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6 compared with 12 weeks treatment in the von Rosen 
splint is sufficient for Barlow and Ortolani positive hips: 
a comparative study of 237 neonates
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Background and purpose — At our institution, new-
borns with Barlow or Ortolani positive hips have been 
treated for 12 weeks with the von Rosen abduction splint 
until 2012 when the treatment length was halved. We inves-
tigate whether acetabular development at 12 months of age 
and complications differ between hips treated with the von 
Rosen splint for 6 compared with 12 weeks.

Patients and methods — 99 patients were included in 
the 6-week program and 138 patients in the 12-week pro-
gram. We measured the acetabular index (AI) on standard 
anteroposterior pelvic radiographs taken at 12 months of 
age. Medical records were reviewed for complications and 
additional treatments until age 12 months. We used non-infe-
riority testing with an equivalence margin of 1° with a 95% 
confidence interval (CI) to compare the 2 groups.

Results — The mean AI at 12 months in the 6-week 
group was 25° (CI 24–26) compared with 25° (CI 25–26) 
in the 12-week group. Non-inferiority was demonstrated for 
the 6-week program: –0.2° (CI –1.1 to 0.7). In the 6-week 
group, 8 patients received additional treatment, including 1 
hip dislocation that occurred between 6 weeks and 3 months. 
There were no additional treatments or complications in the 
12-week group.

Conclusion — AI was equal at 12 months of age for 
patients treated for 6 compared with 12 weeks in the von 
Rosen splint. The hip dislocation which occurred indicates 
that follow-up around 3 months of age is indicated.

Early diagnosis and initiation of treatment are the most impor-
tant factors to avoid a troublesome outcome for patients with 
developmental dysplasia of the hip (DDH). Abduction splint-
ing is regarded as the optimal treatment of unstable hips in 
infants, but there is no consensus regarding the choice of 
abduction splint or treatment length. Several different types 
of splints and criteria for initiation of treatment have been 
described. 

At our institution, screening for DDH in newborns was ini-
tiated in 1952, and a treatment program with the von Rosen 
abduction splint started in 1956 [1,2]. Treatment length has 
varied over the years. Previously, infants with Barlow positive 
(dislocatable) or Ortolani positive (dislocated) hips [3,4] were 
treated for 12 weeks, and infants with unstable hips (as judged 
by dynamic sonography during a Barlow test) were treated for 
6 weeks. 

Since 2012, all infants with neonatal hip instability have 
been treated for 6 weeks, no matter the degree of instability 
or dislocation. This change in treatment protocol was sup-
ported by a retrospective study of 247 newborns stating that 6 
weeks of treatment with the von Rosen splint is sufficient to 
treat DDH [5]. As 6 of those 247 patients needed additional 
treatment, including 2 percutaneous tenotomies, and because 
there was no control group or quantification of radiographic 
hip development, a comparison of the 2 treatment protocols 
is indicated.

We aimed to compare the 2 treatment lengths with regards 
to radiographic outcome at 12 months, and the rates of addi-
tional treatments and complications. Our hypothesis was that 
6 weeks treatment would yield similar outcome as 12 weeks 
treatment.
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Patients and methods
Study setting
The study group included patients who were born at the 2 
maternity units, Malmö and Lund, which are part of Skåne 
University Hospital, and diagnosed with neonatal hip insta-
bility. Patients treated for 12 weeks were treated in Malmö 
between January 2003 and December 2010, and patients 
treated for 6 weeks were treated in Lund between September 
2013 and December 2019. The study is reported according to 
STROBE guidelines.

Screening and inclusion
The primary screening for hip instability in newborns in 
Sweden is done by pediatricians who perform clinical exami-
nations before the children leave the maternity ward. This 
practice is stipulated by the Swedish National Board of Health 
and Welfare. The screening program is universal, i.e., clini-
cal examinations are performed on all newborns, regardless 
of whether risk factors for DDH have been identified or not.

