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Developmental Dysplasia of the
Hip in Adolescents and Young
Adults

Abstract

Developmental dysplasia of the hip (DDH) in adolescents and
young adults can cause notable pain and dysfunction and is a
leading cause of progressive hip osteoarthritis in affected patients.
Recognition of the clinical symptoms and radiographic presentation
of DDH in adolescents and young adults are paramount for early
management. Plain radiographs are critical for making proper
diagnosis, whereas three-dimensional imaging including MRI and/
or CT detects intra-articular pathology and better characterizes hip
morphology. Management of early, symptomatic DDH includes
nonsurgical modalities and open joint preservation techniques.
Arthroscopic management can be used as an adjunct for
symptomatic treatment and for addressing intra-articular
pathology, but it alone does not correct the underlying osseous
dysplasia and associated instability. The periacetabular osteotomy
has become the mainstay of efforts to redirect the acetabulum and
preserve the articular integrity of the hip; however, the proximal
femur is also a potential source of pathology that should be
considered. Open hip procedures are technically demanding yet
provide the opportunity for pain relief, improved function, and
preservation of the hip joint.

Developmental dysplasia of the
hip (DDH) represents a spec-

trum of pathology involving the ace-
tabulum and occasionally the
proximal femur with implications
over a lifetime.1-5 The transition in
terminology from “congenital hip
dislocation” to “developmental
dysplasia of the hip” reflects an
evolution in the understanding of the
symbiotic development of the femo-
roacetabular joint. During infancy,
the plasticity of the hip allows for a
variety of nonsurgical treatment
modalities to reposition the femoral
head as a template for acetabular
development. Throughout child-
hood, osteotomies of the pelvis and
proximal femur have been developed

to encourage normal morphology at
skeletal maturity; however, many
cases of dysplasia remain unrecog-
nized, or residual dysplastic features
persist despite treatment and present
to the clinician after triradiate carti-
lage closure.6 The contemporary
concept of symptomatic adolescent
and adult hip dysplasia includes the
potential for pathologic instability of
the hip joint. This hip instability in-
cludes abnormal movement of the
femoral head within the acetabulum
because of both osseous and soft-
tissue abnormalities that lead to
overload of the acetabular rim com-
plex and heightened risk of chondral
degeneration and secondary osteo-
arthritis (OA).7 The variability in
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pattern of acetabular bony defi-
ciency and proximal femoral mor-
phologies, including femoral
anterversion, coxa valga, head-neck
junction deformities, and head as-
phericity, are increasingly recog-
nized as important factors in the
diagnosis and management of the
dysplastic hip. The treating physi-
cian must be aware of the present-
ing symptoms and imaging findings
in this patient cohort to ensure
appropriate workup and accurate
diagnosis to guide treatment and
optimize patient outcomes.

Epidemiology and Natural
History

Hip pain is common among active
adolescents and young adults, and
DDH represents one of many poten-
tial etiologies.8,9 The true prevalence
of DDH remains unclear, as it is
often asymptomatic, and discrep-
ancies exist in the radiographic
definition used between studies. A
cross-sectional, cohort-based study
of 3,620 Danish adults found a
prevalence of 4.3% in men and
3.6% in women.10 A cross-sectional
survey of 25,767 Chinese adults
found an overall prevalence of
1.52%, with 2.07% in women and
0.75% in men.11 Interestingly,
when looking at demographics of
patients presenting for treatment,
the numbers are quite different. In
one cohort study of 950 patients
treated with periacetabular oste-
otomy (PAO), 83% were women,
87.2% were Caucasian, and 26.5%
reported a family history of hip
disease.12 Lee et al13 noted similar
findings in a cohort of 421 patients
treated with PAO at a single, large
referral center. Known risk factors
for DDH include breech presenta-
tion, female sex, primiparity, and
family history. For many years,
severe untreated DDH has been
accepted as a risk factor for the

development of early-onset OA;
however, since the late 1980s, in-
vestigations have demonstrated that
less severe acetabular deformities
also contribute to early joint
degeneration.3,14-16 In a cohort of
710 hips treated with total hip ar-
throplasty (THA) in patients aged
50 years or younger, Clohisy et al17

found that DDH and femo-
roacetabular impingement (FAI)
(48.4% and 35.9%, respectively)
accounted for most hips with pre-
mature OA, whereas 9.5% had
evidence of Legg-Calvé-Perthes and
6.2% with slipped capital femoral
epiphysis. A similar study by Wyles
et al18 reviewed the contralateral
hip in 722 patients who underwent
THA from 1980 to 1989 and found
that DDH had the greatest increased
risk of progression from Tönnis 0 to
Tönnis 3 or implantation of THA
compared with patients with nor-
mal hip morphology (hazard ratio
5.0).

Presenting Symptoms

The evaluation of hip pain in the
young adult patient should begin
with a detailed interview, ideally
including an intake questionnaire,
to help narrow down the location,
character, and duration of symp-
toms. In addition, an effort should
be made to define a potential pat-
tern of symptoms. Careful attention
must be paid to inciting activities or
positions, activity level, and previ-
ous treatments.8 The most common
feature in the presentation of
symptomatic hip dysplasia is groin
pain of insidious onset.19 As with
other intra-articular sources of pain
about the hip, this is frequently
demonstrated with the indication
of pain in a c-shaped distribution
about the inguinal crease.8 Lateral-
based pain and a limp or Trende-
lenburg gait are also seen with
abductor fatigue and typically

worsen with prolonged activity.19

A remote history of minor trauma
or overexertion is not uncommon.
Frequent exacerbating activities
include those that cause hip flexion
or external rotation in weight-
bearing stance and prolonged time
in a single position (sitting or
standing). Symptoms consistent
with iliopsoas irritability can also
alert the treating physician to
potential hip dysplasia or instabil-
ity.20 Although most patients are
active and otherwise healthy,
common comorbid conditions
include back pain and depres-
sion.12 In many cases, the present-
ing symptoms of DDH in this
cohort may be very similar to those
of other common conditions such
as FAI. One should also be careful
not to overlook the initial presen-
tation of an inflammatory
arthropathy in this age group.
Activity level and severity of dys-
plasia have also been implicated in
the age at symptom onset and the
likelihood of progression to treat-
ment. Matheney et al21 showed in a
review of 708 hips treated with
PAO that a high activity level, as
defined by the UCLA score, and
more severe radiographic dysplasia
led to the development of symp-
toms at an early age. These effects
were found to be synergistic, as
the average age at PAO in highly
active patients with severe dyspla-
sia was found to be notably youn-
ger than the average age at PAO
in minimally or moderately active
patients with mild or moderate
dysplasia (21 versus 28 years,
respectively).

