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What is already known ABSTRACT
on this topic?
Objective: Developmental dysplasia of the hip is one of the most important causes of childhood
. D.evglo,omenfol dysplcrsiq ofthe disabilities. Although there are accepted treatment algorithms for developmental dysplasia of
hip is one of the most impor- the hip, diagnosis and treatment approaches can show variations in the management among
tant causes of childhooddis- Af . n . . .
physicians. This study aimed to develop a diagnosis and treatment algorithm for develop-

Zslclg/l;;dfé;?figg:f ;7gegiifh?7:i mental dysplasia of the hip according to the preferences of members of the Turkish Pediatric

for  developmentaldysplasia Orthopedics Association.

of the hip (DDH), diagnosis

and treatmentapproaches can Materials and Methods: An interview by telephone call was made with 76 orthopedists (group 1:
showvariations in the manage- more experienced 39 physicians, group 2: less experienced 37 physicians) who are members

mentof DDH among physicians. of the Turkish Pediatric Orthopedics Association. Participants were questionnaired about their

demographic information, experiences, diagnostic criteria that they use for developmental

What this sfudy adds on dysplasia of the hip, and tfreatment approaches to patient scenarios of different ages.
this topic?
P Results: Most of the participants recommended universal screening at the age of 4 weeks. It
e In this study, a standardiza- was observed that the most significant physical examination finding was limited hip abduction,
tion was tried to be formed and the most frequently used radiographic evaluation on x-ray was acetabular index measure-
based on the opinions of the ment. The most frequently used description for dysplasia was found as acetabular index >30°.

Association of Turkish Pediatric
Orthopedists. There is a selec-
tive screening program for
DDH in our country. However,

Conclusions: Although there are some differences among orthopedists in the diagnosis, treat-
ment, and follow-up approach of developmental dysplasia of the hip, there was no significant

according to the results of difference according to the experience-based grouping. The treatment algorithm, which was
our survey, members of the created with the most frequently given answers, was designed, which we think may be benefi-
Association of Turkish Pediatric cial for pediatricians and orthopedists.

Orthopedists recommend uni-
versal screening and ultraso-

nography for every child. Keywords: Developmental hip dysplasia, hip dislocation, hip ultrasonogprahy, pediatric

orthopedics

INTRODUCTION

Developmental dysplasia of the hip (DDH) is one of the most important causes of childhood
disabilities. Developmental dysplasia of the hip is a condition of shallow and underdevel-
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positive physical examination finding, referral to the orthope-
dic clinics for further evaluation for DDH by hip ultrasonogra-
phy (USG) in the first 3—-6 weeks of life.

Although there are accepted treatment algorithms for DDH,
diagnosis and treatment approaches can show variations in
the management among physicians. Significant differences
can be observed between physicians in diagnosis and treat-
ment.®>7 Also there is limited information about current prac-
tice. The importance of screening all newborns with physical
examination is well known.?® The main goal in the treatment of
DDH is to provide concentric reduction of the hip in the acetab-
ulum against the risk of avascular necrosis or coxarthrosis that
may occur during follow-ups. Generally, the Pavlik harness is
applied in the first 6 months, and then closed/open reduction
and casting or surgery with osteotomy can be applied.®"

There is no single accepted guideline for the diagnosis and
treatment of DDH. For this reason, there are differences in the
approaches of physicians. The objective of this study is to reveal
the differences and new trends, specify the most commonly
used methods in the management of DDH, and eventually pro-
vide a standardized diagnosis and treatment algorithm. We
think that diagnostic methods, the treatment algorithm, and
the literature review will be beneficial for primary practitioners,
pediatricians, and orthopedists.

MATERIALS AND METHODS

Hip dysplasia can be treated by all orthopedists and it is
included in the core education curriculum of orthopedics. But it
is known that so many orthopedists do not prefer to treat these
patients and consult them with higher-level health facilities.
There is no pediatric orthopedics subspecialty in Turkey. It is
very difficult to get reliable information related to DDH from
all orthopedists; therefore, we collaborated with members of
the pediatric orthopedic society to make the study group more
homogeneous.

An interview by telephone call and e-mail was made with
135 orthopedists who are members of the Turkish Pediatric
Orthopedics Association between January 2020 and May 2020.
Seventy-six members of the association agreed to participate
in the survey.

Groups

The participants in the study were divided into 2 groups accord-
ing to the duration of their experience in pediatric orthopedics.
Those with more than 10 years of experience in pediatric ortho-
pedics were grouped as group 1(39 physicians), and those with
less than 10 years of experience were grouped as group 2 (37
physicians).

