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	� CHILDREN’S ORTHOPAEDICS

The epidemiology of hip dysplasia in the 
nationwide Norwegian Mother, Father, and 
Child Cohort Study

Aims
Developmental dysplasia of the hip (DDH) is a congenital disorder with several assumed 
risk factors, including breech presentation, female sex, and familial predisposition. 
Although several of these risk factors are included in national screening programmes, 
delayed diagnoses of DDH still occur. The aim of this study was to examine the prevalence 
of these and other risk factors in order to improve the current screening programmes.

Methods
This study used data from the Norwegian Mother, Father, and Child Cohort Study 
(MoBa) and the Medical Birth Registry of Norway (MBRN). We used descriptive statistics 
and logistic regression analyses. Children with cerebral palsy, syndromic disorders, or 
developmental delay were excluded from the study.

Results
A total of 107,194 children were included, with parents reporting using questionnaires 
if their child had a diagnosis of, or treatment for, DDH. A total of 3,460 children (3.2%) 
in MoBa had a diagnosis of DDH, with 1,453 (1.4%) being treated for DDH. Statistically 
significant risk factors included female sex, breech presentation, and pes equinovarus, 
whereas plural births and maternal diabetes were protective factors for DDH. Having a 
Caesarean section did not increase the prevalence of DDH.

Conclusion
We were able to confirm previously proposed risk factors such as breech presentation and 
female sex, whereas other variables such as plural births and Caesarean section were not 
found to be risk factors. However, regression analysis suggested that there are additional 
factors which affect the prevalence of DDH. These could be both environmental and 
genetic factors, highlighting the need for further research on DDH to improve the current 
screening programmes.

Cite this article: Bone Joint J 2025;107-B(7):761–768.

Introduction
Developmental dysplasia of the hip (DDH) is a 
congenital disorder with a prevalence of 2% to 
3% in neonates.1,2 Several risk factors have been 
proposed, including both prenatal and perinatal 
factors. Some are well established, such as breech 
presentation, female sex, and familial predisposi-
tion.3 Others, such as Caesarean section and asso-
ciated deformities of the foot, have been more 
debated.4 One of the primary theories about the 
risk factors for DDH is the so-called ‘packaging 
theory’, in which it is proposed that decreased 

intrauterine space increases the risk of DDH.5 
Parity, plurality, gestational age, oligohydramnios, 
and birth weight are among the factors included 
in this theory.6 DDH can usually be treated during 
infancy with low-risk, noninvasive hip abduc-
tion braces such as a Frejka’s pillow or a Pavlik 
harness. Delayed diagnosis can lead to the need 
for more invasive procedures, including surgery.

Although screening programmes for DDH have 
been established in many countries for decades, 
delayed diagnosis still occurs, even in countries 
with universal screening.7,8 In Norway, the current 
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screening programme for DDH is based on an ultrasound eval-
uation of the hips in neonates with abnormal clinical findings 
from Ortolani or Barlow tests and/or risk factors including 
breech delivery, foot deformities, or a familial disposition.9,10 
An increased knowledge of risk factors for DDH might lead to 
improvements in the current screening programmes, ensuring 
that fewer children experience diagnostic delay, and possibly 
allowing for a tailored length of treatment. Residual or recurrent 
DDH is associated with an increased risk of the development 
of early secondary osteoarthritis (OA) of the hip, a condition 
which severely affects quality of life in adulthood and often 
leads to the need for total hip arthroplasty (THA).11–13

The aim of this study, using a large, national study (‘The 
Norwegian Mother, Father, and Child Cohort’ (MoBa)), 
including > 300,000 individuals, of whom nearly 115,000 are 
children, was to investigate the risk factors for DDH.14,15 All 
women in Norway who were pregnant between July 1999 and 
December 2008 were invited to join the study. The response 
rate was 41%. At the time of recruitment, there were about 
55,000 births per year in Norway, according to Statistics 
Norway.16 Parents answered questionnaires about themselves, 
the pregnancy, delivery, and (later) the child at regular intervals, 
including questions about DDH. We did a literature search and 
established the known and proposed risk factors which were 
also available from the MoBa cohort data. From this, we sought 
to examine risk factors for DDH and determine the prevalence 
of both DDH and any major risk factors in the MoBa cohort.

