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a  b  s  t  r  a  c  t

Residual  hip  dysplasia  may  exist  despite  appropriate  treatment  of congenital  hip dysplasia  (CHD).  The
abnormalities  chiefly  affect  the acetabulum  and  can  lead to premature  osteoarthritis.  Although  the  main
cause  is  delayed  treatment  of  CHD,  primary  lesions  are  also  possible  and  may  be worsened  by the  initial
treatment  itself.  Residual  hip  dysplasia  must  be detected  during  the  follow-up  of patients  with  CHD.
The  antero-posterior  radiograph  of  the pelvis  is  the  main  diagnostic  tool.  However,  the  importance  of
non-ossified  anatomical  structures  requires  additional  investigations  such  as  arthrography  and  magnetic
resonance  imaging.  The  risk  of  premature  osteoarthritis  is difficult  to predict  based  only  on  the imaging-
study  findings.  Hip dysplasia  is  best  treated  before  5 years  of age. The  work-up  at  this  age  should  allow
determination  of  the  best  treatment.  Surgery  is required  but should  not  be  performed  unnecessarily.
The  decision  rests  on  the absence  of  improvement  in  the  radiographic  criteria  and  on  the  findings  from
additional  imaging  studies.  The  usual  treatment  is  Salter’s  osteotomy,  during  which  excessive  anterior
displacement  should  be  avoided.  At  adolescence,  the  information  provided  by radiography  in the  coronal
plane  should  be completed  by  a  three-dimensional  evaluation  of the acetabulum  and  an assessment  of  the

quality  of  the  labrum.  The  shelf  procedure  has  been  proven  to  relieve  pain  and  to significantly  postpone  the
need  for  hip  arthroplasty,  when  performed  early,  before  the  development  of  visible  osteoarthritis,  and  on
a congruent  hip.  Chiari’s  osteotomy  has  a role  to  play  in  complex  dysplasia  affecting  both  the  acetabulum
and  the  femur.  Periacetabular  osteotomy  is  getting  more  used  thanks  to cooperation  between  paediatric
and  adult  orthopaedic  surgeons.  This  osteotomy  provides  optimal  correction  in  all  three  dimensions.

©  2021  Elsevier  Masson  SAS.  All  rights  reserved.
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1. Introduction

Hip dysplasia is the most common reason for hip osteoarthri-
tis in young individuals and is present in over 50% of patients who
require total hip arthroplasty (THA) before 50 years of age. This
structural abnormality affects the femur, the acetabulum, or both
and is due to a developmental disorder of the joint. Hip dysplasia
may  be primary or secondary to treatments. Seringe defined resid-
ual hip dysplasia (RHD) as hip dysplasia present after appropriate
treatment of congenital hip dislocation (CHD) [1]. RHD has been
reported in 2% to 20% of treated hips overall and in 2.7% of hips in
recent cohort studies.

RHD results in mechanical hip dysfunction that accelerates

cartilage wear, thereby leading to premature osteoarthritis. The
treatment goal is to delay the development of osteoarthritis. The
risk of osteoarthritis must therefore be evaluated and careful
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hought given to choosing a treatment approach that will have the
east impact possible on the performance of arthroplasty for the
efinitive treatment of hip osteoarthritis.

In this article, we will not discuss iatrogenic femoral lesions,
hich have an early impact on the prognosis; primary dysplasia in
atients with no known history of CHD; or dysplasia secondary to
ther conditions (e.g., infection or neurological disorders). A per-
istently eccentric femoral head is viewed as a form of treatment
ailure rather than as RHD. Consequently, we will focus on residual
cetabular dysplasia (RAD).

We  will discuss the following five questions:

How can RAD be defined relative to normal hip growth?
What are the causes of RAD?
Which investigations should be performed to evaluate and mon-

itor RAD?
How can the consequences of RAD in the medium and long terms
be evaluated?
Which treatments are appropriate in each age group?
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iew of a growing hip.

