adolescents and adults, which might explain the different results. 

More research is thus needed on the role of genetics. Further work and research on the 

role of genetics could improve primary, secondary primary, secondary and tertiary 

prevention of DDH. 

Conclusion 

In our series and study group, and with our indications to perform DDH surgery, patients 

with DDH who have a first-degree relative with DDH have higher odds of bilateral surgery 

compared to patients without a family history of DDH. 
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