Methods
The MoBa is a population-based pregnancy cohort study 
conducted by the Norwegian Institute of Public Health.14,15 
Participants were recruited from all over Norway during the 
study period, with an ongoing follow-up. The women consented 
to participation in 41% of all pregnancies during this period. 
The cohort included approximately 114,500 children, 95,200 
mothers, and 75,200 fathers. The current study was based on v.12 
of the quality-assured data files released for research in January 
2019. The establishment of MoBa and the initial data collection 
were based on a licence from the Norwegian Data Protection 
Agency and approval from the Regional Committees for Medical 
and Health Research Ethics. The MoBa cohort is currently regu-
lated by the Norwegian Health Registry Act. The Medical Birth 
Registry (MBRN) is a national health registry containing infor-
mation about all births in Norway, where hospitals are obliged 
to report, and data from this registry was used in addition to 
the questionnaire data from the MoBa study. For this study, we 
used data concerning the birth such as parity, the foetal position, 
mode of delivery, congenital malformations, pes equinovarus 
(PEV) and anthropomorphic data. The study was approved on 15 
August 2018 by the Regional Committee for Medical and Health 
Research Ethics in Western Norway (no. 24714).

The aim of the MoBa study is to gain information about 
the causes of diseases and disorders, including genetic causes, 
with questionnaires covering a wide spectrum of information. 
The first questionnaires are filled out by the parents during the 
pregnancy, and then successively as the child gets older. In this 
study, we looked at questions from questionnaires at 15, 21, and 
30 weeks of pregnancy, and six, 18, and 36 months after birth. 

Although familial disposition is an important risk factor, this 
information was unfortunately not available in the data which 
were collected. Selective ultrasound screening was gradually 
introduced in Norway in the early 1990s, when children with 
risk factors such as familial disposition, breech presentation, 
and/or findings during the Ortolani or Barlow test started to be 
referred for an ultrasound examination of the hips.

Previously studied risk factors were selected based on the stron-
gest evidence from the available literature, along with the avail-
ability in the MoBa cohort dataset. This included the maternal 
and paternal ages, sex, parity, gestational age, birth weight, mode 
of delivery, presentation, plurality, oligohydramnios, maternal 
diabetes, maternal folate and alcohol intake during pregnancy, 
PEV, and early postnatal changes in weight.4–6,17–24 Descriptive 
statistics were used to determine the prevalence of DDH and 
various risk factors in the MoBa cohort and the MBRN. A differ-
ence in risk factors among males compared with females has 
previously been reported.17 We therefore reported risk factors in 
the overall cohort and by sex, separately.22

In order to avoid losing statistical power, we grouped some 
questions: for example, alcohol use at various timepoints during 
the pregnancy was amended to ‘any alcohol during pregnancy’. 
In terms of data related to treatment, the questionnaires at six 
and 18 months of age for the child included questions about the 
the treatment of DDH. The question about diagnosis in both 
questionnaires was “Does your child have, or has he/she had 
hip problems/hip dislocation?”. With regard to treatment at six 
months, the question was: “Has your child been treated for a 
hip problem (hip dysplasia)?”, while at 18 months it was: “Has 
your child been treated with a ‘cushion’ for a hip problem?”, 

113,894 children

107,194 children

All DDH:
3,460 children (3.2%)

Treated DDH:
1,453 children (1.4%)

No report of DDH:
103,734 children

Excluded (n = 6,700):
 - Cerebral palsy
 - Malformation (not PEV)
 - Syndromes
 - Chromosomal errors
 - Referral to habilitation services
 - Not walking at 24 mths

