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WHAT’S KNOWN ON THIS SUBJECT: Recent observational and
small randomized studies have indicated that active surveillance
in stable but mildly dysplastic hips is appropriate in newborns;
however, data have been lacking on accurate radiological
outcomes.
WHAT THIS STUDY ADDS: We report the long-term outcomes of
watchful waiting for mild hip dysplasia.
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abstract

ABBREVIATIONS
AI—acetabular index
AVN—avascular necrosis
DDH— developmental dysplasia of the hip

OBJECTIVE: We conducted a blinded, randomized, controlled trial to
examine whether mildly dysplastic but stable or instable hips would
beneﬁt from early treatment, as compared with watchful waiting.
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PATIENTS AND METHODS: A total of 128 newborns with mild hip dysplasia (sonographic inclination angle [␣ angle] of 43°– 49°) and stable
or instable but not dislocatable hips were randomly assigned to receive either 6 weeks of abduction treatment (immediate-treatment
group) or follow-up alone (active-sonographic-surveillance group). The
main outcome measurement was the acetabular inclination angle,
measured by radiograph, at 1 year of age.
RESULTS: Both groups included 64 newborns, and there was no loss to
follow-up. With the exception of a small but statistically signiﬁcant
excess of girls in the active-sonographic-surveillance group, there
were no statistically signiﬁcant differences in baseline characteristics
between the 2 groups. The mean inclination angle at 12 months was
24.2° for both groups (difference: 0.1 [95% conﬁdence interval (CI):
⫺0.8 to 0.9]), and all children had improved and were without treatment. The mean ␣ angle was 59.7° in the treatment group and 57.1° in
the active-surveillance group for a difference of 2.6° evaluated after 1.5
and 3 months (95% CI: 1.8 to 3.4; P ⬍ .001). At 1.5 months of age, the hips
had improved in all treated children but not in 5 children under active
surveillance (P ⫽ .06). Among the sonographic-surveillance group, 47%
received treatment after the initial surveillance period of 1.5 months.
CONCLUSIONS: Active-sonographic-surveillance halved the number of
children requiring treatment, did not increase the duration of treatment, and yielded similar results at 1-year follow-up. Given a reported
prevalence of 1.3% for mildly dysplastic but stable hips, a strategy of
active surveillance would reduce the overall treatment rate by 0.6%.
Our results may have important implications for families as well as for
health care costs. Pediatrics 2010;125:e9–e16

PEDIATRICS Volume 125, Number 1, January 2010

Downloaded from by guest on September 24, 2016

e9

Developmental dysplasia of the hip
(DDH) is the most common musculoskeletal disorder in infancy and varies
in severity, ranging from neonatal hip
instability with or without associated
acetabular dysplasia to irreducible
dislocation.1 In its severe form and
even with surgical treatment, DDH results in shortening of the affected leg
and early osteoarthritis. Clinical tests
for DDH were described by Le Damany
and Saiget2 in 1910, Ortolani3 in 1937,
Marx4 in 1938, Palmen5 in 1961, and
Barlow6 in 1962. Although newborn
screening programs based on the Ortolani3 and Barlow6 tests were introduced in the 1950s and 1960s with
early abduction splinting in 2% of
patients who tested positive,7–9 the
prevalence of late cases warranting
surgery has remained stable, at approximately 1 per 1000.10–12 Consequently, ultrasound has been introduced as an additional diagnostic
test,13 and ultrasound screening is currently offered to all newborns in Austria and Germany14,15 and to newborns
with selected risk factors in the
United Kingdom, Scandinavia, Italy,
and France.16–22 These variations reﬂect the uncertain evidence base for
DDH screening policies, including
that for treatment effectiveness, as
highlighted in 2 recent systematic
reviews.23,24
These differences are important, because 5% to 7% of all newborns are
treated after universal ultrasound
screening, compared to 2% of newborns treated with clinical screening
alone.15,25,26 This increase in abduction
splinting treatment is partly due to the
initiation of treatment of infants in
whom mild, stable hip dysplasia has
been identiﬁed. Furthermore, abduction splinting is not without risk, with
avascular necrosis (AVN) being reported in approximately 2% of those
patients being referred before the
age of 2 months.24,27,28 Although the
e10
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FIGURE 1
Routine management of infants undergoing a neonatal hip screening at Haukeland University Hospital
during the trial. a Family history in 1 or more ﬁrst-degree relatives or 2 or more second-degree
relatives.

