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Abstract

Purpose Developmental dysplasia of the hip (DDH) varies from mild instability of the hip to subluxation or total
dislocation of the joint. Well-known risk factors of DDH include pre-natal breech position, female sex, positive fam-
ily history, hip side, primiparity and the mode of delivery. Aim of the present study was to further evaluate known
risk-factors of DDH, find associations with more severe dysplasia (characterized with Ortolani positivity) and find risk
factors of failure of the Pavlik harness treatment.

Material and methods All children with the diagnosis of DDH treated in Tampere University hospital in the years
1998-2018 were retrospectively identified for the study and the data was collected from the medical records. Terato-
logical dislocations (n = 3) were excluded from the analysis. Total of 945 patients were included.

Results Breech presentation was strongly associated with Ortolani positivity (p <0.001). Breech presentation was not
associated with ending up for spica casting and/or operative treatment (p =0.291) despite the association with Orto-
lani positivity. Ortolani positivity (p =0.002), positive family history (p=0.013) and girl sex (p=0.029) were associated
with ending up for spica casting and/or operative treatment.

Conclusion Breech presentation seems to increase the risk of Ortolani positive DDH. However, these infants are likely
to recover with initially started Pavlik harness treatment, as it was not associated with elevated risk for undergoing
more robust treatments. Positive family history and girl sex are associated with the most severe cases of developmen-
tal dysplasia of the hip, and it may predispose to the failure of the Pavlik harness treatment.

Keywords DDH, Developmental dysplasia of the hip, Risk factors, Pavlik harness, Ortolani positivity

*Correspondence:

Vilma Lankinen

vilma.lankinen@fimnet.fi

Full list of author information is available at the end of the article

©The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativeco
mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12887-023-03935-0&domain=pdf
http://orcid.org/0000-0002-3374-8686

Lankinen et al. BMC Pediatrics (2023) 23:148

What is known: Well-known risk factors of developmental dysplasia of
the hip include hip side (left), girl sex, breech presentation and positive
family history. Other associated risk factors are first born birth, mode of
delivery, oligohydramnion and other foot deformities.

What is new: Association between well-known risk factors and more
severe dysplasia (Ortolan positivity) and possible risk factors predisposing
to failure of the Pavlik Harness treatment.

Introduction

Developmental dysplasia of the hip (DDH) is a con-
genital abnormality of the hip joint. The condition
varies from the mild instability of the hip, to subluxa-
tion or total dislocation of the joint. The most serious
form of DDH is rigid dislocation of the femur head.
The incidence of DDH has varied in the previous stud-
ies. Approximately 1 of 1000 child is born with a dislo-
cated hip, but all the mild forms of DDH included, the
incidence has reported to be 1-7% of the newborns. [1]
Even though some mild forms of DDH can resolve spon-
taneously, early detection of DDH is important. If not
treated correctly in infancy, DDH can lead to difficult
rigid luxation of the femur head, leading to long spica
casting treatments or surgical operations and further
frequently leading to early total hip replacement [1, 2].
The diagnosis of DDH is made by clinical examination
after birth. Ortolani and Barlow tests are widely used
among clinicians to describe the stability of the hip [1].
Ultrasound screening routinely after birth is not recom-
mended, as it leads to overtreatment of the condition
and does not help to avoid late detected cases of DDH.
[3, 4] Instead, selective secondary screening by six weeks
of age is widely used in children with known risk factors
for DDH [5, 6]. However, the evidence of selective ultra-
sound screening is also inadequate and therefore there
is no universal recommendations of ultrasound screen-
ing for hip dysplasia [7]. Ultrasound helps clinician to
ensure the diagnosis, estimate the severity of the condi-
tion and monitor the development and growth of the hip
joint during the treatment [6—8]

There are several known idiopathic risk factors of DDH.
These risk factors include female sex, pre-natal breech
presentation, positive family history, hip-side (left), pri-
miparity and mode of delivery. [4, 9] The most important
of these risk factors in meta-analysis were female sex,
pre-natal presentation, side of the hip and positive family
history [4]. Associations with post-maturity and higher
birth weight have been reported, whereas prematurity
has been associated with a decreased risk of DDH [10].
The most widely used method for treatment of DDH is
Pavlik harness treatment, which has shown over 95% suc-
cess rates in previous studies [11, 12].
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Aims

