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Abstract
Developmental dysplasia of the hip (DDH) denotes a 
wide spectrum of conditions ranging from subtle ac-
etabular dysplasia to irreducible hip dislocations. Clini-
cal diagnostic tests complement ultrasound imaging in 
allowing diagnosis, classification and monitoring of this 
condition. Classification systems relate to the alpha and 
beta angles in addition to the dynamic coverage index 

(DCI). Screening programmes for DDH show consider-
able geographic variation; certain risk factors have been 
identified which necessitate ultrasound assessment of 
the newborn. The treatment of DDH has undergone 
significant evolution, but the current gold standard is 
still the Pavlik harness. Duration of Pavlik harness treat-
ment has been reported to range from 3 to 9.3 mo. 
The beta angle, DCI and the superior/lateral femoral 
head displacement can be assessed via  ultrasound to 
estimate the likelihood of success. Success rates of 
between 7% and 99% have been reported when using 
the harness to treat DDH. Avascular necrosis remains 
the most devastating complication of harness usage 
with a reported rate of between 0% and 28%. Alter-
native non-surgical treatment methods used for DDH 
include devices proposed by LeDamany, Frejka, Lorenz 
and Ortolani. The Rosen splint and Wagner stocking 
have also been used for DDH treatment. Surgical treat-
ment for DDH comprises open reduction alongside a 
combination of femoral or pelvic osteotomies. Femo-
ral osteotomies are carried out in cases of excessive 
anteversion or valgus deformity of the femoral neck. 
The two principal pelvic osteotomies most commonly 
performed are the Salter osteotomy and Pemberton 
acetabuloplasty. Serious surgical complications include 
epiphyseal damage, sciatic nerve damage and femoral 
neck fracture.
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INTRODUCTION
Developmental dysplasia of  the hip (DDH) denotes a 
wide spectrum of  pathologic conditions, ranging from 
subtle acetabular dysplasia to irreducible hip dislocation 
with proximal femoral displacement[1]. The reported 
incidence of  DDH varies from 1.5 to 2.5 per 1000 live 
births[1-3]. Unlike “congenital dysplasia of  the hip”, DDH 
is not restricted to congenital malformation, but also 
includes developmental disturbance[4]. The radiological 
definition relies on the presence of  an intact Shenton 
line (Figure 1)[5]. The Shenton line remains intact in 
“subluxation” but disrupted in “dysplasia”[6]. The term 
dysplasia tends to be used for a hip with a positive Orto-
lani sign, i.e., a dislocated hip that can be relocated back 
into the acetabulum. The typical dysplastic hip has a 
ridge in the superior-posterior and inferior aspects of  the 
acetabulum. The ridge, or neo-limbus, as described by 
Ortolani, is composed of  very cellular hyaline cartilage. 
The femoral head glides in and out of  the acetabulum, 
producing the palpable sensation known as Ortolani’s 
sign. An additional diagnostic test used to detect dyspla-
sia is the “Barlow manoeuvre”, whereby hip flexion and 
adduction causes the femoral head to leave the acetabu-
lum[7]. Good evidence exists to suggest that untreated 
dysplasia will culminate in degenerative joint disease. The 
term “dislocation” is reserved for any hip with a negative 
Ortolani’s sign, i.e., an unreducible hip, that is associated 
with “secondary adaptive changes of  shortening, de-
creased abduction and asymmetry of  the folds”[8].

CLASSIFICATION OF DDH
Graf  classified DDH according to various ultrasound 
measurements (Table 1). The infant remains in a lateral 
decubitus position and coronal images are taken with 
subsequent measurement of  alpha and beta angles[9]. 
The alpha angle refers to the angle between the acetabu-
lar roof  and vertical cortex of  the ilium. The beta angle 
is the angle formed between the vertical cortex of  the 
ilium and the triangular labral fibrocartilage (echogenic 
triangle). Type 1 hips are deemed mature, type 3 are 
referred to as immature (Table 1). Dynamic coverage 
index (DCI) refers to ultrasound measured femoral head 
coverage with the hip in coronal flexion and adduction. 
Grill et al[10] and Alexiev et al[11] used DCI to help for-
mulate a DDH classification system. DCI was greater 
than 50% in stable hips, DCI was 30%-50% in moderate 
subluxation, DCI was 10%-35% for severe subluxation; 
DCI was less than 10% for dislocation.