Physical Examination

The physical examination should
include an evaluation of gait, abduc-
tor strength, range of motion, and
impingement maneuvers. Frequent
findings include abductor fatigue
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seen with a Trendelenburg sign, pain
with impingement testing (flexion,
adduction, and internal rotation),
and a normal or increased range of
motion.12,19 Such aberrations in the
arc of motion may arise from alter-
ations in femoral torsion or hyper-
laxity of the surrounding soft tissues,
and identifying the source will have
profound implications on the ulti-
mate management plan. Sankar
et al22 showed in a study of 314
patients treated with PAO that fem-
oral torsion was correlated with
clinical range of motion. With the
hip examined in flexion, they found
that increased femoral version was
associated with increased hip inter-
nal rotation and decreased hip
external rotation. Concern for gen-
eralized ligamentous or capsu-
loligamentous laxity should be
evaluated and documented using the
Beighton23 criteria. Specific tests
may also be useful to assess instability
in the prearthritic hip and consist of a
series of maneuvers intended to load
the anterior labrum and capsule in an
effort to replicate the patient’s
symptoms. The anterior apprehen-
sion sign of the hip places the femoral
head in an unstable position, causing
anterior subluxation with associated
discomfort or apprehension. The
anterior apprehension sign is per-
formed in the lateral decubitus or
prone position, by placing the hip in
extension. As the examiner applies
progressive external rotation and
adduction to the examined leg, one
looks for apprehension or pain.24 A
prone external rotation test with an
anterior-directed force on the poste-
rior greater trochanter that re-
produces pain can also signify
anterior instability.25 A log roll test,
demonstrating capsular laxity of the
hip, is performed supine and is posi-
tive when the affected leg has more
external rotation than the contra-
lateral leg in a resting position.24

Also, the dial test can be performed
where the femur and tibia are maxi-

mally internally rotated, released, and
allowed to return to external rota-
tion. A test is considered positive if
the leg releases past 45 of external
rotation from vertical.26 However,
instability is a multifactorial diagno-
sis, and these tests collectively remain
poorly sensitive or specific and are
often negative in the setting of mild or
moderate acetabular dysplasia.

Radiographic/Imaging
Workup

The radiographic evaluation of the
young adult hip consists of the
standing AP pelvic view and a false-
profile view and a lateral view of the
proximal femur (commonly a 45�
Dunn view and/or frog-leg view).27

On the AP pelvic view, the lateral
center-edge angle (LCEA) of Wiberg
can be used to assess superolateral
coverage of the femoral head by the
acetabulum. Patients with LCEA 25�
to 39� are considered normal,
measurements of ,20� are consid-
ered dysplastic (Figure 1A), and
those 20� to 25� are considered
“borderline”.27 On the AP pelvic
view, the inclination of the weight-

bearing surface of the acetabulum, or
sourcil, is measured with the Tönnis
angle (Figure 1B). A diagnosis of
dysplasia is consistent with values .
10�.27 From the false-profile view,
the anterior center-edge angle, or
angle of Lequesne, can be measured
(Figure 2). This measurement as-
sesses the anterior coverage of the
femoral head, and values 25� to 40�
are considered normal, values , 20�
are indicative of dysplasia, and
values . 40� can be associated with
FAI.8,27 Owing to the reliance of
these classic measurements on the
superimposition of osseous
structures, a critical evaluation must
be made of the technical adequacy
of the images and should include
an assessment of the pelvic rotation
and tilt before conclusions are
drawn.28,29 Despite these limitations,
the intraclass correlation coefficient
values for the LCEA, anterior center-
edge angle, and Tönnis angle have
overall been shown to be strong in
a systematic review of 43 studies
conducted over the past 15 years.29

However, concerns with interob-
server reliability arise when the
study group includes more than

Figure 1

A, AP radiograph showing the LCEA that is formed between a line vertical from
the center of the femoral head and a line to the lateral aspect of the weight-
bearing acetabulum. An LCEA ,20� represents dysplasia, 20� to 25� is
consistent with borderline dysplasia, and 25� to 39� represents the normal range.
B, AP radiograph showing the Tönnis angle between horizontal and a line
measuring the slope of the sourcil. Values greater than.10� are consistent with
acetabular dysplasia. LCEA = lateral center-edge angle
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two reviewers.30,31 In an effort to
further improve reliability, the
software has been designed to offer
computer-assisted measurements with
promising results.30 The same can-
not be said for other radiographic
findings to include the Tönnis
grade of OA, which demonstrates
notable variability among observers
even when computer assistance is
incorporated.29,30

Owing to the inherent limitations
of static, two-dimensional measure-
ments and the ambiguous terminol-
ogy of “borderline” dysplasia,
additional radiographic indices
have been developed in an effort to
predict stability and better define
coverage deficiencies. The Femoro-
Epiphyseal Acetabular Roof index
represents the angle formed between
the horizontal portion of the central
proximal femoral physeal scar and
the acetabular index (Figure 3). In a

case-control study of 39 symptom-
atic hips with LCEA , 25� (21
deemed unstable and treated with
PAO) and 20 asymptomatic control
subjects with LCEA . 25�, Wyatt
et al32 showed that a Femoro-
Epiphyseal Acetabular Roof index
lower than 5� had a 79% proba-
bility of correctly labeling the hip as
stable and not requiring manage-
ment. Another key parameter that
has been somewhat overlooked is
relative contributions of the anterior
and posterior wall in the coverage
deficiencies seen with dysplasia.33