The aim of this study was to further evaluate risk fac-
tors of Ortolani positive DDH and identify potential risk
factors in children who underwent spica casting and/or
operative treatment. There are few studies about com-
mon risk factors for DDH or risk factors of late detection
(over 3 months) of DDH [3, 4, 10, 13]. We did not find any
studies evaluating risk factors specially associated with
milder (Ortolani negative) or more severe (Ortolani posi-
tive) cases of DDH. Evaluation of these risk factors would
give clinicians information of those infants that need spe-
cial concern regarding on monitoring DDH and choosing
for treatment. Several studies have identified risk factors
for failure of the harness treatment, and it has been con-
cluded that the reason for failure seems to be multifacto-
rial [11]. These factors include more severe findings in the
clinical evaluation (dislocation and irreducibility) [14, 15],
more severe findings in initial ultrasound [15-19] and late
detection of DDH (over 3—4 months of age) and late onset
of treatment [19]. Bilaterality has also been identified as a
risk for failure in some studies. [14, 20].

Material and methods

All children with the diagnosis of DDH according to
World Health Organizations International Classifica-
tion of Diseases and Health Related Problems 9" and
10™ revisions (ICD-9 and ICD-10), codes 7543.0-7543.5
(ICD-9) and Q65.0-Q65.5 (ICD-10), treated in Tampere
University hospital in the years 1998-2018 were retro-
spectively identified for the study and the data were col-
lected from their medical records. Those who received
operative treatment in Tampere University hospital but
were initially and postoperatively treated in some other
location, were excluded from the study. Total of 948
patients were found. Three teratological dislocations
were excluded from the further analysis.

Population and our method

During the study period (20 years), 105 331 children were
born in the Pirkanmaa region (Tampere University hos-
pital) [21]. All newborn babies have their hips assessed.
Suspected hip instability leads to further clinical exami-
nation by a pediatric surgeon at the age of 1-7 days. If
Ortolani positive sign is detected, the treatment is started
by Pavlik harness. Before the year of 2000, Frejka pil-
low was mainly used for the abduction treatment. Mild
instability in clinical examination with or without Barlow
positive sign, can lead to abduction treatment or watch-
ful waiting depending on a clinician and parents’ opinion.
All the children with hip instability undergo clinical and
ultrasound examination at the age of 3—6 weeks. If resid-
ual dysplasia is detected in the ultrasound, the abduction
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treatment is continued/started. Clinical and ultrasound
examination are repeated every 4—6 weeks during abduc-
tion treatment and in every 1-3 months in watchful wait-
ing until normal findings by the age of 6 to 10 months.

Statistical analysis

Bivariate analysis of risk factors and Ortolani positivity
was carried out in cross-tabulations and Chi-square test
was used to analyze statistical significance. In the second
step, bivariate analysis of risk factors and undergoing
spica casting or operative treatment were evaluated in
cross-tabulations. Analysis of associations between birth-
weight and Ortolani positivity and between birthweight
and casting/ operative treatment were made using T-test
for comparing means. The statistical significance for all
tests was set at p<0.05. All of the analyses were carried
out using SPSS version 23.

Results
Total of 105 331 children were born in Tampere Univer-
sity hospital in 1998-2018. Of these children, 948 were
diagnosed with DDH, of which 28 were late detected
(over 3 months of age). Incidence of early detected DDH
according to our data was 8.7/1000 newborns. Incidence
of late detected DDH was 0.27/1000 newborns.

Teratological dislocations (n=3) were excluded from
the analysis. A total of 945 children were included.
Majority (72.5%) were girls. Positive family history,
defined as one or more cases of DDH among the first-
degree relatives (parents or siblings), was reported in 587
children. Only 322 children had the information available
on birth order in their medical records.

Ortolani negative DDH was diagnosed in 58.7% of
the children and 30.9% had Ortolani positivity unilater-
ally and 10.3% bilaterally. Of 488 Ortolani positive hips,

Table 1 Risk factor analysis for Ortolani positive DDH
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316 (64.8%) were left sided and 172 (35.2%) right sided.
Girls had Ortolani positive DDH (43.0%) more often
than boys (36.5%), but the difference did not reach sta-
tistical significance (p=0.072). Breech presentation was
associated with Ortolani positivity (»p<0.001). In further
analysis, it seemed that breech presentation increased
bilateral Ortolan positivity (15.9%) compared to cephalic
born infants (7.2%), p <0.001 (OR 1.69 CI95% 1.28-2.23).
When we further investigated the mode of delivery of the
breech born infants, we found that caesarean section was
strongly associated with Ortolani positivity (p<0.001),
whereas vaginal delivery was not (p=0.417).