Fig. 2. Residual acetabular dysplasia and coxa vara.
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Fig. 1. Coronal v

This work is based on recently published data, and therefore
is dependent on their limitations (heterogeneous cohorts and lim-
ited follow-up duration), combined with reflections based on the
experience of the authors.

2. How can residual acetabular dysplasia (RAD) be defined
relative to normal hip growth?

2.1. Normal growth

The acetabulum develops at the junction of the cartilage anlages
of the ilium, ischium, and pubic bone, which are connected by the
triradiate cartilage.

The periphery of the acetabulum plays a key role in the develop-
ment and evaluation of RAD. It is composed of three entities, whose
definitions are controversial. We  suggest that the following should
be distinguished:

• the bony roof visible on standard radiographs;
• the cartilaginous roof, i.e., the non-ossified component com-

posed of chondro-epiphyseal growth cartilage and its fibro-
cartilaginous rim, known as the labrum which persists in
adulthood. The cartilaginous roof is nearly circular but is open
distally, where it is in continuity with the transverse ligament. It
is in contact with the intra-articular aspect of the joint capsule
[2] (Fig. 1). At birth, the cartilaginous roof accounts for half the
surface area of the acetabulum.

Ossification of the peripheral growth cartilage becomes com-
plete at 12 years of age through three secondary ossification centres
develop, one for each of the three bones that make up the acetab-
ulum.

The labrum grows under the influence of mechanical forces gen-
erated by the growth of the bone [3].

Harmonious development of the hip requires that the femoral
head be spherical, centred, and stable within a sufficiently deep
acetabular cavity that is properly oriented. In addition, an efficient
blood supply is needed.

According to Wolff’s law, the reciprocal modelling of the femoral
head and acetabulum in contact with each other produces the nor-
mal  hip morphology.

2.2. Description of acetabular dysplasia

Acetabular dysplasia involves the bone, capsule, and liga-
ments [4], with the following abnormalities:
• excessively shallow acetabulum;
• verticalization of the acetabulum compared to the normal antero-

inferior orientation;

•
•
•

2

variable modification in acetabular anteversion: although the ini-
tial dislocation always occurs in the postero-superior direction,
insufficient antero-superior coverage is the rule; it should be
noted, however, that acetabular retroversion is seen in 18% of
cases [5];
in some cases, eccentric position of the femoral head, which rests
on the lateral rim of the acetabulum;
distortion of the cartilaginous roof and labrum; the labrum may
be everted, crushed, or inverted; it gradually becomes hyper-
trophic and may  develop tears, chiefly in its lateral and anterior
parts;
loss of femoral head sphericity;
abnormal orientation of the proximal femoral metaphysis;

instability with distension of the capsule and ligaments (Fig. 2).
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portion of the joint capsule and cartilage may contribute to the
Fig. 3. Measurement of the vertical centre edge (VCE) angle and acetabular index
(AI).

2.3. Radiological definitions

RAD has been described on radiographs of the pelvis. The radio-
graphic parameters are angles based on bony landmarks. The large
proportion of cartilage in children therefore decreases measure-
ment accuracy. The position of the child can also cause variations
in all the parameters [6]. With increasing age, measurement accu-
racy and reproducibility improve, and the normal values gradually
become more similar to those in adults.

• The vertical centre edge (VCE) angle or angle of lateral coverage is
formed by a vertical line drawn through the centre of the femoral
head, which is in the middle of the upper border of the meta-
physis, and a line drawn from this point to the lateral brim of
the acetabular roof. This angle increases gradually as ossification
of the acetabular roof progresses. The VCE angle depends on the
acetabulum and femoral head concentricity. It is normally greater
than 20◦ at 4 years of age and equal to 25◦–30◦ in adolescence.

• The acetabular index (AI) evaluates the slope of the acetabulum
and is the angle formed by the horizontal line running through
the most distal point of the iliac ossification centre (tri radiate
cartilages line) and the lateral rim of the bony roof. The AI is not
affected by femoral head centring. It decreases as ossification pro-
gresses until 4 years of age then remains stable. The normal value
is 17◦± 5◦ (Fig. 3).