Wilkin et al34 proposed that in
addition to the LCEA, anterior and
posterior wall indexes be measured,
thereby eliminating the ambiguous
term “borderline” dysplasia and
replacing it by three broad groups
of acetabular deficiency or insta-
bility: anterior, posterior, and lateral/
global. In this system, patients with
anterior instability experience symp-
toms with anterior apprehension
testing, as described previously, and
demonstrate a decreased anterior
wall index, negative crossover sign,
reduced anterior acetabular sector
angle on CT, and a normal LCEA.
Patients with posterior instability

demonstrate acetabular retroversion
with anterior overcoverage and
may present with pain with activi-
ties that load the hip loaded in
flexion, a history of piriformis
syndrome refractory to manage-
ment, vague sciatic nerve symp-
toms, or pain with impingement
testing. Imaging in this form of
instability reveals a crossover sign,
an ischial spine sign, a decreased
posterior wall index, a reduced pos-
terior acetabular sector angle on CT,
and a normal LCEA. The final group
of instability, lateral/global, is most
consistent with the understanding of
dysplasia with superolateral acetab-
ular deficiency and a reduced LCEA;
however, these patients too may
demonstrate relative anterior, poste-
rior, or global deficiency as described
by Nepple et al.35

One of the most difficult features
to assess on plain radiographs of the
pelvis is acetabular version. The
crossover sign refers to the intersec-
tion of the lines formed by the ante-
rior and posterior walls of the
acetabulum seen below the lateral
aspect of the sourcil on the AP pelvic
radiograph (Figure 4). It is generally
associated with acetabular retro-
version; however, its specificity and
utility have been questioned by
more recent studies assessing ace-
tabular version and coverage with
CT.27,35-37 Also, posterior wall sign
indicating a posterior wall that
passes medial to the center of the
femoral head has been indicated in
hips that are dysplastic, although it
can be seen in normal control sub-
jects as well.33 Close attention
should be paid to the tilt
and rotation of the pelvis, as
seemingly minor flaws in the imag-
ing technique or patient posture can
have notable effect on the assess-
ment of version.38

In patients with radiographic and
clinical evidence of DDH, the inclu-
sion of three-dimensional (3D) imag-
ing is important for preoperative

Figure 3

AP radiograph showing the FEAR
index that represents the angle
formed between the horizontal
portion of the central proximal
femoral physeal scar and the
acetabular index. Values less than 5�
have been shown to help predict
stability of the hip. FEAR = Femoro-
Epiphyseal Acetabular Roof

Figure 2

ACEA is measured on a weight-
bearing false-profile radiograph. It is
the angle formed between a line
vertical from the center of the
femoral head and a line to the
anterior sclerosis of the weight-
bearing portion of the acetabulum.
Values , 20� represent dysplasia,
20� to 39� represents the normal
range, and $40� is consistent with
pincer-type femoroacetabular
impingement. ACEA = anterior
center-edge angle
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planning and adequate assessment
of the deformity. Magnetic reso-
nance (MR) imaging or MR ar-
throgram may function as an
adjunct in the evaluation of ado-
lescents and young adults with
DDH. Findings may include
hypertrophy and/or tearing of the
labrum, capsular thickening,
hypertrophy of the iliocapsularis,
and various stages of cartilage
injury.39-41 Petchprapa et al42 have
shown that with musculoskeletal
radiologists interpreting MR ar-
throgram on a 3-Tesla scanner,
they were 98% sensitive and 99%
specific with regard to labral
pathology seen at the time of
arthroscopy, whereas cartilage
injury detection was 69% sensitive
but 99% specific. To improve the
preoperative assessment of articu-
lar cartilage, several imaging
techniques have been developed
that seek to identify early changes
in the cartilage matrix structure or
composition. T2 relaxation time,
or T2 mapping, represents one
such effort, which assesses the
water and collagen content of the
extracellular matrix and collagen
fiber orientation to produce a map
of cartilage matrix degenera-
tion.43,44 Sodium imaging is a
technique that evaluates the fixed
charge density of articular cartilage
as an indication of glycosamino-
glycan content.45 Both of these
techniques have the benefit of as-
sessing qualitative markers of
articular cartilage and do not
require contrast administration;
however, they have yet to be ade-
quately studied in the preoperative
assessment of patients with hip
dysplasia. Glycosaminoglycan
content can be evaluated with de-
layed gadolinium-enhanced mag-
netic resonance imaging of
cartilage, which has been used in
an attempt to detect early arthritic
changes and, thus, identify patients
who are poor candidates for

reconstructive pelvic osteotomy.46

However, recent studies have shown
permanent deposition of gadolinium
in the brain tissues including the
dentate nucleus and globus pallidus,
even in patients without renal dys-
function.47 Although little is known
regarding the long-term effect of these
deposits, such finding raises concern
regarding the utility of this imaging
modality and may merit assessment
with other noncontrast imaging
techniques.
CT is also used for the objective

assessment of both acetabular and
proximal femoral osseousmorphology
including excessive anteversion or ret-
roversion.5,35 In patients with clinical
evidence of excessive femoral ante-
version, the distal femur should be
included for accurate torsional
assessment (Figure 5). The advent of
3D reformatting has also provided a
helpful adjunct for conceptualizing
and further subtyping acetabular
deficiency along with helping define
cam lesions in cases of dysplasia
with femoral-sided FAI as well;
however, direct translation of these
measurements to two-dimensional
intraoperative fluoroscopy or
radiographs remains challenging.35

Although CT is a powerful tool for
the assessment of DDH, one must
not overlook the lifetime risks that
frequent doses of ionizing radiation
impart on these young patients.
Advances in low-dose CT imaging
now allow for studies with radia-
tion doses on the order of three to
five AP pelvis radiographs (0.75 to
1.25 mSv) or a 90% reduction
compared with standard CT.35 CT
should not be relied on as a diagnostic
tool by the primary care provider or
surgeon who is not prepared to per-
form the definitive hip preservation
procedure, which may lead to redun-
dant or inadequate image sequencing
in a cohort of patients who have often
required advanced imaging as chil-
dren or may require additional imag-
ing in the future.

Management Options

The management of symptomatic
dysplasia in the adult should be
predicated based on the patient’s age,
symptoms, activity demands, and
integrity of the articular cartilage
damage. Consideration should be
given to the contributions of both
acetabular and proximal femoral

Figure 4

A, AP radiograph showing the crossover sign that represents focal acetabular
retroversion, as the anterior wall projects more lateral to the posterior wall at the
superior aspect of the acetabulum and “crosses over” the projection of the
posterior wall further caudally. B, Shows evidence of bilateral cam lesions along
with global retroversion of the acetabulum with deficient posterior coverage.
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morphology and to the potential effect
of present interventions on future
reconstructive procedures. Current
treatment for young patients without
evidence of OA focuses on recon-
structive pelvic osteotomies to
improve congruence and position of
the weight-bearing surface area of the
acetabulum with limited roles for
arthroscopy and nonsurgical regimen.
The principles of treatment include
achieving mechanical stability without
causing secondary impingement.

