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Abstract

Purpose Discuss current indications, techniques, complica-
tions and results of periacetabular osteotomy (PAO) to treat
the adolescent and young adult with symptomatic acetabu-
lar dysplasia or the rare minimally symptomatic patient with
dysplasia with a guarded prognosis without PAO surgery.

Methods Review of clinical experience with PAO at our and
other high-volume centres.

Results At a mean follow-up of 18 years after PAO, more than
75% of hips are preserved. At 30-year follow-up, longest term
reported series notes survival of one-third of hips.

Conclusion Both middle- and long-term results suggest ef-
ficacy of PAO in improving function and prognosis in most
symptomatic adolescent and young adult patients with
spherically congruous pre-arthritic dysplastic hips.
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Introduction

Developmental dysplasia of the hip (DDH) is a major cause
of dysfunction in many countries around the world. While
screening for DDH in infants is commonly practised, many
adolescents and young adults continue to present with
symptomatic hip dysplasia. These delayed presentations
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are most likely the result of missed childhood diagnoses of
DDH or diagnosed cases of DDH that were incompletely
treated earlier in childhood. Hip dysplasia in this age
group is a frequent cause of osteoarthritis and total hip
arthroplasty at a relatively young age. The typical defor-
mity involves anatomical acetabular insufficiency, with
decreased acetabular contact area and subsequent over-
load of the acetabular rim. Acetabular redirection surgery
to improve the mechanics in the hip with a dysplastic ace-
tabulum was first suggested and utilized by Salter in the
1960s when he noted anterolateral uncovering of the fem-
oral head in children with DDH." Hisinnominate osteotomy
provided increased anterolateral coverage of the hip and
was highly effective in improving the mechanical function
of many hips with DDH. With time, our appreciation of
the complexities to the dysplastic hip has improved. The
Salter osteotomy has been superseded by more complex
and powerful redirectional procedures, among which the
Bernese periacetabular osteotomy (PAO) is the most fre-
quently employed in North America and Europe.?

The rationale for acetabular redirection in the dysplas-
tic hip is to normalize mechanics of the hip by reducing
the excessive stresses on the acetabular rim and adjacent
labrum. The PAO, as an acetabular redirection proce-
dure, does not directly augment the insufficient regions
of the acetabulum area of the cartilaginous acetabulum
and rim. The PAO improves hip mechanics by optimizing
the position of the lunate cartilage available to transmit
forces during weight-bearing activities, which effectively
decreases contact stresses and forces to the acetabular
rim and labrum. PAO has distinct advantages over other
osteotomies for the mature hip, including the triple oste-
otomy and rotational acetabular osteotomy. It can be per-
formed through a single anterior incision with approaches
designed to spare the abductors and rectus femoris.>* The
PAO creates a relatively large acetabular fragment with
sufficient vascularity to allow arthrotomy for intra-articular
work® while preserving a portion of the posterior column
to maintain pelvic stability and minimize compromise of
the birth canal. Last, internal fixation with multiple screws
complements the osteotomy’s inherently stable geometry
to permit early partial weight-bearing without need for
external immobilization.

This review will pay particular attention to the optimal
indications for PAO. Surgical techniques, complications



(" JOURNAL OF
Q‘CHILDREN’S ORTHOPAEDICS

PERIACETABULAR OSTEOTOMY

and results of PAO in the middle- and long-term will also
be discussed. Our goal is to continually improve the treat-
ment, and subsequent outcomes, of the large population
of patients who continue to present in adolescence and
adulthood with residual acetabular dysplasia.

Indications for PAO

The classic indication for PAO is the skeletally mature,
symptomatic patient with a spherically congruous but
dysplastic hip. In practice, PAO, or similar acetabular redi-
rectional osteotomy, should be considered for skeletally
mature patients with spherically congruous acetabular
dysplasia severe enough to have a poor prognosis unless
corrected. Spherical hips with lateral centre-edge (CE)
angle below 20° and roof angle tilt of more than 15° are
associated with a high risk of symptoms and osteoarthri-
tis without correction,® while hips with milder coverage
insufficiency (lateral CE angle (LCEA) < 28°) have also been
identified as at risk for early degeneration.” Combined
deformities, such as femoral asphericity due to a cam
lesion, can further accelerate the degenerative process.
Early detection of these patients is essential in providing
timely treatments.