justiﬁcation for such treatment has
been questioned, randomized trials
to inform clinical practice have been
lacking.23,24
We aimed to determine whether active
sonographic surveillance would reduce the likelihood of abduction splinting treatment without increasing the
risk of persistent or more severe dysplasia in later infancy.

PATIENTS AND METHODS
Participants
Participants recruited were healthy
term newborns born at the maternity
unit at Haukeland University Hospital,
Bergen, Norway, from February 1998 to
April 2003. Infants were eligible if mild

dysplasia in 1 or both hips was identiﬁed on hip ultrasound. This ultrasound
is routinely undertaken at Haukeland
University Hospital after either the detection of clinical hip instability or the
identiﬁcation of other risk factors for
DDH (breech presentation at delivery,
or ﬁrst- or second-degree family history of DDH) recognized at the newborn screening examination (Fig 1).
The current practice is to review infants with mild dysplasia at 6 weeks of
age before initiating any treatment. Infants with dislocated, dislocatable, or
severely dysplastic hips were excluded
from this study because these infants
warrant immediate treatment. We also
excluded those who weighed ⬍2.5 kg
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FIGURE 2

Graf’s standard coronal section through the deepest part of the acetabulum illustrating key structures (A), the ␣ angle (B), and the femoral head
coverage (C).

at birth or with major congenital
anomalies.
Newborn screening examinations
were undertaken at 1 to 3 days of age
by 1 of 8 physicians, who all had at
least 2 years’ pediatric experience.
Each hip was classiﬁed as either stable, instable (signiﬁcant movement of
the femoral head but not dislocatable),
dislocatable (femoral head moves
completely out of the acetabulum
during the Barlow maneuver), or
dislocated.
Ultrasound examinations were performed the following day at the maternity unit by 1 of 3 senior pediatric radiologists, who used a GE RT200 machine
and a linear 5-MHz transducer (General Electric, Munchen, Germany). Hip
morphology and stability were assessed separately in each hip by using
a modiﬁed Graf technique to measure
the ␣ angle (Fig 2).29,30 The ␣ angle is a
measure of acetabular depth and was
used to classify each hip as either normal (␣ ⱖ60°), immature (50° ⱕ ␣ ⬍
60°), mildly dysplastic (43° ⱕ ␣ ⬍ 50°),
or severely dysplastic (␣ ⬍ 43°) (Fig
3). Hip stability was assessed sonographically by performing a maneuver
similar to the Barlow test with the infant in a lateral position, and each hip
was classiﬁed as stable, instable, dislocatable, or dislocated.
Mothers of eligible infants identiﬁed at
ultrasound in the maternity unit were
PEDIATRICS Volume 125, Number 1, January 2010

FIGURE 3
Rosendahl’s modiﬁcation of the Graf classiﬁcation based on the standard coronal section: A, normal,
␣ ⱖ60°; B, immature, 50°ⱕ ␣ ⬍60°; C, mild dysplasia 43°ⱕ ␣ ⬍50°; D, signiﬁcant dysplasia, ␣ ⬍43°.

