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Abstract: Closed reduction followed by spica casting is a conservative treatment for developmental
dysplasia of the hip (DDH). Magnetic resonance imaging (MRI) can verify proper closed reduction
of the dysplastic hip. Our aim was to find prognostic factors in the first MRI to predict the possible
outcome of the initial treatment success by means of ultrasound monitoring according to Graf and
the further development of the hip dysplasia or risk of recurrence in the radiological follow-up
examinations. A total of 48 patients (96 hips) with DDH on at least one side, and who were treated
with closed reduction and spica cast were included in this retrospective cohort study. Treatment
began at a mean age of 9.9 weeks. The children were followed for 47.4 months on average. We
performed closed reduction and spica casting under general balanced anaesthesia. This was directly
followed by MRI to control the position/reduction of the femoral head without anaesthesia. The
following parameters were measured in the MRI: hip abduction angle, coronal, anterior and posterior
bony axial acetabular angles and pelvic width. A Graf alpha angle of at least 60° was considered
successful. In the radiological follow-up controls, we evaluated for residual dysplasia or recurrence.
In our cohort, we only found the abduction angle to be an influencing factor for improvement of the
DDH. No other prognostic factors in MRI measurements, such as gender, age at time of the first spica
cast, or treatment involving overhead extension were found to be predictive of mid-term outcomes.
This may, however, be due to the relatively small number of treatment failures.
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1. Introduction

The estimated incidence of developmental dysplasia of the hip (DDH) in infants
varies geographically from 0.1-30 per 1000 newborns, depending on the population [1-3].
Unrecognized and untreated DDH can lead to premature osteoarthritis and is responsible
for up to one-third of hip replacements in adults younger than 60 years [1]. The exact
etiology of DDH remains unknown and is likely multifactorial, with its pathophysiology
reflecting a combination of primary abnormal acetabular development and secondary
abnormal interaction between the femoral head and the acetabulum during perinatal
life [4]. Specifically, previous studies have shown that breech intrauterine position, family
history of DDH and female gender are the most important risk factors for DDH [1,5]. Other
risk factors such as first-born, oligohydramnios, overly restrictive swaddling practices and
foot abnormalities have been linked to DDH, but the evidence is weaker [2,5].

Detected at an early age by ultrasound, developmental hip dysplasia (DDH) can
be very effectively treated by conservative means, even in severe cases. Success rates of

Children 2022, 9, 1010. https:/ /doi.org/10.3390/ children9071010

https://www.mdpi.com/journal/children


https://doi.org/10.3390/children9071010
https://doi.org/10.3390/children9071010
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/children
https://www.mdpi.com
https://orcid.org/0000-0002-0090-825X
https://doi.org/10.3390/children9071010
https://www.mdpi.com/journal/children
https://www.mdpi.com/article/10.3390/children9071010?type=check_update&version=1

Children 2022, 9, 1010

20f13

90.4-99.8% have been shown for the Tiibinger splint, the Pavlik harness, or casts, and
as such are considered first-line therapy in neonates [6-9]. These splints or casts exploit
the huge potential for growth and remodeling of the newborn hip [10]. The goal of
treatment in these cases is to achieve and maintain concentric reduction of the hip joint to
promote femoral head coverage, and congruent acetabular and femoral head development.
Treatment is guided by the age at presentation and the severity of the disease [11]. Later,
once the ossification center has formed in the femoral head, the sonographic possibilities
become limited and AP X-ray of the pelvis provides superior diagnostic information [12].
Here, the acetabular index is the relevant parameter up to the age of 4. Beginning at the
age of 4, the centre-edge angle (CE angle), according to Wiberg, becomes increasingly
relevant [13].

In German-speaking countries, conservative therapy is usually guided by ultrasound of
the hip. In these regions, the Graf technique has prevailed (see also Section 2.3 Measurements).

The algorithm varies in the case of spica casting. Some prefer leaving window in
the cast to perform a transinguinal ultrasound [14-16]. This additional window reduces
the stability of the cast, which is why others prefer magnetic resonance imaging (MRI) to
evaluate the position of the femoral head after closed reduction and cast application [17-21].
Further available imaging methods are X-ray or computer tomography (CT) scans [22-24].
Reported rates of recurrent dislocation identified on cross-sectional imaging after closed
reduction range from 6% to 15% [12]. Although the sensitivity and specificity of CT
and MRI for detecting dislocation have been found to be equivalent [25], MRI has the
advantage of not exposing the sensitive developing tissues to ionizing radiation and
providing superior soft-tissue resolution and enhancement profiles. Specifically, in cases of
abnormal post-reduction hips, MRI can identify obstacles to reduce and detect unexpected
complications [12]. Due to the unnecessary radiation exposure and no proper display of
the cartilaginous hip, we prefer MRI after closed reduction and spica cast application. Even
though the correct centre of the femoral head is the main concern, several indices can be
measured in MRI. Jaremko et al. evaluated several of these for dysplasia on infant hip MRI
(see Section 2.3 Measurements) [26]. Indices of hip dysplasia and adequacy of reduction
differ between modalities, including ultrasound, radiography, CT, MRI and arthrography
with limited cross-correlation. Jaremko comprehensively adapted all available DDH indices
from CT and other modalities to MRI, and tested which could be feasibly measured on
MR, assessed interobserver variability, and correlated indices to each other [26].

Using these indices, our aim was to find parameters on the first MRI after closed
reduction and spica cast application correlating with the outcome. In this regard, we looked
for prognostic factors predicting the expected success of treatment. To our knowledge,
there are no comparable studies to this topic so far.

By means of the parameters measurable in MRI, we wanted to find out whether
they can predict conservative therapy success or failure in terms of residual dysplasia or
recurrence rate.

