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arly detection and treatment
E of developmental dysplasia

of the hip (DDH) innewborns
is important because late diagnosis
(later than 3 months of age) is asso-
ciated with a significant risk of poorer
outcomes. This includes increased
likelihood of surgery, more invasive
surgical procedures, longer hospital
stays, and early osteoarthritis of the
hip, as well as increased health care
costs.'”

We previously reported a worrying
increase in the number of infants
diagnosed between 3 and 18 months
of age with DDH in South Australia;
prospective data showed an inci-
dence of late diagnosed DDH of
greater than 0.7 cases per 1000 live
births, or around 15 cases each year.’
This contrasts with the low rate of
0.22 per 1000 live births, or four to five
cases per year, during the period
1988—2003, and has occurred
despite continued routine physical
examination screening of all neonatal
hips. Reports from New South Wales”
and Western Australia® confirm that
the increased incidence of late diag-
nosed DDH is not limited to SA, but
has been observed nationally.

The aim of our study was to deter-
mine whether there are identifiable
perinatal risk factors associated with
late DDH in babies born in SA since
2003, and to review the treatment
required for patients with late DDH.
Additionally, we provide a discus-
sion of current screening practices
and discuss strategies to redress the
increased incidence of late DDH in
Australia.

Methods

The South Australian Birth Defects
Register (SABDR) has received noti-
fications since 1986 of all cases of
DDH diagnosed during the first
5 years of life. Notifications are
received from a wide range of health
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Objectives: To review evidence for the increased incidence of late
diagnosed developmental dysplasia of the hip (DDH) in South Australia; to
identify perinatal risk factors associated with late DDH in babies born

Design: Linkage study of data collected prospectively by the South
Australian Birth Defects Register (SABDR) and the Pregnancy Outcome
Statistics Unit (SA Department of Health), supplemented by medical

Participants: All children born 2003—-2009 in whom DDH was diagnosed
between 3 months and 5 years of age and notified to the SABDR (data
inclusion range, 2003—2014). Children with teratological hip dislocations
and other major congenital abnormalities were excluded.

Main outcome measures: Uni- and multivariable analyses were performed
to identify perinatal risk factors for late diagnosed DDH.

Results: The incidence of late diagnosed DDH in babies born 2003—-2009
was 0.77 per 1000 live births, contrasting with the figure of 0.22 per 1000
live births during 1988—2003. Significant perinatal risk factors were birth in a
rural hospital (v metropolitan public hospital: odds ratio [OR], 2.47;
Cl,1.37—-4.46; P=0.003), and being the second child (v being the first-born:
OR, 1.69; Cl, 1.08—2.66; P=0.023). Breech presentation was highly
significant as a protective factor when compared with cephalic presentation

Conclusions: The incidence of late DDH has increased in SA despite an
ongoing clinical screening program. Increased awareness, education, and
avoidance of inappropriate lower limb swaddling are necessary to reverse

professionals and treatment facilities,
and are mandatory under the SA
Health Care Act.

All diagnoses of DDH in children
born in SA from 2003 to 2009 and
notified to SABDR were identified for
this study. Notifications for a given
birth year are not considered com-
plete until all children have achieved
their fifth birthday, allowing for a late
diagnosis. Consequently, all patients
in our series were followed up for a
minimum of 5 years after birth, with
data collection ceasing at the end
of 2014.

Late DDH was defined as an initial
diagnosis of DDH at or after 3 months
of age. Our methods were identical
with those of a published SA
study that reported data from the
same institution for 1988—2003," and
there were no changes in reporting
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practices. Incidence data from the
earlier and current studies were
combined to produce an incidence
graph of late DDH for 1988—2009.

Cases were linked with the Preg-
nancy Outcome Statistics Unit of the
SA Department of Health, which
also collects details on mother and
baby as a legislative requirement.
These data include congenital ab-
normalities diagnosed at birth, as
well as socio-demographic and clin-
ical information.

Teratological hip dislocations and
patients with an SABDR notification
of significant congenital or genetic
anomaly at any time were excluded.

Statistical methods

Likelihood ratio x2 tests, Fisher exact
tests, and logistic regression ana-
lysis were used to examine possible
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1 Incidence of late diagnosed cases of developmental dysplasia of the
hip in babies born 1988—2009 in South Australia

significant predictors at the uni-
variable level; predictors with a trend
to significance (P<0.1) were then
included in a multivariable logistic
regression model, using backward
selection. Statistical significance was
defined as P <0.05.

Ethics approval

Approval for the study protocol was
granted by the Women’s and Chil-
dren’s Health Network Human
Research Ethics Committee (HREC/
13/WCHN/68).