Preterm delivery (<377 weeks of gestation) was asso-
ciated with Ortolani negativity (p=0.043), but preva-
lence of Ortolani positivity did not increase from term to
postterm infants. Ortolani positive DDH was diagnosed
in 21.6% of preterm, 42.4% of term and 40.9% of post-
term infants, respectively. The other potential risk factors
evaluated (first born, birthweight, positive family history)
were not associated with Ortolani positivity. (See all risk
factors in Table 1.)

Forty-five children (4.8%) were treated with casting or/
and operative treatment. Twenty-two children (48.9%)
had the treatment with Pavlik harness before undergo-
ing casting/operative treatment, eleven had 1 month
duration of treatment, seven had 2 months duration and
three had 3 months duration. One of the children ini-
tially treated with abduction did not have duration data.
In 14 cases of 45 (31.1%) children, DDH was diagnosed
over 3 months of age (late-detection). Nine patients had
severe findings in their first ultrasound and/or clini-
cal examination (alpha angle under 40, very small safety
zone or severe abduction restriction in clinical exami-
nation), and were straight planned for operation and/
or casting for that reason (no initial abduction). See the

Risk factor (n) Ortolan+ p value OR (CI (95%))
Gender F (684) 294 (43%) 0.072
M (260) 95 (36,5%)
Breech presentation Yes (309) 154 (49,8%) <0.001 1.692 (1.284-2.229)
No (627) 232 (37,0%)
Firstborn Yes (201) 96 (47,8%) 0.490
No (121) 53 (43,8%)
Positive family history Yes (138) 58 (42%) 0.755
No (449) 182 (40,5%)
Pregnancy duration Pre-term (37) 8 (21,6%) 0.012 0.376(0.170-0.833)
Full-term (889) 376 (42,3%)
Birth weight 0.171

Birthweight was evaluated with T-test for comparing means. Mean weight in Ortolani positive children was 3526 g and 3474 g in Ortolani negative children. All the

other comparisons are made using cross-tabulations with chi-square statistics
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demographics about the children who underwent casting
/operation in Table 2. Detection age was strongly associ-
ated with operative/casting treatment (p <0.001). Risk for
undergoing these treatments seemed to be elevated after
6 weeks of age (18.5%) and even higher after 3 months of
age (50%). Ortolani positivity was associated with cast-
ing/operation p=0.002 (OR 2.63 CI95% 1.39-4.90). Of
the children with bilateral Ortolani positive DDH 10.3%
were treated by casting/operation compared with 6.2%
and 2.9% of the children with unilateral Ortolani positive
and Ortolani negative DDH, respectively. Girls (5.7%)
were more likely to undergo casting/operative treatment
than boys (2.3%), (p=0.029) (OR 2.56 CI95% 1.07—6.11).
Children with positive family history of DDH (7.2%)
were more likely to undergo casting/operative treatment

Table 2 Patient demographics of the operatively/cast treated

children
Age of patients at operation/casting

Months 1-3 3-6 6-12 12-36 over 36

N=48 (%) 26(54.2%) 2(4.1%) 11(229%) 6(12.5%) 3(6.3%)
Age of patients at diagnosis

Months <1 1-3 3-6 6-12 over 12

N=48 (%) 28(58.3%) 6(12.5%) 1(2.1%) 7(14.6%) 6 (12.5%)
Abduction treatment duration before operation/cast-
ing

Months 1 2 3 information missing

N=22 (%) 11(50%) 7(31.8%) 3(13.6%) 1(45%)

Page 4 of 7

than those without family history (2.7%), p=0.013 (OR
2.85 CI95% 1.20-6.74). Birthweight (p=0.371), breech
presentation (p=0.291), first born birth (»p=0.067) or
preterm pregnancy (p=0.794) were not associated with
greater risk of undergoing casting/operative treatment,
see all the results in Table 3.

In the group of children who underwent abduc-
tion treatment before casting/operation (n=22), posi-
tive family history (p=0.009) and Ortolani positivity
(p<0.001) remained statistically significant risk factors.
In this population girls were also more likely (2.9%) to
need operation (p=0.050) compared to boys (0.8%).
Other risk factors (first born birth, preterm pregnancy,
breech presentation and birthweight) were not associ-
ated with higher prevalence of casting/operation in this
population.

