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Abstract

Purpose To investigate the use of anterior hip ultrasound (van Douveren’s method)-assisted Pavlik harness in developmental
dysplasia of the hip (DDH).

Methods Weekly anterior hip ultrasound scanning was performed in children with fixed Pavlik harness to detect whether hip
reduction was achieved with the help of harness (the superior ramus of the pubis, the acetabulum, the femoral head, and the
femoral neck being depicted in one plane indicated concentric reduction of the hip), and the stability of the reduction was checked
by ultrasonography.

Results A total of 39 child patients and 51 dysplastic hips were successfully detected by anterior ultrasound, and stable reduction
was achieved in 37 hips (15 Graf type D and 22 type III) right after the help of Pavlik harness, in seven hips (6 type Il and 1 type IV)
two weeks after the help of Pavlik harness; the remaining seven hips (2 type IIl and 5 type IV) failed to reach stable reduction after
two weeks.

Conclusion The anterior hip ultrasound (van Douveren’s method) can be used to detect the reduction and stability of hip after
Pavlik harness treatment in children with DDH. The majority of Graf type D and III hips can achieve a stable concentric reduction
right after the help of Pavlik harness, while severely dislocated type I'V hips have a low success rate for harness treatment, and
abandonment of harness therapy should be considered in early stage.
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Introduction hip flexion-abduction position [4]. In 2003, Professor van
Douveren proposed that the ultrasound probe could be posi-

Developmental dysplasia of the hip (DDH), as the most com-  tioned in the groin to confirm the position of the femoral head

mon type of limb deformity in newborns and young children, is  after closed or open reduction surgery in children with DDH [5].

currently a hotspot in orthopaedics and imaging department, This paper aims to investigate the detection and follow-up

including acetabular dysplasia, subluxation of the hip, and hip  value of anterior hip ultrasound-assisted Pavlik harness in

dislocation with proximal femoral displacement [1]. At present, children with DDH.

Graf lateral ultrasound scanning is widely used for initial screen-

ing of suspected DDH newborns and for follow-up [2, 3].

Nevertheless, during the Pavlik harness treatment, concentric

reduction of harness-fixed femoral head cannot be accurately Materials and methods

and real-timely detected by the Graf method because of the fixed
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dislocation of Graf type D, type III, or type IV suggested by
initial diagnosis (hip ultrasonography); and no prior intervention
treatment. Exclusion criteria include neurogenic, pathological,
or syndrome hip dislocation; with complications of other con-
genital malformations; and follow-up less than 12 months.

Anterior inguinal ultrasonography

The GE Logiq 9 diasonograph with 8C micro-convex probe and
centre frequency of 7 MHz was used. Methods of ultrasonogra-
phy include (1) no sedatives were used during the examination
with unloosing of Pavlik harness and sustaining position-
fixation; (2) child patients on the examining table were in the
supine position with the exposure of groin; (3) excessive or
maximally abduction of the hip should be avoided, maintaining
a posture of “safety angle” with the fixation of Pavlik harness
[6]; (4) in cross-section scanning, the probe started from the
pubic symphysis to both sides of the rami of the ischia in order
to observe the right and left hip, respectively; (5) the probe was
placed on the superior ramus of the pubis in front of the hip, and
the centre point was perpendicular to the femoral head. The
scanning direction was from front to back, and the probe was
always perpendicular to the vertical axis of the trunk during the
scanning to avoid excessive head-to-tail or side-to-side tilt
(Fig. 1). The anatomical position of the femoral head and fem-
oral neck was confirmed and they were made to be in one plane
with the superior ramus of the pubis and the acetabulum; (6)
static observation of the relative position and abnormal echo
between the femoral head and acetabulum was performed with
photograph records stored in the picture archiving and commu-
nication system (PACS); and (7) the position of the femoral head
in the acetabulum with hip flexion-abduction and the stability of
the femoral head with fixed Pavlik harness were dynamically
examined, and the video records were stored in the PACS.
Diagnostic criteria of anterior inguinal ultrasonography: If
the femoral head stably relied on the surface of the acetabular

