Archives of Orthopaedic and Trauma Surgery (2018) 138:629-634
https://doi.org/10.1007/s00402-018-2882-4

ORTHOPAEDIC SURGERY

@ CrossMark

Development of unstable hips after treatment with the Tiibingen
splint: mid-term follow-up of 83 hip joints

Hannes Kubo' - Hakan Pilge’ - Karoline Nepp' - Bettina Westhoff' - Ruediger Krauspe'

Received: 11 November 2017 / Published online: 19 January 2018
© Springer-Verlag GmbH Germany, part of Springer Nature 2018

Abstract

Introduction Early diagnosis and treatment of hip dysplasia are widely accepted as major factors for beneficial outcome.
However, modalities for reduction and retention as well as for imaging are currently under clinical investigation. Local and
general risk factors, e.g., breech presentation and the family’s desire to avoid in-hospital treatment are major concerns in
the decision-making process and consultation. For treatment of unstable hips in newborns the treatment with the Tiibingen
splint has proven good results in recent studies. However, mid- and long-term outcome studies are missing. We report on
clinical results and X-ray parameter of initially unstable hips after treatment with the Tiibingen splint at two time points:
12-24 and 24-48 months of age.

Materials and Methods Included were newborns with 83 unstable hips (type D, III, IV according to Graf) which were suc-
cessfully treated with the Tiibingen splint—used as reduction splint 24 h per day/7 days per week—until type I hips were
documented by ultrasound examination. Measurments are based on routine pelvic X-ray control at the age of 12-24 and
24-48 months. The acetabular angle was determined and according to the Tonnis-Classification evaluated into: normal
findings (<1 s), slightly dysplastic findings (1-2 s) and severely dysplastic findings (>2 s). Children with secondary hip
dysplasia were not included in this series.

Results In 2nd year of life, 45 hips (54.2%; initial hip type D: 47.4%, I1I: 63.2%, IV: 42.9%) of the formerly unstable hips
show normal X-ray findings. Although final ultrasound showed normal findings, at this time point 28 hips (33.7%; initial
hip type D: 34.2%, 111: 31.6%, IV: 42.9%) were slightly dysplastic and 10 (12.0%%; initial hip type D: 18.4%, I1I: 5.3%, IV:
14.3%) still severely dysplastic. At the age of 24-48 months, the percentage of radiologic normal hips had increased to 61
hips (73.5%; initial hip type D: 68.4%, I11: 81.6%, 1V: 57.1%), the number of slightly (19 hips) and severely dysplastic (3
hips) hips had decreased 22.9% (initial hip type D: 28.9%, III: 15.8%, IV: 28.6%) respectively 3.6% (initial hip type D: 2.6%,
III: 2.6%, IV: 14.3%). At this time no operative intervention was neccessary.

Conclusions Our mid-term data show on the one hand a good development of unstable hips after successful treatment with
the Tiibingen splint. On the other hand despite successful therapy and normal ultrasound findings at the end of treatment
further imaging by X-ray are mandatory to close follow-up and to detect those which might need surgical correction of
residual dysplasia.
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Introduction

The introduction of hip ultrasound examinations in the
first 6 weeks of life lead to a strong decrease of the need
of invasive measures for the treatment of DDH: previously
0.16-0.3% of children with DDH required a surgical inter-
vention. Currently only 0.01-0.13% [1-3]. Katthagen et al.
[4] showed that the average age at start of treatment was
9 months and the need for operative intervention was 30.7%
before introduction of the well-baby program in Germany.
Ultrasound findings according to Graf differentiate into
four hip types with ten sub groups: the normal hip types
Ia, Ib, the immature hip types Ila and dysplastic but stable
hip types IIb, Ilc (stable), and the unstable hip types Ilc
(unstable), D, IlIa, IIIb and IV. For the treatment of stable
hips, the Tiibingen Splint has proven successful outcomes.
Here the children are held in stable position of the hip in
90°-110° of flexion and an abduction limited to 40°-50°
(Fig. 1) [5]. However, for treatment of unstable hips, the use
of plaster casts in human position, e.g., Fettweis plaster or
various splints, e.g., Pavlik harness for closed reduction and
retention has been established with a success rate of 73-92%
[6, 7]. Treatment with Fettweis plaster or Pavlik harness is
associated with complication rates for avascular femoral
head necrosis from 2.38—-16% [8—10]. In recent studies—as
an alternative to Fettweis plaster and Pavlik harness—a suc-
cessful treatment of unstable hip types with the Tiibingen
splint was shown [11, 12].