• In 2000, Kim suggested a modification of these measurements
that uses the linear area of sclerosis known as the acetabular sour-
cil. The morphology, length, and orientation of the sourcil provide
qualitative information on the dysplasia. According to Kim et al.,
the lateral end of the sourcil corresponds to the middle portion
of the bony roof and the most lateral bony margin to its antero-
lateral portion [7]. However, in a recent case-control study Shin
et al. showed that the lateral margin of the bony acetabular roof
produced better reproducibility compared to the lateral end of
the sourcil, whose use may  result in overdiagnosis of RAD and,
consequently, in unnecessary surgical procedures [8] (Fig. 4).

• The acetabular angle described by Sharp in 1961 and reappraised
by Tönnis measures the angle of infero-lateral inclination of the
acetabulum. The same controversy exists about the best lateral
landmark and the normal value, which is less than 38◦ according

to Sharp and less than 41◦ according to Wenger [9].

• The shape of the acetabulum in its horizontal dimension and its
surface area can be evaluated using Hefti’s technique provided
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Fig. 4. VCE angle 11◦ according to Kim and 27◦ according to Shin.

the anterior and posterior borders are visible [10], which occurs
near the achievement of skeletal maturity (Fig. 5).
Loss of femoral head centring is measured by the Reimers index
as a percentage relative to the acetabulum and by the centre head
distance discrepancy (CHDD) relative to the centre of the pelvis,
normalised for the contralateral value [7] (Figs. 6 and 7).

. What are the causes of residual acetabular dysplasia
RAD)?

The treatment of hip dysplasia consists in creating the condi-
ions required for the joint to resume normal growth, often with

 catch-up period. After reduction and stabilisation, the hip goes
hrough a period of residual dysplasia, which normally improves
apidly, after 6 months to 2 years depending on the severity of the
islocation and the promptness of the treatment [9]. When this

mprovement does not occur, due either to excessively severe initial
esions or to delayed or excessively aggressive treatment, residual
ysplasia persists.

Three causes may  be combined:

primary dysplasia, which initially promotes instability;
dysplasia secondary to delayed or imperfect re-centring or sta-
bilisation;
and iatrogenic lesions.

The respective contributions of each of these three causes can-
ot be determined.

.1. Primary dysplasia

The initial shape of the acetabulum is difficult to evaluate but
robably plays a role in residual dysplasia. The high frequency of
ysplasia of the contralateral hip supports this possibility.

Antenatal compression with inversion of the cartilaginous roof
dversely affects the growth of this structure until adolescence.
hese lesions develop during the last three months of pregnancy
nd are all the more severe that they occur earlier [11].

In addition to postero-superior compression by the femoral
ead, pressure from the ilio-psoas tendon on the antero-superior
evelopment of dysplasia at this site.
Wolff’s law also explains that dysplasia predominates at the

ntero-superior part of the acetabulum, whereas the displacement
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Fig. 5. At 12 years of age (A) the secondary ossification centre of the acetabulum becomes
(solid  arrow) and posterior margin (dotted-line arrow) are clearly visible.

Fig. 6. Reimers index.

Fig. 7. Centre head distance discrepancy (CHDD).
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 visible. At 15 years of age (B) the acetabular roof is ossified, and its anterior margin

f the femoral head occurs in the postero-superior direction: the
bsence of anterior pressure temporarily inhibits the growth of the
nterior part of the acetabulum, as shown in experimental studies
y Delgado-Baeza [12].

.2. Delayed treatment

The main cause of residual dysplasia is delayed treatment, which
s due to delayed diagnosis. The institution of early screening for
evelopmental hip dysplasia has been associated with a decrease

n the frequency of residual dysplasia from over 20% to less than 3%
f treated hips.