Fig. 1

Flowchart of the exclusion process in the Mother, Father, and Child 
Cohort Study cohort. The 1.4% of children reported to have had 
treatment for developmental dysplasia of the hip (DDH) (Treated DDH) 
are nested within the All DDH group reported to have DDH (3.2% of 
children in the cohort). PEV, pes equinovarus.
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referring to the Norwegian practice of treatment with a Frej-
ka’s pillow. As versions of the question about treatment were 
slightly different with regard to treatment using a pillow, brace, 
or cast, we grouped the questions into ‘No treatment’ or ‘Any 
treatment’. The individual growth slopes for weight from birth 
until approximately six months of age were calculated using 
the method described by Pfister et al,25 with weight at birth and 
at about six weeks and three and six months being regressed 

against the age of the child at the time of the different measure-
ments. We also chose to be inclusive when combining variables 
across several questionnaires, such as DDH treatment at six and 
18 months, meaning that a ‘yes’ in either form was included. 
This choice was made based on the fact that the MoBa ques-
tionnaires are quite substantial and time-consuming to fill out, 
there being about 100 main questions with a risk that parents 
skip questions. We chose to include both outcomes (‘All DDH’ 

Table I. Descriptive statistics of the risk factors for developmental dysplasia of the hip (DDH) in the Norwegian Mother, Father, and Child Cohort 
Study.

Characteristic Study cohort p-value† Study cohort p-value†

No DDH All DDH* No treated DDH Treated DDH‡

Mean maternal age, yrs (SD) 30.13 (4.63) 30.33 (4.54) 0.012 30.13 (4.63) 30.65 (4.42) < 0.001

Mean paternal age, yrs (SD) 32.72 (5.44) 32.93 (5.39) 0.023 32.72 (5.44) 33.13 (5.35) 0.005

Any type of diabetes, n (%)
No 102,174 (98.51) 3,428 (99.08) 0.007 104,177 (98.52) 1,444 (99.38) 0.007

Yes 1,541 (1.49) 32 (0.92) 1,564 (1.48) 9 (0.62)

Folate supplements during pregnancy, n (%)
No 44,979 (43.37) 1,560 (45.09) 0.045 45,893 (43.40) 650 (44.74) 0.308

Yes 58,736 (56.63) 1,900 (54.91) 59,848 (56.60) 803 (55.26)

Alcohol use during pregnancy, n (%)
No 70,260 (86.82) 2,559 (84.88) 0.002 71,774 (86.79) 1,060 (83.93) 0.003

Yes 10,670 (13.18) 456 (15.12) 10,925 (13.21) 203 (16.07)

Parity, n (%)
None (primiparous) 45,181 (43.62) 1,572 (45.51) 0.027 46,106 (43.66) 655 (45.11) 0.267

One 37,457 (36.16) 1,166 (33.76) 0.004 38,123 (36.10) 508 (34.99) 0.381

Two 16,231 (15.67) 562 (16.27) 0.338 16,577 (15.70) 218 (15.01) 0.478

Three 3,594 (3.47) 115 (3.33) 0.658 3,655 (3.46) 55 (3.79) 0.499

Four or more 1,127 (1.09) 39 (1.13) 0.819 1,150 (1.109) 16 (1.10) 0.962

Plural births, n (%)
Single birth 100,209 (96.62) 3,364 (97.23) 0.052 102,151 (96.60) 1,440 (99.11) < 0.001

Multiple birth 3,506 (3.38) 96 (2.77) 3,590 (3.40) 13 (0.89)

Presentation, n (%)
Normal cephalic 93,513 (90.93) 2,802 (81.79) < 0.001 95,219 (90.82) 1,111 (77.21) < 0.001

Breech 4,162 (4.05) 477 (13.92) < 0.001 4,377 (4.17) 268 (18.62) < 0.001

Transverse 372 (0.36) 6 (0.18) 0.071 376 (0.36) 2 (0.14) 0.165

Anomaly cephalic 4,558 (4.43) 133 (3.88) 0.123 4,636 (4.42) 55 (3.82) 0.271

Other 235 (0.23) 8 (0.23) 0.952 240 (0.23) 3 (0.21) 0.872

Oligohydramnios, n (%)
No 101,112 (97.49) 3,363 (97.20) 0.278 103,080 (97.48) 1,414 (97.32) 0.686

Yes 2,603 (2.51) 97 (2.80) 2,661 (2.52) 39 (2.68)

Caesarean section, n (%)
No Caesarean 88,682 (85.51) 2,811 (81.24) < 0.001 90,367 (85.46) 1,140 (78.46) < 0.001