Fig. 1 Schematic diagram of
anterior inguinal ultrasonography
with fixed Pavlik harness in child
patients. Micro-convex probes
were used in the examination
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cartilage with a normal position and concentric reduction, the
femoral head could be easily found by the above examination
method, and the superior ramus of the pubis, the acetabulum,
the femoral head, and the femoral neck could be depicted in
one plane, which was similar to the modified Shenton’s line in
CT examination proposed by van Douveren et al. (Fig. 2) [5].
If the femoral neck and superior ramus of the pubis could not
be depicted in one plane, their position was considered to be
abnormal, and concentric reduction was not achieved (Fig. 3),
suggesting timely Pavlik harness adjustment or new therapeu-
tic regimen.

Ultrasound-assisted therapy

An anterior ultrasound was performed right after the fixation
of Pavlik harness in children, with weekly reexamination after
that. If concentric reduction was achieved right after the help
of Pavlik harness, the therapeutic regimen of harness was
continued; if not, timely Pavlik harness adjustment and week-
ly reexamination of anterior ultrasound were performed.

If concentric reduction was failed to achieve in two weeks,
the Pavlik harness method was changed to closed or open
reduction after traction associated with anesthesia, followed
by human position plaster fixation.

Follow-up

In cases confirmed as stable reduction by anterior hip ultrasound,
Pavlik harness was not removed for four continuous weeks, and
after that, the harness was removed for one hour in each day, and
Graf hip ultrasound scanning was reexamined every two to four
weeks until the re-examination of pelvic plain films six months
after reduction. For cases with residual hip dysplasia, abduction
brace was applied; reexamination of pelvic plain films was per-
formed every three months for children younger than two years
and every six months for children older than two years.
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Fig. 2 Comparison of CT cross-section in children and concentric reduc-
tion ultrasonography in children at the same age by anterior inguinal
ultrasonography. a Ultrasonography of a left hip. b CT cross-section of

For cases that failed to achieve reduction in two weeks of
Pavlik harness, new therapeutic regimen of closed or open
reduction after traction was carried out associated with anes-
thesia, followed by two to three months of human position
plaster fixation and another six to 12 months of abduction
brace. During the treatment period, reexamination of pelvic
plain films was conducted every three months to assess hip
development.

Observation index

The observation indices in this study included age (first visit),
gender, side of hip dysplasia, Graf type, success rate of ante-
rior hip ultrasound, success rates of hip reduction right after
the help of Pavlik harness and two weeks of harness, the

left hip in children at the same age (black down-pointing triangle indicates
superior ramus of the pubis; black star, acetabulum; white arrow, femoral
head; black arrow, femoral neck; S, modified Shenton’s line)

acetabular index at the final follow-up, the Kalamchi and
MacEwen classification, the incidences of residual hip dyspla-
sia, and avascular necrosis of the femoral head.

Statistical analysis

Descriptive statistics was adopted to describe the individual
characteristics of patients; the continuous variables were
expressed as mean + standard deviation if they were in accor-
dance with normal distribution, while the others were
expressed as the median and the interquartile range. The cat-
egorical variables were expressed as rate; the significance
testing of differences was performed by two-tailed x* or
Fisher’s exact test; and Bonferroni correction was used for
the pairwise comparisons between multiple groups.

Fig. 3 Comparison of CT cross-section in children and failed concentric
reduction ultrasonography in children at the same age by anterior inguinal
ultrasonography. a Ultrasonography of a left hip. b CT cross-section of
the left hip in children at the same age. The superior ramus of the pubis,
the acetabulum, the femoral head, and the femoral neck could not be

depicted in one plane (black down-pointing triangle indicates superior
ramus of the pubis; black star, acetabulum; white arrow, femoral head;
black arrow, femoral neck; S, modified Shenton’s line). A lot mussy echo
of abnormal filling soft tissue showed in the acetabulum
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Results
General data

There were 39 patients (51 hips: 31 left ones and 20 right
ones), including five males (6 hips) and 34 females (45 hips),
with a minimum age of ten days and a maximum of 105 days
at the first visit, and an average age of 54+ 17 days. Among
the 51 hips, there were 15 of Graf type D, 30 of type III, and
six of type IV.

