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Developmental dysplasia of the hip (DDH) is a condition characterized by changes in
joint formation within the last months of intrauterine life or the first months after birth.
Developmental dysplasia of the hip presentation ranges from femoroacetabular
instability to several stages of dysplasia up to complete dislocation. Early diagnosis
is essential for successful treatment. Clinical screening, including appropriate maneu-
vers, is critical in newborns and subsequent examinations during the growth of the
child.

Infants with suspected DDH must undergo an ultrasound screening, especially those
with a breech presentation at delivery or a family history of the condition. A hip
ultrasound within the first months, followed by pelvic radiograph at 4 or 6 months,
determines the diagnosis and helps follow-up.

Treatment consists of concentric reduction and hip maintenance and stabilization with
joint remodeling. The initial choices are flexion/abduction orthoses; older children may
require a spica cast after closed reduction, with or without tenotomy. An open
reduction also can be indicated. After 18 months, the choices include pelvic osteot-
omies with capsuloplasty and, eventually, acetabular and femoral osteotomies.

The follow-up of treated children must continue throughout their growth due to the
potential risk of late dysplasia.
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Resumo O termo displasia do desenvolvimento quadril (DDQ) refere-se a condi¢ao na qual a
articulacdo sofre alteracoes na sua formacao durante os ultimos meses da vida
intrauterina ou nos primeiros meses ap6s o nascimento. No espectro de apresentacao,
varia desde a instabilidade femuroacetabular, passando por estadios de displasia até a
completa luxacdo. O diagnéstico precoce é fundamental para o sucesso do tratamento.
A triagem através do exame clinico incluindo manobras apropriadas é imprescindivel
nos recém-nascidos e nas avaliagoes subsequentes durante o crescimento da crianga.
O rastreamento ultrassonogréfico é indicado nos bebés sob suspeita clinica e muito
mais recomendavel naqueles que tiveram apresentacdo pélvica para o parto ou que
tenham antecedentes familiares. A ultrassonografia do quadril nos primeiros meses
sequida da radiografia da bacia apds o 4° ou 6° més de vida s3o os exames que
determinam o diagnéstico e auxiliam o seguimento.

O tratamento esta baseado na obtencio de uma reducdo concéntrica e na manutencao
e estabilizacdo do quadril, propiciando a remodelagdo articular. Inicialmente, as
orteses de flexdo/abdugao sdo a escolha; em criangas maiores pode ser necessario o
uso de gesso apds reducdo incruenta com ou sem tenotomia; reducdo aberta pode ser
indicada e ap6s os 18 meses as osteotomias pélvicas associadas a capsuloplastia e
eventuais osteotomias acetabular e femoral.

Criancas tratadas devem ser acompanhadas durante todo o seu crescimento pelo

Palavras-chave

= displasia do desenvol-
vimento do quadril

= luxacdo congénita de
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Introduction

In developmental dysplasia of the hip (DDH)," different
factors alter the development of a joint previously healthy
during embryogenesis. These changes probably occur within
the last months of intrauterine life or the first months after
birth. The disease has a wide spectrum of presentation,
ranging from instability with mild acetabular deficiency to
complete joint dislocation.

Its dynamic feature causes pre- and postnatal clinical
factors that influence its evolution, improving or worsening
the condition. The success of the treatment fundamentally
depends on early diagnosis, preferably performed up to the
4™ month of life, and achieving concentric reduction and
maintenance of the femoral head in the acetabulum.

Teratological congenital dislocations considered atypical
are usually associated with syndromes, and their prognosis
and treatment deserve an analysis from a different
perspective.

Incidence

The incidence of DDH can range from 0.06 to 76.1 per 1,000
live births?® depending on ethnicity and the assessment
method. Ultrasonographic studies describe a higher inci-
dence compared with those based on clinical maneuvers
alone. Another critical factor is the age of the child at
evaluation. Although some neonatal instabilities resolve
spontaneously,3 hips can become dysplastic over time.
Therefore, we understand that a more precise distinction
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eventual risco de displasias tardias.

lowers the chance of overtreatment and increases the op-
portunity to start therapy at the appropriate time.