Nonsurgical Management
The role of long-term nonsurgical
management in the setting of

symptomatic acetabular dysplasia is
limited by the current understanding of
its natural history with premature pro-
gression to end-stage arthritis and ar-
throplasty.14,15,17,18 In patients with
mild symptoms, mild deformity, con-
traindications, or those not amenable
to reconstructive procedures, a trial
of activity modification, NSAIDs,
physical therapy, and intra-articular
corticosteroid injections may offer
symptom relief. Hip abductor
strengthening, core strengthening, and
avoidance of hip flexion type activities
can help limit current symptomatol-
ogy, but long-term benefits have yet to
be elucidated or studied. Prolonged

nonsurgical management should fol-
low the Clinical Practice Guidelines for
the Management of Osteoarthritis of
the Hip as published by the American
Academy of Orthopaedic Surgeons.48

Arthroscopy
In the past three decades, arthroscopy
of the hip has emerged as a less-
invasive approach for management
of certain intra- and periarticular
pathologies. In the setting of acetab-
ular dysplasia, increased articular
contact stress and subluxation of the
femoral head is known to result in
chondral injuries and labral hyper-
trophy with associated tearing.39

Sankar et al49 demonstrated this in a
subset of 703 patients undergoing
PAO with a concomitant arthros-
copy (n = 192) or anterior arthrot-
omy (n = 511) to perform and
osteochondroplasty of the femoral
head-neck junction or address labral
pathology. They demonstrated that
in the 553 hips where the labrum
was visualized, 50% had evidence of
labral hypertrophy, with a correla-
tion between decreased lateral and
anterior coverage with increased
rates of hypertrophy. They also
found that in 64.2% of the labrums
visualized had evidence of tearing,
the most common type being
degenerative in nature. Although
arthroscopic approaches have
demonstrated promise in the man-
agement of certain types of FAI,
arthroscopy in isolation for dyspla-
sia causing hip instability should be
approached with great caution, as
the chondral and labral pathology in
DDH is sequelae of the osseous
instability and may recur or progress
if the underlying pathomechanical
issue is not corrected.50,51 Further-
more, efforts to address pincer-type
impingement morphology through
arthroscopy without an appreciation
for altered acetabular version can
have devastating results with subse-
quent iatrogenic instability of the

Figure 5

Low-dose CT torsional profile with axial cuts at the hip and knee: With the
femoral condyles, horizontal normal femoral version approximates 15� of
anteversion. This patient demonstrates 13� of femoral retroversion or nearly 28�
from normal values.
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hip.52 Currently, the ideal role of
arthroscopy seems to be as an
adjunct procedure to PAO in certain
selected cases, as it allows enhanced
visualization for management of
chondral, labral, and proximal fem-
oral cam-type pathology. Identifica-
tion of notable arthritis in the
weight-bearing portion of the ace-
tabulum during arthroscopy can also
identify patients who are not candi-
dates for subsequent PAO. In addi-
tion, hip arthroscopy does not
appear to have deleterious effects on
bony correction performed in the
same setting. Ricciardi et al53 have
shown that patients undergoing
combination of hip arthroscopy to
address intra-articular pathology in
combination with PAO did not affect
PAO surgical time or radiographic
correction achieved in addition to
showing similar improvements in
PROs.
Management of borderline dyspla-

sia (LCEA 20� to 25�) is more con-
troversial because some patients may
have symptomatic instability,
whereas others have symptomatic
impingement. Several natural history
studies support the elevated risk of
OA in this cohort, even extending as
high as LCEA of 28�.54,55 Evaluation
of this cohort requires assessment
of a variety of patient characteristics,
physical examination findings, and
radiographic features. Although

favorable short-term outcomes have
been reported with either PAO or hip
arthroscopy including labral repair
and capsular plication,25 the litera-
ture is lacking any direct compar-
isons of these approaches or mid- or
long-term results. In addition, the
published literature in the setting of
borderline dysplasia generally has
failed to comprehensively report
important clinical factors in addition
to the LCEA, including acetabular
inclination, anterior center-edge
angle, maximal alpha angle, and
internal rotation in 90� of flexion.
Future comparative research is
needed to establish the optimal
management strategy in the setting
of borderline dysplasia.

Pelvic Osteotomy
In patients with closed triradiate
cartilage, the Le Coeur, Sutherland,
Hopf, Steel, Tönnis, and Dial os-
teotomies have all been attempted in
the past but had notable limitations
that restricted their use.56 In 1983,
Ganz et al56 developed a novel
technique for PAO that preserved the
integrity of the posterior column,
allowed for large multidirectional
corrections, maintained the shape of
the true pelvis, preserved the ace-
tabular blood supply, and could be
performed through a single incision
(Figure 6). In subsequent years, the

Bernese PAO has become the pri-
mary acetabular realignment oste-
otomy used for the management of
dysplasia in skeletally mature pa-
tients because of its ability to address
multiplanar deformities and permit
less restrictive postoperative weight-
bearing precautions. Subsequent
analysis has demonstrated a reliable
capacity to improve radiographic
parameters and symptomatology,
and evaluation with the delayed
gadolinium-enhanced magnetic reso-
nance imaging of cartilage index has
revealed reductions in the mechani-
cal loading of the articular cartilage
through 2-year follow-up.57

From the initial 63 patients (75
hips) treated in the 1980s, Lerch
et al58 reported survivorship of 88%
at 10 years, 61% at 20 years, and
29% at 30 years with defined end
points of conversion to arthroplasty,
progression of OA, and Merle
d’Aubigné-Postel score ,15.58 In
this cohort, risk factors identified for
unfavorable outcomes were preop-
erative OA Tönnis grade .1,
age .40 years at surgery, preoper-
ative Merle d’Aubigné-Postel
score ,15, preoperative Harris Hip
Score (HHS) of ,70, preoperative
limp, preoperative positive anterior
or posterior impingement test, and
preoperative internal rotation ,20�.
More modern studies show survival
rates of 92% at 15 years and 74% at