Success rate of ultrasound

In this study, 241 anterior hip ultrasound examinations were
performed, with a success rate of 100%.

Ultrasound-assisted treatment

Pavlik harness was effective in 44 hips confirmed by anterior
ultrasound. Pelvic X-ray plain films were performed after the
removal of Pavlik harness to confirm a successful reduction of
the femoral head (Fig. 4).

A total of 37 hips of reduction was achieved right after the
fixation of harness, including 15 hips of Graf type D, with a
success rate of 100.0%, 22 hips of type III, with a success rate
of 73.3%, and none successful reduction of type IV; the dif-
ference of successful reduction rates between the three groups
was statistically significant (p <0.001, Table 1). Pairwise
comparisons between the three groups showed that there
was no significant difference of reduction rates between type
D and type III hips, but the reduction rates of the above two
groups were significantly higher than those of the type I'V hips
(p<0.0001 and p <0.002, respectively).

Among the 14 hips (8 hips of Graf type III, 6 of type V)
that did not initially achieve concentric reduction, seven hips
(6 of type Il and 1 of type IV) achieved stable reduction after
two weeks of harness therapy, while the other seven hips (2 of
type Il and 5 of type IV) could not achieve concentric reduc-
tion in two weeks of harness therapy confirmed by anterior
ultrasound, so the old regimen was replaced by closed

reduction after traction (3 hips) and open reduction (4 hips);
post-operative magnetic resonance imaging confirmed suc-
cessful concentric reduction of the femoral head.

The success rate of hip reduction by harness was 86.3%
(44/51); the success rates of Graf types D, III, and IV were
100.0%, 93.3%, and 16.7%, respectively; and the difference
of successful reduction rates after two weeks was statistically
significant (p < 0.001). Further pairwise analysis showed that
there was no significant difference in the reduction rate be-
tween type D and type III hips after two weeks of harness
treatment (p = 0.545), while the successful reduction rate of
type IV was significantly lower than that of the above two
types (both p <0.001).

Prognosis

Follow-up with a median of 17 months was conducted. In 44
hips of successful reduction by harness and seven hips by
surgery, there were eight (18.2%) and two (28.6%) cases that
respectively showed residual hip dysplasia with no significant
difference. Avascular necrosis of the femoral head showed in
one hip of type III and the only successful reduction (by har-
ness) hip of type IV, with a necrosis rate of 3.9% (2/51).
According to the Kalamchi and MacEwen classification sys-
tem, the former was type 1 and the latter was type 4. Among
the 44 hips of successful reduction by harness, the avascular
necrosis rate of the femoral head in Graf type IV hip was
100%, which was significantly higher than that of types D
and I1I (2.3%, 1/43, p=0.044).

Discussion

DDH refers to the poor coverage of the acetabulum to femoral
head because of acetabular developmental defects, leading to
long-term biomechanical abnormity, gradual emergence of
subluxated femoral head, cartilage degeneration in the
weight-bearing area, focal necrosis of the femoral head, and
severe osteoarthritis; it includes acetabular dysplasia, sublux-
ation of the hip, and hip dislocation [7]. At present, hip

Fig. 4 Anterior inguinal ultrasonogram of a left hip during treatment
(male, 1 month). a Preliminary screening as Graf type Illa. b Stable
concentric reduction right after the help of Pavlik harness in a left hip
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confirmed by anterior inguinal ultrasonography. ¢ Pelvic X-ray plain film
of a left hip after finishing the therapy of Pavlik harness, which confirmed
successful reduction of the femoral head
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Table 1 Results of anterior

Hips achieved reduction after
2 weeks of harness (n, %)

Hips achieved reduction right
after the help of harness (n, %)

inguinal ultrasonography Graf type Number of hips
Type D 15
Type ITI 30
Type IV 6
p