Included in the study were patients who had Barlow positive 
or Ortolani positive hips where treatment with the splint was 
initiated within 2 weeks postpartum based on the indication 
by the orthopedic surgeon. Standard pelvic anteroposterior 
(AP) radiographs and clinical examinations were performed 
at 3 months and at 12 months. Medical records were examined 
for complications and additional treatments occurring before 
12 months of age. Patients with a diagnosed syndrome were 
excluded from the study.

Treatment and group allocation
The findings of the pediatricians were graded into 5 groups: 
normal, suspected instability, unstable (not dislocatable), dis-
locatable (Barlow positive), and dislocated (Ortolani posi-
tive). All except those graded as normal were referred for 
examination by a pediatric orthopedic surgeon.

Treatment was initiated immediately after examination for 
those who had Barlow or Ortolani positive hips. For those 
who were considered to have an unstable or potentially unsta-
ble hip, a dynamic sonographic investigation was performed 
[6]. If more than 25% of the femoral head could be dislocated 
using this technique, the hip was considered unstable and 
treatment with the von Rosen splint was initiated. The splint 
was worn day and night and parents were informed not to 
take it off. All patients were bathed and examined by a nurse 
weekly at our outpatient clinic. The only difference in treat-
ment between the comparison group and the study group was 
that the comparison group had been treated in the von Rosen 
splint for 12 weeks instead of 6. 

Outcome measurements
The acetabular index (AI) was measured according to Tönnis 
on the 12-month follow-up radiograph as the roof angle 

(Figure 1) [7]. The inter- and intra-observer error is low when 
measuring AI [8]. Avascular necrosis of the femoral head 
(AVN) was assessed according to the Kalamchi–MacEwen 
classification [9]. Additional treatments, such as prolonged 
treatment in the von Rosen splint or treatment with the CAMP 
abduction orthosis, and complications, such as dislocations or 
AVN, were documented from patients’ medical records.

Statistics
Non-inferiority testing was used by calculating the 95% con-
fidence interval (CI) and using 1 as the equivalence margin to 
calculate if there was a difference in AI between the 2 groups 
[10]. The estimated mean AI with CI is presented. We esti-
mated that with a standard deviation (SD) of 4 we needed 258 
hips to attain 80% power to show non-inferiority between the 
2 groups’ AI. Data analysis was performed using IBM SPSS 
Statistics version 27 (IBM Corp, Armonk, NY, USA).

Ethics, data sharing, funding, and disclosures 
The Swedish ethical review authority approved the present 
study (2020-04747). Parents gave verbal informed consent 
upon entry in the registry. The study was supported by a grant 
from the Kockska Foundation and Stiftelsen för medicinsk 
vetenskaplig forskning inom ortopedi vid Malmö Allmänna 
Sjukhus. Pseudonymized study data can be obtained upon 
request, including ethical board approval, to the correspond-
ing author. All authors declare that they have no conflict of 
interest. Completed disclosure forms for this article follow-
ing the ICMJE template are available on the article page, doi: 
10.2340/17453674.2023.13649

Results

Of 259 patients in the prospective registry, 26 patients were 
excluded. 99 patients (129 pathological hips) were treated for 

Figure 1. Left-sided AI measurement of a 12-month old girl who had 
bilaterally Barlow positive hips at birth [8]. AI is measured by drawing a 
line between the 2 triradiate cartilages (Hilgenreiner line) and measur-
ing the angle with a second line drawn through the lateral acetabular 
roof. 
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6 weeks, and 134 patients (183 pathological hips) were treated 
for 12 weeks (Table, Figure 2). 

There was no difference in sex or age between groups (Table 
1). 1 patient with a left-sided hip dislocation was excluded 
from the AI calculations, diagnosed at the 3-month check-up. 