SCREENING FOR DDH
Screening for DDH may be based upon clinical and/or 
ultrasound methodology. With clinical screening only, the 
late dislocation rate is reported as between 0.5 and 0.8 per 
1000 live births[9,12]. Some studies[13,14] have suggested that 
clinical examination for DDH should be delayed until af-

ter the newborn period, due to the high rate of  spontane-
ous stabilisation in the first 4 wk of  life. Vedantam et al[15] 
suggested that dislocatable hips at birth could be safely 
monitored with ultrasound for two weeks before deter-
mining the course of  treatment, reducing the number of  
infants requiring treatment, without prejudicing the final 
outcome. Clegg et al[16] reported a late dislocation rate of  
0% in the 11-year history of  their universal ultrasound 
screening program, but an operative rate of  0.21/1000 
live births. They attempted to make a financial case for 
universal ultrasound screening due to reduction in mean 
surgical cost by earlier diagnosis of  dysplasia/dislocation 
with subsequent need for fewer, less invasive procedures. 
Universal ultrasound screening of  newborns however, 
is not deemed cost-effective by most North American 
authors, although in Europe, non-selective screening is 
more widely used[17]. van der Sluijs et al[13] reported the 
terms of  the Dutch screening programme, which rec-
ommended clinical and ultrasound screening of  infants 
between the ages of  three and five months with one or 
more of  the following risk factors: breech delivery, fam-
ily history, leg length discrepancy or limited abduction 
of  the hip. The current United Kingdom programme 
recommends ultrasound screening of  high risk infants at 
six weeks[18,19]. Sampath et al[14] reported a late dislocation 
rate of  0.22-0.68/1000 live births in selective ultrasound 
screening programs.

NON-SURGICAL TREATMENT OF DDH: 
"A HISTORICAL EVOLUTION"
The treatment of  children with DDH evolved markedly 
during the last century. Lorenz first proposed his meth-
od of  forceful closed reduction and plastering in fixed 
maximal abduction. At the turn of  the last century, most 
infants were not diagnosed to have dysplasia/dislocation 
until they started walking. The early 1900’s saw the ad-
vent of  the radiograph and blood transfusion, facilitating 
lower rates of  morbidity from open reductions. Ortolani 
was the first to highlight the recognition of  dislocation 
in infants below the age of  12 mo, using the clinical ma-

Figure 1  Diagram to demonstrate location of Shenton line. Shenton line is 
disrupted in developmental dysplasia of the hip[5].  

Shenton's line
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noeuvre that would come to bear his name. He supple-
mented this with his own version of  an abduction brace.

In the 1950’s, Arnold Pavlik published articles on hip 
dysplasia and “functional treatment” in response to high 
rates of  avascular necrosis (AVN) and failed reductions 
using previous conservative treatments[2]. A system of  a 
harness and stirrups was developed which is still in use 
today. The Pavlik harness is well established as the ortho-
sis of  choice for infants with DDH superseding multiple 
preceding devices[4,10,20-30]. The concept of  manual, force-
ful reduction of  the infant’s hip with maintenance of  
limb flexion and abduction was updated to one of  hip 
movement (“dynamic splintage”) within a non-patholog-
ical range. This reduces the hip and corrects the acetabu-
lar dysplasia whilst also minimising the risk of  femoral 
head AVN[7]. The principle centres upon the hip being a 
“basic joint of  movement”. Therefore, active and spon-
taneous motion results in “non-violent and unforced 
abduction and reduction”. His landmark paper, Zeitschrift 
fur Orthopaedie, reported on 1912 hips, with an 85% rate 
of  successful reduction and a 2.8% rate of  AVN. This is 
in marked contrast to success rates of  30% using previ-
ously prevalent “passive mechanical” methods[9].