Figure 6

A, Preoperative images of a 24-year-old woman with symptomatic hip dysplasia. The patient has a decreased LCEA and
ACEA with an increased Tönnis angle. B, Postoperative images of the same person after right-sided PAO. Improvements
are noted in the LCEA and ACEA along with decrease in the Tönnis angle. ACEA = anterior center-edge angle, LCEA =
lateral center-edge angle, PAO = periacetabular osteotomy
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18 years in two different cohorts of
patients, demonstrating the potential
for prolonged preservation of the
natural hip joint in carefully selected
patients.59,60

Given the complexity of the proce-
dure and its notable learning curve,
reliable outcomes data had previ-
ously been limited to small series and
single-center cohorts. With an early
research emphasis on survivorship of
PAO, this has been more recently
expanded to include short- and
medium-term end points with a new
focus on patient-reported outcomes
that assess pain, hip function, activity
level, overall health, and quality of
life.61 In a largest prospective cohort
to date, Clohisy et al61 recently
reported 93% patient satisfaction at
2.6 years after PAO with marked
improvements in hip and lower
extremity functional scores, quality
of life, and radiographic parameters
of dysplasia.
The most frequent complications

seen after PAO are similar to those
associated with other reconstructive
procedures of the hip and include
lateral femoral cutaneous nerve dys-
esthesias, heterotopic ossification,
venous thromboembolic disease,
infection, iatrogenic impingement,
and wound issues.61,62 The rate of
major complications, defined as
modified Dindo-Clavien grade III or
IV, has been reported from several
prospective multicenter studies at
around 7% with revision surgeries
reported for symptomatic hetero-
topic ossification, intra-articular
screw migration, posterior column
fracture with nonunion, acetabular
implant migration after trauma, and
deep infection.61,62 Despite promis-
ing results after PAO, some patients
will eventually progress to THA.
Amanatullah et al63 compared THA
after PAO with primary THA in
patients with DDH performed at two
major referral centers and found no
reported differences in complica-
tions, revisions, or HHSs.

Proximal Femoral Osteotomy
Common morphologic variations of
the proximal femur inDDH include a
shorter than normal neck, a smaller
and straighter canal, increased ante-
version, and head asphericity.5 In a
review of 3D CT scans in 103 hips
(100 patients) that underwent PAO,
Wells et al5 noted abnormal mor-
phology of the head and neck in
86% and cam morphology in 42%
with maximal head-neck deformity
at the 2-o’clock position. Because
secondary impingement after rota-
tional correction of the acetabulum
can occur in patients following
PAO, intraoperative dynamic clini-
cal assessment of passive hip
motion is mandatory following
provisional correction. A minimum
of 90� flexion and 15� internal
rotation is suggested as a guideline
to reduce the risk of postoperative
FAI.5 In the presence of secondary
impingement, open treatment of the
femoral head-neck junction should
be performed to address cam mor-
phology or residual morphology
after failed arthroscopy. In a mul-
ticenter series of 391 hips treated
with PAO, 230 patients were trea-
ted with concomitant femoral head/
neck osteochondroplasty (either open
or arthroscopic), 13 with inter-
trochanteric osteotomy, 4 with fem-
oral neck relative lengthening, 3
with trochanteric advancement, and
2 with proximal femoral osteotomy
(PFO).61

The goals of adjunct PFO are to
enhance congruity, improve clinical
abduction moment, advance the tro-
chanter distally, or relieve secondary
impingement.64 PFO typically is
reserved for cases of severe acetab-
ular dysplasia with persisting insta-
bility or suboptimal joint
congruency after PAO.64,65 In such
cases, abduction views can be added
to the normal radiographic evalua-
tion to assess the etiology of joint
space narrowing. Hips with antero-

lateral migration of the femoral head
that demonstrate improved congru-
ency on abduction imaging are likely
to benefit from PAO in isolation,
whereas those that require the
addition of 10� to 15� of flexion
and/or internal rotation may benefit
from concomitant PFO.65 In a single-
center database review, Clohisy
et al64 reported 15% of all patients
treated with PAO underwent con-
comitant PFO and found similar
improvement in hip function despite
lower preoperative HHS compared
with patients treated with PAO in
isolation. In addition, the role of
torsional abnormalities (increased
femoral anteversion or femoral ret-
roversion) needs to be further stud-
ied to elucidate their potential roles
in hip stability, extra-articular
impingement, and pain in the set-
ting of dysplasia.

Summary

DDH in the skeletally mature patient
is a complex condition. Treating
physicians must be cognizant of the
presenting complaints, the physical
examination findings, and the radio-
graphic characteristics that can be
frequently missed on initial presen-
tation. DDH in the young active
patient has a known association with
premature joint deterioration and
early OA. The mainstay of surgical
management of congruous prear-
thritic DDH in adolescents and
young adults is the PAO, the goal of
which is to improve symptoms and
prognosis by stabilizing the hip and
reducingpathological articular forces
through reorientation of the dys-
plastic acetabulum. PAO is a com-
plex procedure that requires excellent
patient selection and skilled execu-
tion. With proper training and
modern-day techniques, long-term
survivability improvements in
patient-reported outcomes have been
demonstrated with management of
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DDH in the skeletallymature patient.
Adjunct procedures to address intra-
articular pathology, including labral
and chondral injuries, can be man-
aged through hip arthroscopy, but
extreme caution should be exercised
when considering hip arthroscopy
alone in the setting of hip dysplasia.
In addition, the surgeon should con-
sider addressing aberrations in
proximal femoral morphology when
correcting the acetabular implant of
DDH.

Appendix 1

The ANCHOR Study Group Mem-
bers who contributed to this article:
Clohisy JC, Pascual-GarridoC, and
Nepple JN (Washington University
in St. Louis).
Millis MB, Matheney TH, and Yen
YM (Harvard Medical School/
Boston Children’s Hospital).
Ellis HB, Sucato DJ, and Podeszwa
DA (Texas Scottish Rite Hospital).
Zaltz I (Beaumont Hospital).
Beaulé PE (University of Ottawa).
Larson CM (Minnesota Orthope-
dic Sports Medicine Institute).
Bedi A (University of Michigan).
Belzile EL (Hospital del Enfant-
Jesus CHU de Quebec).
Ross JR (Boca Raton Regional
Hospital).
Sink EL (Hospital for Special
Surgery).
SchmitzMR (San AntonioMilitary
Medical Center).
Peters CL (University of Uta).
Sankar WN (Children’s Hospital
of Philadelphia).
StoverMD (NorthwesternMedical
Group).
Other ANCHOR Members’ Dis-

closures: Pascual-Garrido or an
immediate family member has
received research or institutional
support from Zimmer Biomet,
Athrex, and OREF; and serves as a
board member, owner, officer, or
committee member of AOSSM.