given written information about the trial
by the same senior pediatric radiologist,
and written informed consent was obtained according to our institutional
guidelines. The study was approved by
the Medical Research Ethics Committee
of the Western Region of Norway.
Once recruited, infants were referred
to the pediatric outpatient department, where an experienced pediatric
radiologist (Dr Rosendahl) performed
another ultrasound examination by using a high-resolution ultrasound machine (Acuson XP or ATL HDI 5000, linear 5–10/12 MHz transducer) to
conﬁrm sonographic mild dysplasia. A
clinical reexamination was undertaken by 1 of 4 senior pediatricians.
Interventions
Infants with persistent mild stable dysplasia were then randomly assigned to
receive either immediate abduction
splinting treatment for at least 6
weeks using a Frejka pillow splint with
sonographic follow-up (immediate-
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treatment group) or to receive active
sonographic surveillance but no treatment before 6 weeks of age (activesonographic-surveillance group). A
statistician (Dr Lie) performed the randomization as 1 single block by using a
computerized random-number generator, and group assignments were put in
opaque, sealed, and numbered envelopes. With the parent present but the
radiologist absent, a senior nurse
opened the envelopes in numerical sequence for each infant at the outpatient
clinic.
The treatment protocols included a
speciﬁc plan for discontinuing or initiating abduction treatment after 6
weeks of age as appropriate in each
group. Thus, infants allocated to the
immediate-treatment group were ﬁtted with a Frejka pillow splint, with review at 2 to 3 weeks of age for ﬁtting
and adjustment, and at 6 weeks and 3
months for hip ultrasounds. Treatment
was to be discontinued for those pae11

tients with an ␣ angle of ⬎53° at 6
weeks or ⱖ55° at 3 months. A study
coordinator was responsible for managing appointments and following up
with nonattendees.
Infants allocated to the activesonographic-surveillance group were
ﬁrst reviewed at 6 weeks of age and
again at 3 months, with hip ultrasounds performed on both occasions.
Abduction splinting was not to be
started before 6 weeks of age but was
to be initiated after 6 weeks for those
patients with persistent dysplasia, as
indicated by an ␣ angle of ⬍50° at 6
weeks or ⬍55° at 3 months.
The same pediatric radiologist performed the majority (80%) of follow-up
ultrasound examinations, and 2 other
pediatric radiologists performed the remainder. All treated infants had their abduction splinting device removed before
entering the radiology department for
imaging. In addition, parents were instructed not to discuss their child’s
treatment with the radiologists to ensure that the radiologists were blinded
to the intervention assigned.
If treatment was to be continued beyond 3 months in either group, the
Frejka pillow splint was replaced with
a simple, custom-ﬁtted plastic cast that
provided better support for the hips.
Treatment was only discontinued when
the ␣ angle was normal (ⱖ60°), or the
acetabular index (AI), assessed by standardized anteroposterior pelvic radiographs at 6 months of age, was within
2 SDs of the reference values for age
published by Tönnis and Brunken31
(⬍35° at age 4.5 months [mean: 25°],
⬍33° at age 5 to 6 months [mean 24°],
and ⬍30° at age 7 to 12 months [mean:
23°]) (Fig 4). Similar to the Frejka pillow splint, the plastic cast was simple
to use, and could be removed easily to
facilitate diaper changes.
In this trial we tested the hypothesis
that acetabular depth at 1 year of
age would be greater in infants ase12
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FIGURE 4
On the basis of the AI, the hips were radiographically classiﬁed as normal (A), having delayed acetabular ossiﬁcation (B), or dysplastic (C).

signed to immediate treatment than
in those assigned to active sonographic surveillance.

(AI ⬎ 2 SD), according to the classiﬁcation system used by Tönnis and
Brunken31(Fig 4).

Primary Outcome

Statistical Analysis

The main aim of abduction splinting
treatment for DDH is to ensure that the
hip is functionally unimpaired at skeletal maturity, speciﬁcally through promoting normal acetabular development by ensuring hip stability and
concentric location of the femoral
head within the acetabulum. Because
it was not feasible to specify outcomes
at skeletal maturity for this trial and
hip function at this age is not a reliable
indicator of longer-term hip function,
we selected the radiologic appearance
of the hip at the end of the ﬁrst year of
life as a primary outcome. Speciﬁcally,
we used the AI (Fig 4), assessed from
anteroposterior pelvic radiographs
obtained with the child lying supine,
with the thighs parallel and slightly elevated to avoid hip adduction and a
pelvic tilt (in the sagittal plane).