2. Patients and Methods
2.1. Patients Population

In this retrospective cohort study, we included all 48 patients (96 hips) with DDH on
at least on one side, who were consecutively treated with closed reduction and spica cast
between 2005 and 2016 at our institution. The diagnosis was confirmed by an ultrasound
in our department. Moreover, 84/96 (87.5%) were female and 12 (12.5%) were male; 54.2%
(26/48) were bilateral and 45.8% (22/48) had DDH on one side. Since a spica cast always
retains both hips, the healthy opposite sides were also retained in the patients affected
on only one side—no reduction was necessary, nor occurred on the healthy side. This
ultimately resulted in 69 hips with DDH and 27 healthy hips being treated with a spica cast.

Initial Graf types were type 1a or 1b 27/96 (27.2%), type 2a 9/96 (9.1%), type 2b 3/96
(3.0%), type 2¢ 12/96 (12.1%), type D 12/96 (12.1%), type 3a 21/96 (21.2%), type 3b 3/96
(3.0%) and type 4 7/96 (7.1%) [27-29]. One patient had no initial ultrasound in our data.
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Six patients (12.5%) had received overhead extension prior to spica casting. Furthermore,
3/6 had at least on one site Graf type 4, 1 type 3b and 1 patient had a type 2c hip at
initial presentation to our outpatient department after having been treated with overhead
extension and spica cast in different hospitals before (the hip was initially Graf type 4). The
remaining patient had already started ossification of the unstable decentred femoral head
upon initial presentation to our outpatient department at the age of 5 months. We initiated
an overhead extension because of the age of the child and the instability of the hip.

Patients with neurogenic or syndromic hip dysplasia were excluded. The exact age at
diagnosis could not be determined adequately because the records are incomplete. We were
not able to retrospectively verify the time of initial diagnosis for each patient, which was
generally made prior to presentation to our department. The treatment began at our de-
partment at a mean child age of 9.9 weeks (s = 6.0) (range 4 to 33 weeks). Treatment of male
patients started at a mean of 7.3 weeks (s = 2.2) and female patients at 10.3 weeks (s = 6.3)
of age. This difference was highly significant (p = 0.003). A follow-up was 47.4 months on
average (s = 34.5). 9/48 (18.8%) children had a known risk factors for DDH with a breech
presentation and/or positive family history.

2.2. Treatment Technique

All patients received a Graf hip ultrasound at our institution to confirm the diagnosis.
In cases of an unstable hip (type Ilc unstable or more according to Graf’s classification) on
at least one side, we performed closed reduction and spica casting (see Figures 1 and 2).
The patients were deemed too old to try a Tiibingen splint when they presented to our
outpatient clinic. Cooper et al. and Seidl et al. described the Tiibingen splint as a successful
option for very young infants. The standard therapy for unstable hips at this age is the spica
cast [30,31]. The duration of the cast therapy was determined according to the patient’s
age and the severity of the disease. The standard therapy was two serial casts of 3 weeks
duration. Afterwards, an ultrasound reevaluation was performed. If the DDH was still
severe, a further spica cast was applied again for an additional 3 weeks if necessary. If DDH
was deemed mild, or the alpha angle was less than the target of 64° or more, a Tiibingen
splint was applied; if an alpha angle of 64° or more was measured, the treatment was
stopped. If a severe DDH was initially present in a very young infant, a 3-week cast therapy
was sometimes carried out and then an ultrasound reevaluation performed to decide if
the standard two rounds of 3-week treatment spica cast should be continued, or if another
option, such as a Tiibingen splint was sufficient.

96 hips/48 patients

(26 bilateral, 22 unilateral)

L 3

Ultrasound contral

Spica casting 3 — 9 weeks

| 28/96 hips, 14/48 patients

[

L 3

68 hips, 34 patients
Tibinger splint 2 - 21 weeks

"| allready reached a-angle > 64°

X-ray controlls

Reaching a-angle = 60°

65/68 hips, 32/34 patients

- Start walking (around 18 month) (N=65/96)
# - 3 years (N=46/96)
- Syears (N=26/96)
- T-10vyears (N=07/96)

Figure 1. Shows the therapy algorithm of our treatment.
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Figure 2. Shows a patient in a spica cast with hip abduction and flexion.

To reach a good result, the reduction was performed under general balanced anaesthe-
sia with laryngeal masks. In all cases, MRI was performed directly after closed reduction
to control the position/reduction of the femoral head without additional anaesthesia by
taking advantage of residual anaesthesia. In unsteady infants, positioning aids were used,
such as a light sandbag to support the spica cast, to additionally minimize movement
artefacts in MRI. For MRI sequences see Table 1. The spica cast was renewed after 3 weeks
once or twice depending on the initial severity of DDH.

Table 1. Post spica cast pelvic MRI protocol parameters, FOV field of view, fs fat saturation, PD
proton density, TE echo time, TR repetition time.

FOV Voxel Size Slice Thickness o Foldover Acquisition
Sequence (mm) (mm) (mm) Gap (%) Direction TR (ms)  TE (ms) I?/Iatrix

Cor PD tse 320 160 0.5 x 05 x 2.0 2.0 10 RL 1500 24 160
Cor T2 tseRB 320 200 0.6 x 0.6 x 2.0 2.0 10 FH 3180 97 200
Axial T2 tseRB fs 320 200 0.6 x 0.6 x 2.0 2.0 20 RL 2900 73 200
Axial T2 tseRB 320 200 0.6 x 0.6 x 2.0 2.0 20 RL 3400 97 200
Axial PD tseR 320 200 0.6 x 0.6 x 2.0 2.0 20 RL 1800 22 200
Sag PD tse 384 re/li 160 0.5 x 0.4 x 2.0 2.0 10 AP 1500 35 160

After the scheduled spica cast therapy, an ultrasound was carried out to reevaluate
the hip. If the alpha angle was still below 64°, the therapy was continued with a Tiibingen
splint until the desired maturation of the hip occurred. The Tiibingen hip flexion splint is a
removable orthosis that fixes the squat position of the hip and was invented by Prof. Bernau
for the treatment of stable hip joints [32]. In this study, treatment control was performed
using ultrasound with the technique described by Graf. An alpha angle of at least 60 °
(Graf Typ I) was required to end therapy (treatment goal was defined as an alpha angle
over 64°, but in cases where a type 1 hip had been achieved some parents opted to end
further treatment). Afterwards, the children were followed-up according to our in-house
standards by means of X-ray until the end of growth. The patients presented 2-3 months
after the start of walking, around the age of 3, shortly before starting school, before the
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pubertal growth spurt and at the end of growth (see Figure 1). This way, recurrences could
be detected accordingly and the development of the hip could be observed. Mild dysplasia
was further observed and partly treated with a nighttime abduction wedge. If the CE angle
was less than 15°, surgical reconstruction was indicated.