15 (100.0) 15 (100.0)
22(73.3) 28 (93.3)
0(0.0) 1(16.7)
<0.001 <0.001

sonography is widely used for initial screening of suspected
DDH newborns, and examiner-dependent factors have been
discussed to influence sonographic measurements [8, 9]. Late
diagnosis and intervention can exacerbate different types of
DDH: from acetabular dysplasia to subluxation or dislocation.
The therapeutic regimen of DDH is related to the age of the
child patients. For children younger than 6 months, Pavlik
harness method is, currently, commonly accepted; however,
the worse the initial dislocation, the higher the failure rate of
Pavlik harness and the incidence of ischaemic necrotic femo-
ral head [10]. This study showed similar results. The success-
ful reduction rates of Graf type D, 111, and IV hips by harness
were 100.0%, 93.3%, and 16.7%, respectively, showing a de-
creasing trend. Avascular necrosis of the femoral head ap-
peared in the only successful harness-reduction hip of type
IV, suggesting that Graf type IV hips (the worst dislocation)
were almost impossible to achieve reduction by Pavlik har-
ness. Even if the reduction was successful, there was a huge
risk of femoral head necrosis. The results are consistent with
the findings of Upasani, Novais, and Omeroglu [10-12]. The
reason of severe necrosis of the femoral head in this case may
be due to a high degree of dislocation, resulting in great pres-
sure on the femoral head after reduction.

The principle and goal of early DDH treatment is to simu-
late the physiological environment of normal hip development
as much as possible in order to prevent possible early degen-
erative changes in children with DDH. Therefore, suitable
abduction position for each patient is extremely important in
the process of Pavlik harness treatment, for improper use of
Pavlik harness will not promote hip development but cause
iatrogenic injury and Pavlik disease [13]. In previous treat-
ment, the position of putting on Pavlik harness mainly
depended on the clinical experience of paediatric orthopaedics
surgeons, and in this study, anterior ultrasound was used to
observe if the position is conducive to benign development of
the hip in real time and to fine adjustment of the position of
harness, so that accurate and individualized treatment of each
child can be achieved, and the incidence of Pavlik disease is
decreased.

The previous experience for detection during Pavlik har-
ness treatment was to re-examine the lateral hip by Graf static
ultrasound to observe the reduction and stability of the femo-
ral head as well as the developmental maturity of the acetab-
ulum. But for dislocated hip, it has obvious limitations. Firstly,

the Graf static ultrasound must be carried out with the removal
of harness and the abduction of the hip, which easily leads to
loss of reduction and again dislocation; it is inconducive to a
stable reduction of the femoral head. Secondly, it cannot ac-
curately and real-timely detect the concentric reduction of the
femoral head with harness-fixation, so it cannot provide guid-
ance for the proper position of harness. In 1991, Suzuki rec-
ommended the use of a special giant probe to scan the bilateral
hips simultaneously through the anterior pubic symphysis in
order to simulate pelvic X-ray plain films and to avoid unnec-
essary radiation examination in primary DDH screening [14,
15]. In Fukiage’s report, this method was used to detect the
reduction of femoral head during traction and abduction [16].
In a case report of Keller and Weiss in 1988, real-time anterior
ultrasound was used, for the first time, in the process of closed
reduction of DDH to detect the position of the femoral head
[17]. Professor van Douveren and Beek et al. utilized similar
methods to confirm the position of the femoral head after
closed or open surgery in children with DDH, and they com-
pared the results with CT examinations to verify that the ul-
trasound examination was 100% consistent with CT findings
[5, 18, 19]. In 2014, Carlile suggested that anterior ultrasound
could be used to confirm the reduction of hip during the treat-
ment of Pavlik harness [20]. This study shows that anterior
ultrasound can effectively assess the reduction of hips in chil-
dren with fixed Pavlik harness, the stability of reduction, and
the development between the femoral head and acetabulum,
which provides a clinical therapeutic evaluation of Pavlik har-
ness. The area of femoral head in the acetabulum was found to
be decreased in unstable hips, and there was a tendency for
subluxation and dislocation. In this study, reexamination of
anterior ultrasound showed that seven dislocated hips could
not achieve stable reduction by two weeks of harness.
Therefore, the treatment method was changed in time, and con-
centric reduction was achieved after the completion of new
treatment method (confirmed by magnetic resonance imaging).
The prognosis of the children was maximally improved, and the
incidence of complications such as Pavlik disease and aseptic
necrosis of the femoral head was minimized.