Questionnaire

The questionnaire consisted of demographic information,
diagnosis, and treatment options. In demographic informa-
tion, it was learned in which hospitals the physicians work
(academic, state, private clinic), how many years they have
been involved in pediatric orthopedics, the percentage of
DDH cases of participants, the number of patients with DDH
follow/treat in 1 year. Survey questions about the diagno-
sis were screening methods (universal vs. selective), the most
preferred screening type (physical examination, radiology,

physical examination+radiology), the most preferred radiologi-
cal screening method, the most preferred physical examination
test, when the USG scanning should be done, when the sec-
ond evaluation in type 2a hips should be applied, when direct
radiography is recommended to be used, the most preferred
radiographic parameters and radiographic position prefer-
ences. Questions about treatment were recommendations
for dysplasia and dislocations in 6-week-old, 6-month-old,
9-month-old, 12-month-old, 15-month-old, and 18-month-old
children, whether they could expect remodeling in dysplasia
cases, the preferred osteotomy types, and whether arthrogra-
phy was used. Participants could give more than 1 answer to
questions.

Ethical Statement

Ethics Committee approval was obtained from istanbul
University-Cerrahpasa, Cerrahpasa Medical Faculty Ethical
Councilwith the number 20.11.2019-177968.

Statistical Analysis

Statistical Package for the Social Sciences 15.0 program(SPSS
Inc.; Chicago, IL, USA)was used for statistical analysis. While
evaluating the study data, chi-square analysis was used to
determine the relationship between qualitative data as well as
descriptive statistical methods (frequency, ratio). Fisher exact
test was used in some of the evaluations. Significance was
evaluated atP < .01 andP < .05 levels.

RESULTS

Fifty-six percent (n = 76) of the participants agreed to be
included in the study. Sixty-seven percent of the participants
were practicing in academic hospitals, and 23% were work-
ing in state hospitals and private clinics. The average dura-
tion of pediatric orthopedic practice was 15.15 (range: 3-44,
SD +10.49) years. Their experiences in DDH are shown in
Table 1. Screening, diagnosis, and treatment preferences are
listed later.

Screening

All participants stated that screening for DDH is required. The
universal screening method was preferred most frequently
(72%), followed by selective screening (28%). It was emphasized

Table 1. Participants Experiences with Developmental Hip
Dysplasia

Group 1 Group 2 Total
A
0%-25% 27 (45%) 33 (55%) 60
25%-50% 8 (80%) 2 (20%) 10
50%-75% 2 (%100) 0 (%0) 2
75%-100% 1(100%) 0 (0%) 1
Total 38 (52.1%) 35 (47.9%) 73
B
<50 9 (52.9%) 8 (47.1%) 17
50-100 7 (70%) 3(30%) 10
>100 2 (40%) 3(60%) 5
Total 18 (56.3%) 14 (43.7%) 32
A, The percentage of DDH cases of participants among total pediatric patients;
B, The number of patients with DDH follow/treat in last year;
DDH, developmental dysplasia of the hip.
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Figure 1. Examination of hip abduction. (A) The hips have to be abducted
symmetrically. (B) The angles lesser than 70° and asymmetric hip

abductions are suspicious for developmental dysplasia of the hip.

that as a screening method, radiological imaging, and physi-
cal examination should be performed together (88%). The most
preferred radiological imaging method for screening was USG
alone (72%), while the use of USG and x-ray together was pre-
ferred less frequently (23%). No statistically significant differ-
ence was detected between the groups (P> .05)

Physical Examination

The most preferred physical examination method was the hip
abduction test (37.3%) (Figure 1). The percentages of other
tests were as follows: Ortolani test (27.6%), Barlow test (11.2%),
assessing the leg length discrepancy (8.2%), Galeazzi sign
(5.2%), and asymmetric skin fold (3.7%).

Ultrasonography

When the participants were asked about the most appropriate
time of screening with USG, the percentages were as follows: at
the fourth week of life (45.8%), at the sixth week (18.1%), at the
third week (12.5%), and at the first week (11.1%). The most fre-
quently given answer for the latest age that USG can be used
effectively was the sixth month of age (64.7%). The answers to
the question about the fime when should re-evaluation has to
be done in the patient who has type 2a hip were as follows: at
the third month (37%), 4 weeks later (33%), and3 weeks later
(29%) (Table 2).

Radiography

The most frequently given answer for the time to start using
direct radiographs for evaluation was at the sixth month (58%),
while only 20% chose the fifth month. The acetabular index was
the most frequently used parameter in radiographic measure-
ments (31.8%), followed by Shenton—-Menard’s line (21%), Perkins
line (11.7%), ossified nucleus (8.9%), medial joint distance (7%),
Hilgenreiner’s line (6.1%), and center edge angle (6.1%). The
preferred radiography positions were anteroposterior (66.1%),
frog leg (19.3%), and Von Rosen (11.9%) (Figure 2 and Table 3).