The Pavlik harness consists of  two shoulder straps 
crossing on the back and fastened to a broad thoracic 
belt anteriorly (Figure 2)[31]. The legs are held in slings 
consisting of  two straps and the hips are flexed to at 
least 90°. This flexion lines the proximal femoral me-
taphysis to point towards the triradiate cartilage, the 
conjoined physeal plate of  the pelvic bones. The ante-
rior strap keeps the hips in flexion, limiting extension. 
The posterior strap is adjusted to stop the lower limb 
breaking the midline, i.e., to prevent adduction, rather 
than forcing abduction. Grill et al[10] noted that this is 
remarkably similar to the position of  prenatal flexion of  
the thigh and the position of  babies when traditionally 
carried on a mothers’ back[2,32].

The main objective of  harness application remains 
atraumatic, expedient relocation and maintenance of  the 

hip to resume normal development. Controlled reduc-
tion of  the hip depends primarily on flexion and pas-
sive abduction. The concept of  a “safe zone” for this 
movement was defined by Ramsey et al[27] as the “arc 
between the angle of  abduction that can be comfortably 
attained and the angle that allows redislocation”. Suzuki 
et al[33] reported that in some cases of  dislocation, AVN 
rates could be reduced by the use of  under thigh pillows 
during harness application. However, in cases of  severe 
dislocation, some groups have stated that prevention of  
extreme abduction with under thigh pillows, was useless 
in reducing AVN[32]. In such cases, factors such as an 
inverted labrum, intraarticular interposition of  pulvinar, 
elevated transverse ligament and hypertrophied round 
ligament are thought to be involved in the pathogenesis 
of  AVN[3].

Weinstein et al[2] first highlighted the importance of  
quadriceps and gluteal muscle activity for optimal har-
ness function. Iwaya et al[34] attributed the activity of  the 
hamstrings in reducing dislocation. Relief  of  the adduc-
tor contracture was recognised by Pavlik as being indis-
pensable for reduction. Early studies suggested that this 
was achieved via spontaneous lower limb movements. 
Modern thinking suggests the weight of  the lower ex-
tremities plays a more significant role.

Use of  the Pavlik harness is contraindicated when 
there is a major muscle imbalance, as in myelomeningo-
cele (L2 to L4 functional level); major stiffness, as in ar-
throgryposis; or ligamentous laxity; as in Ehlers-Danlos 
syndrome[2].

PAVLIK HARNESS TREATMENT 
REGIMES
Various studies have recommended different durations 
of  harness treatment. Erlacher[30] instructed his patients 
to wear the harness for approximately 6 mo, whilst 
Hirsch et al[35] believed in an average duration of  3 mo. 
Others have proposed regimes centred upon age at ini-
tiation of  harness. Mubarak et al[36] suggested the harness 
should be worn for at least 3 mo by children younger 
than 3 mo of  age, whereas in children older than 4 mo, it 

Table 1  The Graf classification[11]

Graf type Angles

All type Ⅰ Alpha angle > 60 degrees (normal)
   Type Ⅰa Beta angle < 55 degrees
   Type Ⅰb Beta angle > 55 degrees
All type Ⅱ
   Type Ⅱa Alpha angle 50-59 degrees 
   Type Ⅱb Alpha angle 50-59 degrees 
   Type Ⅱc Alpha angle 43-49 degrees

Beta angle < 77 degrees
Type D ("about to decenter") Alpha angle 43-49 degrees

Beta angle > 77 degrees
Type Ⅲ Alpha angle < 43 degrees
   Type Ⅲa and Ⅲb distinguished on 
the grounds of structural alteration 
of the cartilaginous roof
Type Ⅳ (dislocated with labrum 
interposed between femoral head 
and acetabulum)

Alpha angle < 43 degrees

Shoulder strap

Chest strap

Abduction strap

Abduction strap

Leg strap

Figure 2  The Pavlik harness[31]. 
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should be worn for approximately double their age. They 
proposed weekly follow up with ultrasonography and 
appropriate harness adjustment. They believed such a 
regime would normally achieve hip stability within three 
weeks in cases of  newborn true dislocation. Ramsey et 
al[27] recommended a mean treatment duration of  3.6 mo 
when treatment commenced before 1 mo, 7.0 mo be-
tween 1 and 3 mo, and 9.3 mo between 3 and 9 mo.