Unfortunately, Brazil lacks specific data on DDH incidence.
Guarniero et al.* reported an incidence of 5.01/1,000 using
the clinical evaluation of the neonatal Ortolani sign in 9,171
children. Motta et al.> described an incidence of 5.45% in
neonatal ultrasound evaluation of 1,356 hips. These two
studies were performed in maternity hospitals in the city
of Sao Paulo.

Risk Factors

Developmental dysplasia of the hip is probably a disease of
multifactorial origin, and we must consider some risk factors
for investigation. However, remember that many children,
even without defined or known risk factors, can present
DDH. Therefore, a careful and accurate assessment, or at least
a routine physical examination, is mandatory.

Risk factors include a breech fetal presentation, female
gender, primiparous mothers, oligohydramnios, family his-
tory of DDH, congenital feet deformities (such as metatarsal
adductus, calcaneovalgus feet, and congenital clubfoot), and
congenital muscular torticollis.?®

The presence of more than one fetus may result in a
phenomenon of uterine “agglomeration.” However, most of
these children are born with a lower weight, which could
reduce the impact of agglomeration. Even so, it is worth
remembering that the risk is higher when one of the fetuses
is in breech presentation.” It appears that prematurity is
neither a risk nor a protective factor.®
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Postnatal Factors

Hip positioning within the first few months of life can
influence adequate joint development. Certain cultures po-
sition the lower limbs of infants in extension and adduction,
limiting mobility and increasing the incidence of DDH.’

Ulzibaati et al.'® studied the influence of traditional
swaddling of newborns in Mongolia with lower limbs re-
striction in extension and adduction for 20 hours per day
during a month. This practice resulted in delayed hip matu-
ration and increased DDH risk. In contrast, cultures in which
caregivers carry the infant closer to their bodies and with
abducted hips seem to have a decreased incidence of DDH.?

The “M” positioning of the lower limbs within the first
months of life in sling-type carriers with the infant facing the
caregiver seems ideal for the healthy development of the
hips. In addition, it allows an adequate positioning of the
child’s pelvis and spine.” Siddicky et al.'' analyzed hip
positioning and surface electromyography findings. They
reported that a child in a flexible carrier, facing the caregiver,
presents hips position and muscle activity similar to that
observed with a Pavlik orthosis.

The correct use of slings, mainly in the first 100 days of
life, the period of exterogestation, also results in other
psychological and sensorial benefits. In these cases, asphyxia
is a constant concern, especially in children with no cervical
control, implying preventive measures such as correct cervi-
cal positioning, keeping the head above the tissue, and
protecting the nose and mouth of any obstruction.'? Other
complications can occur, including the possibility of caregiv-
er fall and low back pain.

Ultrasound Screening

The universal ultrasound screening of newborns is contro-
versial because of its high cost. In addition, it requires
professional training and predisposes to overtreatment
and its complications. On the other hand, the physical
examination may not identify some instabilities, resulting
in failures in detecting isolated acetabular dysplasia. These
failures often occur in children with no identifiable risk
factors.'> However, remember that the complications of a
potential overtreatment are relatively small in a properly
applied orthosis that respects the safety zones.'*

In children with risk factors but no relevant findings at the
physical examination, delaying the ultrasound screening up
to 4 or 6 weeks can help distinguish cases of immaturity from
those requiring treatment. Preterm infants require a time-
frame adjustment to 44 weeks of gestational age."®

We believe that children with abnormalities at the physi-
cal examination and those born in breech presentation with
no clinical signs but with affected first-degree relatives must
undergo an ultrasound scan. In cases of breech presentation
and normal ultrasound findings, we recommend a pelvic
radiograph between the 4™ and 6™ months of life due to the
risk of missing the diagnosis and the presence of late
dysplasia.'®"18
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Physical Examination

