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Abstract

Purpose For treatment of unstable hips, the Tübingen splint 
is a treatment option. After the initial treatment, regular radi-
ological follow-up examinations are recommended but there 
is a lack of long-term outcome studies. Therefore, the further 
development of unstable hips treated with the Tübingen 
splint were evaluated. 

Methods From 2004 to 2015 116 patients with 161 unstable 
hips treated with the Tübingen splint were evaluated. Inclu-
sion criteria were: 1) successfully treated unstable hip (type 
D, III and IV); 2) pelvic radiographs at the age of one to ≤ two, 
two to ≤ four and four to ≤ eight years. The acetabular index 
(ACI) of all and the centre-edge angle (CEA) of the third radi-
ograph were measured and classified according to the Tönnis 
classification.

Results A total of 53 patients with 75 unstable hips (type D 34 
(45.3%), III 33 (44.0%), IV 8 (10.7%)) were included. In com-
parison of the first, second and third radiograph, an increase 
of normal findings was seen in 31 (41.3%) to 53 (70.7%) and 
60 (80.0%) hips, respectively. However, a decrease of slightly 
dysplastic hips from 31 (41.3%) to 19 (25.3%) and 14 (18.7%) 
respectively and severely dysplastic hips from 13 (17.3%) to 
three (4.0%) and one (1.3%) hip respectively was detected. In 
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comparison of first to second radiograph, 32 hips improved 
and five hips deteriorated and of second to third radiograph 
16 hips improved and six hips deteriorated. The Tönnis clas-
sification of ACI compared with CEA showed no significant 
differences (p = 0.442). 

Conclusion This study shows a good development of un-
stable hips treated with the Tübingen splint with mean fol-
low-up 5.5 years. Nevertheless, unexpected deteriorations 
could be identified. The CEA is an alternative to the ACI.

Level of evidence: IV
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Introduction
Several treatment options are established for the initial 
treatment of developmental dysplasia of the hip (DDH).1,2 
The therapy is usually based on the degree of severity of 
the dysplasia of the affected hip joint. Here, the ultrasound 
classification according to Graf is well established and pro-
vides basic information of the biomechanical situation.3,4 
This method is easy to apply, non-invasive, has no radia-
tion exposure and shows a good interrater reliability. Graf 
classified the DDH into ultrasound stable (hip type I to IIc) 
and unstable hips (hip type D to IV). The ultrasound exam-
ination according to Graf is part of the neonatal screen-
ing programme which was introduced in Central Europe 
in the middle of the 1990s. Here, all children undergo a 
general clinical and ultrasound examination between the 
fourth and sixth week of life. Children with risk factors 
e.g. breech position or positive family history get a selec-
tive screening up to the third day of life. For treatment of 
unstable hips, the Tübingen splint has shown favourable 
outcomes. The splint consists of synthetic shells for the 
thighs and string of pearls, which are variable in size (Fig. 
1). Initially, the splint was only used to treat ultrasound 
stable hips type IIa, IIb and IIc.5 However, in further studies 
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successful treatment of unstable hips with the Tübingen 
splint was reported.6-8 The results were similar to other 
treatment modalities such as Fettweis plaster or Pavlik har-
ness and, therefore, it seems to be a reliable alternative 
treatment option in early diagnosed unstable hips.9,10

After the initial treatment, regular follow-up examina-
tions are recommended.11,12 Here, a residual dysplasia might 
be detected and if necessary, surgical treatment can be per-
formed to prevent an early degeneration of the joint. Various 
control algorithms are discussed in order to determine use-
ful time points for the control examinations. There is wide 
agreement for standard anteroposterior (AP) pelvic radio-
graphs to accurately measure the degree of potential residual 
dysplasia since clinical examination will not reveal dysplas-
tic findings.13 Various angles and indices for evaluation and 
radiological assessment of the hips have been described. 
Especially, the acetabular index (ACI) and centre-edge angle 
(CEA) are validated for the analysis of DDH.14,15

The aim of this study is primarily to examine the further 
development of unstable hips, which were successfully 
treated with the Tübingen splint. Furthermore, the coher-

ence of the ACI and the CEA is evaluated to allow for reli-
able examination of those hips in future studies applying 
the appropriate measurement over time.