2.3. Measurements

Ultrasound was performed with the Graf technique [33,34]. The child is placed in a
lateral position in a positioning tray and examined with a linear ultrasound transducer.
This is applied to the greater trochanter in the longitudinal axis of the child and produces
a frontal section through the acetabulum. After anatomical identification and usability
testing, the o- and f3-angles are determined (see Figure 3). The tangent to the os ilium is
the baseline for both angle determinations. Two guide lines are added to this baseline to
measure the bony acetabular roof angle « (bone angle) and the cartilaginous acetabular roof
angle 3 (cartilage angle). For the latter, a connecting line (display line) is drawn between
the bony acetabular notch (turnover point) and the centre of the acetabular labrum. The
bony notch is located at the point where the acetabulum changes its profile from concave
to convex. For the x-angle, a tangent is drawn to the bony acetabulum starting from the
lower edge of the os ilium.

Figure 3. Shows the measurement of the - and p-angle. (A) plain ultrasound image for anatomical
identification and usability testing. (B) The tangent to the os ilium is the baseline for both angle
determinations. For the a-angle, a tangent is drawn to the bony acetabulum starting from the lower
edge of the os ilium (C) For the latter, a connecting line (display line) is drawn between the bony
acetabular notch (turnover point) and the center of the acetabular labrum. The bony notch is located
at the point where the acetabulum changes its profile from concave to convex. The angle between the
two lines is called p-angle.

Alpha and beta angle were measured initially and after ending spica cast therapy,
and until ending treatment or ossification of the femoral head. If the femoral head already
ossified during follow-up we performed X-rays instead of ultrasound to follow-up. This
usually happens around 8 months of age. 6 children were lost to follow-up at the first
planned X-ray after they had begun walking. All other children showed femoral head
ossification by the follow-up time. An angle of 64° or more was rated as excellent, 60-63.9
as good, and below this as poor. The aim was to achieve a type I hip according to Graf,
which accordingly has an alpha angle of at least 60° and thus to achieve a normal hip.

For MRl indices, we used those described by Jaremko et al. (see Figure 4) [26]. First the
hip abduction angle (Abd.) is measured in the axial T1 phase on the image with the largest
diameter of the femoral heads. This is defined as the angle between a perpendicular line to
Hilgenreiner’s line and the line along the mid femoral shaft. The coronal acetabular angle
(CorAcet) is measured on the coronal image on which the acetabular roof is steepest. This
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image must also contain a substantial portion of the femoral head. CorAcet is defined as the
angle between Hilgenreiner’s line and a line to the superior bony edge of the acetabulum.
For the Pelvic width (PelvWid), we used the image showing the widest distance between
medial ischial walls at the pelvic inlet. The width is a measure of the inner distance between
the inner edge of left and right cortex. Similarly Jaremko et al., we used the axial image on
which the acetabulum appears deepest to measure the anterior and posterior bony axial
acetabular angles (AxAcet and AxPAcet). This image also contained a substantial part of
the femoral head. The AxAcet is the angle between Hilgenreiner’s line and a line joining
the anterior edge of the bony acetabulum to the lateral edge of the triradiate cartilage. The
AxPAcet is measured similarly at the posterior joint line [26].

PelvWid

Figure 4. Overview of the measurement technic in the MRI described by Jaremko and performed
in TraumaCad. (A) AxAcet/AxPAcet: Select the axial image for which the acetabular cup appears
deepest. The bony anterior acetabulum index (red) is the angle is made between Hilgenreiner’s
line (green) and a line joining the anterior edge of the bony acetabulum to the lateral edge of
the triradiate cartilage. The bony posterior acetabular index (yellow) is measured similarly at the
posterior joint line. (B) CorAcet: Select Slice were the acetabular roof is steepest. Angle (yellow)
between Hilgenreiner’s line (green) and a line joining the superior edge of the bony acetabulum to
the lateral edge of the triradiate cartilage. (C) PelvWid: widest distance between medial ischial walls
at the pelvic inlet, below the hip joints (D) Abduc: On the slice showing the largest diameter of the
most normally positioned femoral bead, draw Hilgenrainer’s line (green) between anterior lateral
edges of triradiate cartilage in the same fashion as on the coronal images. Abduc angle (orange) is
the angle between the line along the mid femoral shaft and a perpendicular to Hilgenreiner’s line.
(AxAcet AxPAcet = anterior/posterior bony axial acetabular angles, CorAcet = coronal acetabular
angle, PelvWid = Pelvic width, Abduc = hip abduction angle) [26].



Children 2022, 9, 1010

7 of 13

After ending spica casting, further follow-up was performed using X-ray. Children
with DDH should be followed-up radiologically until growth completion, due to late
recurrence. If no signs of DDH are present during follow-up, further follow-up at walking
age, after 8-10 years and after the end of growth is recommended [35]. In our cases, severe
DDH was present, so spica cast therapy was necessary and therefore the control intervals
were reduced to walking age, again after 3 and 5 years, and after 10 years. Due to the study
period and follow-up time frame, no patient has reached skeletal maturity at this point.