van der Sluijs et al[13] noted that one disadvantage 
of  prolonged harness treatment destined to failure was 
a delay in the management of  DDH using alternative 
strategies which could potentially be successful. Closed 
reduction at increasing ages is problematic, resulting in 
an increased incidence of  open reductions and possibly 
higher rates of  AVN. They concluded that the use of  
the Pavlik harness could be prolonged in patients with 
Graf  type Ⅲ hips only if  physical examination and ultra-
sonography showed improvement. A number of  studies, 
including one in a cohort of  Graf  type Ⅲ/Ⅳ hips by 
Uçar et al[37] report that the likelihood of  Pavlik harness 
treatment leading to a stable reduction markedly decreas-
es after 3-4 wk duration. If  the hip is not improved or 
reduced after 3 wk, some studies have suggested that the 
use of  the harness be discontinued and the treatment 
plan changed[3,12,27,37-39].

MONITORING PAVLIK HARNESS 
TREATMENT WITH IMAGING
Grissom et al[40] and Polanuer et al[41] reported the results 
of  ultrasound evaluation of  the harness treatment in two 
cohorts of  fifty patients. Their subjects remained in the 
harness with periodic adjustments to ensure proper fit 
and position with interval radiographs to monitor hip 
position. Ultrasound was deemed particularly useful in 
allowing good antero-posterior assessment of  femoral-
acetabular association in two dimensions. Several papers 
have reported the increased sensitivity of  ultrasound 
scanning when compared with clinical examination[40,42]. 
One such study reported 100% sensitivity and 94% spec-
ificity for all dislocation/significant instability and noted 
the benefit of  ultrasound monitoring for visualisation 
of  soft tissue structures alongside the ability to assess 
hip position during harness adjustment. Viere et al[43] de-
scribed “surreptitious reduction” as the process whereby 
hips treated by the harness remain dislocated and locked 
behind the posterior rim of  the acetabulum. Ultrasound 
allows visualisation of  such cases which can result in pos-
terolateral acetabular deficiency with prolonged harness 
use.

Suzuki[44] reported the use of  ultrasound in provid-
ing us with an indication of  the likelihood of  harness 
success by identifying three degrees of  residual head 
displacement. Type A dislocations demonstrate contact 
between the femoral head and the acetabular wall, with 
no significant obstruction to the head returning to the 
bottom of  the fossa. In type B dislocations the femoral 

head contacts the posterior margins of  the socket. In 
type C dislocations the femoral head is displaced outside 
the socket, with its centre posterior to the acetabular rim. 
They suggested that the Pavlik harness was indicated in 
type A hips, appropriate for type B hips along with daily 
ultrasound monitoring and contraindicated in type C 
hips. 

Whilst many authors showed that static ultrasound 
imaging could be a reliable way of  detecting abnormality, 
Engesaeter et al[45] and Dias et al[46] reported poor reliabil-
ity of  static ultrasound and advocated solely dynamic as-
sessment. A landmark study by Graf  indicated that static 
and dynamic images should be used in conjunction[47]. 
Some studies have suggested the use of  ultrasound in 
the prediction of  poor acetabular development after 
walking age[11,48]. At a mean follow-up of  5 years, Alexiev 
et al[11] found that dynamic sonographic measures of  
stability such as a reduced DCI < 22% and a beta angle 
of  < 43° showed 100% sensitivity for medium-term in-
stability. They suggested that increased echogenicity of  
the cartilaginous roof  on initial ultrasound was the most 
specific single predictor of  residual dysplasia (sensitivity 
100% and specificity 88%). The structurally normal car-
tilaginous roof  is non-echogenic except for the labrum 
and ultrasound showed that in all successfully reduced 
hips in this series[11], the echogenic cartilage reverted to 
non-echogenic tissue. White et al[49] agreed that a DCI < 
22% was predictive of  failure. An inverted labrum and 
superior femoral head displacement correlated with poor 
outcome. Authors reported that a femoral head posi-
tioned below the labrum was strongly correlated with 
Pavlik harness success. They found that hips which dis-
played Pavlik failure had a significantly greater beta angle 
and significantly less lateral femoral head coverage at the 
time of  presentation. Such cases are more likely to have 
an inverted labrum and to present later. They identified 
two new ultrasonographic markers, superior femoral 
head displacement relative to the labrum and total femo-
ral head displacement. They found the latter to be the 
more reliable marker of  failure.