Standard ultrasound examination of the hip joint accord-
ing to Graf is possible from the first month after birth. As

Fig. 1 Tiibingen splint
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the reproducebility of ultrasound decreases with age, after
the sixth month of age radiological controls of dysplastic
hips are recommended [13]. Previous X-ray controls are not
useful because of yet unossified structures like the femoral
head [14]. By various lines (e.g., Hilgenreiner line, Perkins
line, Shenton Menard line) and angles [e.g., acetabular (AC)
angle and center edge angle] assessment and graduations of
the hip pathology can be performed on radiographs (Fig. 2).
For investigations and classification of dysplastic hips, the
determination of the acetabular angle has proven to be valid
and reproducible (Fig. 3) [15]. Here, an angle along the Hil-
genreiner line and the acetabular roof is measured. For the
Tonnis classification of abnormalities based on the acetabu-
lar angle, age, side of dysplastic hips and gender has to be
recognized: (1) normal findings (< 1 s), (2) slightly dysplas-
tic hips (1-2 s) and (3) severely dysplastic hips (>2 s) are
differentiated (s =standard deviation) [16].

To the best knowledge of the authors at this time, there
are no studies that show mid- and long-term results of unsta-
ble hips after treatment with the Tiibingen splint.

We report on results based on X-ray parameter of initially
unstable hips after successful treatment with the Tiibin-
gen splint with a follow-up X-ray at the age of 12-24 and
24-48 months.

Materials and methods
Patients

104 of initial 109 unstable hips (type D: n=51; type III:
n=46; type IV: n=12) treated with the Tiibingen splint
could be transferred in a type I hip according to Graf (suc-
cess rate 95.4%). There were 5 failures (4.6%): 1 hip type
IIT and 4 type IV, which were successfully treated with

Fig.2 Pelvic X-ray of a 5 year old girl. Horizontal line Hilgenreiner
line (a); vertical lines Perkins lines (b); line below the left femoral
neck Shenton Menard line (c); acetabular (AC) angle right (asterisk)
and center edge angle left hip (hash)
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Fig.3 a Pelvic X-ray of a 16 month old child (initial sonografic hip type D right and Illa left) with AC-angle right: 28.0° (1-2 s) and left: 32.5°
(2 5); b Pelvic X-ray with 39 months with: AC-angle right: 22.2° (<1 s) and left: 19.2° (<1 s)

Fettweis plaster afterwards [12]. In our department, the
Tiibingen splint is used as a reduction device and the new-
borns had to wear the splint initially 24 h per day/7 days
per week.

In the period from 01/2003 to 08/2016 anonymised data
for 83 successfully converted unstable hips (type D: 38,
type I1I: 38, type IV: 7) were included in the study. Age at
baseline was treatment start <6 weeks. The patients had
no limitation of abduction.

Patients with secondary hip dysplasia—e.g., children
with infantile cerebral palsy or other neuromuscular dis-
eases—were excluded. The presence of a routine pelvic
X-ray control at the age of 12-24 and 24-48 months was
mandatory for this study.

Methods

Measurements were taken from routine X-ray controls at
the age of 12-24 and 24-48 months of patients after suc-
cessful treatment with the Tiibingen Splint. We evaluated:
(1) average age at first and second X-ray control, (2) the
AC-index according to the Tonnis classification and sub-
divided into: normal findings (<1 s), slightly dysplastic
findings (1 s-2 s) and severely dysplastic findings (> 2 s).

