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Background and purpose   As much as one-third of all total hip 
arthroplasties in patients younger than 60 years may be a con-
sequence of developmental dysplasia of the hip (DDH). Screen-
ing and early treatment of neonatal instability of the hip (NIH) 
reduces the incidence of DDH. We examined the radiographic 
outcome at 1 year in children undergoing early treatment for 
NIH.

Subjects and methods   All children born in Malmö undergo 
neonatal screening for NIH, and any child with suspicion of insta-
bility is referred to our clinic. We reviewed the 1-year radiographs 
for infants who were referred from April 2002 through December 
2007. Measurements of the acetabular index at 1 year were com-
pared between neonatally dislocated, unstable, and stable hips.

Results   The incidence of NIH was 7 per 1,000 live births. The 
referral rate was 15 per 1,000. 82% of those treated were girls. 
The mean acetabular index was higher in dislocated hips (25.3, 
95% CI: 24.6–26.0) than in neonatally stable hips (22.7, 95% CI: 
22.3–23.2). Girls had a higher mean acetabular index than boys 
and left hips had a higher mean acetabular index than right hips, 
which is in accordance with previous findings.

Interpretation   Even in children who are diagnosed and treated 
perinatally, radiographic differences in acetabular shape remain 
at 1 year. To determine whether this is of clinical importance, 
longer follow-up will be required.



Developmental dysplasia of the hip (DDH) is a continuum 
of hip joint disease from childhood to adult life, including 
morphological changes of the joint, instability, and disloca-
tion. Instability and dislocation can often be detected in the 
neonatal period, when the term neonatal instability of the hip 
(NIH) is used. NIH can normalize spontaneously (Gardiner 
and Dunn 1990, Rosendahl et al. 1994, Bialik et al. 1999). 
Also, cases of late-presenting DDH can be clinically and mor-
phologically normal at birth (Lennox et al. 1993, Raimann et 

al. 2007) and even up to early school age (Modaressi et al. 
2011). Despite such possible crossover, early diagnosis and 
treatment of NIH clearly reduces the incidence of late DDH 
(Fredensborg 1976, Hansson et al. 1983, Dunn et al. 1985, 
Myers et al. 2009).

DDH is a risk factor for osteoarthritis. In the Norwegian 
Arthroplasty Register, in 1987–99 it accounted for 9% of all 
primary total hip replacements (THRs) and 29% of THRs 
in patients less than 60 years of age (Furnes et al. 2001). In 
1987–2004, 21% of Norwegian THR patients younger than 
38 years had DDH (Engesaeter et al. 2008). NIH leads to an 
increased risk of THR in early adulthood (Engesaeter et al. 
2008).

Screening for NIH was initiated in Malmö in 1952, and the 
treatment program was instituted in 1956. The screening pro-
gram has already been described in detail (Danielsson 2000, 
Duppe and Danielsson 2002). It is based on collaboration 
between pediatricians, radiologists, and orthopedic surgeons. 
NIH is treated with the von Rosen splint, which was devel-
oped at our clinic in the 1950s (Von Rosen 1956). Dislocated 
hips, i.e. Barlow- or Ortolani-positive (Barlow 1962, Orto-
lani 1976), and unstable hips (see Patients and Methods for 
definition) are treated for 12 weeks and 6 weeks respectively. 
The aim of the treatment is to prevent later hip dysplasia and 
dislocation. The incidence of late-diagnosed DDH in Malmö 
was 0.07/1,000 live births between 1990 and 1999 (Duppe 
and Danielsson 2002), which to our knowledge is the lowest 
incidence reported in the literature. This figure should be com-
pared to an expected incidence of about 0.9–1.8/1,000 without 
screening (MacKenzie and Wilson 1981, Hansson et al. 1983).