The centre edge angle as described by Wiberg (CE-angle) and the Acetabular Index
(AI) were measured and we evaluated for further pathology, such as signs of beginning
avascular femoral head necrosis. Although the CE-angle is not validated for children
under 4 years age, it was used for comparison with other authors. Of particular interest
was the further development of the hips and the femoral head coverage after successful
post-maturation: Do the children develop a recurrence of hip dysplasia or do they remain
mature without signs of bony DDH? This was evaluated and staged using the AC and CE
angle relative to the patient age according to Tonnis [33].

All MRI and radiographic measurements were performed with TraumaCad Version 2.5
(Brainlab Ltd., Petah Tikva, Israel).

2.4. Statistical Analysis

All of the statistical analyses were conducted using SPSS (version 28; SPSS; Chicago,
IL, USA). Descriptive statistics, including arithmetic mean value and standard deviation,
were calculated. Data is given as mean =+ standard deviation (SD) and ranges, if not
indicated otherwise.

T-Tests and Pearson’s chi-squared-tests were used for group statistics. Prognostic
factors were calculated with linear regression tests. Differences were considered significant
if the p-value was <0.05.

3. Results

The mean duration of treatment was 11.3 weeks (S = 4.9). The treatment involved
a mean of 6.0 weeks (3-9 weeks) cast and 5.3 weeks with Tiibinger splint. There was
no significant difference between male and female patients. After removing the cast,
70.8% (68/96) needed additional therapy with Tiibinger splint depending on sonographic
measurements. The others already reached an alpha angle of >64° after cast therapy and
did not need any additional splint. These patients were primarily unilaterally affected
infants. For initial Graf type see Table 2.

Table 2. In the ultrasound evaluation after spica cast therapy, 28 hips already showed an alpha angle
of at least 64° and therefore did not require any further therapy. The following table shows the
distribution of the initial Graf types of these patients.

Initial Graf Type 28 Hips Reached Alpha Angle of 64° or More after

Spica Casting
1 10/28
2a 3/28
2¢ 4/28
3a 5/28
D 4/28
Unknown (no initial ultrasound) 2/28

There was a positive correlation between having had an overhead extension and the
need of a Ttibinger splint after spica cast (p = 0.014).

One patient (both hips) needed surgical treatment during the follow-up period. A
total of 3 patients (3 hips) still have a residual dysplasia and may require additional surgery
at a later date, such as acetabuloplasty and derotation-varisation-osteotomy (DVO). The
following measured parameters were not associated with surgery (either performed or
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recommended): gender, age at time of starting therapy, Graf Type, alpha-angle at the end
of therapy or MRI measurements.

3.1. Sonographic Evaluation

The sonographic alpha- and beta-angle measured at the beginning and end of therapy
separated by sex are summarized in Table 3. The difference of both angles (alpha and beta)
was highly significant with p < 0.001. No significant correlation was noted between the
first alpha-angle and the first radiologic measurements (CE-angle, Al, ACM, HAS). The
initial Graf Type had no influence on the duration of the therapy in total, nor on further
surgical treatment. However, the duration of spica cast therapy positively influences the
alpha angle at the end of therapy (p = 0.003, beta = 0.869). No other measured parameter
was shown to have a significant positive correlation. An alpha angle of 64° or more was
rated as excellent, 60-63.9 as good, and below as poor.

Table 3. Shows ultrasound parameters at the beginning and end of therapy in total and separated by
sex and age in weeks at time of beginning therapy. Alpha = alpha angle defined by Graf. Beta = beta

angle defined by Graf.

Mean Start Standard Mean End Standard
Cast Deviation Therapy Deviation

In total 52.2 9.8 65.6 3.3

alpha female 52.2 9.6 65.7 34

male 51.8 114 64.5 1.8

In total 74.2 9.3 63.9 6.8

beta female 74.0 9.9 64.0 7.0

male 75.1 79 63.7 5.8

No significant difference in alpha-angle or Graf Type was noted between the male and
female patients. There was a difference in age at time of starting the therapy between both
sexes (p = 0.003). Girls were treated on average 3 weeks later than boys. No significant
differences were found in duration of the therapy (p = 0.646) or the alpha angle at the end
of therapy.

A total of 3 hips in 2 patients (2/48, 4.1%) did not reach an alpha angle of 60° at the
end of therapy. One was getting too old to continue immobilisation with regard to the
motor development. The parents of the other patient declined further treatment with a
spica cast or Tuibinger splint to finish treatment.

3.2. Magnetic Resonance Imaging Measurements

Table 4 gives a summary of the measurements shown in the MRI. 31/48 (64.6%)
patients had a second MRI, which was carried out after receiving the second spica cast. All
of the MRI scans showed a concentric reduction of the femoral head within the acetabulum.

Table 4. Summary of the magnetic resonance imaging (MRI) measurements in the first and last MRI.
Abd = hip abduction angle. AxAcet = axial anterior acetabular angle. AxPAcet = axial posterior
acetabular angle. CorAcet = coronal acetabular angle. PelvWid = pelvic width.

. Standard Mean Second Standard

Mean First MRI Deviation MRI Deviation
Abd 53.5 (39.3-66.2) 5.2 53.4 (29.0-62.1) 6.7
AxAcet 49.6 (32.8-68.2) 7.1 50.0 (32.8-62.4) 6.6
AxPAcet 46.8 (36.1-63.5) 6.0 46.8 (4.6-69.1) 9.3
CorAcet 25.6 (11.8-44.9) 6.6 24.2 (11.7-47.6) 7.8
PelvWid 35.8 (28.7-51.0) 5.0 38.2 (32.0-52.0) 5.1

There was no significant difference of the measured angles depending on sex. There
was a positive correlation between pelvic width and age at time of first spica cast (p < 0.001).
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All of the measured parameters had no significant influence on the alpha angle at the
end of therapy (outcome). Two parameters influenced duration of therapy, first AxPAcet
(p = 0.028, beta = —0.218) and the Abduction (p = 0.003, beta = —0.304) in the first MRI.