Planned Caesarean section 5,557 (5.36) 293 (8.47) < 0.001 5,719 (5.41) 132 (9.08) < 0.001

Emergency Caesarean section 9,403 (9.07) 352 (10.17) 0.026 9,580 (9.06) 179 (12.32) 0.346

Unspecified Caesarean section 73 (0.07) 4 (0.12) 0.329 75 (0.07) 2 (0.14) 0.267

Pes equinovarus (clubfoot), n (%)
No 103,570 (99.86) 3,452 (99.77) 0.161 105,595 (99.86) 1,446 (99.52) 0.001

Yes 145 (0.14) 8 (0.23) 146 (0.14) 7 (0.48)

Child’s mean weight, kg 3.57 (0.59) 3.61 (0.54) < 0.001 3.57 (0.59) 3.66 (0.53) < 0.001

Sex, n (%)
Male 53,550 (51.72) 1,095 (31.70) < 0.001 54,301 (51.44) 355 (24.45) < 0.001

Female 49,992 (48.28) 2,359 (68.30) 51,262 (48.56) 1,097 (75.55)

Mean gestational age, days (SD) 278.47 (14.69) 279.43 (11.41) < 0.001 278.47 (14.64) 280.36 (10.80) < 0.001

Mean slope for weight 0 to 6 mths of age, g/
day (SD)

24.13 (5.68) 23.03 (5.63) < 0.001 24.11 (5.68) 22.69 (5.42) < 0.001

*Includes a parental report of a diagnosis of DDH.
†Tests assume equal variances. Tests are adjusted for all pairwise comparisons within a row of each sub-category using the Bonferroni correction.
‡Includes a parental report of the child receiving any type of treatment for DDH.
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and ‘Treated DDH’) in further analysis. The All DDH group 
probably contains children with immature hips who are moni-
tored with further ultrasound appointments but are not treated 
for DDH.

Dysplasia of the hip may also be seen among various other 
disorders and syndromes. In order to avoid conflating these 
types of dysplasia with DDH, we excluded children with cere-
bral palsy, chromosomal disorders, congenital malformations 
apart from PEV, and ‘other syndromes’. Children who were 
reported by their parents to have been referred to rehabilitation 
services, and those reported to have been not walking by the age 
of > 24 months, were also excluded. PEV was the only malfor-
mation among those previously investigated in relation to DDH 
specifically mentioned in either MoBa or MBRN.
Statistical analysis. Each risk factor was analyzed for signif-
icant differences between the DDH and non-DDH groups by 
column-wise proportion comparison, using Bonferroni correc-
tion with a p-value of 0.05 as the threshold for significance. 
Logistic regression analyses were performed to evaluate each 
factor and their contribution in a complete model of risk factors. 
We used binary logistic regression entering all variables at once 
and reporting a Hosmer-Lemeshow test of fit and Nagelkerkes 
pseudo-R2 as an estimate of the proportion of variance explained 
by the model. As for the descriptive statistics, we also stratified 
regression analyses by sex.22 Results are reported as odds ratios 
(ORs) with 95% CI and accompanying p-values. All analyses 
were performed using SPSS software v. 29 (IBM, USA). The 
threshold for significance in all analyses was p < 0.05.

Results
Questionnaire data were available for 113,894 children. The 
question regarding hip dysplasia at six months of age was used 
in relation to exclusion criteria, as it had minimal missingness 

and represented a broad phenotype including both immature 
hips and DDH. A total of 6,700 children were excluded, of 
whom 548 (8.1%) had reported hip dysplasia. A total of 107,194 
children remained for further analysis (Figure 1).

From the question “Does your child have or has he/she had 
hip problems/hip dislocation?” at six months, a total of 3,460 
children were identified, corresponding to a prevalence of 3.2% 
(All DDH). Treatment for hip dysplasia (Treated DDH) was 
reported for 1,453 children with a mean duration of treatment 
of 3.55 months (SD 1.78), representing 1.4% of the total cohort. 
Thus, the questionnaire provided information about how many 
children’s parents reported their child as having DDH (All 
DDH) and how many were reported to have had treatment 
for DDH (Treated DDH). However, out of the 1,453 children 
reported as Treated DDH only 1,253 were reported as having 
DDH (All DDH), resulting in a rate of treatment (Treated DDH/
All DDH) of 36%. When including the 200 children who were 
reported as having been treated for DDH without having been 
reported as having DDH, the rate of treatment increased to 39%.