Material and methods 
Patients

From 1st May 2004 to 28th February 2015 116 consecutive 
patients with 161 unstable hips (45 bilateral) were treated 
at our department with the Tübingen splint. 

Inclusion criteria for this retrospective study were: 1) 
unstable hips (type D, III and IV) which were successfully 
treated with the Tübingen splint; and 2) regular AP pelvic 
radiographs at the age of one to ≤ two years, two to ≤ four 
years and four to ≤ eight years. 

Patients with secondary hip dysplasia due to neurolog-
ical disorders or syndromes were excluded.

There were eight treatment failures after therapy with 
the Tübingen splint. A total of 78 hips missed our inclu-
sion criteria or did not appear at the appointment (Fig. 2). 

Treatment protocol for Tübingen splint

In our department patients with unstable hips (ultrasound 
hip type D, III and IV according to Graf) can be treated 
with the Tübingen splint (Fig. 3). The prerequisites for this 
alternative therapy method are early start of treatment 
within the first six weeks of life. Furthermore, the affected 
hips must not have any limitation abduction in the clini-

Fig. 1 Two-month-old male infant with ultrasound unstable 
hips (bilateral, hip type D) treated with Tübingen splint.

Fig. 2 Study protocol.
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cal examination. Patients older than six weeks or patients 
with limitation of abduction were treated with the Fettweis 
plaster or undergo a surgical intervention (open reduc-
tion). The splint is applied at 90° to 100° flexion and 40° 
to 50° abduction. After application of the Tübingen splint, 
there were regular clinical controls every two to three 
weeks with additional ultrasound examinations every four 
to six weeks. The patients had to wear the splint initially 
24 hours per day, seven days a week. In the initial period 
the parents were advised that the splint must not be taken 
off –not even for changing diapers or for bathing. If there 
was no improvement of the ultrasound findings after four 
to six weeks, the treatment was changed to therapy with 
Fettweis plaster. A successful treatment with the Tübingen 
splint is achieved if the hip can be transferred into an ultra-
sound stable hip with an alpha angle of > 65° (according 
to the maturation curve of Tschauner et al).16

Methods

The ACI is measured as an angle using a line through the 
Y-gap of the pelvis (Hilgenreiner line) and a line to the lat-
eral edge of the acetabular roof (Fig. 4). The CEA is defined 
as the angle between a line perpendicular to a horizontal 
line which passes through the centre of the femoral head 
and a second line from the centre of the femoral head to 
the lateral edge of the acetabular roof (Fig. 4). The CEA is 
established especially in children and adolescents with a 
closed or not clearly measurable Y-gap and can be used by 
the age of four years. For both ACI and CEA, Tönnis et al17-

19 developed classifications to divide the hips into different 
degrees of dysplasia: the ACI is divided into normal find-

ings (< 1 sd), slightly dysplastic (1 sd to 2 sd) and severely 
dysplastic hips (> 2 sd) depending on age and gender. 
The CEA is also subdivided into normal findings, slightly 
pathological and severely pathological hips depending on 
age. According to Tönnis,18 in patients under eight years 
of age a CEA of 20° or higher is normal, slightly patholog-
ical between 15° and 19° and severely pathological below 
15°. The ACI of all three radiographs and the CEA of the 
third radiograph was measured and classified by the first 
and second author according to the Tönnis classification. 
In addition, both classifications of the third radiographs 
(ACI and CEA) were analyzed to evaluate differences.

All radiographs were further screened for avascular 
necrosis (AVN) of the femoral head according to the crite-
ria of Kalamchi and McEwen.20

Statistical analysis

The data were evaluated using SPSS 25 (IBM Corp., 
Armonk, New York). The statistical analysis was done using 
Student’s t-test (p ≤ 0.05 was considered as significant). 
The interrater reliability was analyzed using Cohen’s Kappa.

Results
Treatment with Tübingen splint

The initial ultrasound hip type of all hips (n = 161) was in 
79 (49.1%) cases type D, in 67 (41.6%) type III and in 15 
(9.3%) type IV. Mean age at the start of treatment was 
23.0 days (sd 14.4; 0 to 42). The mean treatment period 
was 104.0 days (sd 35.9; 42 to 208). In 153 hips (95.0%) 

Fig. 3 Treatment protocol of unstable hips (type D, III and IV) with the Tübingen splint.
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a successful transfer into an ultrasound stable hip type I 
with a mean alpha angle of 69.3° (sd 2.5°; 65° to 76°) was 
achieved. In eight cases (5.0%) the treatment failed. 