We assumed that a 3° difference in the
AI between the 2 groups was clinically
important at 1 year of age, which represented approximately 1 normal SD
at this age.10 A sample size of 128 patients would have 80% power to detect
a difference signiﬁcant at the 5% level,
and the size was increased to 140 participants in anticipation of a 10% loss
to follow-up.

All AI measurements were repeated by
a fourth experienced radiologist (Dr
Aase) who was blinded to the study
group and previous ﬁndings and had
not been involved in ultrasound assessments. On the basis of the AI, the
hips were classiﬁed as normal (AI
within 1 SD), acetabular ossiﬁcation
delay (1 SD ⬍ AI ⬍ 2 SD), or dysplasia

All analyses compared the immediatetreatment and active-sonographicsurveillance groups on an intentionto-treat basis. We used t tests to
compare continuous variables at baseline with 2 or exact tests when appropriate. Both hips of each child were
measured at several time points during the follow-up. In models estimating
the difference in mean ␣ angle during
the follow-up period between the
immediate-treatment group and the
active-surveillance group, random effects were used to account for correlations between the right and left hips
and between subsequent follow-up observations of the same child. To look
for consistency with the overall results, we also performed analyses that
included only the initially worse hip
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treatment was restarted on 5 infants
for whom splinting had been discontinued at 6 weeks because pelvic radiographs revealed the presence of
dysplasia as deﬁned by an AI of ⬎2
SDs above the mean. All 5 infants had
discontinued treatment by 1 year of
age.

FIGURE 5
Flow of participants through the trial as shown in CONSORT (Consolidated Standards of Reporting
Trials) format.

of each child and for each time point
during follow-up. All analyses were
adjusted for gender. The statistical
analyses were performed using the xtmixed program in Stata 9 (Stata Corp
LP, College Station, TX). All signiﬁcance
tests were 2 sided.

ued in 40 participants in whom the ␣
angle was ⱕ53°. At 3 months of age,
treatment was continued for an additional 2 weeks for 5 infants in whom
the ␣ angle was ⬍55°. At 6 months,

Figure 5 summarizes the ﬂow of patients through the trial.32,33 There was a
small but statistically signiﬁcant excess of girls in the active surveillance
group, but with that exception no statistically signiﬁcant differences in
baseline characteristics between the 2
groups (Table 1).
All infants in the immediate-treatment
group were treated according to the
protocol, and none were lost to followup. At 6 weeks of age, treatment was
discontinued in 24 infants and continPEDIATRICS Volume 125, Number 1, January 2010

The median treatment duration was 12
weeks (range: 6 –24 weeks) in both
the immediate-treatment and activesonographic-surveillance groups (Fig

TABLE 1 Baseline Characteristics According to Treatment Allocation

RESULTS
Patients

All infants in the active-sonographicsurveillance group were treated according to the protocol. No infants in
this group received abduction splinting treatment before 6 weeks of age,
and none were lost to follow-up. With
the exception of 1 infant who was reviewed at 8 weeks, all patients were
examined at 6 weeks of age. Abduction
splinting was initiated for 12 infants in
whom the ␣ angle was ⬍50°, for an
additional 12 infants in whom the ␣ angle was ⱕ55° at the 3-month review,
and for 1 infant who was seen at 10
weeks. At 6 months, treatment was initiated for the ﬁrst time in 5 infants in
whom the AI was ⬎2 SDs above the
mean. All 5 infants had discontinued
treatment by 1 year of age.

Characteristic

Immediate-Treatment
Group (n ⫽ 64)

Active-Surveillance
Group (n ⫽ 64)

Girls, n (%)
Birth weight, mean (SD), g
Family history of DDH, n (%)
ⱖ1 ﬁrst- degree relative
ⱖ2 second-degree relative
Breech presentation at delivery
Findings on ﬁrst clinical examination, n (%)
At least 1 instable hip
Bilateral instable hips
Hip instability on clinical reexamination, n (%)
At least 1 hip
Both hips
Sonographic hip instability, n (%)
At least 1 hip
Both hips
Acetabular morphology
␣ angle worse hip, mean (SD), °