The mean AI at 12 months in the 6-week group was 25° (CI 
24–26) compared with 25° (CI 25–26) in the 12-week group 
(Figure 3, Table). Non-inferiority was demonstrated for the 
6-week treatment group: –0.2° (CI –1.1 to 0.7) (Figure 4). In 
both groups 9% of patients had an AI > 30° at the 12-month 
follow-up. 

sia at the 3-month visit. It is impossible to say whether the 
therapy-resistant dislocation could have been prevented with 
12 weeks of treatment as it is such a rare complication and 
it is unknown when the dislocation occurred. This is further 
supported by the finding that 7 cases in the 6-week group were 
judged to have either persistent instability or radiographic 
dysplasia at the 3-month visit. However, it is also possible that 
the change in treatment protocol per se contributed to the addi-
tional treatments in the 6-week group. Since 2012 (i.e., the 
6-week group), calculation of AI at the 12-month radiographic 
examination is mandatory at our department, and patients with 

Patients with neonatal hip instability
treated in the von Rosen splint

in Malmö–Lund 2003–2019
n = 259

6 weeks treatment
n = 117

12 weeks treatment
n = 142

Included in the study
n = 99

Included in the study
n = 134

Excluded (n = 18):
– missing medical records, 5
– missing radiographs, 11
– late detection, 2

Excluded (n = 8):
– missing medical records, 6
– missing radiographs, 2

Acetabular index at 12 months
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Figure 2. Flowchart of cohort.

Figure 3. Acetabular index at 12 months 
±1 month, patients with additional treat-
ment included (except 1 patient with a 
dislocation). Box = interquartile range, 
whiskers = 1.5 x IQR values, red line = 
median, X = average, dot = outlier.

Figure 4. Non-inferiority within a 
95% CI and 1° equivalence margin.

Comparison of the 2 groups and the whole cohort (the patient with a dislocation 
is not included in any AI calculations)

    Additional
   Day of treatment   AI at
   treatment before AI > 30° at 12 months
Factor Patients Hips start a 12 months b 12 months c mean (CI)

6 weeks 99 129 5 (1–12) 8 (8) 11/127 (9) 25° (24–26)
12 weeks 134 183 2 (1–7) 0 16/183 (9) 25° (25–26)
Total 233 312 3 (1–12) 8 (3) 27/310 (9) 25° (25–26)

a mean (range); b n (% of patients); c n/N (% of hips)

There was no case with additional treatment 
during the first year in the 12-week group and no 
patient with AVN in either group. In the 6-week 
group we found additional treatments during the 
first year in 8 cases:

– 2 patients with clinically unstable hips at the 
6-week follow up were treated for an extra 2 
weeks in the von Rosen splint.

– 5 patients with radiological dysplasia at the 
3-month follow-up, of whom 4 had additional 
treatment with the CAMP abduction splint 
nightly for 3–6 months, and 1 patient until the 
12-month follow-up.

– 1 patient had a left-sided hip dislocation at the 
3-month follow-up that required surgical treat-
ment and was excluded from AI calculations. 
At inclusion, that child had bilateral Barlow 
positive hips. 

If we exclude the 7 cases that were given addi-
tional treatment, the mean AI in the 6-week group 
changes minimally from 25° (CI 24–26) to 25° (CI 
24–26) and the non-inferiority result from –0.2° 
(CI –1.1 to 0.7) to –0.5° (CI –1.4 to 0.4).

Discussion

The aim of the study was to establish whether a 
shortened treatment length from 12 to 6 weeks with 
the von Rosen splint would reduce the efficacy of 
our neonatal DDH treatment. This appears not to be 
the case as AI was similar in the 2 groups, but more 
additional treatments and complications occurred. 
Our finding that the shortened treatment length 
yields similar results has implications for health 
economics, as well as for minimizing discomfort 
in patients and their parents, where anxiety related 
to treatment with abduction splints is common. 
The finding of a therapy-resistant dislocation at 3 
months indicates the need for standardized follow-
up. This is further supported by the finding that 
7 cases in the 6-week group were judged to have 
either persistent instability or radiographic dyspla-
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AI 28–30 are given an additional radiographic examination at 
18 months of age. Patients with an AI > 30 are given nightly 
abduction orthosis treatment for 3 months. Until 2012 (i.e., the 
12-week group), the radiographs were merely “eye-balled” to 
exclude dislocation or obvious dysplasia, such as lateraliza-
tion or a broken Shenton’s line. The more thorough examina-
tion of radiographs since 2012 may have lowered the thresh-
old for additional treatment at the 3-month visit. At 10–12 
months of age an AI above 27–29° is often considered as 
“severe dysplasia” (based on 2 SD above the mean in a cohort 
study published in 1976) [7]. We find it reassuring not only 
that the mean AI was non-inferior after 6 weeks treatment, but 
also that outliers with high AI values were not more common 
after the shortened treatment.