Appropriate treatment before 4 months of age usually ensures
ormal hip development, with no visible residual dysplasia, due to
ormalisation of the loads applied to the cartilaginous roof.

After 4 months of age, any delay in treatment initiation increases
he risk of residual dysplasia. After 36 months of age, and per-
aps even after 18 months of age, residual dysplasia is almost
onsistently present [13]. Consequently, many teams perform an
cetabular osteotomy at the time of reduction if the treatment
s delayed. This strategy was  validated by a case-control study
eported by Carsi in 2016 [14].

.3. Iatrogenic lesions

Forced reduction manoeuvres, notably in abduction, increase
he loads placed on the acetabular roof and labrum, particularly if
he femoral head is eccentric [11].

MRI  studies after reduction have shown that the cartilaginous
oof can remain inverted or crushed and that this increases the risk
f impaired lateral acetabular growth [15].

. Which investigations should be performed to evaluate

nd monitor residual acetabular dysplasia (RAD)?

The following signs should be looked for during the physical
xamination:
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Fig. 9. Lesion of the labral insertion visible by arthrography (white arrow).
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Fig. 8. Arthrography showing dynamic loss of femoral head centring and deforma-
bility of the labrum.

• a limp, which is present only in severe forms with instability
or in adolescents with incipient osteoarthritis, combined with
mechanical pain in the groin or lateral thigh;

• a decrease in the range of hip abduction;
• an imbalance in hip rotations;
• leg length discrepancy.

However, residual dysplasia is often clinically silent. It follows
that investigations are needed for screening, evaluation, and mon-
itoring of residual hip dysplasia.

4.1. Radiography

The antero-posterior radiograph of the pelvis is the key diag-
nostic tool.

The parameters used and the sources of inaccuracy in their mea-
surement are discussed above.

Other useful views may  include the following:

• an abduction view to assess the reducibility of an eccentrically
positioned femoral head;

• a weight-bearing faux profil view, in adolescents, to assess ante-
rior coverage by measuring the vertical-centre-anterior (VCA)
angle (normally > 25◦).

In addition to the absolute values of the radiographic parame-
ters, their changes over time are important to assess by routinely
obtaining radiographs after 1, 2, 4, and 6 years.

4.2. Additional imaging studies

When the diagnosis is suspected, additional imaging studies can
be obtained to guide the treatment decisions.

Arthrography provides information on the stability and
reducibility of the hip; the shape of the femoral head; and the shape,
position, and pliability of the labrum. It allows a dynamic evalua-
tion but requires anaesthesia. Moreover, the two components of
the acetabular roof cannot be individualised [16] (Figs. 8 and 9).

MRI  has been the focus of several studies published over the
last ten years. The child must be sedated during image acquisition.
The three components of the acetabular margin can be differenti-

ated and measured. The VCE angle, acetabular index, and Reimers
index can be measured with better reproducibility compared to
radiographs, and the equivalent parameters for the cartilaginous
component can be determined, although care must be taken to
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ig. 10. MRI showing divergent dysplasia with BAI = 30, CAI = 11, and CAI2/BAI = 4.

dentify the border of the growth cartilage, without the labrum.
ection planes located more or less anteriorly or posteriorly can be
elected, and three-dimensional (3D) reformations can be obtained.

A bone acetabular index (BAI) and a cartilage acetabular index
CAI) have been described. In the normal hip, the CAI is smaller than
he BAI by about 15◦ on average [17]. The BAI decreases from 20◦ to
5◦ with advancing age, whereas the CAI remains unchanged at 5◦

18]. The CAI2/BAI ratio was  studied by Merckaert, who  suggested
hat the value should not exceed 5 in the normal hip. This ratio
s a simple and reproducible parameter for assessing the growth
otential of the acetabular margin [19] (Fig. 10).