We compared the radiographic outcome at 1 year of age in 
children with different levels of hip instability as newborns. 
This has not been studied previously, either for the von Rosen 
splint or for the commonly used Pavlik harness, although 
there have been publications including children treated from 
4 months or younger (Elbourne et al. 2002, Wilkinson et al. 
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2002) and the 1-year radiographic outcome after early treat-
ment with the von Rosen splint has been presented by Hinder-
aker et al. (1992).

Subjects and methods

All children born at our hospital are examined clinically by a 
pediatrician within 2–3 days from birth. Those with suspected 
hip instability or dislocation are referred to the pediatric ortho-
pedic department. In cases where the pediatrician suspects an 
unstable hip but the Ortolani (1976) or Barlow (1962) signs are 
not clearly positive, the infant is referred to a dynamic ultra-
sound examination, as described by Dahlström et al. (1986). 
The orthopedic surgeon provokes the hip using the Barlow test 
while the radiologist determines how great a proportion of the 
femoral head is subluxated from the acetabulum. In this study, 
all patients referred from April 2002 through December 2007 
were eligible for inclusion.

Children with a dislocated hip (we included dislocatable, 
i.e. Barlow-positive, hips in this category) were treated with 
the von Rosen splint for 12 weeks. 28% of patients in this 
group were treated after sonographic diagnosis, and the rest 
were clearly positive on clinical examination alone. Children 
whose femoral heads could be subluxated by 25% or more of 
the diameter according to the dynamic ultrasound were treated 
with the splint for 6 weeks. The cutoff at 25% was chosen arbi-
trarily. Children with stable hips did not receive any treatment 
but underwent identical radiographic follow-up (see below). 
The hips were divided into 3 groups according to the above 
criteria: “dislocated” (Barlow- or Ortolani-positive), “unsta-
ble” (≥ 25% subluxation), or “stable” (< 25% subluxation). All 
included children with unstable and stable hips had undergone 
sonography. Mean age at sonography was 2.8 (1–7) days.

The splint was worn day and night, and parents were dis-

couraged from adjusting or removing it at all. Every week, 
the patients came to the outpatient clinic to have a bath and 
check the splint. The follow-up was the same for all referred 
children and included standard AP radiographs of the pelvis at 
3 and 12 months.

Our primary outcome measure was the acetabular index 
(AI), as described by Hilgenreiner (1986), at the 1-year 
follow-up (Figure 1). We also looked for signs of avascular 
necrosis (Kalamchi and MacEwen 1980).

Only cases with a Tönnis index of between 0.56 and 1.8 
were included for radiographic analysis. Adherence to this 
recommendation reduces measurement errors due to rotation 
in the axial plane (Tonnis 1976). Radiographs where rota-
tion in the sagittal plane made measurements difficult were 
excluded. Only children with a radiograph within 1 month 
from their first birthday were included. 3 children were judged 
by a senior orthopedic surgeon to be unstable without sonogra-
phy and were therefore excluded. 1 child had been treated for 
only 1 week due to abduction impairment and was excluded 
(Figure 2). All radiographs were reviewed by the same author 
(DW).

Inter- and intra-observer variability of measurements
We analyzed the variability of measurements of the AI in 22 
randomly chosen patients (44 hips). The measurements were 
performed independently by 3 investigators (DW, CJT, and 
HD). Each investigator measured the same hips twice at an 
interval of at least 3 months. The systematic error was used to 
exclude a systematic difference between the first and second 
measurement for each investigator. It was calculated accord-
ing to Formula 1.

Formula 1: Systematic error = (mean of measurement 1 – 

Figure 1. Example of an AI measurement at 1 year on the left side of a 
girl treated for bilateral neonatal dislocation (Barlow-positive).

Figure 2. Exclusion analysis.

Children referred 2002-04-01 – 2007-12-31
332

Radiograph > 1 month from first birthday
37

Rotation of pelvis in sagittal plane
13

Rotation of pelvis in axial plane
2

Not treated according to algorithm
4

Older than 7 days at sonography
10

Lost to follow-up 1 year
23

Included in this study
243

309

272

259

257

253
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mean of measurement 2) / 2
The coefficient of variation in percent (CV%) was used 

to describe the intra-observer variability. CV% shows the 
random error relative to the parameter analyzed. CV% is cal-
culated according to Formulae 2a and 2b.