Patient evaluation

The patient interview is crucial in accurately diagnosing
and setting reasonable expectations for treatment. Symp-
toms associated with the dysplasia are typically second-
ary to abductor fatigue (lateral/posterolateral pain) and/
or overload of the capsule and/or labrum (anterior groin
pain). In general, symptom severity will be indicative of
the level of mechanical dysfunction present in the hip.
Symptoms tend to be most pronounced during upright
weight-bearing activity. Combined symptoms during
stance and sitting positions should raise awareness of
impingement pathology, specifically cam-type deformi-
ties of the proximal femur.

The physical exam provides essential information for
optimal treatment. Both static and dynamic assessment of
hip function is important, as are body and limb alignment,
measurement of limb length and arcs of hip movement
both in extension (femoral version) and flexion (femoro-
acetabular impingement). Provocative manoeuvres to test
for both hip instability (extension/external rotation) and
hip impingement (flexion/internal rotation) should be
performed. Note the manoeuvres that cause pain. Careful
assessment of strength, stance and gait are important in
interpreting the global health of the hip.

Imaging

Imaging information is critical in characterizing hip defor-
mity and has been used for more than 100 years as an aid
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to understanding hip mechanics. The radiograph remains
the benchmark for assessing structural hip abnormalities,
including hip dysplasia.® The minimum radiographic data
set that is generally employed in assessing mature acetab-
ular dysplasia includes a standing well-centred anteropos-
terior (AP) radiograph of the entire pelvis, faux profil views
and a modified Dunn lateral radiograph, taken in 45° of
flexion, 30° of abduction and neutral rotation, to show
in profile that anterolateral neck area which is the most
common location of reduced offset. The AP radiograph is
evaluated with measures of lateral and anterior coverage
(LCEA; Tonnis roof angle; attitude of anterior and posterior
walls; Shenton line intact or broken). The faux profil view
predominantly assesses anterior coverage, quantitated
by the anterior CE angle. All radiographs should be scru-
tinized for changes indicative of osteoarthritis, including
cartilage space width and appearance of the subchondral
bone. Table 1 shows the relevant measurements com-
monly made on these radiographs. In patients ultimately
electing to undergo PAO, anticipated post-operative con-
gruity is best confirmed preoperatively by functional flex-
ion abduction internal rotation radiographs, simulating
effect of the proposed redirection.

Figure 1 illustrates the preoperative radiographic imag-
ing of a 28-year-old patient evaluated for PAO to treat her
symptomatic congruous acetabular dysplasia.

Important technological advances in assessing hip
deformity include low-dose CT and MRI. CT in particular
has improved our 3D understanding of acetabular defor-
mity in dysplasia. Nepple et al® and Wilkin et al’® showed
that acetabular dysplasia presents with three patterns of
under-coverage: anterior, posterior and global. Recogni-
tion of the pattern of acetabular deficiency is critical in
making a meaningful acetabular reorientation. MRI affords
us the best ability to evaluate the soft-tissue structures of
the hip affected by acetabular dysplasia. The acetabular
labrum should be assessed for tearing at the chondrolabral
junction as well as global hypertrophy, both of which can
remain symptomatic following PAO if not addressed. MR
cartilage specific sequences, such as delayed Gadolini-
um-enhanced MRI (dGEMRIC), are invaluable in evaluating
cartilage health in hips with signs of early osteoarthritis.
Preoperative dGEMRIC scores have been shown to have a
predictive value in the survival of PAO." Moving beyond
static imaging, dynamic ultrasonography has been used

Table 1. Relevant radiographic measurements in the evaluation of ace-
tabular dysplasia

Anteroposterior pelvis Faux profil

Lateral centre-edge angle

Tonnis roof angle

Anterior wall index

Posterior wall index
Centrum-collum-diaphysea angle
Alpha angle

Anterior centre-edge angle

Dunn lateral
Alpha angle
Head/neck offset
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Fig. 1 Standing anteroposterior (AP) pelvis radiograph is evaluated for dysplasia and joint health. Parameters of coverage include
percent of head covered (coverage index; lateral centre-edge angle); tilt of the weight-bearing zone (T6nnis roof angle); and Shenton’s
line. Joint health measures include minimum cartilage space width and subchondral bone quality. The anterior and posterior acetabular
walls can be seen on a well-done image. They should meet, without crossing over, at the posterosuperior rim. Radiographs show:
(a) a 28-year-old female with bilateral spherically congruous acetabular dysplasia. Her preoperative AP radiograph confirms bilateral
dysplasia, with right hip lateral centre-edge angle 16° and Tonnis roof angle 14° degrees. Shenton’s line is intact; (b) functional view

confirms wide abduction with no hinging.