3.3. Radiographic Evaluation

Two patients had no initial ultrasound examination because of age at time of presen-
tation and an already ossified femoral head (25 and 33 weeks). During further follow-up
after Spica cast and subsequent additional Tiibinger splint we performed anterior-posterior
X-rays of the total pelvis after 1.5, 3, 5 and 10 years. Means are shown in Table 5. Moreover,
42 /48 patients had at least one follow-up X-ray. Table 5 shows radiographic parameters of
Al and CE angle during follow-up separated by the result of the last sonography. Figure 5
shows development of Al and CE-angle over time of follow-up. Factors influencing the
outcome of congenital hip dysplasia were found at 3-year follow-up, but not at the others,
perhaps due to loss to follow-up after 5 and 10 years. Abduction had a positive effect of the
development of Al measured at 3 years age in our cohort (p = 0.044, beta = —0.609). No
other positive effects were found to be statistically significant.

Table 5. Shows radiographic measurements with mean and standard deviation of X-ray measure-
ments of Al and CE angle after 1.5, 3, 5 and 10 years of follow-up separated by the result of the last
sonography. CE-angle = centre edge angle by Wiberg. Al-angle = acetabular index. n = number.

Excellent (x > 64°) Good (x < 64°) Poor (x < 60°)
Years
n n n
Al 28.6 (s = 4.0) 295 (s = 4.2) 26.0
152 CE 65 113 (s =8.3) 10 8.8 (s = 8.8) 1 18.0
5 Al P 25.1 (s = 4.8) . 24.11 (s = 5.6) ) 2.0
CE 16.4 (s = 5.6) 17.8 (s = 5.6) 21.0
5 Al . 192 (s = 4.3) . 215 (s =5.2) ) 17.0
CE 18.4 (s = 4.0) 1838 (s = 3.8) 20.0
Al 163 (s = 3.9) 1533 (s = 5.9)
10 CE 7 226 (s = 5.4) 3 24.33 (s = 4.7) 0

2~ Acetabular_Index
30 -3~ CE_angle

mean
o

years

Figure 5. Shows mean development of acetabular index (light blue) and CE angle (green) during
follow-up after 1.5, 3, 5 and 10 years.
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3.4. Complications

There were no complications such as avascular necrosis of the hip. 11.4% (11/96) hips
had delayed remodelling of the femoral head. All showed a spherical femoral head at the
end of individual follow-up.

4. Discussion

The aim of this study was to explore possible prognostic factors in spica cast MRI to
predict the expected outcome. We included both hips, including ones without signs of
DDH, in order to compare all evaluated hips irrespective of DDH severity in order to detect
possible prognostic factors. Furthermore, spica cast and Tiibinger splint treatment always
involves both hips.

Published cohorts have ranged in size from 21-110 patients, allowing for a comparison
with the results in this cohort of 49 patients [15,36—40]. The mean age at time of starting
treatment in this study was 9.9 weeks and therefore far below most reported ages, which
generally started treatment around 6 to 24 months of age or even older [20,36-38]. The
poorer outcome and higher rates of AVN in some studies might be associated with older
age at time of immobilization [39,41-43]. The absence of AVN in our population may also
be due to short cast immobilization period compared to the literature and younger age of
our patients [21,36,44,45].

During the follow-up, there was a reduction in the number of patients after the first
radiological control up to the 10-year control. This was due to several reasons. Firstly, not
all patients were able to complete the possible follow-up period. On the other hand, some
parents refused further radiographs of their children after an unremarkable radiographic
control or forget/neglected to attend the further appointments. Some may also have moved
and/or are performing the checks somewhere else.

We achieved a good outcome compared to the literature, which may be a result of the
younger patient age when initializing treatment. Furthermore, 1 of 49 patients underwent
surgery and 3 of 49 had residual dysplasia requiring treatment during our follow-up
(8.1% in total, 4/49), which is comparable to the literature, reporting unsuccessful closed
reduction in 9-31.16% of cases [11,37,40,46]. The girl who underwent surgery had a normal
history with treatment beginning at 6 weeks of age for an unstable 2¢ hip on the left side.
After treatment with a spica cast and a Tiibingen splint, a Graf type 1 hip was found
on both sides. However, X-ray examinations showed an increasing recurrence on both
sides during the follow-up, so that surgical hip reconstruction with derotation varisation
shortening osteotomy and Dega acetabuloplasty was carried out. Further checks showed no
further recurrence of DDH. The three others with residual dysplasia showed the following
characteristics: One was pretreated externally with an abduction treatment and presented
to our clinic at 22 weeks of age. After initial therapy, the subsequently prescribed abduction
wedge was not tolerated at night. After 3 years, there was a persistent DDH on the left side,
but no further presentation to our outpatient clinic. The second patient showed a right-
sided recurrence of the DDH in the first X-ray control after successful initial treatment from
the 8th week of life. After an abduction wedge was prescribed, she was lost to follow-up.
In case of the last girl, after successful initial conservative therapy, a mild dysplasia was
observed in the 5-year follow-up, which is still being observed.

To our knowledge, we are the first investigate possible prognostic factors on MRI after
spica cast placement to predict the expected outcome. We measured several parameters
which had been shown by Jaremko et al. to be reliable and evaluated several additional
parameters which were considered to be of interest. CorAcet and Abduction had moderate
reliability. AxAcet and AxPAcet were rated as unreliable, but were still considered of
interest for this study. Pelvwidth was the only very reliable parameter Jaremko et al. had
noted. This is more a parameter of age than of DDH, and in this study acted as an additional
indirect test of a correlation between age at therapy initiation and outcome. Jaremko
described other parameters studied as time-consuming or not clinically relevant [26], so
we decided not to measure them. After casting, all hips were centered. Jaremko et al.
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described a large number of subluxated hips on MRI in their study, and half of the patients
received open reduction or pelvic osteotomies before spica casting. In addition, the average
age in their collective was 10 months (0-2 years), well above ours. These are only the
main differences between the two groups of patients and illustrate the limitations of
comparability between Jaremko et al. and our results.