Discussion

Incidences of early detected DDH and late detected
DDH in our data, were comparable to resent meta-anal-
ysis, regarding the incidence of DDH in population with
selected ultrasound screening. [22]

We found that the breech presentation was strongly
associated with Ortolani positive DDH, and the risk of
bilateral DDH was especially increased in breech born
infants. The caesarean breech delivery was associated
with Ortolani positive DDH in contrast to vaginal breech
delivery. We also found that Ortolani positivity, positive
family history and girl sex were associated with under-
going spica casting and/or operative treatment. Despite

Table 3 Risk factor analysis for undergoing spica casting or operative treatment

Risk factor (n) casting/operation p value OR (Cl (95%))
Ortolan + Yes (389) 28 (7.2%) 0.002 2613 (1.394-4.899)
No (555) 16 (2.9%)
Detection age Under six weeks (863) 26 (2.9%) <0.001
Six weeks to three months (27) 5 (18.5%)
Over three months (28) 14 (50%)
Gender F (685) 39 (5.7%) 0.029 2.556 (1.069-6.111)
M (260) 6 (2.3%)
Breech presentation Yes (309) 11 (3.6%) 0.291
No (628) 32 (5.1%)
Firstborn Yes (202) 9 (4.5%) 0.067
No (121) 1(0.8%)
Positive family history Yes (138) 10 (7.2%) 0.013 2.845 (1.201-6.737)
No (449) 12 (2.7%)
Pregnancy duration Pre-term (37) 2 (5.4%) 0.794
Full-term (890) 40 (4.5%)
Birth weight 0.853

Birth weight and casting/operation were evaluated using T-test for comparing means. Mean weight in children who underwent casting/operation was 3472 g and
3496 g in children who did not. All of the other comparisons are made using cross-tabulations with chi-square statistics
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breech presentation associated with Ortolani positivity,
it was not associated with undergoing casting/operation.

Breech presentation is a well documented risk factor
of DDH [4, 10, 23]. More limited space in maternal pel-
vis for the infant in the breech position could explain the
increased risk for Ortolani positive DDH. Our data sug-
gests that C-section was associated with Ortolani positive
DDH. It should be noted that this association stems from
the infants’ breech presentation and that the C-section
procedure itself does not increase the risk for Ortolani
positive DDH. We hypothesize that these women have a
narrower pelvis, therefore the infants breech presentation
during development increases the risk. Our data found
no connection with vaginal delivered breech presentation
infants and Ortolani positive DDH. Thus, those mothers
with wider pelvis might more often have vaginal deliver-
ies even with breech presentation. Wider pelvis also gives
more room for breech born infants, which might explain
why there was no association with vaginal breech deliver-
ies and Ortolani positivity. According to these findings,
vaginal delivery can therefore be recommended for those
mothers with favorable pelvis dimensions. Regarding to
our findings, it is important for clinicians to give special
concern to breech born infants with DDH, and start the
treatment with Pavlik harness if needed. In our further
analysis of winding up for operative or casting treatment,
we found that breech position was not associated with
increased risk of undergoing these treatments. This find-
ing indicates, that even though breech position increases
the risk of bilateral Ortolani positivity, these infants are
likely to heal well with initially started Pavlik harness
treatment and do not have elevated risk of undergoing
casting/operative treatment.

In the present study prematurity seemed to be a pro-
tective factor from Ortolani positive dislocation. Smaller
infants have more space in the pelvis and thus Ortolani
positivity is not common. Our result is in agreement
with some recent previous studies [24, 25]. There are also
controversial results. An earlier meta-analysis by M. de
Hundt et al. did not found association between prema-
turity and DDH, they included four previous studies on
the issue. [23] However, more recent results are similar
to ours indicating, that prematurity might be a protective
factor of DDH.

In our data girls tended to have more often a more
severe form of DDH (Ortolani positivity) compared to
boys, all thought the association was not statistically sig-
nificant. However, girls were more likely to need opera-
tive treatment compared to boys (p=0.029). This finding
might indicate, that in addition to sex being independ-
ent risk factor for DDH [23], it also might be independ-
ent risk factor for its more severe forms. Our findings are
in contrast to the findings of some previous studies, in
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which an association was found between boys and failure
of the harness treatment [16], although several studies
have not found any association between sex and failure of
the harness treatment [15, 18, 19].

In this study Ortolani positivity is associated with
increased need of casting/operation in the children diag-
nosed with DDH. The risk seemed to increase with bilat-
erality. These findings could also be seen with the group
of children who failed with initial treatment of Pavlik har-
ness (n=22). Dislocation and irreducibility in the initial
clinical evaluation, together with severe findings in early
ultrasound, has been associated with early failure of Pav-
lik harness treatment. Our findings further support these
earlier studies. [11, 15, 16, 18, 26] Bilaterality has been
associated with failure of the Pavlik harness treatment in
some studies [14, 20, 27], and others have not found this
association [28, 29].