Formula 2a: Random error = SD of ((measurement 1 – mea-
surement 2) / √2 )

Formula 2b: CV% = (random error / overall mean ) × 100
The inter-observer variability was calculated as the differ-

ence between the mean of the 2 measurements performed for 
each hip by one investigator and the mean of all 6 measure-
ments for that hip, expressed as a percentage of the overall 
mean.

The systematic error in measurements of AI was 0.05 
(0.2%), –0.13 (0.5%), and 0.26 (1.1%) for the 3 investigators. 
The CV% for each investigator was 3.3% (95% CI: 3.1–3.5), 
5.1% (4.8–5.5), and 5.7% (5.4–6.1), respectively. 85% of all 
values measured were within 5% of the mean AI for that hip, 
as measured by all 3 investigators on 2 occasions. The average 
deviations from the mean were 2.9%, 2.8%, and 2.6%, respec-
tively, for the 3 investigators. (For a hip with an AI of 22, a 
2.9% deviation equals 0.6).

Software and statistics
Radiographs were stored and viewed using Impax CS5000 
(Agfa). For comparison of baseline statistics between groups, 
the chi-square test was used. Student’s t-test was used for 
comparison of acetabular indices between groups of patients. 
The Shapiro-Wilk statistic was 0.99 for AI measurements of 
stable, unstable, and dislocated hips and ranged from 0.96 to 
1.00 for all subgroups analyzed.

Results
Epidemiology
From April 2002 through December 2007, there were 22,517 
live births at our hospital and 332 children were referred 
for examination at our clinic. The incidence of referral was 
15/1,000 live births (Figure 3). Of all the children referred, 
241 (73%) were girls. 111 children (91 of whom were girls) 
were treated with the von Rosen splint for 12 weeks. 47 chil-

dren (40 girls) were treated for 6 weeks. 173 of those referred 
(110 girls) had bilaterally stable hips. Of the 111 cases with 
dislocation, 38 (34%) were bilateral, 16 (14%) had an unstable 
contralateral hip, and 57 (51%) had a stable contralateral hip.

Radiography
243 children (73% of all referred) met the inclusion criteria 
for the radiographic study. Dislocated and unstable hips had 
a higher mean AI than stable hips at 1 year of age (Figure 4). 
We found no difference between Barlow-positive and Orto-
lani-positive hips (mean AI = 25.2, CI: 24.4–26.0 vs. 25.4, CI: 
24.0–26.9, respectively; p = 0.9). There was no difference in 
this respect between dislocated and unstable hips (Figure 4).

Of the 55 children with unilateral dislocation and a stable 
contralateral hip, 52 were eligible for radiographic analysis. 
These clinically stable hips had a higher mean AI at 1 year 
than hips of children with bilaterally stable hips (24.5, CI: 
23.4–25.6 vs. 22.3, CI: 21.8–22.8; p < 0.001).

Mean AI was 0.6 (CI: 0.2–0.9) higher in left hips than in 
right hips (p = 0.002, paired analysis). The difference was sta-
tistically significant when we only analyzed cases treated for 
12 weeks (p = 0.001). However, the mean AI was similar in 
right and left hips in children who were treated for 6 weeks: 
23.3 (CI: 22.1–24.4) vs. 24.1 (CI: 22.8–25.3) and in those 
with bilaterally stable hips 22.2 (CI: 21.5–23.0) vs. 22.4 (CI: 
21.6–23.1).

Girls had a higher mean AI than boys (p = 0.002): 23.9 (CI: 
23.5–24.3) vs. 22.6 (CI: 21.9–23.3). The difference remained 
when we analyzed right and left hips separately (p = 0.02 
right, p = 0.04 left).