In addition to these quantitative parameters, MRI  provides qual-
tative information:

abnormalities of the cartilage roof seen as high signal on T2
sequences may  be visible and are of adverse prognostic signif-
icance [20];
the dGEMRIC (delayed Gadolinium Enhanced MRI  of Cartilage)
sequence ensures the early detection of cartilage lesions that may
progress to osteoarthritis [9];
MR-arthrography improves the visibility of labral lesions [21].
Computed tomography (CT) is often recommended in adoles-
ents and young adults to allow surgical planning by providing a
D assessment. We  believe that the radiation exposure associated
ith CT is excessive when weighed against the expected benefit,
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Fig. 11. Salter’s osteotomy in a 5-year-old.
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and we suggest that CT may  be best reserved for unusual situations
or for research studies to which the patient has provided informed
consent.

5. How can the consequences of residual dysplasia in the
medium and long terms be evaluated?

Dysplasia results in a smaller surface area of contact between the
femoral head and the acetabulum, which translates into increased
loads per unit of surface area and, therefore, to premature cartilage
wear. Hip instability and lesions to the labrum, notably its anterior
portion, worsen this premature ageing of the cartilage [22].

In the medium term, dysplasia may  cause limping and pain,
which are sufficient to consider treatment.

The difficulty lies in assessing the severity of the dysplasia in
asymptomatic patients. The challenge is to predict the time to
development of osteoarthritis of sufficient severity to require hip
arthroplasty. This time interval depends on many factors including:

• morphology of the hip;
• genetics;
• body weight;
• level of physical activity;
• nutrition

Among these factors, only hip morphology can be evaluated and
treated by the surgeon. The other factors should be brought to the
attention of the patient or parents so that preventive interventions
can be instituted. The time of osteoarthritis development cannot
be determined with precision. We  will simply state the points for
which a consensus exists and that can help to make surgical deci-
sions in the two age groups most commonly involved.

5.1. Children 3 to 5 years of age

The issue of residual dysplasia frequently arises at this age, for
the following reasons:

• several years have elapsed since the end of the treatment for CHD,
and the hip is therefore expected to have recovered a normal
morphology;

• several radiographs have been obtained during monitoring,
allowing an assessment of the changes over time;

• the child is about to start school.

Any residual dysplasia is best corrected before 5 years of age as
the outcomes are then better than with later intervention [23].

Any of the following decisions should be taken:

• stop the close monitoring if the hip is normal, and plan an evalu-
ation of growth in adolescence;

• consider treatment after obtaining additional investigations; or
• continue to monitor the patient annually.

How can the decision to perform surgery be made without
risking unnecessary procedures?

What are the cut-off values establishing that the dysplasia
will not correct spontaneously?

The physical examination is of little help, since the child is
asymptomatic, except in the very rare cases of complete treatment
failure.
5.1.1. Radiography
The results of studies of hip parameter cut-off values are consis-

tent with the 1976 study by Tönnis. Li [24] compared the changes in

t
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Fig. 12. Salter’s osteotomy, outcome after 10 years.

he AI, VCE angle, and Reimers index over the years that followed
ip reduction to the hip outcomes. They performed a ROC curve
nalysis to estimate the best cut-offs. Performance was best for the
I, whose cut-off was ≤25◦ 2 to 4 years after reduction. The VCE
ngle and Reimers index had less predictive power; the cut-offs
ere <20◦ and >27%, respectively. Absence of change in the AI over

everal years was  of adverse prognostic significance.
Given these data, we  believe a finer assessment should be

btained by performing arthrography, MRI, or both.

.1.2. Arthrography
We  consider that persistent instability of several millimetres

s a major argument in favour of surgical treatment, as it impairs
cetabular growth and promotes damage to the labrum. When
nstability exists, the contrast pools medially in the dislocated posi-
ion and supero-laterally in the reduced position.