Table 2. Preoperative considerations prior to periacetabular osteotomy (PAO) surgery

Preoperative Recommendations

checklist

Acetabular labral tears

Significant labral pathology (full thickness tears, large degenerative labrums) can remain symptomatic following PAO in spite of the

mechanical offloading. The labrum should be evaluated and repaired as indicated by arthrotomy or arthroscopy.

Anterior inferior iliac
spine (AlIS)
cases.

The AlIS should be evaluated on preoperative anteroposterior pelvis and faux profil radiographs. As the acetabular fragment is moved,
a prominent AllS will be placed into a position of impingement. Movement should be carefully checked after reorientation in these

Femoral cam deformity Cam deformities are seen in 30% to 40% of acetabular dysplasia cases. Impingement is a known cause of early PAO failures, so
significant cam deformities should be addressed at the time of surgery via arthrotomy or arthroscopy.

Joint congruity

Preoperative Von-Rosen (flexion/abduction/internal rotation) views should be obtained in severe deformities. If concentric reduction

not attained on this functional view, concomitant femoral-sided osteotomy can be considered.

for decades in diagnosing instability in infant hips, but its
use as a diagnostic tool in mature hip pathology is an area
of recent focus and progress.

Treatment selection and planning

After patient evaluation, the results of history, physical
examination and imaging must be synthesized to develop
an optimal treatment strategy. The decision to proceed
with PAO surgery must weigh the potential benefits of the
operation with the risks inherent to the surgery and recov-
ery process. Historically, the best results of PAO occur in
patient subgroups that are relatively young, have spher-
ically congruent articular surfaces and healthy cartilage
at the time of surgery. Preoperative risk factors for a poor
long-term result include older age, poor joint congruency
and radiographic evidence of osteoarthritis. Thorough
evaluation allows an accurate discussion of reasonable
expectations for outcome following PAO, which is essen-
tial to help patients to make truly informed decisions.
This is especially important in that failure to meet preop-
erative expectations (realistic or unrealistic) can lead to

| Child Orthop 2018;12:349-357

dissatisfaction and perceived failure of treatment, though
the technical result may be highly satisfactory. Table 2 is a
compiled list of considerations that should be made when
developing a patient-specific preoperative plan.

Surgical technique for PAO

Detailed discussions of surgical technique for PAO are
available in the literature.’? The basic design for the PAO
procedure, as developed by Ganz et al? in the 1980s, is still
followed today, with osteotomies of the anterior ischium;
superior pubic ramus; anterior to posterior supra-acetabu-
lar ilium; and posterior column. The attitude and position
of the osteotomy lines will vary slightly according to the
anatomy of the individual pelvis and for the character of
the realignment desired.

Patient setup

Routine preoperative and perioperative preparation
includes patient education in partial weight-bearing
crutch gait. Blood typing is typically recommended in
the event that intraoperative or postoperative transfusion
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is required. In an effort to minimize intraoperative blood
loss, transexamic acid is used unless contraindicated.
Anesthesia is typically accomplished through a combina-
tion of general anesthesia with a lumbar plexus block. We
have abandoned epidural anesthesia as it impaired early
postoperative mobilization. Neuromuscular blockade
is avoided, to allow intraoperative monitoring of motor
nerve function. This is important, because the femoral,
obturator and sciatic nerves lie in proximity to the oste-
otomy cuts. Any muscle contraction noted during the
procedure suggests nerve irritation and immediate assess-
ment to avoid impending nerve injury.

Fluoroscopy can be useful at various points during the
PAO. The imaging machine should be positioned to obtain
adequate AP pelvis and oblique faux profil-like views as
needed. Intraoperative imaging can be useful in confirm-
ing optimal chisel and osteotome placement at certain
points during the PAO. The experienced surgeon, in the
routine case, however, should be able to identify import-
ant topical anatomic landmarks, and to plan and localize
all osteotomies without the image intensifier. Confirma-
tion by imaging is of course recommended as required in
the individual case.