A thorough orthopedic physical examination in search of
associated changes is paramount, with special attention to
foot deformities and congenital torticollis.'®

All children from the nursery must undergo a physical
examination for hip instability. The evaluation should con-
tinue in the pediatric follow-up for observation of other signs
and symptoms, as the diagnosis of some cases may be a
challenge even in experienced hands.?°

For the Ortolani maneuver,?’ the child is in the supine
position, with hips flexed at 90 degrees, flexed knees, and
adducted thighs. The examiner holds the thighs with the
palms of the hands to “embrace” the knees, with the thumb
on the medial surface and the second and third fingers over
the greater trochanter. The hips are assessed separately by
performing maximum abduction. The sign is positive when
there is a sensation of impingement of the femoral head
and compression on the greater trochanter, producing a
noticeable “clunk” or a bump (“scatto”). Thigh adduction
results in hip displacement. Gentle traction on the axial
axis of the limb can help reduce some hips, especially in
older children.

The Barlow maneuver also examines the hips separately.
The newborn remains in a supine position with the hips flexed
at 90° and fully flexed knees. The thumb of the examiner is on
the inner thigh and the third finger is on the greater trochanter
of the patient. At first, with a medium abduction, the examiner
pressures the greater trochanter. The reallocation of the hip
indicates a dislocation. This is the first phase of the maneuver.
The second phase applies pressure in the posterior direction
with the hip in neutral abduction or slight adduction. A
femoral head dislocation followed by spontaneous reduction
when relieving the pressure characterizes an unstable hip
(positive Barlow maneuver).

The “click” can result from extra-articular causes, includ-
ing snapping the greater trochanter, the iliopsoas, the knee
patella, or the peroneal ankle tendons. However, it warrants
a continuous investigation and referral to an orthopedist
because its reason is unclear.??

The limited abduction with flexed hips, that is, a Hart
sign,?> results from the retraction of the adductors. It may
occur when the hip is subluxated or dislocated and it usually
appears later. The Hart sign is the main clinical sign in
children >3 months or those no longer with instability.
Children with abductions <60 degrees?* or asymmetrical
abductions must undergo imaging tests.

Upon inspection, the presence of asymmetry of the gluteal
folds and thigh, despite being observed in some healthy
children, is a clinical sign that may indicate inequality or
retractions of the muscles of the lower limbs and warrants
continuing the investigation.?

The Galeazzi sign is often late and observed in unilateral
cases. The children present claudication when they start to
walk. The Trendelenburg sign results from gluteus medius
insufficiency in monopodal support and lumbar hyperlor-
dosis, especially in bilateral cases.
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Ultrasound

Ultrasonography is an optimal test for DDH diagnosis and
follow-up in children up to 4 or 6 months old. The most
frequently used method was proposed by Graf.2%%’ It ana-
lyzes the hip in the coronal plane, evaluating the bony and
cartilaginous roofs, the acetabular appearance, and, in some
cases, its stability.

Its accuracy relies on visualizing the following anatomical
structures: osteochondral edge, femoral head, synovial fold,
joint capsule, acetabular labrum, cartilage, and bony roof and
edge, that is, the bone roof turning point (anatomical identifi-
cation). In addition, the acetabulum must be at the center of a
sectional plane, revealing the lower edge of the ilium, its linear
echo, and the acetabular labrum (usability check) (~Fig. 1A)

The bony roof angle, alpha, is between the baseline (ilium)
and a line tangent to the bony roof starting at the lower edge
of the ilium. The cartilaginous roof angle, beta, is between the
baseline and the line from the bony roof tipping point to the
center of the acetabular labrum. The three lines rarely
intersect at a point (=Fig. 1B). Ultrasound evaluation must

Fig. 1A Anatomical identification: 1 osteochondral rim, 2 femoral
head, 3 synovial crease, 4 capsule, 5 acetabular labrum, 6 cartilage, 7
bony roof, 8 bony roof tipping point. Fig. 1B Usability check: 1 lower
edge of the ilium, 2 straight echo of the ilium bone, and 3 acetabular
labrum. Alpha and beta angles measurement.
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start with an image quality assessment and proceed to the
report. Accurate measurement of alpha and beta angles is
critical for correct classification and diagnosis28 (=Fig. 2).