.1.3. MRI
Measurement of the cartilage parameters predicts the expected

ngles in adulthood. Comparing the BAI and CAI values allows

he differentiation of harmonious and divergent dysplasia. In har-

onious dysplasia, the BAI and CAI are both increased and the
rognosis is reserved. In divergent dysplasia, the BAI is too high but
he CAI is normal, indicating that spontaneous improvement will
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Fig. 13. Unstable dysplastic hip. A: neutral position; B: abduction. Note the absence
be  lowered, and acetabular redirection is therefore the better option.

probably occur [25]. A CAI2/BAI ratio above 5 may  indicate a need
for surgery [19]. Finally, the detection of high-signal foci within the
cartilage on T2-weighted images indicates a poor prognosis [20], as
does persistent labral inversion [15].

In practice, we consider that the hip is normal if the bone cover-
age increases over time and the radiograph at 4 years of age shows
the following:

• AI < 25◦;
• VCE > 20◦;
• Reimers index < 27%.

When these criteria are not met, further imaging studies should
be obtained. We  suggest arthrography to look for instability and
MRI. If these investigations show any of the following:

• significant instability, or
• harmonious dysplasia with a CAI2/BAI ratio > 5, or
• an abnormality in the cartilaginous roof,
• then surgical correction is indicated.

If the investigations show all of the following:

• stable hip, and
• divergent dysplasia with CAI2/BAI < 5, and
• a normal cartilaginous roof.

Then the radiological monitoring of the improvements in bony
roof growth should be continued.

5.2. Adolescents

Symptoms may  develop in patients with severe dysplasia.
Another possibility is that the monitoring radiographs show that

the hip is no longer improving, due to growth failure of the sec-
ondary acetabular ossification centre.

The radiographic parameters are similar to those in adults. The
VCE angle remains the most widely used parameter.

6

w

7

perior contrast-agent pooling when the hip is reduced. The acetabular roof cannot

Terjesen [26] reported that the proportion of patients with
steoarthritis at 45 years of age was:

80% for hips with an eccentric femoral head,
22% for hips whose VCE angle was between 10◦ and 20◦, and
5% for hips whose VCE angle was  greater than 20◦.

However, all the available studies indicate that the course can
e unpredictable due to 3D morphological considerations and to

abral lesions not visible on standard radiographs.

.3. In conclusion

A dysplastic hip that causes pain must be treated.
If the femoral head is in an eccentric position, there is a risk of
rapid progression to osteoarthritis.
If the VCE angle is less than 20◦ or the AI is above 25◦, further
imaging studies must be obtained.

Additional investigations are needed:

to assess the 3D morphology in order to prevent antero-medial
impingement, and
to rule out a labral lesion.

MRI  provides answers to these questions and avoids the radia-
ion exposure associated with CT.

Routine arthrography has been suggested to rule out a labral
esion. In addition, arthroscopy can help to guide the treatment
ecisions.
. Which treatments are appropriate in each age group?

The treatment is surgical. The goal is to achieve optimal function
ithout impeding future hip arthroplasty.
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Fig. 14. Pemberton’s osteotomy (Courtesy of P. Mary).

6.1. In children aged 3 to 5 years

The two options are re-direction and morphological modifica-
tion of the acetabulum. A consensus exists about the benefits of
Salter’s osteotomy to re-orient the acetabulum. A supra-acetabular
bicortical cut is made, after which the flexibility of the pubic symph-
ysis allows the acetabulum to be tilted to the desired position. If the
tilt is insufficient, a triple pelvic osteotomy can be performed with
the same objective. Salter’s osteotomy is well standardised and the
complications are rare. In addition, long-term data are available.
In most cases, near-normal radiographic parameters and clinical
growth are obtained [27,28] (Figs. 11 and 12).

The coverage gain predominates antero-laterally, where labral
lesions may  exist and coverage is inadequate. Nonetheless, in the
long term, acetabular retroversion exists for 24% of hips after
Salter’s osteotomy and up to 60% after triple pelvic osteotomy
[29,30]. Acetabular retroversion may  promote anterior impinge-
ment, which is a risk factor for progression to osteoarthritis.
Consequently, a careful pre-operative assessment of acetabular
anteversion on the MRI  scan is imperative, and excessive anterior
coverage must be avoided by tilting the acetabulum as far laterally
as possible.