Results with the von Rosen splint have been reported to be 
superior to other splints in treatment of newborns [11], and the 
treatment is safe with regards to AVN, which is why we have 
continued to use this method for more than 60 years [12]. In 
2006 Lauge-Pedersen et al. [5] published a retrospective study 
concluding that 6 weeks of treatment with the von Rosen 
splint is sufficient to treat DDH in newborns. They included 
all patients with hip instability found through primary clini-
cal screening and made no distinction between unstable and 
dislocated hips. In that study, 6 of 247 patients needed addi-
tional treatment, including 2 percutaneous tenotomies. Previ-
ously, Sahlstrand et al. reported that treatment for 8 weeks is 
sufficient [13]. Our study confirms that 6 weeks of treatment 
appears to be sufficient in Barlow and Ortolani positive hips, 
and in contrast to the previous publications we have quanti-
fied radiographic hip development and compared the results 
with a control group with 12 weeks treatment. In Sweden, late 
diagnosed DDH is defined as older than 2 weeks of age. Since 
the clinical screening program was instituted, the incidence of 
late diagnosed hip dislocations has decreased from at least 0.9 
per 1,000 to 0.12 per 1,000 live births [14]. This is almost a 
10-fold decrease over 50 years. 

The concept of overtreatment is a problem that must be dis-
cussed in this context. A number of hips that are unstable neo-
natally will stabilize without treatment, some already during the 
first week of life [15]. As the outcome is dependent on early 
treatment start, at least well documented for slightly older chil-
dren, and as treatment in newborns is safe, we accept some over-
treatment [12,16]. An alternative method is to follow patients 
clinically, and by later sonographic examinations of hip mor-
phology determine which need treatment. We believe this to be 
a sound policy in settings where clinical screening of newborns 
is ill organized (i.e., left to junior physicians). It is important to 
understand that both clinical hip examination and sonography 
are user-dependent tests. Nationwide studies on hip screening 
programs relying on sonographic examinations have reported 
improvements compared with pre-screening times, but slightly 
inferior results compared with the Swedish nationwide regis-
try [14,17,18]. One thing that seems fairly clear is that selective 
sonographic screening based on risk factors is ineffective, prob-

ably as risk factors such as breech position in utero are present 
in only a minority of patients with hip dislocation [14,19].

Limitations
One limitation of this study is that clinicians performed AI 
measurements more thoroughly during the later study period, 
which may have affected the frequency of additional treat-
ments. One aspect of this study that could be debated is 
whether AI is a good measurement to grade the progress of 
DDH or not. The acetabular notch, an anatomical feature that 
can be visible on radiographs and may affect the measurement 
of AI values, was not taken into account in our measurements 
[20]. It is, however, unlikely that this would affect our conclu-
sions as it introduces a systematic error that would be the same 
for both groups.

Conclusion
Hip development, evaluated by the AI, was equal at 12 months 
of age following treatment in the von Rosen splint for 6 weeks 
compared with 12 weeks. 6 weeks of treatment with the von 
Rosen splint seems sufficient for Barlow and Ortolani positive 
hips. One case of hip dislocation detected at age 3 months 
indicates a need for standardized follow-ups irrespective of 
treatment length.

All authors contributed to analysis and interpretation of the data.  
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