Significant findings included a proportion of females in the 
All DDH group of 68.3%, increasing to 75.6% in the Treated 
DDH group, whereas the non-DDH groups had approximately 
48% of females. Breech presentation was significantly more 
prevalent in the DDH groups (13.9% in All DDH and 18.6% in 
Treated DDH), compared with about 4% in non-DDH groups. 
The prevalence of PEV was 0.5% in the Treated DDH group 
compared with 0.1% in the non-DDH group. There was a 
significantly decreased proportion of maternal diabetes (0.9% 
vs 1.5%), decreased folate intake (54.9% in the DDH group 
vs 56.6% in non-DDH group), and increased alcohol intake 
(15.1% vs 13.2%) in mothers of children with All DDH. There 
was a significantly higher proportion of primiparous mothers 
in the All DDH group (45.5% vs 43.5%), and plural births 

Table II. Results of the logistic regression analysis for developmental dysplasia of the hip (DDH).

Variable All DDH Treated DDH

OR (95% CI) p-value OR (95% CI) p-value

Parity overall 0.274 0.709

Gestational age 1.00 (1.00 to 1.00) 0.792 1.01 (1.00 to 1.01) 0.069

Any type of diabetes (reference: no) 0.68 (0.46 to 1.01) 0.054 0.36 (0.16 to 0.81) 0.013

Folate supplements during pregnancy (reference: no) 0.86 (0.79 to 0.93) < 0.001 0.88 (0.78 to 0.99) 0.034

Presentation overall < 0.001 < 0.001

Breech presentation 4.54 (3.95 to 5.22) < 0.001 6.95 (5.74 to 8.42) < 0.001

Transverse presentation 0.73 (0.30 to 1.78) 0.484 0.46 (0.06 to 3.35) 0.447

Anomaly cephalic presentation 0.98 (0.81 to 1.20) 0.866 0.91 (0.67 to 1.24) 0.563

Other presentations 1.72 (0.84 to 3.54) 0.140 1.58 (0.50 to 5.03) 0.436

Caesarean section overall 0.812 0.248

Oligohydramnios (reference: no) 1.26 (1.00 to 1.59) 0.051 1.15 (0.80 to 1.66) 0.444

Plurality (reference single birth) 0.68 (0.53 to 0.87) < 0.001 0.19 (0.10 to 0.36) < 0.001

Sex (reference: male) 2.30 (2.12 to 2.50) < 0.001 3.55 (3.08 to 4.10) < 0.001

Child’s weight (kg) 1.27 (1.16 to 1.39) < 0.001 1.45 (1.26 to 1.66) < 0.001

Slope for weight 0 to 6 months 0.98 (0.98 to 0.99) < 0.001 0.98 (0.97 to 0.99) < 0.001

Maternal age (years) 0.99 (0.98 to 1.00) 0.149 1.01 (0.99 to 1.03) 0.294

Paternal age (years) 1.01 (1.00 to 1.02) 0.057 1.01 (1.00 to 1.03) 0.210

Pes equinovarus (clubfoot; reference: no) 1.72 (0.77 to 3.82) 0.183 3.05 (1.18 to 7.89) 0.021

Alcohol consumption during pregnancy (reference: no) 1.14 (1.02 to 1.27) 0.018 1.21 (1.03 to 1.42) 0.022

Constant 0.01 < 0.001 < 0.001

OR, odds ratio.
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were significantly less common in the DDH group, at 2.8% of 
births compared with 3.4% in the non-DDH group. Some of 
the statistically significant risk factors did not have large abso-
lute differences, including parental age (30.3 vs 30.1 years for 
mothers and 32.9 vs 32.7 years for fathers), gestational age (279 
vs 278 days), and birth weight (3.61 kg vs 3.57 kg). The prev-
alence of risk factors stratified by sex can be found in Table I.