The Dega osteotomy modifies the shape of the acetabulum.
A single cortex is cut, and no internal fixation is necessary. The
acetabular roof moves downwards and laterally, using the trira-
diate cartilage as a hinge. Priority can be given to either anterior

or posterior coverage [30]. This alternative is controversial in chil-
dren with residual dysplasia. In most cases treated using the Dega
osteotomy, the femoral head is in an eccentric position, and the
hip is reduced during the same surgical stage. Indeed, the Dega
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Fig. 15. A et B. Before and after the shelf 
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steotomy seems most relevant in cases with true instability, which
s well corrected by the superior closure effect on the acetabulum
31]. If the hip is dysplastic but stable and congruent, lowering
he roof is theoretically not feasible, supporting the usefulness of
re-operative arthrography [32] (Fig. 13).

Pemberton’s osteotomy is similar to the Dega osteotomy, as the
ncrease in coverage occurs only at the antero-lateral portion of the
cetabulum (Fig. 14).

.2. Adolescents

Selection of the best treatment is difficult. The objective is dual:

to relieve the pain, and
to significantly delay arthroplasty.

The impact of major conservative surgery on the development
f adolescents must be taken into consideration.

Factors that influence the choice of the procedure include con-
ruency of the hip, reducibility of the dislocation, the presence of
steoarthritis, the presence of labral lesions, and the morphology
f the femur. Femoral osteotomy may  be required if the femoral
ead is eccentric. If the labrum must be sutured, arthrotomy or
rthroscopy may  be necessary.

Available procedures for the acetabulum are as follows:

shelf arthroplasty,
Chiari’s osteotomy, and
redirection peri-acetabular osteotomies.

.2.1. Shelf arthroplasty
This relatively demanding but simple technique provides lateral

overage and either anterior or posterior coverage as desired. The
emoral head is covered by bare bone, with no cartilage. Interpo-
ition of the joint capsule provides the interface. This procedure is
arely indicated when the femoral head is not properly centred. In a
ohort study by Terjesen with a 30-year follow-up, 35% of patients
ere free of pain and 65% had not had further surgery. Factors of

dverse prognostic significance include a VCE angle below 10◦, evi-
ence of avascular necrosis, and established osteoarthritis. Patients
ith a longer pre-operative history of pain have a shorter post-

perative pain-free interval [26]. Berton has emphasised the need

o look for labral lesions, as failure to treat these is a poor prognos-
ic factor [33]. The recent literature review by Willemsen confirms
he reliability of the shelf procedure in properly selected patients
34] (Fig. 15).

procedure (Courtesy of J. Langlais).
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Fig. 16. Combined Chiari’s osteotomy and valgus femoral osteotomy (same patient
as  in Fig. 2).

6.2.2. Chiari’s osteotomy
Chiari’s osteotomy is a salvage procedure for hips with an

eccentrically positioned femoral head and is not, in principle, indi-
cated for patients with RAD strictly speaking. In a cohort study
by Uchiyama, in which some patients also underwent femoral
osteotomy, fewer than half the patients did not require hip arthro-
plasty within the 20 years following the osteotomy [35] (Fig. 16).

6.2.3. Re-orientation osteotomy

Osteotomies designed to redirect the acetabulum are the only

osteotomies that place authentic joint cartilage over the femoral
head. There is widespread agreement that Salter’s osteotomy is
not indicated at this age, since the pubic symphysis is no longer

l
e
r

Fig. 17. A: The right hip is painful, dysplastic, uncentred, and reducible. Note the sub-chon
the  labrum is intact, and the geode is non-communicating. Peri-acetabular osteotomy wa
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ufficiently flexible. The osteotomies described by Le Cœur, Carlioz,
önnis, and Ganz are performed increasingly near the acetabulum.
ach of these techniques has its limitations, technical requirements,
nd complications. In a study of 58 hips treated using the Tönnis
steotomy, Farsetti found good outcomes in 83% of hips, with no
rthroplasty after 12 years of follow-up [36].