The use of  ultrasonography is not problem-free. Gw-
ynne Jones[48] showed the considerable inter- and intra-
observer variability of  ultrasound measurement in neo-
natal hips. Ultrasound can detect abnormalities in the 
first few weeks of  life which resolve spontaneously and 
scans at 4, 6 or 9 wk are more specific than earlier scans 
but this limits usefulness in screening. 

In spite of  these issues, many authors agree that the 
use of  ultrasonography is the most significant develop-
ment in the management of  DDH since the develop-
ment of  the Pavlik harness itself[50-53].

PAVLIK HARNESS TREATMENT 
OUTCOMES
Overall, success rates of  7%-99% have been reported in 
cases of  DDH using the Pavlik harness[8,38,39,54-58]. Cer-
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tain studies have given lower peak success rates of  50%- 
80%[8,13,15,43,59]. Weinstein et al[2] highlighted the role of  
the harness in infants with limited hip abduction and 
documented acetabular dysplasia with or without sub-
luxation. Following appropriate harness application, the 
contracted hip adductors stretch, allowing a full range of  
abduction within two weeks. Relief  of  adductor contrac-
ture is a key component of  success, necessitating adduc-
tor tenotomy in some instances as originally proposed by 
Pavlik.

Failure of  the device has been linked to improper 
use and poor compliance as noted by Lerman et al[38] and 
Mubarak et al[36]. The reported incidence of  AVN ranges 
from 0%-28%[60-64]. Use of  the Pavlik harness is associ-
ated with excessive flexion causing injury to the femoral 
nerve, excessive abduction causing AVN, and conversely 
insufficient flexion or abduction for maintenance of  a 
stable reduction[65]. The maximum period for use of  the 
harness is unknown. Some studies have suggested that 
long-term unsuccessful treatment is associated with a 
high rate of  AVN, deformity of  the femoral head and 
deficiency of  the posterior acetabulum. van der Sluijs 
et al[13] disagreed with this and suggested that continued 
use of  the harness could increase the number of  suc-
cessful reductions as long as abduction of  the hip was 
continually improving, without risk of  AVN or residual 
dysplasia[66]. By 12 wk, they reported that half  of  the 
type Ⅲ hips which eventually responded to bracing were 
not yet reduced. Consequently, a substantial proportion 
of  these hips would have been potentially treated by sur-
gery if  Pavlik harnessing was limited to the conventional 
4 wk. They reported that development of  the hip was 
related to Graf  type, rather than duration of  bracing. 
The authors reported that prolonged bracing did not 
increase AVN, with their rates of  AVN in Graf  type Ⅲ 
and Ⅳ hips (16%), being equivalent to that of  a previous 
study[33] where bracing was shorter. Suzuki[44] described 
the “type 1 error”, occurring with incorrect prolonged 
use of  the Pavlik harness in hips that remained unre-
duced in a posteriorly dislocated position. In such hips, 
the femoral head became adherent to the posterior cap-
sule. This was reported to require open reduction from 
an anterior approach. The “type 2 error” occurs in hips 
that are too loose for successful treatment with the har-
ness and require a more stable orthosis. Excessive dura-
tion of  Pavlik harness use can therefore lead to erosion 
of  the posterior acetabulum. Swaroop et al[18] highlighted 
the benefits of  ultrasound in recognising failed improve-
ment in abduction at three weeks.

The treatment of  dislocated but reducible hips has 
proved problematic, with previous studies reporting suc-
cess rates of  60%-70%[67,68]. The failed cases ultimately 
require operative treatment with closed or open reduc-
tion and hip spica casting. Swaroop et al[18] reported an 
increase in successful reductions of  Ortolani positive 
hips, with two specific changes in treatment protocol; 
routine use of  serial office based ultrasound examina-

tions and transition to fixed hip abduction orthosis 
in hips remaining stable after three weeks in a Pavlik 
harness. The use of  abduction braces in failed Pavlik 
harness treatment is contentious. Hedequist et al[69] sug-
gested that it may be successful because cases of  inferior 
dislocation were often resistant to Pavlik treatment and 
could be aggravated by flexion. Whilst numerous studies 
have highlighted the increased risk of  AVN with more 
rigid devices, Hedequist et al[69] and Eberle[70] reported 
on a series of  Ortolani positive hips treated with rigid 
devices after Pavlik failure, who were followed up until 
the development of  a normal appearing ossific nucleus. 
They reported no incidence of  AVN in their patients. 
Clearly, the numbers in these series were small and fur-
ther study could establish more accurate incidence of  
AVN with abduction orthosis. 