The logistic regression model included the following risk 
factors: parental age, maternal diabetes, folate use, parity, 
plurality, presentation, oligohydramnios, Caesarean section, 
PEV, birth weight, sex, gestational age, and growth during 
the first six months of life. Table II shows the results of these 
analyses. Those stratified by sex are shown in Supplementary 
Table i. The model had a good fit for All DDH, with a Hosmer-
Lemeshow p-value of 0.890, but low explanatory power 
(Nagelkerke R2 5.1%). For Treated DDH, the model explained 
slightly more variance (8.4%). Significant risk factors for All 
DDH included folate use, presentation, plurality, sex, weight, 
growth, and alcohol use (Table II). For the Treated DDH group, 
maternal diabetes and PEV were also significant risk factors 
(Table II). The OR for females compared with males was 2.3 
(95% CI 2.1 to 2.5) in All DDH and 3.5 (95% CI 3.1 to 4.1) in 
Treated DDH. Breech presentation had an OR of 6.9 (95% CI 
5.7 to 8.4) in Treated DDH, increasing to 7.2 (95% CI 4.9 to 
10.5) in treated males. For PEV, the OR in the treated group was 
3.1 (95% CI 1.2 to 7.9; p = 0.021), increasing to 5.5 (95% CI 1.6 
to 18.3) in treated males.

Sex-stratified analyses revealed that folate use, plurality, 
and early growth were not significant factors in males, whereas 
alcohol use was not a significant factor in females. Oligohy-
dramnios and paternal age became significant in females; no 
risk factors became significant in males. In the Treated DDH 
group, maternal diabetes, folate use, birth weight, and growth 
were not significant factors in males, whereas folate use had 
borderline significance and alcohol use was not significant in 
females. The details of the logistic regression model stratified 
by sex are shown in Supplementary Table ii.

Discussion
We examined the prevalence of parent-reported DDH in the 
Norwegian MoBa Cohort in this study, and identifed several 
factors which were significantly associated with the prevalence 
of DDH in early life, including several known risk factors such 
as breech delivery, gestational age, sex, and Caesarean section.

We found a prevalence of DDH of 3.2% based on parent-
reported diagnosis (All DDH). This decreased to 1.4% when 
based on parent-reported treatment for DDH (Treated DDH). 
A recent meta-analysis showed a large variation in the preva-
lence of DDH in different areas of Europe. Within Sweden, the 
prevalence ranged from 3.5 to 10.0 per 1,000 live births.26 The 
prevalence of DDH for the All DDH group was at the higher 
end of previous reports, whereas the prevalence for the Treated 
DDH group was closer to that reported in other studies.26 This 
probably reflects the fact that hips which warranted one or 
more ultrasound examinations without being treated were being 
reported as DDH by parents. This compares well with previous 
findings in a meta-analysis in which the prevalence of DDH at 
birth was 4.2%, decreasing to 2.9% after four to six weeks.27

The MoBa data support the well-established risk factor 
of female sex, consistent with previous large meta-analyses 
showing a relative risk (RR) for females of 2.54 (95% CI 2.11 
to 3.05) and an OR of 2.50 (95% CI 1.74 to 3.59).21,28 Previous 
studies have looked at the influence of oestrogren and relaxin 
without conclusive results.27,29 However, the level of oestrogen 
receptors in the ligaments and capsule of the hip joint are 
increased in infants and children with DDH, and the children of 
women with pelvic instability have an increased risk of DDH, 
suggesting that the level of receptors or affinity play a role, 
rather than the levels of hormones.6,27

Another strongly established risk factor for DDH is breech 
presentation, with a RR of 3.75 and OR of 4.15 in two large 
meta-analyses.21,28 We found a prevalence of breech presenta-
tion consistent with previous results in Norway, Denmark, and 
Finland.27 Among the Treated DDH group, breech presenta-
tion had a high OR at 6.9, increasing to 7.2 in males. This is 
substantially lower than in a UK study, in which the OR was 
24.3; however, the exclusion criteria in the two studies may 
have differed.5 Breech presentation is associated with several 
complications of pregnancy, and the issue of cause and effect 
in relation to DDH and breech presentation under these circum-
stances can be questioned.30–32 One theory is that hyperflexion 
of the hips, especially with straight knees (frank breech), puts 
pressure on the hips and leads to ligamentous and capsular 
laxity and acetabular dysplasia.27,33 A reverse cause and effect 
theory is that abnormal hips may predispose to a breech presen-
tation as opposed to healthy hips, as seen in children who are 
born breech with normal postnatal ultrasonography and clinical 
examination who subsequently develop a shallow acetabulum 
after three years of age.3 These findings suggest that the mech-
anisms responsible for DDH and breech presentation continue 
to affect the hip after birth, supporting the need for long-term 
follow-up of infants with breech presentation.3