Peri-acetabular osteotomy (PAO), which was  developed by Ganz
n Bern [37], has gained popularity in some adult orthopaedic
urgery departments. This method seems optimal for restoring
ear-normal radiographic parameters but is technically difficult
nd should be reserved for patients whose hip growth is nearly
omplete. PAO is not yet widely used in France. The large studies
eported to date were usually in single-surgeon cohorts. The learn-
ng curve is steep. The 20-year survival rate (without arthroplasty)
s 60% [38,39]. Factors associated with failure are age older than
5 years, pre-operative lack of joint congruence, and greater than
önnis grade 2 osteoarthritis. The complication rate is 6% for highly
xperienced surgeons overall but is 19% in patients with a history
f surgery on the same hip [39–41]. PAO does not make subse-
uent arthroplasty more difficult, and may  even be a facilitating
actor as it avoids the use of grafts to increase the bone stock. Intra-
rticular procedures can be performed during the same stage, such
s routine arthroscopy [33] and labral re-attachment or grafting
42] (Figs. 17 and 18).

The dysplasia does not always predominate anteriorly. The
roup in Bern has reported that a sixth of the hips exhibit acetabu-
ar retroversion. This finding supports the need for a pre-operative
D assessment, which can be performed by radiologically evaluat-

ng the anterior and posterior margins as described by Hefti [10]
r by performing MRI  or CT. When the acetabulum is retroverted,
he PAO should be inversed to avoid antero-lateral impingement
39,43,44].

. Conclusion

Residual hip dysplasia raises complex issues, some of which
emain unresolved. The evaluation is driven by the changes that
ccur with growth, which require prolonged follow-up. The goal
f efficiently delaying arthroplasty is ambitious. Whether it is
chieved is difficult to say given the absence of prospective cohort
tudies with large sample sizes and over 20 years of follow-up. To
o no harm therefore becomes the priority.
In small children, the pre-operative work-up must include at
east an MRI  scan and, if possible, an arthrogram to avoid unnec-
ssary surgery. Salter’s osteotomy produces satisfactory long-term
esults provided excessive correction does not promote anterior

dral geode in the femoral head. B: Arthrography: the hip is reducible in abduction,
s recommended.
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Fig. 18. A et B: Before and after pe

impingement. The Dega osteotomy is an alternative whose indica-
tions remain to be clarified.

In adolescents, the presence of hip pain requires prompt treat-
ment. In the event of established osteoarthritis, conservative
surgery may  provide temporary pain relief, and its potential ben-
efits should be weighed against those of early hip arthroplasty,
particularly in patients who also have femoral abnormalities. In
patients with symptoms but no osteoarthritis, the shelf proce-
dure is reliable, and PAO performed as close as possible to the
acetabulum is a rational alternative whose indications should be
determined with caution.

The development of these techniques is necessarily slow, since
their indications are rare, making them difficult to teach com-
paratively to arthroplasties, whose simplicity and reliability are
improving at a brisk pace.

Close collaboration is required between the paediatric
orthopaedic surgeons who monitor and know the patients
and the adult orthopaedic surgeons who will provide them with
long-term follow-up. Only adult orthopaedic surgeons can com-
pare the expected outcomes of conservative surgery to those of
arthroplasty.

Advances in imaging techniques now provide information on
the cartilage and labrum. Unrecognized lesions of these structures
probably explain certain unexpected treatment failures. On the
other hand, the absence of cartilaginous and labral lesions may
explain the favourable outcomes of some patients.

Artificial intelligence will gradually help to increase the accu-
racy of anatomical corrections by adjusting them to a detailed
pre-operative evaluation: surgical planning software (Hip2Norm),
intra-operative 3D imaging, and custom-made cutting guides are
examples of the use of artificial intelligence.
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