Results

Among babies born between 2003
and 2009, 902 cases of DDH were
notified in SA. Twenty-four cases
were excluded from our analysis; the

timing of the diagnosis in five pa-
tients could not be confirmed, and in
19 cases a significant genetic disorder
was subsequently diagnosed. Of the
remaining 878 children, 777 were
diagnosed before 3 months of age,
and 101 children were diagnosed at
or after 3 months of age. The inci-
dence of late DDH in babies born
between 2003 and 2009 was therefore
0.77 per 1000 live births; late diag-
nosed DDH represented 11.5% of all
cases of DDH.

The incidence of late DDH by
year of birth ranged between 0.6
and 1.0 per 1000 live births during
2003—2009. Box 1 combines the
current data with previously pub-
lished SA data to show the trend in
late diagnosed DDH cases in babies
born from 1988 to 2009. The oldest

child was diagnosed at 4 years
and 5 months of age; 52% of late
diagnosed children were over
12 months of age (Box 2).

The results of univariable and
multivariable analysis of risk fac-
tors associated with late DDH are
summarised in Box 3. Significant
factors at the univariable level were
rural birth (odds ratio [OR], 2.65;
95% confidence interval (CI),
1.49—-4.70;, P=0.001), being the
second child (v being the first-born:
OR, 2.05; CI, 1.33—3.17; P=0.001),
and female sex (OR, 2.06; CI,
1.07—3.94; P=0.03). Breech presen-
tation was protective against late
diagnosis DDH (OR, 0.22; (I,
0.10—0.45; P <0.001).

Significant perinatal risk factors
(multivariable analysis) were birth in
a rural hospital (v metropolitan pub-
lic hospital: OR, 2.47; CI, 1.37—4.46;
P =0.003), and being the second child
(v being the first-born: OR, 1.69; CI,
1.08; P =0.023). Breech presentation
was highly significant as a protective
factor when compared with cephalic
presentation (OR, 0.25; CI, 0.12—0.54;
P<0.001).

There was a trend to a shorter hos-
pital stay for late DDH than for chil-
dren with an early diagnosis of DDH
(P=0.075), and a significantly
shorter hospital stay when compared
with the entire population of live
births (P = 0.038).

There was no association between
either maternal age or maternal

Number
o

2 Age of children (born 1988—2009 in South Australia) diagnosed with late developmental dysplasia of the hip

18 21 24 27 30 33
Age (months)

L wal

36 39 42 45 248%
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3 Univariable and multivariable analysis of risk factors associated with late developmental dysplasia (DDH) of the hip in babies
born 1988—-2009 in South Australia
Late Early Unadjusted odds ratio Adjusted odds ratio*
Characteristic DDH DDH (95% ClI) P (95% ClI) P
Number 101 777
Mother’s ethnic background
European descent 92 725 1.00
Other 9 52 1.36 (0.65—-2.86) 0.41
Hospital category
Country hospital 23 93 2.65 (1.49-4.70) 0.001 2.47 (1.37-4.46) 0.003
Home birth 1 1 - -
Public metropolitan hospital 35 375 1.00 1.00
Private metropolitan hospital 42 308 1.46 (0.91-2.35) 0.116 1.41 (0.87—-2.29) 0.163
Sex
Female 90 621 2.06 (1.07-3.94) 0.03 1.75 (0.90-3.40) 0.098
Male n 156 1.00 1.00
Parity
First-born 49 462 1.00 1.00
Second-born 45 207 2.05 (1.32-3.17) 0.001 1.69 (1.08-2.66) 0.023
Third-born 7 75 0.88 (0.38—2.02) 0.762 0.62 (0.25-1.53) 03
Fourth-born or later 0 33 -
Presentation
Cephalic 92 547 1.00 1.00
Breech 8 220 0.22 (0.10-0.45) <0.001 0.25 (0.12—0.54) <0.001
Other 1 8 0.74 (0.09-6.01) 0.781 0.99 (0.12-8.16) 0.989
Unknown 0 2 -
Delivery
Spontaneous vaginal 47 291 1.00
Assisted vaginal 16 95 1.04 (0.56-1.92) 0.893
Breech 0 12 —
Elective caesarean delivery 20 193 0.64 (0.37-1.12) 0.116
Emergency caesarean delivery 18 186 0.60 (0.34-1.06) 0.08
Post-natal days in hospital
< 4 days 36 225 1.00
>4 days 65 552 0.74 (0.48-1.14) 0.168
Baby weight
<25008 6 24 1.92 (0.76—-4.83) 0.166
2500-3999¢g 87 668 1.00
>4000g 8 85 0.72 (0.34-1.54) 0.401
Gestation
<37 weeks 4 39 0.77 (0.27-2.22) 0.636
37—-41 weeks 97 734 1.00
> 42 weeks 0 4 —
Maternal age
<25 years 12 98 1.20 (0.57-2.52) 0.636
25—29 years 22 215 1.00
3034 years 44 280 1.54 (8.90—-2.64) 0.121
> 35 years 23 184 1.22 (0.66—-2.26) 0.525
*Multivariable logistic regression model including predictors with a trend to significance (P < 0.1), using backward selection. ¢
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ethnic group and late DDH; 91% of
babies with late DDH and 93% of
babies with early DDH were born to
mothers of European descent.