Nepple or an immediate family
member is a member of a speakers’
bureau or has made paid pre-
sentations on behalf of Smith &
Nephew; serves as a paid consultant
to Responsive Arthroscopy and
Smith & Nephew; has received
research or institutional support
from Smith & Nephew and Zimmer
Biomet; and serves as a board
member, owner, officer, or commit-
tee member of Pediatric Research in
Sports Medicine Society. Matheney
or an immediate family member
serves as an unpaid consultant to
Orthopaediatrics and serves as a
board member, owner, officer, or
committee member of AAOS and
Pediatric Orthopaedic Society of
North America. Yen or an immedi-
ate family member serves as a paid
consultant to Orthopediatrics and
Smith & Nephew. Ellis or an
immediate family member serves as a
board member, owner, officer, or
committee member of Pediatric
Orthopaedic Society of North
America and Pediatric Research in
Sports Medicine. Sucato or an
immediate family member has
received IP royalties from Globus
Medical and serves as a board
member, owner, officer, or commit-
tee member of Pediatric Orthopaedic
Society of North America and Sco-
liosis Research Society. Podeszwa or
an immediate family member serves
as an unpaid consultant to Ortho-
pediatrics and serves as a board
member, owner, officer, or commit-
tee member of AAOS and Pediatric
Orthopaedic Society of North
America. Zaltz or an immediate
family member serves as a paid
consultant to Orthopaediatrics.
Beaule or an immediate family
member has received IP royalties
from Corin USA, serves as a paid
consultant to Corin USA and Zim-
mer Biomet; and has received
research or institutional support
from Corin USA, DePuy, and Zim-
mer Biomet. Larson or an immediate

family member serves as a paid
consultant to Smith & Nephew.
Bedi or an immediate family
member has received IP royalties
from Arthrex; serves as a paid
consultant to Arthrex; and serves
as a board member, owner, officer,
or committee member of American
Orthopaedic Society for Sports
Medicine. Belzile or an immediate
family member is a member of a
speakers’ bureau or has made paid
presentations on behalf of Amgen
Co, Bodycad, CONMED Linvatec,
Ergoresearch, Pendopharm, Smith
& Nephew, and Stryker, and has
received research or institutional
support from B-Temia, Bodycad,
Canadian Institutes of Health
Research (CIHR), and Smith &
Nephew. Ross or an immediate
family member serves as a paid
consultant to Smith & Nephew.
Sink or an immediate family
member serves as a board member,
owner, officer, or committee
member of AAOS. Peters or an
immediate family member has
received IP royalties from, is a
member of a speakers’ bureau or
has made paid presentations on
behalf of, and serves as a paid
consultant to Zimmer Biomet; has
stock or stock options held in
CoNextions Medical and Muve
Health; has received research or
institutional support from Zimmer
Biomet; and serves as a board
member, owner, officer, or com-
mittee member of American Asso-
ciation of Hip and Knee Surgeons
and Knee Society. Sankar or an
immediate family member serves
as a board member, owner, officer,
or committee member of Pediatric
Orthopaedic Society of North
America. Stover or an immediate
family member is a member of a
speakers’ bureau or has made paid
presentations on behalf of AO
Foundation; serves as a paid con-
sultant to DePuy; and has stock or
stock options held in Radlink.

Matthew R. Schmitz, MD, et al

February 1, 2020, Vol 28, No 3 99

Copyright © the American Academy of Orthopaedic Surgeons. Unauthorized reproduction of this article is prohibited.



References

References printed in bold type are
those published within the past 5
years.

1. Clohisy JC, Beaule PE, O’Malley A, Safran
MR, Schoenecker P: AOA symposium. Hip
disease in the young adult: Current
concepts of etiology and surgical treatment.
J Bone Joint Surg Am 2008;90:2267-2281.

2. Gala L, Clohisy JC, Beaulé PE: Hip
dysplasia in the young adult. J Bone Joint
Surg Am 2016;98:63-73.

3. Murphy SB, Ganz R, Müller ME: The
prognosis in untreated dysplasia of the hip.
A study of radiographic factors that predict
the outcome. J Bone Joint Surg Am 1995;
77:985-989.

4. Weinstein SL, Mubarak SJ, Wenger DR:
Developmental hip dysplasia and
dislocation: Part I. Instr Course Lect 2004;
53:523-530.

5. Wells J, Nepple JJ, Crook K, et al: Femoral
morphology in the dysplastic hip: Three-
dimensional characterizations with CT.
Clin Orthop Relat Res 2017;475:
1045-1054.

6. Gillingham BL, Sanchez AA, Wenger DR:
Pelvic osteotomies for the treatment of hip
dysplasia in children and young adults. J
Am Acad Orthop Surg 1999;7:325-337.

7. Klaue K, Durnin CW, Ganz R: The
acetabular rim syndrome. A clinical
presentation of dysplasia of the hip. J Bone
Joint Surg Br 1991;73:423-429.

8. Frank JS, Gambacorta PL, Eisner EA: Hip
pathology in the adolescent athlete. J Am
Acad Orthop Surg 2013;21:665-674.

9. Rankin AT, Bleakley CM, Cullen M: Hip
joint pathology as a leading cause of groin
pain in the sporting population: A 6-year
review of 894 cases. Am J Sports Med 2015;
43:1698-1703.

10. Gosvig KK, Jacobsen S, Sonne-Holm S,
Palm H, Troelsen A: Prevalence of
malformations of the hip joint and their
relationship to sex, groin pain, and risk of
osteoarthritis: A population-based survey. J
Bone Joint Surg Am 2010;92:1162-1169.

11. Tian FD, Zhao DW, Wang W, et al:
Prevalence of developmental dysplasia of
the hip in Chinese adults: A cross-sectional
survey. Chin Med J 2017;130:1261-1268.

12. Sankar WN, Duncan ST, Baca GR, et al:
Descriptive epidemiology of acetabular
dysplasia: The Academic Network of
Conservational Hip Outcomes Research
(ANCHOR) periacetabular osteotomy. J
Am Acad Orthop Surg 2017;25:150-159.

13. Lee CB, Mata-Fink A, Millis MB, Kim YJ:
Demographic differences in adolescent-
diagnosed and adult-diagnosed acetabular

dysplasia compared with infantile
developmental dysplasia of the hip. J
Pediatr Orthop 2013;33:107-111.

