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Background and purpose — We aimed to establish the
incidence of late-detected developmental dysplasia of the
hip (DDH) with a selective ultrasound (US) examination
over 17 years using the femoral head coverage (FHC) as a
US measurement. The secondary aim was to establish the
everyday function using patient-reported outcome measures
(PROMs).

Patients and methods — The incidence of late-detected
DDH was based on 60,844 children. Patients diagnosed for
the first time after 3 months and before the age of 8 years
were included. In the second part of the study, consent to par-
ticipate was mandatory. PROMIS-25 Pediatric, PROMIS-25
Parent, and EQ-5D-5L were used according to the patient’s
age to assess everyday function.

Results — The incidence of late-detected DDH was
0.48/1,000. The median age at diagnosis was 8 months
(range 441 months), with a tendency to require repeated
treatment with open surgery if DDH was diagnosed later.
Most children reported no or minor health problems with a
mean of 18 years’ follow-up.

Conclusion — We found that selective US examination of
the hips by measuring the FHC is a reliable method to exam-
ine newborns for DDH resulting in a low incidence of late-
detected DDH amounting to 0.48/1,000 newborn children.

The incidence of late-detected cases is regarded as an impor-
tant marker for the quality of screening for developmental dys-
plasia of the hip (DDH). The introduction of ultrasonographic
hip examination has been a large step forward in attempts to
eradicate the condition. However, a study in 2019 found no
reduction in the incidence of late-detected DDH in England
over the last 35 years [1]. Another study reported that 20% of
the hips treated for late-detected DDH underwent a total hip
arthroplasty with 30 years of follow-up [2].

Two Norwegian randomized studies found no significant
reduction in late-detected DDH using universal US screening
versus selective screening [3,4]. Consequently, we have used
selective US examination since 1995.

There are 2 main screening regimes using ultrasound (US)
examination of the hip in newborns, either universal, for all
children, or selective, only for children at risk of having DDH.
Both methods aim for early diagnosis and treatment, and both
screening regimes have their supporters, but there is no con-
sensus on which approach is the best [4-6]. Universal screening
seems to result in some degree of overtreatment [3,4,6]. How-
ever, some authors claim that universal screening has reduced
the incidence of late-detected cases to virtually zero [5].

Since there is no consensus on whether to use selective or
universal US screening, the aim of our study was to describe
the incidence of late-detected DDH with 17 years of selec-
tive US screening. Furthermore, we wanted to report the func-
tional outcomes.

Patients and methods

All 60,844 children born between 1996 and 2012 at Trond-
heim university hospital were eligible for the first part of
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the study that described the incidence of late-detected DDH.
Children with syndromes or neuromuscular diseases were
excluded due to an increased risk of hip pathology. Addition-
ally, children treated for late-detected DDH at our university
hospital but with a residential address outside of our county
were excluded.

One of the most used definitions of late-detected DDH is
DDH diagnosed in children older than 3 months. We used this
as the lower age of inclusion [7]. The upper age of inclusion
was set to 8 years, which was similar to another comparable
study, and the ability of the acetabulum to remodel reduces
after 8 years [1,8].

The hospital patient administration system was used to
identify children within the determined age, treated for late-
detected DDH, and born between 1996 and 2012. The Interna-
tional Classification of Disease (ICD)-9 and ICD-10 diagnos-
ing codes and procedure codes were used in the search. The
study is reported according to STROBE guidelines.

For further examination of the functional outcome with
patient-reported outcome measures (PROMs), the patients or
caregivers provided consent. All patients identified in the first
part of the study were contacted by mail. Only those who had
provided consent were included in the second part. Further
data were then retrieved from their medical charts and from
our local registry of children examined for DDH. The regis-
try contained data regarding clinical and US findings, demo-
graphic data, birth length, presentation and weight, gestational
age, birth number, family history of DDH, sex, and Ortolani
and Barlow test results.

Screening of newborns

All newborns were examined by a pediatrician on the first
day of life, including Ortolani and Barlow test [9,10]. With
positive or doubtful Ortolani and/or Barlow tests, reduced
abduction, or one or more risk factors for DDH, the child was
referred to an orthopedic surgeon for a US hip examination.
The risk factors were having close relatives with DDH (par-
ents or siblings), breech presentation, and foot deformity [11].
The pediatric orthopedic surgeon conducted the US examina-
tion of the children before discharge from the maternity ward
(within 3 days after birth).

A Siemens Antares (Siemens AG, Munich, Germany) with
an 8—16 MHz probe was used, and since 2007, a GE Logic 7
(GE Healthcare, Milwaukee, WI, USA) with a similar probe
has been used. The US method has been described in detail
previously [12]. Femoral head coverage (FHC) of > 50% was
classified as normal, FHC of 40%—49% was classified as unsta-
ble, FHC of 30%—-39% was classified as subluxated, and FHC
of < 30% was classified as luxated (dislocated). With positive
Ortolani and/or Barlow test and FHC < 50%, we classified the
findings as DDH, and treatment was initiated (Figure 1).