Surgical approach and osteotomies

The patient is positioned supine on a radiolucent Jackson
type table, with the ipsilateral leg draped free. The trunk is
prepped and draped to the midline and proximally to the
costal margin. The limited direct anterior approach is rou-
tinely employed, sparing the abductor muscles and sub-
periosteally exposing the anterior ilium, iliopectineal line,
posterior column, quadrilateral surface and the superior
ramus to and beyond the iliopectineal eminence. The rec-
tus tendon origin is routinely preserved unless an extensive
arthrotomy is required, in which case the rectus tendon
origin can be divided to provide more capsular exposure.*

The anterior ischial osteotomy (Fig. 2a) is approached
through the iliopectineal bursa, located between the
medial capsule and the psoas tendon. This interval is
opened and developed until the infracotyloid groove of
the ischium, just distal to the inferior lip of the acetabulum
and can be palpated with a long scissors. After the edges
of the groove are identified, the bursal window, which lies
between the medial capsule and the psoas tendon, can
be gently dilated with blunt retractors. This allows safe
placement of the angled chisel to perform the first osteot-
omy, at the level of the infracotyloid groove of the anterior
ischium. This osteotomy, which cannot be directly visual-
ized, begins just distal to the inferior lip of the acetabulum,
leaving a bone bridge approximately 1 cm wide below the
acetabulum. The chisel tip is placed just proximal to the
obturator externus tendon, which normally occupies the
groove. Both medial and lateral cortices of the anterior
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ischium must be divided as the chisel advances from ante-
rior to posterior. Image intensifier control is useful both in
initial placement of the chisel (AP and oblique projections)
and in confirming that the osteotomy progresses satisfac-
torily (faux profil).

The superior pubic ramus osteotomy (Fig. 2b), which
routinely is done after the anterior ischial osteotomy,
involves risk to the nearby obturator nerve. The hip is
flexed and abducted to protect the psoas and femoral neu-
rovascular structures as the periosteum is atraumatically
dissected from the superior ramus. Retractors are placed
around the ramus, into the obturator foramen and within
the periosteal sleeve, to protect the obturator neurovas-
cular bundle. The osteotomy is completed just medial to
the iliopectineal eminence with either an osteotome, oscil-
lating saw or Gigli saw. Confirmation of completeness of
this osteotomy is mandatory, since this osteotomy must
be free to allow acetabular reorientation.

The supra-acetabular iliac osteotomy (Fig. 2c) requires
atraumatic creation of a lateral sub-gluteal window at a
level at or just distal to the ASIS osteotomy, with care to
avoid disruption of the abductor origin. A small lateral
retractor placed through this window gently retracts the
abductors while a reverse Hohmann retractor placed on
the quadrilateral plate is used to expose the medial iliac
wing. An oscillating saw is used to osteotomize the ileum.
This osteotomy should traverse the ilium from the distal
aspect of the anterior superior iliac spine (ASIS) osteotomy
to a point 1 cm shy of the iliopectineal line. This osteot-
omy should be nearly perfectly vertical in orientation and
will appear to parallel an imaginary floor when viewed on
faux profil imaging.

The posterior column osteotomy (Fig. 2d) is made
entirely from within the pelvis. It begins at the posterior
end of the iliac osteotomy and is directed toward the
ischial spine. The posterior column osteotomy bisects
the posterior column as it passes over the iliopectineal
line, passing between the posterior acetabulum and the
greater sciatic notch. Straight osteotomes are used to cre-
ate the superficial aspect of the osteotomy typically to the
level of the acetabularisthmus, or about 3 cm to 4 cm into
the true pelvis.

The posterior ischial osteotomy (Fig. 2e) is angled more
anteriorly and slightly laterally, to connect with the previ-
ously-made anterior ischial osteotomy. A bone spreader
then placed in the anterior iliac osteotomy and brought
up to some tension can help in mobilizing the acetabu-
lar fragment. At this point, the acetabular fragment often
breaks free. If not, the angled Ganz chisel is used to osteot-
omize the small remaining posterior-inferior ischial bridge.
The sciatic nerve is in close proximity to the distal, lateral
aspect of this osteotomy. Careful positioning of the ipsilat-
eral limb in extension and slight abduction can during this
stage of the procedure reduce risk of neurapraxia.