Both planned and unplanned delivery by Caesarean section 
has a higher prevalence in All DDH groups, with a statistically 
significant difference in most sub-groups of type of DDH and 
sex. Caesarean section is, however, likely to be a secondary 
outcome rather than a primary risk factor. In Norway, the rate 
of planned Caesarean section for breech presentation is high at 
53% compared with 6% for cephalic presentation.34 Caesarean 
section has previously been cited as being a risk factor for 
DDH, but was not a significant factor in the latest meta-analysis 
(RR 1.22, 95% CI 0.46 to 3.23), nor in our logistic regression 
models, suggesting that it is a proxy variable for breech presen-
tation or the complications of pregnancy which lead to DDH.21 
Similarly, Woodacre et al5 found a crude increased risk with 
Caesarean section, which did not remain in their logistic regres-
sion analysis. This agrees with the view that a vaginal birth even 
with a breech presentation is unlikely to cause DDH.35,36

Being the first-born child was significantly more common in 
the All DDH group, but not in Treated DDH, nor in any of the 
logistic regression analyses, indicating a higher risk for having 
immature hips rather than DDH requiring treatment. Our findings 
contrasts with previous findings of a RR of 1.44 for first-born 
children, yet other studies report varying prevalences of first-
borns among children with DDH.5,21,27,29 There was a statistically 
increased mean gestational age in DDH groups, but the difference 
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in the mean was only one to two days. Similar results were seen 
for birth weight, with a small but significant difference which 
remained in the regression models. This is consistent with the 
findings of Tirta et al,28 in which a high birth weight had an OR of 
2.00 for DDH. Gestational age was not a significant risk factor in 
any of the regression models, suggesting its role as a confounder.

In contrast to the ‘packaging theory’, we did not find that 
oligohydramnios or plural birth were risk factors. Children 
from plural births were in fact less likely to have DDH. The 
latter finding might be explained by the fact that most plural 
pregnancies in Norway do not last to term, but are ended by 
induction or Caesarean section in weeks 36 to 39, depending 
on the choriocity.37 In the MoBa cohort, the mean gestational 
age for plural births is 255 days, as opposed to 279 for single 
births. Oligohydramnios did become a significant risk factor 
among females in the All DDH group, consistent with the study 
by Onay et al,22 who found a significant increase in female chil-
dren in Turkey. However, this is inconsistent with the results 
from a large meta-analysis in which oligohydramnios had an 
OR of 3.76.28 These disparities may be due to differences in the 
prevalence of oligohydramnios and the underlying relationship 
between oligohydramnios and DDH.

Foot deformities, including PEV, have been much debated as 
a risk factor for DDH.38 Håberg et al4 found that children with 
a foot deformity had an increased risk of DDH, thus recom-
mending ultrasonography for children born with foot deformi-
ties. In our study, there were only 153 children with PEV leading 
to a low power to detect significant effects. This low prevalence 
might be due to difficulties separating PEV from other foot 
deformities at birth, leading to errors in the medical records. 
Despite this, there was a significantly increased prevalence of 
PEV in the Treated DDH group, which remained significant in 
the logistic regression model. Interestingly, this was found only 
in the male sub-group, an opposite effect when compared with 
the findings of Onay et al22 in Turkish children, in whom PEV 
was a risk factor among females. The prevalence of DDH in 
children with PEV was 5.2% for All DDH and 4.6% for Treated 
DDH, in line with previous studies reporting the prevalence of 
DDH among children with foot deformities.4,38