The percentage of head coverage can be a piece of addi-
tional information, but remember that the potential ovoid
shape in newborns may hinder interpretation. For Terje-
sen,® a coverage starting at 50% in children >1 month is
normal. Morin,® on the other hand, considers a coverage >
58% as consistent with normality.

The medial part of the acetabulum is within an acoustic
shadow after the ossification of the secondary nucleus of the
femoral head, preventing any accurate measurement. From
that moment on, pelvic radiography should base the
diagnosis.

An anterior approached ultrasound?' may also help at the
beginning of the treatment for reduction confirmation and
follow-up during and after the use of a spica cast.

Radiography

The interpretation of a neonatal hip radiograph can be a
challenge. However, from the 6™ month of life onwards, it
gets easier, and it is essential for DDH follow-up.

Although some question the radiation from this examina-
tion, it does not seem to be associated with a neoplastic risk.>2
A single anteroposterior incidence can be requested to reduce
the radioactive dose in follow-up visits.>3 Gonadal protectors
are difficult to place in girls. They can be used even though they
can hinder the visualization of anatomical parameters.34

Properly position the radiograph with the limbs in exten-
sion. Considering femoral anteversion, the visualization of
the femoral neck at its greatest length requires 15 to 20° of
medial rotation of the femurs to avoid the false appearance of
joint subluxation or coxa valga. In young children, the hand of
the examiner holds the knees to compensate for the flexion
contracture of the hips.>®

For interpretation, draw the Hilgenreiner line, the Ombré-
danne-Perkins line, the Menard and Shenton line, the ace-
tabular index (Al), and the center-edge (CE) angle of Wiberg.

A
J
i

GRAF [II GRAF IV

|

Fig. 2 Hips are centralized in Graf types | and Il hips; type D (nots hown) is the first stage of decentering, and types Ill and IV hips are off center.
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Check the radiograph for errors in pelvis rotation and tilt
that could prevent the actual Al measurement. The pelvic
rotation quotient® is the relation between the transverse
diameters of the right and left obturator foramina. Its refer-
ence value ranges from 1.8 to 0.56. For the Ball and Komenda
pelvic tilt index, divide the vertical diameter of the obturator
foramen by the distance between the pubis and the Hilgen-
reiner line. Its reference value ranges from 0.75 to 1.2. The
normal Al depends on the age of the child and on the form of
measurement, which can use the acetabular margin>” or the
sourcil®® as a lateral point. Therefore, we believe that the
standardization of measurements is crucial for clinical
monitoring.

The Koéhler teardrop is often present from the 4™ to 6™
months of life. Its absence from that age onwards may
indicate abnormal development of the acetabular cavity. In
the case of femoral head lateralization, this sign becomes
enlarged or V-shaped. After treatment, it may regain its
normal shape, narrow and rounded at the end, due to
acetabular remodeling.>®

Treatment

According to the Graf classification, type I hips are healthy,
and type IIA (+) are immature. There are controversies
regarding the need for treatment of IIA (-) hips (alpha angle
< 55° in the 6™ week of life). Most of these hips can evolve to
spontaneous resolution.>” However, girls require special
attention due to the persistence of potential dysplasia.?®
Hips classified as IIB, IIC, D, III, and IV require treatment
regardless of age.

Developmental dysplasia of the hip treatment requires
maintaining a concentric reduction between the femoral
head and the acetabulum, positioning the hip in 90 to 110°
of flexion and 30 to 65° of abduction while respecting the
safety zone.®

It is important to note that using two or more diapers
creates a false sense of security for parents. However, diapers
are inefficient in keeping the hips in the correct position.>
They do not control hip extension and may act as a fulcrum
between the lower limbs, functioning as levers for laterali-
zation of the femoral heads. Therefore, this technique is not
recommended.