Treatment

The majority of participants in both groups reported that
6-week dysplasia and dislocation cases should be treated with
a Pavlik harness. In addition, most of the participants recom-
mended non-surgical treatment methods for up to 18 months
in isolated dysplasia cases. In cases of dislocation, casting with
open or closed reduction is recommended for the period from
6 weeks to 18 months. In cases of dislocation after 18 months,
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it was observed that osteotomy was added to the casting per-
formed together with the open or closed reduction.

Some physicians prefer to give a chance for remodeling and
wait for any surgical intervention until a certain age in dyspla-
sia cases. Ninety percent of the participants agreed with that
approach. It was observed that the participants preferred pel-
vic osteotomy (66%) more frequently than femoral osteotomy
(31%). Among the pelvic osteotomies, it was found that Salter
(57%), Dega (22%), and Pemberton (18%) osteotomies were
performed. It was seen that the most commonly used femoral
osteotomy was shortening+derotation (29%), while the second
was shortening+derotation+varus osteotomy (25%).

It was seen that 80% of the participants prefer to use arthrog-
raphy for evaluation of the hip during reduction. Also, it was
observed that participants in group 2 use arthrography more
commonly compared to group 1 (P = .005). The approach to
the scenario of a patient with normal USG findings at the age
of 6 weeks but dysplasia findings on a radiograph at 6 months
of age was asked to the participants. Eighty-eight percent
prefer to determine the treatment according to the current
radiograph.

An alternative treatment algorithm was created by summariz-
ing the recommended diagnostic and treatment methods in
cases of dysplasia and dislocation (Figure 3).

DISCUSSION

Ensuring standardization in the diagnosis and treatment of DDH
is important in providing appropriate treatment and reducing
differences in patient care. Although there are accepted diag-
nosis and treatment methods for DDH, standardization has not
been achieved worldwide.®" Roposch et al® found that poor
consistency among surgeons was found in rating the 37 dif-
ferent DDH diagnostic criteria. There is also no international
consensus on the surgical treatment of DDH. Feeley et al’
recommended the establishment of an international working
group with large-scale studies in the treatment of DDH and the
development of an international guideline on this subject.

Early diagnosis and treatment are very important in DDH.
For this reason, the importance of screening programs is well
known. Clinical examination in DDH screening is valuable in
evaluating functional and structural abnormalities but may be
insufficient in evaluating stable hips.™ For this reason, delayed
admissions are present in clinical screening programs.®*
Tonnis"® suggested that screening by physical examina-
tion would not be sufficient and that all newborns should be
screened with USG. Although there is selective screening for
DDH in our country, most of the Turkish Pediatric Orthopedics
Association members recommend universal screening accord-
ing fo our study.

Universal DDH screening in the fourth week was recommended
by most of the participants in this study. It is recommended
to use both physical examination and USG for screening. It
is reported in the literature that late admission to physicians
with universal screening programs is almost zero.” In univer-
sal screening, the rate of first surgery due to DDH was found
to be significantly lower than in selective screening.’?'® The
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Table 2. Parameters Related to Screening, Physical Examination, and USG
‘ Group 1 ‘ Group 2 ‘ Total ‘ P

Screening method

Universal 24 (46.2%) 28 (53.8%) 52 (100%) 1520
Selective 13 (65%) 7 (35%) 20 (100%) 42 =12054
Total 37 (51.4%) 37 (51.4%) 72 (100%)

The most preferred screening method

Physical exam+radiology 32 (50%) 32 (50%) 64 (100%)

Physical exam 3 (75%) 1(25%) 4 (100%) .623°
Radiology 2 (50%) 2 (50%) 4 (100%) 272 =.945
Total 37 (51.4%) 35 (48.6%) 72 (100%)

The most preferred radiological screening method

UsG 26 (50%) 26 (50%) 52 (100%) .668°
X-ray 1(33.3%) 2 (66.7%) 3 (100%) x*=.808
USG+x-ray 10 (58.8%) 7 (41.2%) 17 (100%)

Total 37 (51.4%) 35 (48.6%) 72 (100%)

The most preferred physical examination test

Ortolani test 18 19 37 A73b
Barlow test 0 15 15 y*=11.534
Hip abduction test 23 27 50

Leg length discrepancy 5 6 1

Limp 2 4 6

Asymmetric skin fold 1 4 5

Galeazzi test 2 5 7

Allis test 1 0 1

Klisic test 0 1 1

Total 52 82 134

When the USG screening should be done (week)?