In our patients, none of the MRI parameters showed a prognostic correlation with
the sonographic outcome at the end of therapy. Despite MRI measurements, we also
compared sonographic measurements and staging as well as age, sex, and radiographic
parameters during follow-up. Here, we found that abduction had a positive effect of
the development of Al at 3 years follow-up in our cohort (p = 0.044, beta = —0.609).
This underlines the relevance of deep centering of the femoral head in the acetabulum for
improved development of the hip. Care must be taken to retain the femoral head circulation
by avoiding severe abduction.

An additional outcome influencing factor was the duration of cast therapy. The longer
the cast was applied, the larger the alpha angle (p = 0.003, beta = 0.869).

None of the other measured values were shown to have an influence or predictive
value on the expected outcome. This may be due to the relatively small cohort size and
the small number of treatment failures. A larger cohort size may reveal that some of these
other parameters do have prognostic value.

Limitations: this is a retrospective study without a control group. The relatively
short follow-up of 47.4 months on average may have been too short to recognize further
prognostic parameters.

5. Conclusions

In our cohort, we found the abduction angle to be the only influencing factor for
improved development of the DDH. No other prognostic factors in MRI measurements,
such as gender, age at time of the first spica cast, or treatment involving overhead extension
were found to be predictive of mid-term outcome. Mild residual dysplasia in the first
follow-up X-ray warrants further observation.

Author Contributions: Conceptualization, K.S.G. and T.D.; methodology, K.S.G., IM. and T.D;
software, K.S.G.; validation, K.S.G. and .M.; formal analysis, K.S.G., M., S.G. and N.A.B.; data
curation, K.5.G. and I.M.; writing—original draft preparation, K.S.G.; writing—review and editing,
K.S.G. and N.A B,; visualization, K.S.G.; supervision, S.H. and N.A.B.; project administration, S.H.
and N.A.B. All authors have read and agreed to the published version of the manuscript.

Funding: For the publication fee we acknowledge financial support by Deutsche Forschungs-
gemeinschaft within the funding program “Open Access Publikationskosten” as well as by
Heidelberg University.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Institutional Ethics Committee of University of Heidelberg (protocol
code S-538/2015; 3 December 2015).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study
for the clinical treatment. Due to the retrospective evaluation of data collected in everyday clinical
practice, no study-related consent had to be obtained from patients and guardians. No study-related
additional examinations requiring informed consent were necessary.

Data Availability Statement: The data are not publicly available due to data privacy of the patients.

Conflicts of Interest: The authors declare no conflict of interest.



Children 2022, 9, 1010 12 0f13

References

1. Vaquero-Picado, A.; Gonzélez-Morén, G.; Gil Garay, E.; Moraleda, L. Developmental dysplasia of the hip: Update of management.
EFORT Open Rev. 2019, 4, 548-556. [CrossRef]

2. Harsanyi, S.; Zamborsky, R.; Krajciova, L.; Kokavec, M.; Danisovic, L. Developmental Dysplasia of the Hip: A Review of
Etiopathogenesis, Risk Factors, and Genetic Aspects. Medicina 2020, 56, 153. [CrossRef]

3. Zhang, S.; Doudoulakis, K.J.; Khurwal, A.; Sarraf, K.M. Developmental dysplasia of the hip. Br. ]. Hosp. Med. 2020, 81, 1-8.
[CrossRef]

4. Lee, M.C.; Eberson, C.P. Growth and development of the child’s hip. Orthop. Clin. 2006, 37, 119-132. [CrossRef]

5. Yang, S.; Zusman, N.; Lieberman, E.; Goldstein, R.Y. Developmental Dysplasia of the Hip. Pediatrics 2019, 143, €20181147.
[CrossRef]

6. Ziegler, J.; Thielemann, F.; Mayer-Athenstaedt, C.; Giinther, K.P. The natural history of developmental dysplasia of the hip.
A meta-analysis of the published literature. Orthopade 2008, 37, 515-516, 518-524. [CrossRef]

7.  Weinstein, S.L. Natural history and treatment outcomes of childhood hip disorders. Clin. Orthop. Relat. Res. 1997, 344, 227-242.
[CrossRef]

8.  Wedge, ]. H.; Wasylenko, M.]. The natural history of congenital disease of the hip. J. Bone Jt. Surg. Br. Vol. 1979, 61, 334-338.
[CrossRef]

9.  Pavone, V,; Testa, G.; Riccioli, M.; Evola, ER.; Avondo, S; Sessa, G. Treatment of Developmental Dysplasia of Hip with Tubingen
Hip Flexion Splint. ]. Pediatr. Orthop. 2015, 35, 485—489. [CrossRef]

10. Tschauner, C.; Klapsch, W.; Baumgartner, A.; Graf, R. Maturation curve of the ultrasonographic alpha angle according to Graf’s
untreated hip joint in the first year of life. Z. Orthop. Ihre Grenzgeb. 1994, 132, 502-504. [CrossRef]

11. Jadhav, S.P.; More, S.R.; Shenava, V.; Zhang, W.; Kan, ].H. Utility of immediate postoperative hip MRI in developmental hip
dysplasia: Closed vs. open reduction. Pediatr. Radiol. 2018, 48, 1096-1100. [CrossRef]

12.  Barrera, C.A.; Cohen, S.A.; Sankar, W.N.; Ho-Fung, V.M.; Sze, RW.; Nguyen, J.C. Imaging of developmental dysplasia of the hip:
Ultrasound, radiography and magnetic resonance imaging. Pediatr. Radiol. 2019, 49, 1652-1668. [CrossRef] [PubMed]

13. Nelitz, M.; Guenther, K.P; Gunkel, S.; Puhl, W. Reliability of radiological measurements in the assessment of hip dysplasia in
adults. Br. J. Radiol. 1999, 72, 331-334. [CrossRef] [PubMed]

14. Eberhardt, O.; Zieger, M.; Wirth, T.; Fernandez, EF. Determination of femoral head position with transinguinal ultrasound in
DDH treatment. Z. Orthop. Unf. 2009, 147, 727-733. [CrossRef]