It has been well reported that late started Pavlik har-
ness treatment increases the risk of its failure and late
diagnosis of DDH increases the risk of more robust treat-
ments [19, 30-32] This can clearly be seen in our find-
ings, which underline the importance of early detection
of DDH and initially started Pavlik harness treatment to
avoid casting/operative treatment. According to our find-
ings, even the detection over 6 weeks (under 3 months)
seems to increase the risk of these treatments, as 18.5% of
these children needed surgery /casting in our data.

Positive family history is a well-known risk factor of
DDH [3, 10, 23]. We did not find association between
positive family history and Ortolani positivity, but the
association was found between positive family history
and operatively/ cast treated children, which suggests
that genetic factors, could predispose especially on the
most severe cases of DDH. Association of positive fam-
ily history was also found in the group of children ini-
tially treated with Pavlik harness. This finding is new,
and somewhat controversial compared to the findings of
the previous studies reporting failure of Pavlik harness
treatment [15, 18]. Despite the relatively small number
of cases, especially the patients who failed the Pavlik har-
ness treatment (22 patients), the association we made was
strong. We think, that the reason why previous studies
have not found association between positive family his-
tory and failure of the treatment is due to much smaller
number of patients in these previous studies around the
subject. [15, 18, 28]

Although the information was scarce of the birth order
of children who underwent casting/ operation, first born
birth had the trend to predispose to winding up for these
treatments (p=0.067). We did not find any previous
studies with similar findings considering birth order as a
risk factor for more severe DDH or failing of the Pavlik
harness treatment. Meta-analysis from 2012 found, that
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first born birth is independent risk factor of DDH. [4]
Our findings suggest, that first born birth could also pre-
dispose in more severe forms of DDH, although since our
data was incomplete in this part, more research is needed
to conclude this finding.

The present study has some limitations. Although the
sample size was large, only 45 patients (4.8%) under-
went casting/operative treatment. This was due to high
success rate of Pavlik harness treatment combined with
spontaneous recovery rate of the mild DDH. Because of
the small number of these children, we did not further
classify them to the subgroups of casting and operation.
However, those children who initially required more
robust treatment than Pavlik harness, were considered to
have more severe DDH in general, thus our findings gave
more information about the risk factors of having more
severe form of DDH [11, 15].

We did not have early ultrasound screening protocol
for all the patients with risk factors of DDH, rather we
based our monitoring of DDH to findings of instability in
the first clinical examination. Despite of that, our success
rates for abduction treatments were excellent and in line
with the previous research [11, 12, 18, 33]. In Tampere
University hospital, the abduction treatment is initiated
by pediatric surgeons or pediatric surgery residents only
and the harness is worn 24 h/day in 2-week periods. In
our protocol it was ensured, that the hips were reduced
and harness was correctly initiated. We believe, that
our great success rates of abduction treatment were due
to this factor. Only 28 of late-detected cases of DDH
(approximately 1,4 children annually) was found in our
study which covered over 20-year period. According to
our findings, the incidence of late detected DDH was
0.27/1000 newborns in our data. This is in line with the
recent report from a Norwegian hospital with a selective
ultrasound screening program [5] and with a retrospec-
tive study from United States with selective ultrasound
screening program [6], as well as with resent meta-anal-
ysis of screening of DDH [22]. This indicates that our
screening program is excellent without universal ultra-
sound screening.

The data was collected retrospectively, thus data avail-
able especially on family history and birth order were
insufficient. This might affect the lack of association
between Ortolani positivity and these factors. However,
regardless of the small sample size and limited avail-
ability of information on these factors, the strong asso-
ciation was made between the positive family history
and the need for casting/ operative treatment. In this
study we did not further evaluate cumulative risk with
those children with multiple risk factors for DDH. Fur-
ther research is needed to evaluate and understand the
cumulative risk of DDH.
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Conclusion

Breech position increased the risk of bilateral Ortolani
positive DDH, however these infants had great potential
of healing with initially started Pavlik harness treatment.
Vaginal delivery in breech born infants did not further
increase the risk of Ortolani positive DDH. However,
caesarean section breech deliveries were significantly
associated with Ortolani positivity, suggesting the breech
presentation combined with reduced pelvic dimensions
of the mother predisposing to Ortolani positive DDH.
Our results suggest that positive family history and girl
sex could be risk factors for failure of the Pavlik harness
treatment. Still, prospective studies are warranted to con-
firm these findings.
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