Thirty-one of the 101 children diag-
nosed with late DDH were success-
fully treated with splints alone. A
further 25 had a successful closed
reduction under general anaes-
thesia, with or without percutaneous
adductor tenotomy, between 3.5 and
22 months (mean age, 9.7 months;
standard deviation, 5.1 months). An
open surgical procedure was
required for 44 children. Seven pa-
tients required a second open
reduction to achieve a reduced hip,
and two patients underwent a third
open reduction. Thirty-seven pelvic
and 15 femoral osteotomies were
performed.

Discussion

The incidence of DDH diagnosed at
or after 3 months of age in babies
born in SA between 2003 and 2009
was 0.77 per 1000 live births,
comprising 11.5% of all DDH di-
agnoses. This has increased from
0.22 per 1000 live births, or 3.5% of
all DDH cases, for babies born
1988—2003.* There has been only a
minor increase in the overall inci-
dence of DDH, from 6.4 per 1000 live
births for 1988—2003 to 6.8 per 1000
live births for 2003—2009.

Fifty-two of the 101 late DDH cases
born between 2003 and 2009 were
children of walking age. This com-
pares with NSW data showing a
tenfold increase in hip dislocations
diagnosed in walking age children’
and a WA report of 17 patients diag-
nosed between the ages of 6 months
and 5 years during 2010.°

Late diagnosed DDH is considered a
significant public health issue because
late diagnosis and treatment is asso-
ciated with a lower likelihood of suc-
cess, higher rates of surgery, increased
complications (such as avascular
necrosis of the femoral head'”?), and
increased health care costs, including
those associated with hospital
admission, general anaesthesia, and
the fact that 44% of such patients
require major operative procedures.
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The increased incidence of late DDH
in Australia has occurred despite an
ongoing clinical screening program
that involves physical examination of
all babies at birth, at 6 weeks, and at 3,
6 and 12 months of age, as well as
increasing use of selective ultrasound
screening.”” This approach has been
used for patients with known risk
factors for DDH, such as breech pre-
sentation and a positive family his-
tory, and may be used where the
clinical examination is inconclu-
sive.”” The American Academy of
Pediatrics recommends routine ul-
trasound screening at 6 weeks of age
for girls born in the breech position,
with optional screening for breech
boys, as well as for girls with a family
history of DDH.” Our results support
previous findings® that selective ul-
trasound screening fails to prevent
the occurrence of late presenting
DDH patients, as the majority of ba-
bies requiring intervention are not
identified by the current criteria.

It is noteworthy that breech presen-
tation was protective, a finding that
corroborates previous SA data.” One
could speculate that this known risk
factor for DDH increases the physi-
cian’s awareness of the potential for
dysplasia and promotes extra care
when examining the baby. Another
risk factor for late DDH was being the
second child born to a mother. Clini-
cians should remain mindful that
DDH can occur in any child, and late
presentations occur in children
without traditional risk factors.

An increase in the number of late
DDH diagnoses has also been
observed in the United Kingdom,
North America and France;® ! it has
been attributed to external factors,
such as swaddling, as well as to
reduced clinical expertise in hip ex-
amination, and the lack of repeated
hip checks of children until walking
age.8

A systematic review has cast doubt
on the value of screening for DDH in
general, citing a lack of evidence for
benefits in long term functional out-
comes, as well as the risk of over-
treating.'”” This highlights the
challenges when making recom-
mendations for screening, with dif-
ferences in definitions, treatment

protocols and outcome measures
making conclusions difficult. DDH
encompasses a broad spectrum of
conditions, including neonatal clin-
ical instability, early ultrasound
dysplasia,'” and acetabular dysplasia
in adolescence or adulthood."”

Our study has several limitations. It
was a retrospective analysis of data
collected prospectively by the Preg-
nancy Outcome Statistics Unit, so
that other potential risk factors
described in the literature, including
family history, could not be analysed.
The analysis of the diagnosis of
dysplasia and its treatment was
retrospectively ~ performed by
retrieving medical records. The
severity of DDH was not graded, but
all late diagnosed DDH hips were
considered dislocated by the treating
clinician. Our study was limited to
South Australian data, and the inci-
dence and risk factors in other states
may be different.

The low published incidence rate of
late DDH in SA over a number of
years provides evidence that our
historical screening program was
successful.* The reasons for the cur-
rent increase in late diagnosed DDH
in SA and elsewhere are likely to be
multifactorial.