Avascular necrosis of the femoral head were determined
according to the Kalamchi and MacEwen classification
into type I-IV.

Statistical analysis
Results are presented as mean + SEM. Statistical signifi-

cance was calculated by the unpaired Student’s # test, using
IBM SPSS statistics version 22.

Results

There were 60 patients with 83 unstable hips [bilat-
eral: n=23 (27.7%)] who had a routine pelvic X-ray in
second year of life (mean: 14.7 month, SD: 2.2, range
12-22 months) and at the age of 24-48 months (mean:
31.2 months, SD: 6.0, range 22—48 months).

The X-ray results at the age of 12-24 months showed
normal findings in 45 hips (54.2%; initial hip type D:
47.4%, 11: 63.2%, 1V: 42.9%). However, 28 hips (33.7%;
initial hip type D: 34.2%, 11I: 31.6%, 1V: 42.9%) were
slightly and 10 hips (12.0%; initial hip type D: 21.1%, I1I:
5.3%, 1V:14.3%) were severely dysplastic (Figs. 4, 5, 6).

At the second time point at the age of 24—48 months
normal findings were seen in 61 hips (73.5%; initial hip
type D: 68.4%, 111: 81.6%, IV: 85.7%), slightly dysplasia in
19 hips (22.9%; initial hip type D: 28.9%, I1I: 15.8%, IV:
14.3%) and severely dysplasia in 3 hips (3.6%; initial hip
type D: 2.6%, 11I: 2.6%, 1V:14.3%) (Figs. 7, 8).

In comparison of pelvic X-rays in second year of
life versus second to fourth year of life, there was total
increase of normal findings of 35.6%. Interestingly, 6.7%
(2 hip type D, 1 hip type III) of patients with initially nor-
mal findings deteriorated into slightly dysplastic hips, one
hip (2.2%, hip type IV) even deteriorated into a severely
dysplastic finding. A total decrease of slightly dysplastic
hips by 32.1% was seen between the two time points. Here
32.1% of initially slightly dysplastic hips show constant
slightly dysplasia and 67.9% improved in normal findings.
In comparison of severely dysplastic findings a decrease
of 70.0% was noticed. Here 60.0% of severely dysplastic
findings improved into slightly dysplastic findings, 20.0%
were constant severely dysplastic and 20.0% improved in
normal findings (Fig. 9).
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Fig.4 a Newborn with hip type IV left (arrow); b pelvic X-ray after 12 months with AC-angle right: 19.3° (<1 s) and left: 26.8° (1-2 s); ¢ pel-
vic X-ray after 25 months with: AC-angle right: 19.7° (<1 s) and left: 24.0° (1-2 s)
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Fig.5 First X-ray control 12-24 months (AC-angle according to Ton-
nis classification), n=83: normal findings (<1 s): 54.2%; slightly
dysplasia (1-2 s): 33.7%; severely dysplasia (2 s): 12.0%
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Fig.6 AC angle in degree (°) after 12-24 months. Light gray dia-
monds: normal findings (45), dark gray diamonds: slightly dysplastic
(28), red diamonds: severely dysplastic (10), n=83
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Second X-ray control 24-48 months
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Fig.7 Second X-ray control 24-48 months (AC-angle according to
Tonnis classification), n=83: normal findings (<1 s): 73.5%; slighlty
dysplasia (1-2 s): 22.9%; severely dysplasia (2 s): 3.6%
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Fig.8 AC angle in degree (°) after 24-48 months. Light gray dia-
monds: normal findings (61), dark gray diamonds: slightly dysplastic
(19), red diamonds: severely dysplastic (3), n=_83
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Fig.9 Comparison of first X-ray versus second X-ray, n=8§83,
improvement of 19 slightly dysplastic hips and 6 severely dysplastic
hips into normal findings, 2 severely dysplastic hips into slightly dys-
plastic hips, deterioration of 4 normal findings (3 slightly dysplasia
and 1 severely dysplasia)

In two cases (2.4%) an avascular necrosis of the femoral
head type I was seen (both hip type IV).