Radiography of the pelvis, in addition to US examination,
was always used to diagnose late-detected DDH. In the fur-
ther follow-up of treated hips, radiography was the preferred

Figure 1. Ultrasound of a normal hip (left panel) with femoral head
coverage of (a/b) x 100% = 61% and a hip with DDH (right panel) with
femoral head coverage of (a/b) x 100% = 33%. IL = os ileum. Circle =
femoral head.

examination for both early- and late-detected DDH. For chil-
dren younger than 6-8 months, the US findings were used to
classify the hips. The hips of older children were classified by
radiography.

For a simplified classification, an acetabular index of < 30°
at 1 year of age was classified as normal, and an acetabular
index of < 24° and a center—edge angle of = 15° at 5 years
were classified as normal [13,14].

The hip joint was classified as dislocated if there was no
contact between the articular surfaces [15]. In addition, the
radiographs were examined for avascular necrosis (AVN)
of the femoral head and classified according to the Bucholz
Ogden classification [16].

US is a dynamic examination, and pathologic hips were
classified into 3 categories: unstable, subluxated, or luxated.
Older children were diagnosed by radiography, a static exami-
nation. Pathologic hips were classified to either subluxated
or luxated. Since the introduction of US the US devices have
markedly improved, and today we use US for even older chil-
dren than previously (< 8 months), and thereby reduce radia-
tion exposure.

Treatment and follow-up

Children diagnosed with late-detected DDH were treated
with abduction orthosis, casting, and closed or open reduc-
tion, with or without soft tissue and/or bony procedures. Skin
traction was often used prior to the main procedure in the
long-persisting cases. However, all treatments were individu-
alized according to the level of DDH, the child’s age, and the
response to the treatment initiated. Some children treated with
only abduction orthosis and those who achieved early normal-
ization of the hips were followed up until 5 years of age. Most
patients were followed up until skeletal maturity.

Functional outcomes

The results of PROMs of everyday function of children with
hip pathology have not frequently been reported [17]. We used
age-specific PROMs to describe the function of children and
young adults with late-detected DDH. The patients and care-
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givers who agreed to participate in the study filled out age-
specific questionnaires. All forms were translated into their
first language, Norwegian.

Children aged 8 and up to 16 years filled out a 25-item
PROM, the PROMIS-25 Pediatric, and their parents or care-
givers completed the PROMIS-25 Pediatric Family Relation-
ships measure [18]. These are generic and not disease-spe-
cific questionnaires. In the first part, 6 items were examined
(mobility, anxiety, depression, fatigue, peer relationships, and
pain). The score has a range of 4-20, with 20 being the best for
mobility and peer relationships. A score of 4 is the best in the
other categories. A T-score is also presented, where 50 is the
average score of an age-matched population [19]. A score < 50
represents less anxiety, depression, fatigue, and pain than the
average population, and a score > 50 represents more mobility
and better peer relationships than the average population. In
the second part, the pain intensity was rated from O (no pain)
to 10 (worst pain).

Patients aged 16 years and older filled out the 2-part ques-
tionnaire EQ-5D-5L, which is also a generic questionnaire
[20]. The first part assessed the patients’ health in 5 dimen-
sions (mobility, self-care, usual activities, pain/discomfort,
and anxiety/depression), rated from 1 (no problem) to 5
(extreme problems). In the second part, a visual analog scale
(VAS) was used, where the patient rated their perceived health
from 0 (worst) to 100 (best).

Statistics

The statistical calculations were performed with the SPSS
statistical software released in 2020 (IBM SPSS Statistics
for Windows, Version 27.0, IBM Corp, Armonk, NY, USA).
Results were presented with descriptive statistics of the mean,
median, standard deviation (SD), and ranges (min—max). The
results in the questionnaires are presented descriptively as the
sample size is small.