Hip hyperflexion can result in inferior dislocation. Espe-
cially in most severe cases, when combined with knee
hyperflexion, it can lead to femoral nerve praxis.*® Femoral
neuropraxia leads to a higher rate of treatment failure and
complications, particularly if recovery takes longer than
3 days.*! Excessive abduction causes osteonecrosis (avascu-
lar necrosis [AVN]) of the femoral head.

Orthoses

The most used orthosis for DDH treatment is the Pavlik
harness, often kept up to the 6™ month of life. The Pavlik
harness can reduce neonatal cases with persistent femoral
head dislocation. However, this treatment should not occur
for>2 or 3 weeks because of the risk of femoral head

Developmental Dysplasia of the Hip Braga et al.

Fig. 3 A) Correctly positioned Pavlik. B) Pavlik with the anterior
harness too medial and the leg strap positioned distally leading to
improper positioning of the hips and knees. Adapted from Mubarak S,
Garfin S, Vance R, McKinnon B, Sutherland D. Pitfalls in the use of the
Pavlik harness for treatment of congenital dysplasia, subluxation, and
dislocation of the hip. ] Bone Joint Surg Am 1981;63(8):1239-1248.

vascular compromise and joint deformities resulting from
the pressure of the head against the acetabulum.

The anterior straps of this orthosis maintain hip flexion,
while the posterior straps limit adduction. Please note that
abduction results from a gravitational action and the way the
child is carried and that the straps should not force it.

The main error occurs when the anterior straps, which
should align with the anterior axillary line, are positioned
medially, favoring hip adduction. Another common mistake
is to wrap the leg with the strap, which should be just below
the popliteal fossa. A strap too close to the ankle causes knee
hyperflexion, and an anterior and posterior bowstring mech-
anism results in inadequate control of the hip position.42
(~Fig. 3A-B).

In cases with greater instability, the posterior strap can
pass through the anterior one before returning to its original
position as an auxiliary method.*?

The Tubingen orthosis gains importance from the 3™
month of life onwards. Abduction control is deemed**
superior due to the pull-up bar. In addition to preventing
excessive abduction, the child can roll over at night and sleep
in a lateral position. Its use is controversial in Graf type IV
cases. 444

The orthoses regimen ranges from 23 to 24 hours per day.
It must continue until complete acetabular normalization
(Graf type I), which usually occurs in 6 to 12 weeks. The
continuation of the treatment for an additional period, as
well as weaning, remains a controversial issue, with several
protocols. Recently, a comparative study of 1-year-old
patients submitted or not to weaning from the Pavlik harness
revealed no significant differences in the AIL4®

Reduction and cast

From the 3™ month of life, in case of orthosis failure or
delayed diagnosis of dislocation, we indicate a closed reduc-
tion and immobilization in a spica cast in flexion and
abduction.

A previous skin traction, rarely performed today, and an
adductor longus tenotomy can collaborate in the reduction
and increase the safety zone. Older children with high
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dislocations are more prone to complications such as AVN,
dislocation, and residual dysplasia. The absence of ossifica-
tion of the femoral head nucleus should not delay treatment
even though some authors list it as a risk factor for AVN.

A pneumoarthrography can aid the intraoperative evalu-
ation of the reduction, but it is not an essential procedure in
all cases. The difficult radiographic interpretation in the
postoperative period is attributed to the presence of plaster
and to the two-dimensional nature of the assessment. Radio-
graphs in an inlet position can help.’ Ultrasound follow-up,
although feasible, requires a space at the cast for this purpose
and an adequate transducer. Computed tomography (CT) is
easily accessible and can be performed selectively (with
fewer sections) to reduce the amount of radiation. A rapid
protocol of nonsedation and noncontrast magnetic reso-
nance imaging (MRI) is effective for reduction follow-up
and detection of joint interpositions.“g'49

The cast is kept for 3 to 4 months and then replaced with
an orthosis. The age for this treatment is controversial but it
usually considers 18 months as a limit.