Week

1 3(37.5%) 5 (62.5%) 8 (100%) .393°

2 1(100%) 0 (0%) 1(100%) y*=7357
3 6 (66.7%) 3(33.3%) 9 (100%)

4 17 (51.5%) 16 (48.5%) 33 (100%)

5 1(100%) 0 (0%) 1(100%)

6 6 (46.2%) 7 (53.8%) 13 (100%)

8 1(20%) 4 (80%) 5 (100%)

12 2 (100%) 0 (0%) 2 (100%)

Total 37 (51.4%) 35 (48.6%) 72 (100%)

When the second evaluation in type 2a hips should be applied?

Week

4 weeks 13 (61.9%) 8 (38.1%) 21 (100%) .406°

3 weeks 8 (44.4%) 10 (55.6%) 18 (100%) y*=1804
3 months (12 weeks) 10 (43.5%) 13 (56.5%) 23 (100%)

Total 31(50%) 31(50%) 62 (100%)

°Pearson chi-square test.
USG, ultrasonography.

optimum tfime for anUSG screening has not been clarified.
Although there are some suggestions that it should be done on
the 28th day, there are also opinions stating that it should be
done on the 8th week.”" In a study, the 22nd day was found as
the threshold value and it was said that screening should be
performed on the 22nd day or later.”® There are many studies
in the literature stating that physical examination alone is not
sufficient and screening with USG is necessary.?*-%

In this study, the most significant physical examination finding
was the hip abduction and the Ortolani tests, respectively. In

many studies, it has been stated that the unilateral hip abduc-
tion test has the highest sensitivity and specificity, and it is the
most important indicator of hip pathology, especially in restric-
tions above 20°.2-% Ortolani and Barlow are tests with high
specificity but low sensitivity in the hands of inexperienced phy-
sicians, thus making them inadequate to be used as a screen-
ing test.?% Conversely, in another recent study, members of the
British Society of Children’s Orthopedic Surgery reported that
they use the Ortolani and Barlow tests more than the hip abduc-
tion test." In our study, asymmetric skin fold was one of the least
preferred methods of diagnosis by physical examination. In the

177



Diagnosis and Treatment Algorithm of Hip Dysplasia

Turk Arch Pediatr 2023; 58(2): 174-181

Figure 2. Radiological parameters used in the evaluation of
developmental dysplasia of the hip. L, left. (A) Pelvisanteroposterior view
(AP)x-ray. H, Hilgenreiner line; P, Perkins line. The femoral head has to be
in the lower medial quadrant. On the x-ray, the left femoral head is
dislocated. (B) Pelvis AP x-ray. The Shenton-Menard line is intact on the
right side (normal hip) but broken on the left (dislocated hip). (C) Pelvis AP
x-ray. Al, acetabular index; H, Hilgenreiner line.

study of Kang et al.?® the only finding was asymmetric skin fold
in 78.4% of the babies who were referred from another center
with the suspicion of DDH, and DDH was not detected in any of
them. The clinical value of the asymmetric skin fold in the diag-
nosis of DDH is low and it is not recommended to be used alone.

Spontaneous normalization of type 2A hips is common in the lit-
erature, but worsening can be seen in 5%-10% of them. Female
sex and an alpha value lower than 55° were found to be risk
factors for worsening.?? Although there are studies suggesting
that a control USG examination 1 month later after detection of
type 2a hip in the first USG examination, there are also studies
suggesting a control USG examination to be performed in the
third month.’®#2% |n our study, most of the participants recom-
mended that the control USG should be performed in the third
month (12th week) of life in type 2a hips,

In this study, it was observed that USG was used most fre-
quently until the sixth month, and direct radiography was used
most frequently after the sixth month. Acetabular index and
Shenton-Menard line were the most frequently used param-
eters evaluated in radiographs. Although radiographic evalu-
ation is recommended after 4-6 months, there are studies
reporting that USG can be used for up to 7 months.**Acetabular
index is the most commonly used parameter in developmen-
tal hip dysplasia. A recent study suggested that the acetabu-
lar index is the most effective indicator in predicting residual

Table 3. Radiography-Related Parameters

Month ‘ Group 1 ‘ Group 2 ‘ Total ‘ P
When the direct radiography screening should be done (month)

2 2 (100%) 0 (0%) 2 (100%) 436>
3 3 (75%) 1(25%) 4 (100%) 22 =5884
4 4 (66.7%) 2 (33.3%) 6 (100%)

5 7 (50%) 7 (50%) 14 (100%)