CONSEQUENCES OF PAVLIK HARNESS 
FAILURE
Harness failure has historically been associated with im-
paired femoral head/acetabular development and AVN. 
Rates of  AVN following Pavlik treatment vary widely in 
historical studies from 0% to 28%[23,24,27,71], due to dif-
ferences in definition of  AVN and length of  follow-up, 
indication for treatment and severity of  dislocation.

The diagnosis of  AVN has traditionally been made 
according to the Salter criteria[63]: (1) Failure of  appear-
ance of  the ossific nucleus of  the femoral head during 
1 year or more after reduction; (2) Failure of  growth in 
an existing ossific nucleus during 1 year or more after 
reduction; (3) Broadening of  the femoral neck during 1 
year after reduction; (4) Increased radiographic density 
of  the femoral head followed by the radiographic ap-
pearance of  fragmentation; and (5) Residual deformity 
of  the femoral head and neck when reossification is 
complete.

Early studies did not analyse the reasons for any fail-
ure. Felipe and Carlioz mentioned 7 failures in 112 hips 
without discussing contributing factors or subsequent 
management, whilst the European Paediatric Society 
reported a failure rate of  14%, and also did not analyse 
reasons for failures[43]. An early study by Wilkinson sug-
gested that an irreducible dislocation (Ortolani negative) 
hip was a contraindication to the use of  the harness. 
Others[2,8,38,59,63,72] have disagreed. Viere et al[43] reported 
an early series in which despite recognition of  an in-
creased risk of  harness failure, 11 of  27 such patients 
were treated successfully with the harness. They rec-
ommended a harness trial in patients with an Ortolani 
negative dislocation below the age of  7 mo, with discon-
tinuation of  treatment if  concentric reduction was not 
achieved within 4 wk.

A number of  early studies have highlighted delay in 
treatment beyond the age of  3 wk[67] and 7 wk[43], poor 
stability of  the reduced hip, the initial acetabular index 
and an Ortolani negative clinical examination as risk fac-
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tors for Pavlik harness failure[63]. Inoue et al[73] highlighted 
poor treatment technique, including improper applica-
tion of  the harness leading to rigid fixation of  the hip 
in a “frog-leg” position. Traditionally, there have been 
differing opinions concerning the relationship between 
instability and acetabular dysplasia, with some authors 
finding that instability could lead to dysplasia[63,74] and 
vice-versa[33,59].

Male gender is a recently cited factor[75] with some 
disagreement between studies[38]. Viere et al[43] and Ler-
man et al[38] found a statistically increased likelihood of  
failure with bilateral involvement, whereas Harding et 
al[67] and more recently, Borowski et al[76] found no in-
creased association with bilaterality. A retrospective study 
by Kitoh et al[7] found that patients with bilateral DDH 
were approximately six times as likely to fail Pavlik har-
ness treatment as those with unilateral DDH, whereas 
Borowski et al[76] found no significant association. De-
spite progression in radiological imaging, a number of  
studies have reported the severity of  initial clinical ex-
amination to be the most powerful univariate predictor 
of  failure of  Pavlik harness treatment[38,43].

ALTERNATIVE NON-SURGICAL 
TREATMENT METHODS FOR DDH
Historically, there have been a number of  alternative 
reduction devices used in DDH, such as stirrup devices 
proposed by LeDamany, Frejka, Lorenz and Ortolani[72]. 
However, the majority of  the literature has shown the 
Pavlik harness to be superior in terms of  successful re-
duction and AVN rates. The Frejka pillow for example 
has been associated with poor outcomes and high rates 
of  AVN because it has the tendency to forcibly abduct 
the hips. Czubak et al[77] showed 89% successful reduc-
tion using the Frejka pillow, compared to 95% with the 
Pavlik harness and found the Pavlik harness to be more 
effective in hips diagnosed before 24 wk. They noted 
AVN in 12% and 7% of  hips treated with the Frejka pil-
low and Pavlik harness respectively. The Rosen splint[72] 
is still used in many Scandinavian centres. Whilst report-
ed to have high rates of  success and few complications, 

it is only of  use in newborns. Its use otherwise is associ-
ated with AVN and increased risks of  skin irritation and 
pressure sores[18].