Treatment failures

The initial ultrasound hip type of the treatment failures was 
in 1/79 (1.3%) cases type D, in 3/67 (4.5%) cases type III 
and in 4/15 (26.7%) cases type IV. All of them showed an 
unsatisfactory result in the first ultrasound control. The 
therapy was changed and a closed reduction with sub-
sequent application of a Fettweis plaster was performed. 
Until now, all hips show a good development in the control 
examinations. A surgical intervention was not necessary. 

Development of the ACI over the study period of four to eight 
years

In all, 53 patients with 75 initially unstable hips (bilateral 
22) were examined for radiological follow-up. The initial 
ultrasound hip type was in 34 (45.3%) cases type D, in 
33 (44.0%) type III and in 8 (10.7%) type IV. The patient’s 
mean age at the first radiograph was 1.2 years (sd 2.0; 1.0 
to 1.8), 2.7 years (sd 5.7; 2.0 to 4.0) at the second and 5.5 
years (sd 9.9; 4.3 to 7.6) at the third.

In a comparison of first versus second radiograph we 
found that in the first radiograph, classification of the hips 

according to Tönnis et al18 revealed in 31 (41.3%) cases 
normal findings, in 31 (41.3%) cases slightly dysplas-
tic hips and in 13 (17.4%) cases severely dysplastic hips 
(Fig. 5). At the age of two to four years, 53 (70.7%) hips 
showed normal findings, 19 (25.3%) had a slightly dys-
plastic hip and 3 (4.0%) showed a severely dysplastic hip. 
Overall, 32 (42.7%; 22 slightly and ten severely dysplastic 
hips) hips improved, 38 (50.7%; 26 normal findings, nine 
slightly and three severely dysplastic findings) hips stayed 
on the same level and five (6.6%; all normal findings into 
slightly dysplasia) deteriorated. The initial ultrasound hip 
type of the deteriorating hips was in two cases a hip type 
D, in one case a hip type III and in two cases hips type IV.

The examination of the third radiograph showed in 
60 (80.0%) cases normal findings, in 14 (18.7%) cases 
slightly and in one (1.3%) case severely dysplastic hips. 
The comparison of second versus third radiograph showed 
that a total of 14 (18.7%; 11 slightly and three severely 
dysplastic hips) hips improved compared with the second 
radiograph. In all, 55 (73.3%; 48 normal findings, seven 
with slight dysplasia) stayed on the same level. A deteri-
oration was seen in six (8.0%; five normal findings into 
slight dysplasia and one slightly dysplastic hip into severe 
dysplasia) hips. The initial ultrasound hip type of the dete-
riorating hips was in four cases a hip type III and in two 

Fig. 4 Measurement of acetabular index (#, ACI) and centre-edge angle (*, CEA). The ACI is measured using the Hilgenreiner line and 
the acetabular roof line. The CEA is defined as the angle from a perpendicular line through the centre of the femoral head and the 
acetabular edge.
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cases a hip type IV and all cases did not show any dete-
rioration before (Fig. 6). The five hips which deteriorated 
during the first interval remained at the same level in three 
cases and improved in two cases. In four cases a surgical 
therapy was recommended but was not accepted by the 
parents at this time. In all cases, which deteriorated, close 
follow-up radiographs were recommended. The interrater 
reliability showed a high accordance with 0.84. 

ACI and CEA of the third radiograph

The hips were classified according to the CEA criteria in 63 
(84.0%) cases as normal, in 11 (14.7%) cases as slightly 
pathological and in one (1.3%) case as severely patholog-
ical hips (Table 1). Hips with extremely pathological find-
ings were not detected. The analysis of both parameters 

(ACI and CEA) did not show significant differences (p = 
0.442). Accordance was given in 60 (80.0%) and inconsis-
tency in 15 (20.0%) hips. In case of inconsistency, the CEA 
was rated better in 9/15 cases and worse in 6/15 cases.

AVN

An AVN of the femoral head type I was detected in only 
two hips in the second radiograph. Both cases had an 
ultrasound hip type IV initially. 