43 (67)
3686 (465)

54 (84)a
3758 (529)

23 (36)
6 (9)
8 (13)

23 (36)
10 (16)
6 (9)

18 (28)
7 (10.9)

14 (22)
7 (10.9)

14 (22)
7 (11.5)

13 (20)
9 (14.5)

52 (81)
31 (48.4)

45 (70)
30 (46.9)

47.0 (1.7)

47.0 (1.8)

a

P ⫽ .04.
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DISCUSSION
100

We have shown that active sonographic surveillance of infants with
stable but mildly dysplastic hips can
reduce use of abduction splinting
treatment without increasing the risk
of persistent or more severe dysplasia. Although early splinting led to
more rapid and consistent improvement, active surveillance and treatment of those patients who did not improve spontaneously (45.3%) did not
increase the proportion of children
with delayed acetabular ossiﬁcation
(30%) or persistent dysplasia (8%) at 1
year of age. The duration of treatment
was also similar for the 2 groups. To
our knowledge, this work is the largest
randomized trial to evaluate treatment
for mild sonographic dysplasia.24,34

Immediate treatment
80

Percent

60

40

Active surveillence
20

0
0

2

4

6

8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52

Weeks of abduction treatment

FIGURE 6
The time course of treatment discontinuation and initiation in each of the groups.

TABLE 2 The Effect of Treatment on AI (radiography) and on ␣ Angle (ultrasound) at Various Times
of Follow-up
Primary End
Point, °

Immediate-Treatment
Group (n ⫽ 64),
Mean (SE)a

Active-Surveillance
Group (n ⫽ 64),
Mean (SE)a

Treatment Effect
(95% CI)b

Pb

AI, 12 mo
␣ angle, 1.5 mo
␣ angle, 3 mo
AI, 6 mo

24.2 (0.40)
58.4 (0.48)
61.0 (0.49)
24.2 (0.38)

24.2 (0.40)
55.2 (0.51
59.0 (0.48)
24.7 (0.42)

0.1 (⫺0.8 to 0.9)
3.2 (2.1 to 4.4)
2.0 (0.9 to 3.1)
⫺0.4 (⫺1.3 to 0.4)

.82
⬍.001
⬍.001
.32

a

Robust estimate accounting for correlated observations of hips of the same child.
Estimated from original measurements by using random-effects models accounting for the correlation of hips from each
child. The analyses were adjusted for gender.

b

6). There were no gender differences
in treatment duration. Over the period
of follow-up, no complications of treatment were observed, and none of the
children developed abnormal clinical
ﬁndings on hip examination.
At 6 weeks, the mean ␣ angle was 3.2°
higher for the infants treated from birth
(95% CI: 2.1 to 4.4; P ⬍ .001) (Table 2). The
difference in mean was consistent at 3
months (2.0°, 95% CI: 0.9 to 3.1; P ⬍ .001).
Similar ﬁndings were observed when
the analysis was restricted to the initially
worse hip (data not shown).
At 1 year of age, there were no differences in AI between the 2 groups (Table
e14
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2). Overall, 47% (29 infants) in the activesonographic-surveillance group received treatment compared with 100% in
the immediate-treatment group (Fig
6). In the immediate-treatment and
active-surveillance groups, 38 and 40
infants had radiologically normal hips
at 12 months of age, whereas 19 and 20
had radiologic evidence of delayed ossiﬁcation, and 7 and 4 had at least 1
dysplastic hip, respectively. None of
the participants’ hips were subluxated
or dislocated.
No differences according to gender
were found for either of the measurements performed (data not shown).