Recently various devices essentially based on the Pav-
lik harness have shown promising results. The “Wagner 
stocking” was reported by Pach et al[78] to have high rates 
of  successful reduction and AVN rates in the region of  
2.6%, comparable to some studies of  the Pavlik harness. 
Clearly the evidence behind this is small compared to 
that concerning the Pavlik harness and longitudinal stud-
ies of  outcomes are needed for significant comparison.

SURGICAL TREATMENT OF DDH
Failure to achieve hip reduction via closed techniques 
may dictate surgical open reduction techniques combined 
with femoral or pelvic osteotomy. Femoral osteotomies 
are performed to correct excessive anteversion or valgus 
deformity of  the femoral neck. The pelvic osteotomies 
principally used for DDH include: (1) Salter innominate 
osteotomy[79-91] or (2) Pemberton pericapsular oste-
otomy[83,92-94]. Selection of  a or b has been linked to the 
acetabular index (Figure 3)[31,95]. The Acetabular Index 
is the angle between the Hilgenreiner line and a line 
drawn from the triradiate epiphysis to the lateral edge 
of  the acetabulum. This angle should decline with age 
and typically is less than 20 degrees by the time the child 
is 2-year-old. The Pemberton osteotomy tends to be fa-
voured in cases where the acetabular index is greater than 
40 degrees[96]. The Salter osteotomy is an open wedge 
osteotomy which retroverts and extends the acetabulum 
around a fixed axis such that the acetabular roof  covers 
the femoral head both superiorly and anteriorly[97,98]. This 
osteotomy is designed to deliver more anterior femoral 
head coverage with less posterior coverage provided 
par consequence. Success depends upon a mobile pubic 
symphysis[99]. Böhm et al[100] reviewed the cases of  61 
patients who had 73 Salter osteotomies and reported 
15 failures; defined by the need for revision surgery or 
obtaining a Harris Hip Score of  less than 70 points. The 
Pemberton Osteotomy is an incomplete transiliac oste-
otomy which starts approximately 10 mm superior to the 
anterior inferior iliac spine and advances posteriorly, end-
ing at the ilioischial limb of  the triradiate cartilage[101]. Wu 
et al[102] evaluated the results of  106 children (116 hips) 
with DDH treated with a Pemberton acetabuloplasty, 
reporting good to excellent results in 87% (with follow 
up ranging from 2 to 10 years). Complications of  sur-
gery for DDH include: AVN of  the femoral head, sciatic 
nerve damage, K-wire breakage or migration, damage 
to the epiphyseal centre, femoral fracture and leg-length 
discrepancy[83].

CONCLUSION
DDH refers to a broad spectrum of  conditions from 
mild acetabular dysplasia to irreducible hip dislocation. 
Screening programmes for DDH still vary worldwide 

Figure 3  Calculation of acetabular index[95]. 
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and more large-scale, longitudinal studies are needed to 
allow standardisation of  policy across regions. Ultra-
sound imaging allows DDH classification based upon 
alpha/beta angles and the DCI. The appropriate man-
agement of  DDH can have lasting consequences for 
lifetime morbidity. Non-surgical treatment methods for 
DDH have undergone historical evolution with the Pav-
lik harness remaining the treatment of  choice worldwide. 
The Pavlik harness has undoubtedly led to progression 
in the successful treatment of  DDH with a reduction 
in the incidence of  short-term complications and de-
velopmental disturbance. Pavlik harness treatment does 
require meticulous clinical follow up often in conjunc-
tion with routine ultrasound imaging. Harness failure can 
however lead to femoral and acetabular developmental 
disturbance along with devastating AVN. Alternative 
non-surgical treatment methods have been reported for 
DDH such as the Wagner stocking and Frejka Pillow. 
Surgical management is a last resort for patients where 
harness treatment has failed. A combination of  open re-
duction with femoral/pelvic osteotomy may be required.
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