Figure 3. The incidence of NIH in Malmö during the study period. 15‰ 
of all children born in Malmö were referred because of suspected NIH. 
5‰ had a dislocated hip. 2‰ had an unstable hip. 8‰ had bilater-
ally stable hips. This is comparable to previously published data from 
1990–97 (Danielsson 2000). Numbers in parentheses denote the per-
centage of girls in each group.

5‰ 12 weeks (82% girls)

15‰ 2‰ 6 weeks (85% girls)

8‰ controls (64% girls)

Figure 4. The mean AI at 1 year was higher for dislocated hips (25.3, 
95% CI: 24.6–26.0) and unstable hips (24.3, CI: 23.3–25.3) than for 
stable hips (22.7, CI: 22.3–23.2). Each circle represents an individual 
hip. p-values for the comparisons are given.

             Stable              Unstable           Dislocated

Acetabular index
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5
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p = 0.005
p = 0.12

p < 0.001

n = 304 n = 58 n = 124 
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There were no cases of avascular necrosis (Kalamchi grade 
2 or higher). 2 controls and 5 treated children had asymmetri-
cal ossification of the femoral head nuclei. 2 of the children 
with asymmetrical ossification (both treated) had radiographs 
taken at 4 or 3.5 years for other reasons, which were normal 
and symmetrical. None of these 7 children had a later-detected 
avascular necrosis; they are now 5–10 years old. 

Discussion

Our main finding is that NIH leads to a higher acetabular index 
compared to neonatally stable hips at 1 year of age despite 
early treatment with abduction splinting. The highest values 
measured in each group were similar, being between 31 and 
32 (except for 2 outliers among the dislocated and unstable 
hips). However, the proportion of high values, corresponding 
to dysplasia, increased on moving from stable hips to dislo-
cated hips (Figure 4). Hips with AI of > 29 constitute 4% of 
stable hips, 9% of unstable hips, and 23% of dislocated hips.

 It has previously been stated that treatment with abduction 
splinting leads to normalization of the hip in most cases (at 
5-year follow-up of children born 1970–1979) (Dunn et al. 
1985). We are not aware of any long-term follow-up studies 
on the natural history of NIH; nor has there been any random-
ized controlled trial comparing early abduction splinting with 
no treatment. However, there have been studies demonstrating 
that early diagnosis and treatment of NIH lowers the incidence 
of late DDH (Fredensborg 1976, Hansson et al. 1983, Dunn et 
al. 1985, Myers et al. 2009).

In cases with unilateral dislocation, the AI at 1 year was also 
higher in the clinically stable contralateral hip, despite the fact 
that these hips had also been splinted. This finding supports 
the idea that DDH is a general disease and not only based on 
biomechanical factors.

The female-to-male ratio for dislocated hips was 4:1, which 
is similar to results from previous investigations (Chan et al. 
1997, Elbourne et al. 2002). Girls have a higher AI than boys 
on average (Tonnis 1976), and women have a higher risk of 
receiving a THR due to hip dysplasia (3:1) and late-diagnosed 
dislocation (6:1) (Furnes et al. 2001). DDH is regarded as a 
disease continuum ranging from neonatal instability to end-
stage early osteoarthritis of the hip, and affected by a combi-
nation of genetic, hormonal, and mechanical factors.

Although not the main objective of this study, our results 
demonstrate that the von Rosen splint is safe with regard to 
avascular necrosis.

There are some difficulties that should be considered when 
studying NIH and DDH: (1) the definition of NIH and DDH 
and outcome measures need to be clearly described; (2) the 
term NIH refers to instability, which is a somewhat subjective 
phenomenon. Sonography aids in measuring and quantifying 
instability with higher precision, but even so it is dependent 
on the skills of both the physician performing the sonography 

and the one manipulating the hip (Dunn et al. 1985, Macnicol 
1990, Krikler and Dwyer 1992, Fiddian and Gardiner 1994, 
Wood et al. 2000, Lee et al. 2001); (3) the evaluation of DDH 
is largely based on radiography, which is imprecise if not 
taken in a standardized manner regarding rotation of the pelvis 
(Tonnis 1976). Also, there is known to be inter- and intra-
observer variability when examining radiographs (Broughton 
et al. 1989, Boniforti et al. 1997, Clohisy et al. 2009). Our 
measurements varied only slightly. One explanation may be 
that they were made on digital radiographs.