In the first instance, there is a need
for greater awareness of the
problem. Although there has been
significant concern within the
paediatric—orthopaedic community
about an increase in late DDH pre-
sentations,””® awareness of this
trend may not be widespread among
other practitioners involved in hip
screening and early child care. Web-
based advocacy groups have been
formed to promote awareness of hip
dysplasia and to provide educational
material and family support. These
include the International Hip
Dysplasia Institute'* and Australian
patient advocacy groups.'”'°

Most cases of DDH in SA are diag-
nosed clinically, and a high quality
clinical hip examination of newborns
by a competent examiner remains a
powerful tool. However, an early
neonatal hip examination that finds
nothing abnormal does not always
preclude DDH at a later follow-up.'”
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Early discharge from hospital is a risk
factor for late DDH in SA; previous
research found a higher incidence
when mother and child were dis-
charged less than 4 days after the
birth.* Our study found an association
when data were analysed continu-
ously rather than categorically,
possibly because a greater number of
mothers are now discharged less than
4 days after the birth. A potential
reason underlying this risk factor is
the reduced opportunity to examine a
compliant, relaxed baby before they
leave hospital.

Peaks in late DDH diagnoses occur at
ages 3 and 6 months (Box 2) in asso-
ciation with standard timings for
baby hip examinations, providing
further evidence of the value of
repeated clinical examination until
walking age.” Increased clinician
awareness of the importance of
repeated hip checks is required.

Possible reasons for the increased risk
of late DDH in babies born in the
country include the lack of resources
to ensure the availability of appro-
priate screening checks and reduced
clinical examination skills in practi-
tioners who routinely examine fewer
baby hips than practitioners in
busy metropolitan centres. Online
resources, such as the education
module developed by the Royal
Children’s Hospital in Melbourne,'®
may be particularly helpful for rural
practitioners involved in neonatal
care. General practitioners and other
relevant health professionals should
focus on a dedicated hip examination
as part of their general assessment of
rural babies. High quality physical
examination by a trained practitioner
remains the best tool for reducing the
incidence of late DDH.

There is abundant epidemiological
evidence for the negative effects on

hip development of wrapping, swad-
dling or carrying susceptible babies
with hips tightly adducted and
extended,'”'? as well as confirmatory
animal studies.”””" There is growing
concern among the orthopaedic fra-
ternity in North America, the UK and
Australia that a resurgence in the
popularity of swaddling, including
the increased use of “swaddling co-
coons” (which force the lower limbs
into extension), places children at risk
of late diagnosed DDH.>'"' This
increased popularity has occurred
following promotion of swaddling as
a technique for settling babies and for
reducing the risk of sudden infant
death syndrome.'” Although swad-
dling is more common in certain cul-
tures,'’ changes in immigration trends
in Australia are unlikely to account
significantly for the increase in late
DDH cases; in our study, only nine
babies with late DDH were born to
non-European mothers. Conversely,
childcare practices in some cultures
that encourage flexion and abduction
of newborn hips, such as baby-
wearing, are associated with low
rates of DDH.”> Advice regarding
healthy hip swaddling, as promoted
by the International Hip Dysplasia
Institute,'* should be provided to all
new parents and practices, including
advice about carrying babies with
hips flexed and abducted.

The increase in late DDH cases in
Australia and abroad contrasts with
the experience of centres that practise
universal ultrasound screening of all
neonates."? Evidence for the value of
universal ultrasound screening in-
cludes reduced rates of surgery,
hospitalisation, and late diagnoses in
screened children."” A variety of
ultrasound methods have been suc-
cessfully employed for screening,
and, although variation in inter-
pretation has been reported, this

tends to occur with degrees of
dysplasia of lesser clinical relevance.”
Arguments against universal ultra-
sound screening include variability in
technique and reporting, increased
follow-up, risk of overtreatment, and
the acknowledgement that many ab-
normalities detected by ultrasound
resolve spontaneously, particularly
in the presence of a normal clinical
examination.”* Additionally, late
dysplasia can still occur in patients
with a normal early screening ultra-
sound.” In SA, the previously low
published rates of late DDH could
be considered as evidence against
the need for universal ultrasound
screening, but further investigation is
warranted if late DDH rates remain
high despite the adoption of other
proposed strategies, including avoid-
ing lower limb wrapping.

In Japan, a systematic program of
public education that aimed to elimi-
nate the use of traditional swaddling,
together with education of medical
practitioners and the introduction of a
clinical screening program, was suc-
cessful in reducing the incidence of
infantile hip dysplasia from 5—6% to
less than 0.4%.”" We can therefore be
optimistic that the recent increase in
the incidence of late diagnosed
DDH can be reversed in SA and
other Australian states by increasing
awareness and education, and by
reducing childcare practices that may
be detrimental to hip development.
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