6 18 (46.2%) 21 (53.8%) 39 (100%)

7 0 (0%) 1(100%) 1(100%)

8 0 (0%) 1(100%) 1(100%)

Total 34 (50.7%) 33 (49.3%) 67 (100%)

The most preferred radiographic view (multiple views can be chosen)

Anterior-posterior 37 35 72 .263°
Frog leg 7 14 21

Von Rosen 7 6 13

Lateral 1 0 1

False profile 0 2 2

Total 52 57 109

The most preferred radiographic parameters (multiple parameters can be chosen)

Perkins line 13 12 25 .782°
Hilgenreiner’ line 6 7 13

Acetabular index 33 35 68

Ossified nucleus 9 10 19

Shenton-Menard line 23 22 45

Courcil 2 4 6

Medial joint space 7 8 15

Center edge angle 8 5 13

Sharp angle 1 1 2

Tear drop 1 3 4

Collo-diaphysial angle 0 4 4

Total 103 m 214

°Pearson chi-square test.

°Fisher exact.
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Pavlik harness

No need to follow-up

—

Normal

Follow-up up to the
maturity

algorithm, the most preferred options were used.

Figure 3. Treatment algorithm for developmental dysplasia of the hip created by using the preferences of pediatric orthopedists. While creating the

dysplasia after closed reduction.’ However, there is no consen-
sus on the acetabular index upper limit.?2 In our study, greater
than 30° after the age of 1 was the most common answer for
acetabular index upper limit.

In acetabular dysplasia, the femoral head is inside the ace-
tabulum, but the acetabulum does not cover the femoral head.
In the case of dislocation, the relationship between the femo-
ral head and the acetabulum is impaired. In dysplastic hips,
loading is greater at the acetabulum margin. With the oste-
otomy procedures to be performed, this load can be reduced
by improving the moment arm and increasing the acetabulum
contact area. The most preferred osteotomy type was pelvic
osteotomy. Salter osteotomy was the most preferred among
pelvic osteotomies. However, in some studies, Dega osteot-
omy was preferred over Salter osteotomy according to better
acetabular improvement and the lack of secondary surgery
necessity.33

When the scenario of a patient with normal USG findings at
6 weeks of age and dysplasia findings of same patient radio-
graphs at 6 months of age was asked to our participants, it was
reported that tfreatment should be given according to the cur-
rent x-ray. In some recent studies, it has been stated that even
if the USG performed at 6 weeks of age is normal in breech

presentation babies, x-rays performed after 4-6 months may
show dysplasia requiring treatment. In the light of this informa-
tion, even if USG is normalized during follow-ups, radiography
control is recommended at the sixth month in dysplastic hips.
Follow-up of these patients up to the skeletal maturity would be
beneficial®**¢ (Figure 3).

Arthrography is a reliable method used in the decision of
the surgeon to switch to open surgery in closed reduction of
developmental hip treatment.’” It was observed that the use
of arthrography was higher for more experienced surgeons in
this study (P = .005). In a study, it was observed that the risk
of avascular necrosis was significantly higher when arthrogra-
phy was not used.® There was no difference between groups in
parameters other than these, and an alternative algorithm was
created with this information.

Percentage of participants is one of the limitations of our
study. The response rate of 56% may increase potential bias.
Participants in the study were divided into 2 groups according
to their experience in pediatric orthopedics. However, group-
ing according to the experience year in practice (i.e., more/
less than 10 years) may not reflect the experience in DDH com-
pletely because the experienced surgeons may not be work-
ing in a high-volume center for DDH.Technically there is no
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subspecialty for pediatric orthopedics in Turkey. Hip dyspla-
sia can be treated by all orthopedists and its management is
included in the core education curriculum of Orthopedics and
Traumatology in our country. We chose members of the Turkish
Pediatric Orthopedics Association in order to select orthope-
dists who were supposed to deal with pediatric orthopedics
more. We do not have objective criteria for the evaluation of
experience in DDH. We accept that not all members were mas-
ters, but it can be easily said that the participants had interest
and experience in the management of hip dysplasia.

CONCLUSIONS

Universal screening is the most preferred method, and it is rec-
ommended to be performed with USG in the fourth week. In
type 2a patients, USG control is preferred in the third month.
The most favored radiographic method is an anteroposterior
x-ray, which is recommended to be performed in the sixth
month. The acetabular index is the most preferred radio-
graphic measurement parameter.

Although there are some differences among physicians in the
diagnosis, treatment, and follow-up approach to DDH, there
was no significant difference according to the level of experi-
ence. For this reason, it can be considered that standardization
has been achieved in the treatment of DDH.
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