15.  Eberhardt, O.; Zieger, M.; Langendoerfer, M.; Wirth, T.; Fernandez, FF. Determination of hip reduction in spica cast treatment for
DDH: A comparison of radiography and ultrasound. J. Child. Orthop. 2009, 3, 313-318. [CrossRef]

16. Mehdizadeh, M.; Dehnavi, M.; Tahmasebi, A.; Shishvan, S.A.M.K.; Kondori, N.B.; Shahnazari, R. Transgluteal ultrasonography
in spica cast in postreduction assessment of developmental dysplasia of the hip. J. Ultrasound 2019, 23, 509-514. [CrossRef]
[PubMed]

17.  Bos, C.E; Bloem, J.L.; Obermann, W.R.; Rozing, PM. Magnetic resonance imaging in congenital dislocation of the hip. J. Bone Jt.
Surg. Br. Vol. 1988, 70, 174-178. [CrossRef] [PubMed]

18.  Westhoff, B.; Wild, A; Seller, K.; Krauspe, R. Magnetic resonance imaging after reduction for congenital dislocation of the hip.
Arch. Orthop. Trauma. Surg. 2003, 123, 289-292. [CrossRef] [PubMed]

19. Wirth, T.; Haake, M.; Hahn-Rinn, R.; Walthers, E. Magnetic resonance tomography in diagnosis and therapy follow-up of patients
with congenital hip dysplasia and hip dislocation. Z. Orthop. Ihre Grenzgeb. 1998, 136, 210-214. [CrossRef]

20. Yu,].; Duan, E; Guo, W.; Wang, D.; Qin, X.; Fu, G.; Chen, T. Consistency of Indices Obtained via Hip Medial Ultrasound and
Magnetic Resonance Imaging in Reduction and Spica Cast Treatment for Developmental Dysplasia of the Hip. Ultrasound Med.
Biol. 2021, 47, 58-67. [CrossRef]

21. Dibello, D.; Odoni, L.; Pederiva, F.; Di Carlo, V. MRI in Postreduction Evaluation of Developmental Dysplasia of the Hip: Our
Experience. J. Pediatr. Orthop. 2019, 39, 449-452. [CrossRef]

22. Mandel, D.M.; Loder, R.T.; Hensinger, R.N. The predictive value of computed tomography in the treatment of developmental
dysplasia of the hip. J. Pediatric Orthop. 1998, 18, 794-798. [CrossRef]

23. Stanton, R.P.,; Capecci, R. Computed tomography for early evaluation of developmental dysplasia of the hip. J. Pediatr. Orthop.
1992, 12, 727-730. [CrossRef]

24. Li, Y; Zhou, Q. Liu, Y,; Chen, W,; Li, J.; Canavese, F.; Xu, H. Closed reduction and dynamic cast immobilization in patients with
developmental dysplasia of the hip between 6 and 24 months of age. Eur. J. Orthop. Surg. Traumatol. 2019, 29, 51-57. [CrossRef]

25.  Chin, M.S,; Betz, B.W.; Halanski, M.A. Comparison of hip reduction using magnetic resonance imaging or computed tomography
in hip dysplasia. J. Pediatr. Orthop. 2011, 31, 525-529. [CrossRef]

26. Jaremko, J.L.; Wang, C.C.; Dulai, S. Reliability of indices measured on infant hip MRI at time of spica cast application for dysplasia.
HIP Int. 2014, 24, 405-416. [CrossRef]

27. Graf, R. Classification of hip joint dysplasia by means of sonography. Arch. Orthop. Trauma. Surg. 1984, 102, 248-255. [CrossRef]

28. Graf, R. Fundamentals of sonographic diagnosis of infant hip dysplasia. J. Pediatr. Orthop. 1984, 4, 735-740. [CrossRef]

29. Graf, R. Hip sonography: 20 years experience and results. Hip Int. 2007, 17 (Suppl. S5), S8-514. [CrossRef]

30. Cooper, A.P; Doddabasappa, S.N.; Mulpuri, K. Evidence-based management of developmental dysplasia of the hip. Orthop. Clin.

N. Am. 2014, 45, 341-354. [CrossRef]


http://doi.org/10.1302/2058-5241.4.180019
http://doi.org/10.3390/medicina56040153
http://doi.org/10.12968/hmed.2020.0223
http://doi.org/10.1016/j.ocl.2005.12.001
http://doi.org/10.1542/peds.2018-1147
http://doi.org/10.1007/s00132-008-1238-0
http://doi.org/10.1097/00003086-199711000-00023
http://doi.org/10.1302/0301-620X.61B3.158025
http://doi.org/10.1097/BPO.0000000000000313
http://doi.org/10.1055/s-2008-1039477
http://doi.org/10.1007/s00247-018-4143-7
http://doi.org/10.1007/s00247-019-04504-3
http://www.ncbi.nlm.nih.gov/pubmed/31686171
http://doi.org/10.1259/bjr.72.856.10474491
http://www.ncbi.nlm.nih.gov/pubmed/10474491
http://doi.org/10.1055/s-0029-1185709
http://doi.org/10.1007/s11832-009-0194-5
http://doi.org/10.1007/s40477-019-00408-y
http://www.ncbi.nlm.nih.gov/pubmed/31630380
http://doi.org/10.1302/0301-620X.70B2.3346282
http://www.ncbi.nlm.nih.gov/pubmed/3346282
http://doi.org/10.1007/s00402-003-0518-8
http://www.ncbi.nlm.nih.gov/pubmed/12783242
http://doi.org/10.1055/s-2008-1054224
http://doi.org/10.1016/j.ultrasmedbio.2020.08.010
http://doi.org/10.1097/BPO.0000000000001037
http://doi.org/10.1097/01241398-199811000-00018
http://doi.org/10.1097/01241398-199211000-00005
http://doi.org/10.1007/s00590-018-2289-5
http://doi.org/10.1097/BPO.0b013e31821f905b
http://doi.org/10.5301/hipint.5000143
http://doi.org/10.1007/BF00436138
http://doi.org/10.1097/01241398-198411000-00015
http://doi.org/10.1177/112070000701705S02
http://doi.org/10.1016/j.ocl.2014.03.005

Children 2022, 9, 1010 13 0f 13

31.
32.
33.
34.