The strengths of our study include the
robust ultrasound method used, the
high level of adherence to protocols,
high compliance, and the randomized
and blinded design. We have previously
shown that the combined static and
dynamic ultrasound technique used,
with measurement of an acetabular inclination (␣) angle from a standardized coronal section, has moderate repeatability.30 Only a few such studies
addressing interexamination as compared to interreader repeatability
alone have been published.30,35–39 Most
of those studies addressed techniques
using Graf’s standard section as a basis for measurements, be it the ␣ angle30,35,37,38 or the femoral head coverage36 (Fig 2), whereas studies on hip
stability alone have been rare.39 The ␣
angle is the only marker for acetabular
dysplasia for which all measurement
points are ﬁxed, favoring this measurement over the femoral head coverage, particularly in the assessment of
instable hips.
A slightly higher number of girls in
the active-surveillance group is
likely to be random, and subsequent
analyses were therefore adjusted for
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gender, although no differences in
either AI or ␣ angles were found between genders at follow-up. Because
the parents could not be blinded to
the intervention allocation, it is possible that they could have disclosed
this information to the staff responsible for taking the outcome radiograph; however, because the reporting radiologist was blinded to
allocation and had no direct contact
with families, we consider the outcome assessments to be unbiased.
Previous studies have shown that most
immature acetabular resolve physiologically during the ﬁrst weeks of life,
and that the acetabular inclination as
measured by the ␣ angle reaches a
plateau after 2 to 3 months of age.10,40
Our results are consistent with these
observations and also demonstrate
that acetabular maturation accelerates if treatment is given during the
ﬁrst 6 weeks of life. Although 5 infants
under active surveillance in this study
deteriorated from birth to 6 weeks of
age, rapid improvement was seen after the treatment was initiated. Interestingly, acetabular maturation was
not different for the 2 groups by 12
months of age. Residual immaturity as
measured by the AI was, however,
demonstrated in more than one third
of the patients.31
Our results support observations
made by Sampath et al41 in a study that
included 35 infants with stable, but
mildly dysplastic hips. All but 2 in-

fants improved without treatment
and none required surgical intervention (follow-up was not noted). Wood et
al34 used a randomized design to examine the effect of 6 weeks of early treatment in 44 infants (29 girls) with dysplastic but stable hips who presented
at the age of 2 to 6 weeks. Although the
femoral head coverage as measured
by ultrasound increased from an average of 32.8% to 54.3% in the splinted
group during the ﬁrst 3 months compared to 36.7% to 48.6% in the unsplinted group, there was no difference in AI by 3 months and 2 years of
age. It is reasonable to believe that a
low femoral head coverage of 32% in
stable hips corresponds to mild dysplasia as assessed by an ␣ angle of 43°
to 50°.42 Neither of the 2 studies reported details of the ﬁnal AIs; the researchers reported only that they
were within the “normal range” for the
children’s age.

not seen in any infant. On the other
hand, treatment initiated after 2
months of age is associated with
higher rates of AVN, up to 11% according to a recent meta-analysis.28 It is
recognized that abduction splinting
immobilizes the infant, impedes daily
care, and might, therefore, interfere
with the relationship between infants
and their carers.43 Of interest is the
fact that watchful waiting resulted in
later treatment as well as less treatment, potentially allowing mothers
time to care for their infants and establish breastfeeding. Conversely, delaying treatment may limit an increasingly mobile child. We were unable to
assess these more qualitative but important outcomes in this trial. However, the decision to treat should take
into account the positive and negative
effects of treatment from a variety of
perspectives.

The threshold for initiating or continuing treatment at 6 weeks of age or
later was not clearly justiﬁed by any
established risks of later dysplasia or
dislocation. This result reﬂected a low
threshold for treatment that is generally considered more acceptable in
early infancy despite the small risk of
AVN, which is typically reported in 2%
of treated infants after early referral.28
Our study lacked power to compare
complication rates between the 2
groups. Furthermore, there has been
an insufﬁcient duration of follow-up to
comment on the risk of AVN, which was

CONCLUSIONS
Although universal treatment from
birth of infants with stable but mildly
dysplastic hips may cause more rapid
normalization, surveillance and treatment reconsideration at the age of 6
weeks did not result in more abnormal
hips at 1 year of age. Given a reported
prevalence of 1.3% for mildly dysplastic but stable hips, a strategy of active
surveillance would reduce the overall
treatment rate by 0.6%. Our results
may have important implications for
families as well as for health care
costs.
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