Ethics, funding, and disclosures

The study was approved by the Regional Committee Central
for Medical Health Research Ethics (Dnr 2016/1161). The
children and parents included were given written information
on the study and patients or parents signed consent for partici-
pation in the study. @H received a PhD scholarship from the
local hospital trust. None of the authors had any financial ben-
efit from the paper. No benefits in any form have been received
or will be received from a commercial party related directly or
indirectly to the subject of this article. Completed disclosure
forms for this article following the ICMIJE template are avail-
able on the article page, doi: 10.2340/17453674.2023.24578

Results

60,817 children, born in Norway during 1996-2012 were
included, and 8,709 (14%) newborns were examined with US

Children born between 1996 and 2012
at Trondheim university hospital
n = 60,844

Excluded
Children with syndromes or neuromuscular diseases
or with a residential address outside of our county
n=27

Included in the study cohort (n = 60,817):
- clinically examined, 52,108
- cinically and US examined, 8,709

I
Children with late-detected DDH
n=29

Figure 2. Patient flowchart. US = ultrasound. DDH = developmental
dysplasia of the hip.

during these 17 years. 29 children were diagnosed with late-
detected DDH, providing an incidence of 0.48/1,000 among
newborn children (Figure 2). The median age at diagnosis was
8.0 months (range 4—41 months). 4 patients were boys, and 25
patients were girls. The mean time of follow-up after diagno-
sis was 18 years (SD 4.3, range 9-25 years). 3 children had
a US examination at birth classified as normal. The US was
conducted due to risk factors, i.e., 1 case of a close relative
with DDH, 1 case of breech presentation, and 1 case of a close
relative and breech presentation. The FHC (right/left hip) was,
respectively, 55/54%, 60/58%, and 59/58% and classified as
normal.

All 29 included patients gave consent to examine their med-
ical charts and radiographs and were also requested to submit
PROMs and 24 did so.

12 had right-sided, 17 left-sided, and no patients had bilateral
late-detected DDH. Of the hips diagnosed before 12 months,
5 were luxated and 16 were subluxated. Of the hips diagnosed
after 12 months, all 8 were luxated. 3 children had AVN, 1
patient had stage 2 AVN in the treated hip diagnosed at 6 years
(treated with open reduction and casting), 1 patient had stage
1 AVN in the contralateral hip diagnosed at 18 months, and 1
patient had stage 1 AVN in the treated hip for DDH diagnosed
at 30 months.

6 children were diagnosed with late-detected DDH because
the parents raised the question. 16 children were diagnosed
due to suspicion at the regular examination by the primary
healthcare providers, 6 children were diagnosed with unknown
or missing information in the medical chart, and 1 child was
diagnosed incidentally. The reason for referral was either stift-
ness in a hip or limping gait. 7 children had a risk factor for
DDH, but only 3 of them were examined by US at birth. The 4
children missed in the screening were 2 children with breech
birth, 1 with close relatives treated for DDH, and 1 with a foot
deformity.

The treatment given comprised orthosis only for 12 chil-
dren, and all were younger than 12 months when DDH was
first diagnosed. 9 children required repeated treatment, and 6
of these were treated with surgery. Those treated with surgery
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Table 1. Treatment given for late-detected DDH

Table 2. PROMIS-25 Pediatric and PROMIS-25 Parent score (n = 6)

A B C D E F G H | J K Mean (range) T-score
1 L 4 X X X PROMIS-25 Pediatric score

2 R 4 X X X Mobility 20 (19-20) 56

3 L 5 1+2 x X X Anxiety 4 (4-4) 36

4 R 5 X X Depression 5 (4-7) 42

5 L 6 X Fatigue 5 (4-8) 38

6 L 6 X X Peer relationships 19 (18-20) 58

7 L 6 X Pain 6 (4-14) 42

8 R 6 X PROMIS-25 Parent score

9 R 7 X X X Mobility 20 (19-20) 56

10 R 7 1 X Anxiety 4 (4-4) 36

11 L 7 X Depression 5 (4-6) 40

12 L 7 X Fatigue 4 (4-5) 36

13 L 8 1 X X X Peer relationships 20 (19-20) 59

14 R 8 X X Pain 6 (4—14) 42

15 L 8 X X

16 R 8 X

17 L 8 X

18 R 8 X Table 3. Frequencies of self-reported health profiles on EQ-5D-5L
19 L 8 X (N=18)

20 R 9 2 X X X X X

21 L 9 X

22 L 12 3 X X X X Items No Slight Moderate Severe Extreme
23 R 14 X X X X X

24 L 15 X X X X Mobility 10 5 3 0 0
25 L 17 X X X Self-care 15 2 1 0 0
26 L 17 X X X 2X Usual activities 12 4 1 1 0
27 R 18 X X X Pain/discomfort 6 6 4 2 0
28 L 21 2 X X X 2x Anxiety/depression 10 5 2 1 0
29 R 41 1 X X X

A. Patients ranged according to age when diagnosed with DDH.
B. Side: L — left; R —right
C. Age in months when DDH was diagnosed.
D. Risk of DHH
1: Close relatives
2: Breech.
3: Foot deformity.
E. Ultrasound
F. Dislocation
G.Avascular necrosis of the femoral head during follow-up
H. Children initially treated with either a Frejka pillow or an abduction
orthosis
I. Skin traction
J. Casting
K. Surgery, 2 children required repeated surgery

were 12 months or older when DDH was first diagnosed. 12
children were treated with skin traction before casting. The
treatments given are presented in Table 1.