14. Harris WH: Etiology of osteoarthritis of the
hip. Clin Orthop Relat Res 1986;20-33.

15. Ganz R, Leunig M, Leunig-Ganz K, Harris
WH: The etiology of osteoarthritis of the
hip: An integrated mechanical concept. Clin
Orthop Relat Res 2008;466:264-272.

16. Agricola R, Heijboer MP, Roze RH, et al:
Pincer deformity does not lead to
osteoarthritis of the hip whereas acetabular
dysplasia does: Acetabular coverage and
development of osteoarthritis in a
nationwide prospective cohort study
(CHECK). Osteoarthr Cartil 2013;21:
1514-1521.

17. Clohisy JC, Dobson MA, Robison JF, et al:
Radiographic structural abnormalities
associated with premature, natural hip-
joint failure. J Bone Joint Surg Am 2011;
93(suppl 2):3-9.

18. Wyles CC, Heidenreich MJ, Jeng J, Larson
DR, Trousdale RT, Sierra RJ: The John
Charnley award: Redefining the natural
history of osteoarthritis in patients with hip
dysplasia and impingement. Clin Orthop
Relat Res 2017;475:336-350.

19. Nunley RM, Prather H, Hunt D,
Schoenecker PL, Clohisy JC: Clinical
presentation of symptomatic acetabular
dysplasia in skeletally mature patients. J
Bone Joint Surg Am 2011;93(suppl 2):
17-21.

20. Jacobsen JS, Bolvig L, Hölmich P, et al:
Muscle-tendon-related abnormalities
detected by ultrasonography are common
in symptomatic hip dysplasia. Arch Orthop
Trauma Surg 2018;138:1059-1067.

21. Matheney T, Zaltz I, Kim YJ, et al: Activity
level and severity of dysplasia predict age at
Bernese periacetabular osteotomy for
symptomatic hip dysplasia. J Bone Joint
Surg Am 2016;98:665-671.

22. Sankar WN, Novais E, Koueiter D, et al:
Analysis of femoral version in patients
undergoing periacetabular osteotomy for
symptomatic acetabular dysplasia. J Am
Acad Orthop Surg 2018;26:545-551.

23. Beighton P: Hypermobility scoring. Br J
Rheumatol 1988;27:163.

24. Kalisvaart MM, Safran MR: Hip instability
treated with arthroscopic capsular
plication. Knee Surg Sports Traumatol
Arthrosc 2017;25:24-30.

25. Domb BG, Stake CE, Lindner D, El-Bitar Y,
Jackson TJ: Arthroscopic capsular plication
and labral preservation in borderline hip
dysplasia: Two-year clinical outcomes of a
surgical approach to a challenging problem.
Am J Sports Med 2013;41:2591-2598.

26. Philippon MJ, Zehms CT, Briggs KK,
Manchester DJ, Kuppersmith DA: Hip
instability in the athlete. Oper Tech Sports
Med 2007;15:189-194.

27. Clohisy JC, Carlisle JC, Beaule PE, et al: A
systematic approach to the plain
radiographic evaluation of the young adult
hip. J Bone Joint Surg Am 2008;90(suppl
4):47-66.

28. Mittal A, Bomar JD, Jeffords ME, Huang
MT, Wenger DR, Upasani VV: Defining
the lateral edge of the femoroacetabular
articulation: Correlation analysis between
radiographs and computed tomography. J
Child Orthop 2016;10:365-370.

29. Carreira DS, Emmons BR: The reliability of
commonly used radiographic parameters in
the evaluation of the pre-arthritic hip: A
systematic review. JBJS Rev 2019;7:e3.

30. Nepple JJ, Martell JM, Kim YJ, et al:
Interobserver and intraobserver reliability
of the radiographic analysis of
femoroacetabular impingement and
dysplasia using computer-assisted
measurements. Am J Sports Med 2014;42:
2393-2401.

31. Clohisy JC, Carlisle JC, Trousdale R, et al:
Radiographic evaluation of the hip has
limited reliability. Clin Orthop Relat Res
2009;467:666-675.

32. Wyatt M, Weidner J, Pfluger D, Beck M:
The Femoro-Epiphyseal Acetabular Roof
(FEAR) index: A new measurement
associated with instability in borderline hip
dysplasia? Clin Orthop Relat Res 2017;
475:861-869.

33. Tannast M, Hanke MS, Zheng G,
Steppacher SD, Siebenrock KA: What are
the radiographic reference values for
acetabular under- and overcoverage? Clin
Orthop Relat Res 2015;473:1234-1246.

34. Wilkin GP, Ibrahim MM, Smit KM, Beaule
PE: A contemporary definition of hip
dysplasia and structural instability:
Toward a comprehensive classification for
acetabular dysplasia. J Arthroplasty 2017;
32:S20-S27.

35. Nepple JJ, Wells J, Ross JR, Bedi A,
Schoenecker PL, Clohisy JC: Three patterns
of acetabular deficiency are common in
young adult patients with acetabular
dysplasia. Clin Orthop Relat Res 2017;
475:1037-1044.

36. Zaltz I, Kelly BT, Hetsroni I, Bedi A: The
crossover sign overestimates acetabular
retroversion. Clin Orthop Relat Res 2013;
471:2463-2470.

37. Larson CM, Moreau-Gaudry A, Kelly BT,
et al: Are normal hips being labeled as
pathologic? A CT-based method for
defining normal acetabular coverage. Clin
Orthop Relat Res 2015;473:1247-1254.

38. Tannast M, Zheng G, Anderegg C, et al:
Tilt and rotation correction of acetabular
version on pelvic radiographs. Clin Orthop
Relat Res 2005;438:182-190.

39. Leunig M, Podeszwa D, Beck M, Werlen S,
Ganz R: Magnetic resonance arthrography
of labral disorders in hips with dysplasia

Developmental Dysplasia of the Hip in Adolescents and Young Adults

100 Journal of the American Academy of Orthopaedic Surgeons

Copyright © the American Academy of Orthopaedic Surgeons. Unauthorized reproduction of this article is prohibited.



and impingement. Clin Orthop Relat Res
2004;74-80.

40. Babst D, Steppacher SD, Ganz R,
Siebenrock KA, Tannast M: The
iliocapsularis muscle: An important
stabilizer in the dysplastic hip. Clin Orthop
Relat Res 2011;469:1728-1734.