Discussion
This study is the first description of a radiological short-
term outcome up to a mean age of 5.5 years of ultrasound 
unstable hips type D, III and IV which were successfully 

Fig. 5 Development after dislocation to normal findings of an infant with initial left hip type IV: initial ultrasound image, radiological 
control after 1.2 years (acetabular index (ACI) 22.7°) and 5.0 years (ACI 11.7°) (α, alpha angle; *, femoral head).

Fig. 6 Development to a stable but still dysplastic hip of an infant with initial right hip type III: initial ultrasound image, radiological 
control after 1.2 years (acetabular index (ACI) 26.1°) and 5.5 years (ACI 26.9°) (α, alpha angle; *, femoral head).
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treated using the Tübingen splint according to a strict 
treatment protocol (see treatment protocol). Overall, the 
hips improved by 42.7% between the first and second 
radiological control and by 18.7% between the second 
and third control. Moreover, an increase of normal find-
ings (31 to 60) and a decrease of severely dysplastic hips 
(13 to one) were observed. However, deteriorations were 
detected after the first and second radiograph (five to six). 
This supports the hypothesis that deteriorations – even in 
improved DDH – are possible until maturation of the hip 
joint. These developments were also seen in other stud-
ies that examined treatment of DDH with other treatment 
modalities. These results foster the recommendation of 
regular radiological follow-up examinations in numerous 
other studies.21,22 Here, an improvement of unstable hips 
after treatment with the Tübingen splint up to the age of 
48 months was seen. Currently, it can be assumed that 
the therapy of ultrasound unstable hips with the Tübingen 
splint is a good treatment option when started early. The 
Tübingen splint offers a number of advantages in compar-
ison with other treatment options such as Fettweis plaster 
or Pavlik harness: the splint is easy to handle, easy to clean 
and adjustable depending on age and size of the child. 
Furthermore, the Fettweis plaster requires in-hospital 
treatment and short anaesthesia. Many surgeons also use 
invasive arthrography to confirm perfect reduction of the 
hip.10 The Pavlik harness is considered to be complicated in 
handling and cleaning. Nevertheless, all of them – Tübin-
gen splint, Fettweis plaster and Pavlik harness – show sim-
ilar good success rates in treating unstable hip joints.23,24

AVN is a common complication and seems to be lower 
in the case treated with the Tübingen splint in comparison 
with other modalities, although a direct comparison is not 
possible due to the different study groups.25 In our study, 
the AVN rate with 2.6% can be considered very low with 
only minor changes. But the complete AVN rate cannot be 
determined since this can only be detected after a longer 
observation period.

According to the leading expert opinion of the soci-
eties of paediatric orthopaedics, regular AP pelvic radio-
graphs as control after initial therapy of unstable hips are 
mandatory.11 Currently, this is the only way to identify 

and subsequently treat persistent hip dysplasia or even 
deteriorated hips. Overall, DDH still represents the great-
est risk factor for secondary osteoarthritis.26 In addition, 
radiograph controls with modern technology have a very 
low radiation dose in children’s radiology since the intro-
duction of digital radiography and should be accepted 
when considering the advantages and disadvantages (e.g. 
secondary osteoarthrosis) for the patients.27-29 Our study 
also detected unexpected deteriorations in the radiograph 
control at varying time points which supports the recom-
mendation for regular radiograph controls.

The analysis of ACI and CEA showed an agreement of 
80% in the classifications with a tendency towards better 
results with CEA measurements but without statistical sig-
nificance between ACI and CEA. Furthermore, there was 
no inconsistency of more than 1° of severity. Overall, both 
measurements and classifications revealed similar results. 
This is particularly important for further long-term stud-
ies, since the ACI may no longer be used in older age. 
However, it should be noted that the examinations are 
based on different classifications either ACI or CEA. Other 
limitations of this study are the absence of a control group 
and the limited comparisons with other studies due to dif-
ferent patient groups which were included in the studies, 
e.g. owing to age at diagnosis, age at treatment and dif-
ferent ultrasound hip types.

Conclusion
This study shows a promising development of ultrasound 
unstable hips treated with the Tübingen splint in the early 
postnatal period until a mean age of 5.5 years. Neverthe-
less, there were unexpected deteriorations, which foster 
the need of regular radiological controls. The CEA is an 
alternative to the ACI at the age of four to eight years and 
enables follow-up studies of the same hips into adulthood.
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