6 children and caregivers filled out PROMIS-25 Pediatric
and PROMIS-25 Parent, respectively (Table 2). The mean age
at follow-up for these patients was 13 years and all of them
were girls. The mean score for pain intensity during the last 7
days was 0.7 for both children and caregivers.

18 patients filled out the EQ-5D-5L questionnaire. The
mean age was 21 years at follow-up; 4 were boys and 14 were
girls. The results are presented in Table 3. The mean EQ-VAS
score was 74 (SD 19, range 30-100).

Discussion

We aimed to establish the incidence of late-detected DDH and
found it to be 0.48/1,000 newborns after selective US screening.

The incidence of late-detected DDH is regarded as an
important marker for the quality of screening for DDH. Before
our hospital included US as part of the screening regime, the
incidence of late-detected DDH was 2.6/1,000 [21]. Shortly
after the introduction of US in the mid-1980s, the incidence
decreased to 0.65/1000 [22]. Both studies defined late-detected
DDH as DDH diagnosed 1 month after birth.

Many countries perform selective US screening of chil-
dren to diagnose DDH, as in Norway, but with no consen-
sus on whether universal or selective US screening is the
best method. A recent systematic review and meta-analysis
compared universal and selective screening, reporting a sig-
nificantly increased treatment rate for those using universal
screening with no significant difference in the rate of late-
detected DDH and operative treatment between the 2 methods
[6]. Universal US screening might detect more DDH cases,
but cost-effectiveness studies have not identified an advantage
with universal screening [23,24].

Studies have described hips with borderline pathology on US
at birth often spontaneously resolving within the first months
of life [22,25]. As a consequence, the timing of US examina-
tion has been altered to decrease the number of false-positive
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cases. We now conduct US examination of children with only
arisk factor for DDH at 4 weeks after birth [26]. Children with
pathologic or borderline clinical findings at birth are examined
with US before departure from the hospital.

With several definitions of late-detected DDH, e.g., DDH
diagnosed 3, 6, or 12 months after birth, comparing results can
be difficult [1,21,27]. Setting the lower age for late-detected
DDH can have a large impact on the incidence of late-detected
cases. Studies defining 3 months as the lower threshold for
late-detected DDH have reported an incidence of 0.57/1,000,
0.28/1,000, and 0.15/1,000, respectively [7,28,29]. Another
study reported an incidence of 0.2/1,000 with late-detected
DDH using 6 months of age as the threshold value [27], while
a further study reported an incidence of 1.28/1,000 with 1 year
of age as the threshold [1]. In general, studies of late-detected
DDH include a small sample size; consequently, only a few
cases will have a large impact on the reported incidence.

Selective screening carries the risk of losing children who
should have been included.

We emphasize that all children with a risk factor for DDH
must be examined with US of their hips. Safe selective screen-
ing depends on reliable screening routines. Because 4 chil-
dren with late-detected DDH were missed, we have since then
improved our screening routines.

Late-detected DDH may be a separate entity and thereby
in need of a different approach for diagnosis [30,31]. Recent
studies have described promising results with genetic analy-
ses, and, it is hoped, the incidence of late-detected cases can
be decreased in the future [32,33].

The later DDH is diagnosed and treatment initiated, the
worse the prognosis for the hip [2]. A possible trend towards a
worse prognosis has been suggested after 18 months [34,35].
In our study, the median age of the children diagnosed with
late-detected DDH was 8 months. We found that a threshold
for requiring more comprehensive treatment more likely to be
at 12 months when DDH is first diagnosed. Interestingly, the
majority of children with a dislocated hip were diagnosed late.
We do not have a good explanation for this observation, but
it is reasonable to believe that a more severe condition should
have been diagnosed earlier.

Limitations

To report the clinical outcome of children with late-detected
DDH we used generic questionnaires. The reason was that hip
diseases would probably negatively influence their quality of
life [17]. Reported problems in everyday life also could be
due to other health conditions, as the questionnaires are not
organ- or disease-specific. The overall impression is that most
patients had minor problems at follow-up.

This retrospective study has limitations due to the poten-
tial loss of cases. We made an effort to reduce the risk as we
searched with diagnosis and procedure codes in the hospital
patient administration system, including the outpatient charts.
The number of children with a milder degree of late-detected

DDH could be higher as we do not know whether there were
more missing asymptomatic cases during the first 8 years of
life. Due to a small number of late-detected cases we have
chosen not to perform subanalyses.

Conclusion

We found that selective US examination of the hips by mea-
suring the FHC is a reliable method to examine newborns
for DDH resulting in a low incidence of late-detected DDH
amounting to 0.48/1,000 newborn children.
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