We indicate an open reduction via medial or anterolateral
approach in children from 9 months old onwards presenting
joint interposition or when closed concentric reduction is
impossible. A medial approach is an option for young chil-
dren, usually < 12 months old®® (maximum age of 18 months
old), allowing to address the structures preventing reduc-
tion. Its advantage is the cosmetic surgical scar. However,
capsuloplasty cannot occur through this approach, and there
is arisk of arterial injury. The anterolateral approach has the
advantage of not being limited by age. In addition, it can be
associated with capsuloplasty, which favors stabilization,”’
avoids greater abduction by the cast, and allows an aceta-
buloplasty when necessary.

Pelvic Osteotomies

Acetabular remodeling is directly related to stability and age
at institution of treatment. It is slower in children > 12
months. From 18 months old onwards, we recommend a
pelvic osteotomy with a hip reduction procedure.>?->3

In children with post-treatment residual dysplasia, the
decision on the need for pelvic osteotomy is more complex,
as the normalization of the acetabular index over time is
more likely in hips that are reduced and stable before the age
of 2. In a dislocated hip with persistent dysplasia, an MRI can
help define the need for intervention according to the
appearance and amount of cartilage.”*°°

The surgery proposed by Salter>® consists of a transverse
osteotomy of the ilium in the innominate line to redirect the
acetabulum with the fulcrum in the pubic symphysis. It is
usually indicated from 18 months to 9 years old. It is possible
to obtain coverage of up to 25 degrees anteriorly and
15 degrees laterally.>’ Apparently, there is no acetabular
retroversion in the follow-up period.>®

The osteotomy described by Pemberton®® is incomplete
and the triradiate cartilage is its fulcrum. In addition, it can
provide anterolateral coverage. This is a good technique
when the acetabulum is wide and disproportionate in size
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to the femoral head because it reduces the diameter and
increases the depth of the acetabular cavity.

The osteotomy attributed to Dega was initially described
as semicircular, 1 cm proximal to the bone roof, and sparing
the medial wall of the ilium to avoid unwanted medializa-
tion. A subsequent description reviewed the technique,
which became transiliac and had a fulcrum in the intact
bone part close to the sciatic notch.%? The redirection of the
acetabulum allows for anterior, lateral, and posterior cover-
age depending on the positioning of the bone graft. For this
reason, it is frequently used in dysplasia with a neuromus-
cular etiology.

Older children and adolescents with open triradiate car-
tilage may require further acetabular redirection through
triple osteotomies including the ilium, the pubis, and the
ischium.

Salvage osteotomies, including the shelf and the Chiari
technique, have a role when concentric reduction is not
feasible.

The need for femoral shortening, rotation, or both to avoid
a varus deformation is an intraoperative decision more
frequent in children > 3 years old.

Final Considerations

The prognosis of DDH relates directly to the age of the child at
diagnosis. As such, all children must undergo a hip exami-
nation for DDH at the nursery and subsequent visits. We
suggest establishing a surveillance protocol according to the
local reality, aimed at infants with clinical signs, those born
in breech presentation, or with affected first-degree
relatives.

Guidance on correct postnatal positioning, avoiding “ci-
gar-shaped” bandages, and focusing on physiological posi-
tions can play a significant role in maturing hips and
preventing late dysplasia.

Hip ultrasound remains the ideal diagnostic test for
children up to 4 or 6 months old. Remember, however,
that the orthopedist must have experience and training in
image evaluation and establish a clinical correlation with the
examination report. After the 6™ month of life, due to the
probable secondary ossification of the femoral head nucleus,
radiography is the optimal test.

Monitor treated children throughout their growth due to
the risk of late dysplasia so, if required, they can receive
treatment at the appropriate time.
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