A slower gain in weight postnatally was significantly asso-
ciated with DDH, and remained significant in the logistic 
regression models. This risk factor has mainly been postulated 
for canine DDH, in which the relative age of walking is much 
earlier than in humans.39 However, one might speculate that 
underweight infants might have a more adducted hip. This is in 
contrast to our previous findings in a different cohort, in which 
increased growth was found to be a risk factor for acetabular 
dysplasia in young adulthood.20

Parental age was increased in both DDH groups, and for both 
parents, mainly for female children. Increased paternal age has 
previously been established as a risk factor, while the maternal 
age is seen in conjunction with primiparity and has been lower 
in several previous studies.23,24 The increasing age of women at 
the time of their first child possibly influences the interaction 
between these two risk factors, with studies finding opposite 
effects of maternal age in crude and regression analysis.5

Maternal diabetes has been postulated as a risk factor due 
to an increased birth weight in the child. In our study, the 

prevalence of maternal diabetes was significantly lower in both 
DDH groups. For the logistic regression, female children had 
a significantly lower risk of DDH with maternal diabetes. This 
aligns with a previous study of congenital malformations in 
relation to maternal pregestational diabetes, in which the prev-
alence of hip dislocation in the child was lower.19 The authors 
related this to a shorter gestational age in the diabetic group, 
which we also found in our dataset.19

The use of folate was significantly lower and the use of 
alcohol was significantly higher among mothers of chil-
dren with DDH, and this remained in the logistic regression  
analyses. Although the use of folate is not among the most 
studied risk factors for DDH, a South American study found 
that fortifying flour with folate significantly decreased the 
prevalence of subluxed hips;18 neither has maternal alcohol 
consumption in relation to hip dysplasia been widely studied. 
Reece and Hulse17 did not find a significant association between 
the rates of alcohol consumption and the prevalence of hip 
dysplasia in 14 European countries. However, chronic alcohol 
consumption can affect the foetal absorption of folate, and both 
factors could be associated with other lifestyle factors.40

The study had limitations. First, the definition of DDH is chal-
lenging. In the MoBa dataset, this diagnosis is based on parental 
reports, unsupported by a clinical diagnosis from medical records, 
radiological findings, or a clinical examination. The questions 
about DDH are also not sufficiently detailed to allow the optimal 
collection of data. However, the questionnaires are answered 
according to the child’s age, reducing the effect of recall bias 
compared with purely retrospective studies with a longer time 
delay. Second, the most common protocol for undertaking an 
ultrasound examination in Norway is a modified Graf technique 
(Rosendahl’s method).41 This classification includes imma-
ture neonatal hips, which mostly resolve spontaneously within 
12 weeks of birth and are not classified as DDH. However, many 
parents might report these findings in the questionnaire as repre-
senting DDH, explaining the discrepancy with Treated DDH. 
Third, the other variables which we used are also questionnaire-
based, with questions answered either by midwives through the 
MBRN or by parents before and/or during pregnancy and at six 
months of age for the child. Limitations of the study thus included 
recruitment bias, reporting errors, plotting errors, recall bias, and 
missingness due to questionnaire fatigue or misunderstandings. 
However, our dataset was thoroughly inspected for outliers to 
remove errors and, apart from the low prevalence of PEV, the 
variables have a distribution which is close to what would be 
expected. A final limitation was the lack of information about 
familial disposition to DDH. This is a known risk factor, but the 
information was not available at the time of this study. We hope 
to gather more information about this by linking the data with 
patients’ medical records in the future.

Although we successfully confirmed several risk factors in 
this dataset, including breech presentation, sex, and birthweight, 
the logistic regression models were unable to fully explain the 
variation in the prevalence of DDH. This highlights the need 
for more studies on DDH to confirm risk factors in order to 
improve screening and diagnosis, including genetic risk factors.
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‍ ‍Take home message
  - In the Norwegian Mother, Father, and Child Cohort Study, 

significant risk factors included female sex, breech position, 
and pes equinovarus, while delivery by Caesarean section was 

not a risk factor when controlling for confounders.
  - The data suggest that more risk factors remain undetected.

Supplementary material
‍ ‍Tables of descriptive statistics of risk factors by sex and 

by All developmental dysplasia of the hip (DDH) and 
Treated DDH, and logistic regression of risk factors by 

sex and by All DDH and Treated DDH.
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