41. Le Bouthillier A, Rakhra KS, Belzile EL,
Foster RCB, Beaulé PE: Soft tissue
structures differ in patients with prearthritic
hip disease. J Orthop Trauma 2018;
32(suppl 1):S30-S34.

42. Petchprapa CN, Rybak LD, Dunham KS,
Lattanzi R, Recht MP: Labral and cartilage
abnormalities in young patients with hip
pain: Accuracy of 3-Tesla indirect MR
arthrography. Skeletal Radiol 2015;44:
97-105.

43. Link TM, Neumann J, Li X: Prestructural
cartilage assessment using MRI. J Magn
Reson Imaging 2017;45:949-965.

44. Nishii T, Tanaka H, Sugano N, Sakai T,
Hananouchi T, Yoshikawa H: Evaluation
of cartilage matrix disorders by T2
relaxation time in patients with hip
dysplasia. Osteoarthr Cartil 2008;16:
227-233.

45. Guermazi A, Alizai H, CremaMD, Trattnig
S, Regatte RR, Roemer FW: Compositional
MRI techniques for evaluation of cartilage
degeneration in osteoarthritis. Osteoarthr
Cartil 2015;23:1639-1653.

46. Cunningham T, Jessel R, Zurakowski D,
Millis MB, Kim YJ: Delayed gadolinium-
enhanced magnetic resonance imaging of
cartilage to predict early failure of Bernese
periacetabular osteotomy for hip dysplasia.
J Bone Joint Surg Am 2006;88:1540-1548.

47. Kanda T, Fukusato T, Matsuda M, et al:
Gadolinium-based contrast agent
accumulates in the brain even in subjects
without severe renal dysfunction:
Evaluation of autopsy brain specimens with
inductively coupled plasma mass
spectroscopy. Radiology 2015;276:
228-232.

48. AAOS: Management of Osteoarthritis of
the Hip. http://www.orthoguidelines.

org/topic?id=1021. Accessed July 7,
2018.

49. Sankar WN, Beaulé PE, Clohisy JC, et al:
Labral morphologic characteristics in
patients with symptomatic acetabular
dysplasia. Am J Sports Med 2015;43:
2152-2156.

50. Parvizi J, Bican O, Bender B, et al:
Arthroscopy for labral tears in patients with
developmental dysplasia of the hip: A
cautionary note. J Arthroplasty 2009;24:
110-113.

51. Kain MS, Novais EN, Vallim C, Millis
MB, Kim YJ: Periacetabular osteotomy
after failed hip arthroscopy for labral tears
in patients with acetabular dysplasia. J
Bone Joint Surg Am 2011;93(suppl 2):
57-61.

52. Sheean AJ, Barrow AE, Burns TC, Schmitz
MR: Iatrogenic hip instability treated with
periacetabular osteotomy. J Am Acad
Orthop Surg 2017;25:594-599.

53. Ricciardi BF, Mayer SW, Fields KG,
Wentzel C, Kelly BT, Sink EL: Patient
characteristics and early functional
outcomes of combined arthroscopic
labral refixation and periacetabular
osteotomy for symptomatic acetabular
dysplasia. Am J Sports Med 2016;44:
2518-2525.

54. Thomas GE, Palmer AJ, Batra RN, et al:
Subclinical deformities of the hip are
significant predictors of radiographic
osteoarthritis and joint replacement in
women. A 20 year longitudinal cohort study.
Osteoarthr Cartil 2014;22:1504-1510.

55. Wylie JD, Peters CL, Aoki SK: Natural
history of structural hip abnormalities
and the potential for hip preservation. J
Am Acad Orthop Surg 2018;26:
515-525.

56. Ganz R, Klaue K, Vinh TS, Mast JW: A new
periacetabular osteotomy for the treatment
of hip dysplasias. Technique and
preliminary results. Clin Orthop Relat Res
1988;26-36.

57. Hingsammer AM, Kalish LA, Stelzeneder
D, et al: Does periacetabular osteotomy for

hip dysplasia modulate cartilage
biochemistry?. J Bone Joint Surg Am 2015;
97:544-550.

58. Lerch TD, Steppacher SD, Liechti EF,
Tannast M, Siebenrock KA: One-third of
hips after periacetabular osteotomy survive
30 years with good clinical results, No
progression of arthritis, or conversion to
THA. Clin Orthop Relat Res 2017;475:
1154-1168.

59. Wells J, Schoenecker P, Duncan S, Goss
CW, Thomason K, Clohisy JC:
Intermediate-term hip survivorship and
patient-reported outcomes of
periacetabular osteotomy: The Washington
University experience. J Bone Joint Surg
Am 2018;100:218-225.

60. Wells J, Millis M, Kim YJ, Bulat E, Miller
P, Matheney T: Survivorship of the
Bernese periacetabular osteotomy: What
factors are associated with long-term
failure? Clin Orthop Relat Res 2017;475:
396-405.

61. Clohisy JC, Ackerman J, Baca G, et al:
Patient-reported outcomes of
periacetabular osteotomy from the
prospective ANCHOR cohort study. J Bone
Joint Surg Am 2017;99:33-41.

62. Zaltz I, Baca G, Kim YJ, et al:
Complications associated with the
periacetabular osteotomy: A prospective
multicenter study. J Bone Joint Surg Am
2014;96:1967-1974.

63. Amanatullah DF, Stryker L, Schoenecker P,
et al: Similar clinical outcomes for THAs
with and without prior periacetabular
osteotomy. Clin Orthop Relat Res 2015;
473:685-691.

64. Clohisy JC, St John LC, Nunley RM, Schutz
AL, Schoenecker PL: Combined
periacetabular and femoral osteotomies for
severe hip deformities. Clin Orthop Relat
Res 2009;467:2221-2227.

65. Ganz R, Horowitz K, Leunig M:
Algorithm for femoral and periacetabular
osteotomies in complex hip deformities.
Clin Orthop Relat Res 2010;468:
3168-3180.

Matthew R. Schmitz, MD, et al

February 1, 2020, Vol 28, No 3 101

Copyright © the American Academy of Orthopaedic Surgeons. Unauthorized reproduction of this article is prohibited.

http://www.orthoguidelines.org/topic?id=1021
http://www.orthoguidelines.org/topic?id=1021