35.
36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

Seidl, T.; Lohmaier, ].; Holker, T.; Funk, J.; Placzek, R.; Trouillier, H.H. Reduction of unstable and dislocated hips applying the
Tubingen hip flexion splint? Orthopade 2012, 41, 195-199. [CrossRef]

Bernau, A. The Tubingen hip flexion splint in the treatment of hip dysplasia. Z. Orthop. Ihre Grenzgeb. 1990, 128, 432-435.
[CrossRef] [PubMed]

Tonnis, D. Congenital Dysplasia and Dislocation of the Hip in Children and Adults; Springer: New York, NY, USA, 1987.

Graf, R. Hip sonography in infancy. Procedure and clinical significance. Fortschr. Med. 1985, 103, 62—66.

Hefti, F. Kinderorthopiidie in der Praxis; Springer: Berlin/Heidelberg, Germany, 2015; Volume 3, p. 929.

Sankar, W.N.; Gornitzky, A.L.; Clarke, N.M.; Herrera-Soto, J.A.; Kelley, S.P.; Matheney, T.; Mulpuri, K.; Schaeffer, E.K.; Upasani,
V.V,; Williams, N.; et al. Closed Reduction for Developmental Dysplasia of the Hip: Early-term Results From a Prospective,
Multicenter Cohort. J. Pediatr. Orthop. 2019, 39, 111-118. [CrossRef]

Li, Y;; Guo, Y,; Shen, X,; Liu, H.; Mei, H.; Xu, H.; Canavese, F.; Chinese Multi-Center Pediatric Orthopedic Study Group (CMPOS).
Radiographic outcome of children older than twenty-four months with developmental dysplasia of the hip treated by closed
reduction and spica cast immobilization in human position: A review of fifty-one hips. Int. Orthop. 2019, 43, 1405-1411. [CrossRef]
Yong, B.; Li, Y.; Li, ].; Andreacchio, A.; Pavone, V.; Pereria, B.; Xu, H.; Canavese, F. Post-operative radiograph assessment of
children undergoing closed reduction and spica cast immobilization for developmental dysplasia of the hip: Does experience
matter? Int. Orthop. 2018, 42, 2725-2731. [CrossRef]

Haruno, L.S.; Kan, ].H.; Rivlin, M.].; Rosenfeld, S.B.; Schallert, E.K.; Zhu, H.; Shenava, V.R. Spica MRI predictors for epiphyseal
osteonecrosis after closed reduction treatment of dysplasia of the hip. . Pediatr. Orthop. B 2019, 28, 424-429. [CrossRef]

Zhang, G.; Li, M,; Qu, X,; Cao, Y.; Liu, X.; Luo, C.; Zhang, Y. Efficacy of closed reduction for developmental dysplasia of the hip:
Midterm outcomes and risk factors associated with treatment failure and avascular necrosis. J. Orthop. Surg. Res. 2020, 15, 579.
[CrossRef]

Xu, M.; Gao, S.; Sun, J.; Yang, Y.; Song, Y.; Han, R.; Lei, G. Predictive values for the severity of avascular necrosis from the initial
evaluation in closed reduction of developmental dysplasia of the hip. J. Pediatr. Orthop. B 2013, 22, 179-183. [CrossRef]
Vandergugten, S.; Traore, S.Y.; Docquier, P.-L. Risk factors for additional surgery after closed reduction of hip developmental
dislocation. Acta Orthop. Belg. 2016, 82, 787-796.

Terjesen, T.; Horn, J.; Gunderson, R.B. Fifty-year follow-up of late-detected hip dislocation: Clinical and radiographic outcomes
for seventy-one patients treated with traction to obtain gradual closed reduction. ]. Bone Jt. Surg. 2014, 96, 28. [CrossRef]
[PubMed]

Ge, Y,; Cai, H.; Wang, Z. Quality of reduction and prognosis of developmental dysplasia of the hip: A retrospective study. HIP Int.
2016, 26, 355-359. [CrossRef] [PubMed]

Kotlarsky, P.; Haber, R.; Bialik, V.; Eidelman, M. Developmental dysplasia of the hip: What has changed in the last 20 years? World
J. Orthop. 2015, 6, 886-901. [CrossRef]

Murray, T.; Cooperman, D.R.; Thompson, G.H.; Ballock, R.T. Closed reduction for treatment of development dysplasia of the hip
in children. Am. |. Orthop. 2007, 36, 82-84. [PubMed]


http://doi.org/10.1007/s00132-011-1873-8
http://doi.org/10.1055/s-2008-1039893
http://www.ncbi.nlm.nih.gov/pubmed/2147328
http://doi.org/10.1097/BPO.0000000000000895
http://doi.org/10.1007/s00264-019-04315-z
http://doi.org/10.1007/s00264-018-4038-0
http://doi.org/10.1097/BPB.0000000000000606
http://doi.org/10.1186/s13018-020-02098-3
http://doi.org/10.1097/BPB.0b013e32835f1f7a
http://doi.org/10.2106/JBJS.M.00397
http://www.ncbi.nlm.nih.gov/pubmed/24553897
http://doi.org/10.5301/hipint.5000348
http://www.ncbi.nlm.nih.gov/pubmed/27198970
http://doi.org/10.5312/wjo.v6.i11.886
http://www.ncbi.nlm.nih.gov/pubmed/17676175

	Introduction 
	Patients and Methods 
	Patients Population 
	Treatment Technique 
	Measurements 
	Statistical Analysis 

	Results 
	Sonographic Evaluation 
	Magnetic Resonance Imaging Measurements 
	Radiographic Evaluation 
	Complications 

	Discussion 
	Conclusions 
	References