Previous literature suggested that the reduction of the fem-
oral head often occurred in sleep (the weight of lower extrem-
ities resulting in hip abduction) during the reduction process
of dislocated hips with Pavlik harness [21]. However, this
study found that 100% (15/15) of children with Graf type D
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and 73.3% (22/30) with type III could achieve stable concen-
tric reduction right after the help of Pavlik harness, and anoth-
er seven hips gradually reached a stable concentric reduction
within two weeks of Pavlik harness. Our results confirm that
in dislocated hip of Graftypes D and 111, correct wearing of the
Pavlik harness has a strong reduction effect immediately, and
there is just a very small proportion of gradual spontaneous
reduction after wearing harness. However, for severely
dislocated hip of Graf type IV, the reduction effect of harness
is extremely limited, with a success rate of 16.7% (1/6), and
there is a risk of ischemic necrosis of the femoral head.

Compared with conventional radiographic imaging tech-
niques such as X-ray or CT, ultrasonography does not have
the overlapping effect caused by Pavlik harness, with better
imaging results [22]. In addition, there is no radiation during
ultrasonic examination, which makes it suitable for repeated
examinations. Through our practice, micro-convex probes are
recommended, for example, the 8C probe of GE diasonograph
used in this study. The micro-convex probe is designed for
paediatric abdominal or cranial ultrasound, with frequency
range of 6-10 MHz and depth up to 2-14 cm. Although, its
contact surface on hips is small, it has a wide field of vision
and a depth sufficient to cover the entire hip with high image
resolution. Compared with the linear-array probe used by
Timothy, the micro-convex probe can reveal a clearer anatom-
ical structure, also with wider application [6]. But if there is
geometric distortion of using micro-convex probe for the lin-
ear arrangement of the superior ramus of the pubis, the ace-
tabulum, the femoral head, and the femoral neck still need to
be checked by further multi-case clinical practices.
Additionally, scanning physicians need to be familiar with
anatomical structure; in practice, the anatomical position of
the superior ramus of the pubis, acetabulum, femoral head,
and femoral neck needs to be depicted in one plane. Our
experience is to find the superior ramus of the pubis at the
very first during scanning, then move the probe laterally to
find the acetabulum, and finally find the femoral head and
femoral neck after a slight rotation of the probe.

There are still some shortcomings in this study. Firstly, this
is a continuous retrospective case study. We only reported the
treatment results of patients undergoing anterior hip ultra-
sound, but without any comparison between them and patients
undergoing Graf ultrasound. Secondly, all the evaluation of
hip anterior ultrasound examination in this study was per-
formed by one doctor independently, which results in certain
inevitably subjective deviation. The reliability and repeatabil-
ity of the anterior ultrasound method argument are kind of
insufficient. Finally, we had a learning curve for mastering
the anterior hip ultrasound, so quality of the early- and later-
obtained ultrasonic image had certain difference which would
not affect the judgment of the reduction state of the femoral
head but might affect the judgment of reduction quality of the
femoral head.

@ Springer

Despite the above shortcomings, we, for the first time,
adopted anterior hip ultrasound in continuous Pavlik harness
treatment process, which provided an optional monitoring
method for early treatment of DDH. It is easy to operate, with
straightforward results. The efficacy of Pavlik harness can be
evaluated without any treatment interruption, which provides
timely basis for clinical decision-making. Besides, this study
also found that concentric reduction can be achieved right
after the help of Pavlik harness in the vast majority of Graf
type D and IIT hips, but for severely dislocated hip of Graf type
IV, abandonment of harness therapy should be considered in
the early stage, for the success rate of it is very low with a risk
of femoral head necrosis.
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