In addition, the contralateral hip joints with stable hip
types I-Ilc (n=37) were also examined. At the first time
point (12-24 months) 29 hips showed normal findings
(78.4%) and 8 were slightly dysplastic (21.6%). The X-ray
results at the age of 24-48 months showed normal findings
in 35 hips (94.6%) and slightly dysplasia in 2 cases (5.4%).
Here one normal finding deteriorated.

In none of the patients an operative intervention was per-
formed at the end of the X-ray examinations. In one case
(severely dysplastic hip) an operative intervention and for
the two other severely dysplastic hips close controls were
recommended.

Discussion

After ultrasound controlled transfer into stable hips, the
development of a normal cartilaginous joint is possible. Nor-
mally dysplastic but stable hip joints were controlled or were
treated which various splints, e.g., Tiibingen splint. Unstable
hips were usually treated with plaster casts in human posi-
tion, e.g., Fettweis plaster or with the Pavlik harness [17-20].
However, in certain cases, the Tiibingen splint could be used
as alternative therapy possibility even for unstable hips. In
our department, for example, unstable hips—with age at
start of treatment <6 weeks and without limitation in abduc-
tion—were treated with the Tiibingen splint. Advantages of
this splint are easy handling, adjustment according to growth
in size and easy cleaning compared to other harness’ and
splints. Therefore, the Tiibingen splint has a high parents
compliance. Here we show similarly good results in compar-
ison to other studies [11]. However, with each therapy, the

bony remodeling and maturation is delayed in comparison
to the cartilaginous remodeling. Therefore, various studies
show the need of regular X-ray controls to detect and pos-
sibly treat residual hip dysplasia in an early stage [21-23].
To classify hip dysplasia, the Tonnis classification has been
proven successfully [24]. In this context, our study supports
previous conclusions that it is necessary to regularly control
the children to confirm regular development of the hip joint.
Previous studies show that it is essential to regularly evaluate
development of the hip joint until the maturation of the mus-
culoskeletal system [25]. Follow-up controls are mandatory
since bone maturation is delayed and secondary instability
and/or delay in bone remodeling may lead to recurrence of
dysplasia and necessity of surgical correction. Symptoms
will occur very late and prevention of irreversible damage to
acetabular cartilage can only be achieved by surgical inter-
ventions. After successful treatment of unstable hips with
the Pavlik harness residual dysplasia was seen in 5-34%
[21, 22, 26]. In these cases, studies with X-ray follow-up are
needed to detect residual hip dysplasia.

The risk of radiation-induced cancer (2 pelvic X-ray)
compared to naturally occurring cancer appears to be less
than 1 per million [21]. However, other studies prefer the
start of X-ray controls after the second year of life to reduce
the radiation exposure [27]. The Kalamchi and MacEwen
classification is a well-accepted tool for determination and
classification of AVN [28]. We detected two out of 83 hips
(2.4%) with avascular necrosis of the femoral head according
to the Kalamchi and MacEwen classification at the end of
4th year of life. In comparison to other studies our results of
unstable hips treating with the Tiibingen splint show a low
AVN rate of 2.4% (8-10). But these comparisons are lim-
ited because of different patient groups which were included
in the studies—explicitly owing to age at diagnosis, age at
treatment and different hip types. In our study, an operative
intervention was not performed after completion of the sec-
ond X-Ray but one surgical intervention and closed controls
for the 3 severely dysplastic hips were recommended.

Conclusion

This is the first study to show that treatment with the Tiibin-
gen splint, even in unstable hips has results, that are com-
parable to treatment with Fettweis plaster or Pavlik harness.
But our mid-term follow-up data also shows that despite
successful therapy with the Tiibingen splint unstable hips
need regular X-ray follow-up controls to observe the devel-
opment of all hip joints and to detect those which might need
surgical correction of residual dysplasia. We recommend
that even after treatment with the Tiibingen splint regular
X-ray controls should be performed.
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