A fundamental issue that applies to both DDH and NIH is 
where to draw the line between a healthy hip and an ill hip. 
If one defines disease (DDH) simply by using +2 SD from 
the average as a cutoff, the incidence will be 2.5% regardless 
of the values measured or of the prevalence of hip symptoms 
in that population. If using the normal values described by 
Tönnis (1976) to define disease, a hip with an AI of 27 will 
be labeled severely dysplastic if situated on the right side of a 
male pelvis but will not even be considered slightly dysplastic 
if situated on the left side in a girl (normal values at 10–12 
months of age). This way of defining disease does not seem 
reasonable. Note that we found no difference in AI between 
right and left hips in the control group, which there is in a 
general population of 1-year-olds (Tonnis 1976). On the other 
hand, if we do not use normal values at all, the cutoff between 
well and ill will be completely arbitrary. There are very few 
data linking early morphologic changes to long-term clinical 
outcome.

The clinical examination is dependent on the skill of the 
examiner (Dunn et al. 1985, Macnicol 1990, Krikler and Dwyer 
1992, Fiddian and Gardiner 1994, Lee et al. 2001). In our series, 
all cases referred had been examined by 1 of 46 pediatricians. 
All the children except 10 were re-examined by 1 of 3 senior 
pediatric orthopedic surgeons. We agree with Macnicol (1990) 
that the primary examination may be the most important one. 
The low incidence of late-presenting DDH (0.07 in 1,000 live 
births) (Duppe and Danielsson 2002)) in our program, and the 
high rate of treatment of referred cases (48% in this series) 
is mainly thanks to our colleagues at the pediatric clinic, who 
perform the actual screening.

The role of sonography in screening for NIH is controver-
sial. Assessment of hip morphology sonographically has been 
shown to be both more sensitive (Severin 1956) and more 
specific (Dogruel et al. 2008) than clinical examination. How-
ever, a randomized controlled trial failed to show any effect 
of sonographic screening on the incidence of late-diagnosed 
dislocations (Rosendahl et al. 1994). We use sonography as 
a means of reducing the rate of over-treatment in NIH. The 
purpose of the present study was only to present the radio-
graphic outcome using our clinical protocol. We did not aim to 
make recommendations about screening protocols, including 
the use of sonography. 
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Limitations of the study
Our control group consisted of children who had been referred 
on suspicion of hip abnormality but who were found to be 
stable by dynamic ultrasound. Thus, they are not truly repre-
sentative of the average infant, which is obvious since two-
thirds of the controls were girls. It is possible both that the 
control children had less stable hips than the average child, 
since suspicion arose, or better stability than average, as they 
were all cleared by dynamic sonography. However, it would 
be ethically questionable to perform random radiography on 
1-year-olds today.

All radiographic measurements were performed by the 
same investigator (DW), thus eliminating inter-observer vari-
ability but not intra-observer variability. The intra-observer 
variability was low. However, both radiographic analysis and 
sonography are techniques with inherent imprecision.

There was a higher rate of follow-up in children who had 
been treated in the splint (87 vs. 69%, p < 0.001). We do not 
believe that this affected the results, although there was a 
potential selection bias.

Summary
We found radiographic differences between neonatally dis-
located or unstable hips and stable hips at 1-year follow-up, 
despite early diagnosis and treatment. Future studies will 
establish whether a high acetabular index at the age of 1 year 
is related to hip dysplasia and impaired hip function in adult-
hood.

DW: study design, radiographic measurements, data analysis and interpreta-
tion, and drafting of manuscript. HD and CJT: study design, acquisition of 
data, and critical revision of the manuscript. 
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