| Child Orthop 2018;12:349-357
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Fig. 2 Intraoperative images confirm desired placement of osteotomies and desired realignment of the acetabulum to compensate for
both anterior and lateral insufficiency: (a) anterior ischial osteotomy (infracotyloid groove), showing (1) correct placement within the
groove, just distal to inferior lip of acetabulum and (2) image intensifier in anteroposterior and oblique projections confirms correct
placement of chisel just distal to acetabulum; (b) superior pubic ramus osteotomy lies just medial to iliopectineal eminence; (c) iliac
osteotomy begins just distal to the anterior superior spine, directed toward the apex of the greater sciatic notch. It ends at a point
about 1 cm lateral to the iliopectineal line and approximately 3 cm anterior to the sacroiliac joint; (d) the posterior column osteotomy is
made with a straight chisel. It begins at the posterior end of the iliac osteotomy. It is directed at the ischial spine, bisecting the posterior
column, safely between the posterior acetabular wall and the anterior wall of the greater sciatic notch. The image intensifier in an
oblique projection can confirm the proper position of this osoteotomy; (e) posterior ischial osteotomy. This osteotomy is made with a
curved or angled chisel.

Acetabular correction pair of laminar spreaders is helpful in freeing up soft-tissue
constraints or persistent small bone bridges. Placement of
a Schanz screw from anterior to posterior in the superior
portion of the acetabular fragment is routinely used to
grip the acetabular fragment to control reorientation. We
find the supplemental use of a Weber bone clamp, with its
tongs applied to the most medial portion of the acetabular
fragment adjacent to the superior pubic ramus osteotomy
is also helpful during reorientation.

After the desired reorientation is achieved, provisional
fixation is obtained with multiple smooth Kirschner-
wires drilled through iliac crest and into the acetabular

The acetabular reorientation typically involves improving
lateral coverage, anterior coverage and posterior cover-
age, in varying proportions (Fig. 3). The preoperative plan
should include an assessment of how much angular cor-
rection is optimal. This will be based upon preoperative
imaging and patient-reported symptom and exam find-
ings. Any desired translation of the hip joint centre should
also be considered.

Prior to acetabular reorientation, the freedom of move-
ment of the osteotomized acetabularfragment mustbe con-
firmed. Often, manipulating the fragment by tensioning a

| Child Orthop 2018;12:349-357 353
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Portable
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Fig. 3 Reorientation of acetabular fragment is achieved with a Weber bone clamp and Schanz screw placed in the anterior ilium above
the joint to allow precise reorientation of acetabular fragment. Provisional fixation is achieved with smooth Kirschner-wires drilled from
the iliac crest into the acetabular fragment. An anteroposterior full pelvis radiograph is taken to assess acetabular correction. This image
confirms desired correction, with horizontal sourcil and normal version with no crossover sign or posterior wall sign. Definitive fixation
is then achieved, with long cortical screws replacing the Kirchner-wires.

fragment. The trajectory for placement is typically supe-
rior and posterior to the joint. The Schanz screw then is
removed to allow assessment of passive hip movement.

With temporary fixation achieved, the adequacy of
the correction is evaluated provisionally by fluoroscopic
imaging. A well centered AP pelvis radiograph, however, is
essential in assessing well the adequacy of the correction.
The limited field-of-view offered by most image intensifi-
ers can be misleading, especially with the AP image. Low-
ering the image intensifier as close to the body as possible
will facilitate the widest field of view. General guidelines
for an optimal correction on the AP pelvis image include a
weight-bearing zone close to horizontal; no lateral trans-
lation of the hip centre; no crossover sign; well-balanced
anterior and posterior coverage as reflected by the ante-
rior and posterior walls indices; and concentric reduction
of the centre of the femoral head under the weight-bear-
ing zone of the acetabulum. An oblique faux profil-like
view may be obtained with the image intensifier to assess
anterior coverage as well as potential impingement. The
anterior inferior iliac spine (AllS) should also be consid-
ered as a potential cause of extra-articular impingement
in its new, more distal position.

After a radiographically satisfying correction is
achieved, passive range of movement should be checked,
since anterior impingement is a known source of early
failure and poor outcomes. At least 95° to 100° of flexion
and 15° to 20° of internal rotation in flexion should be
preserved to ensure postoperative function without
impingement.
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To directly assess for impingement, direct inspection
is useful. Contact between the anterior hip structures —
specifically between the neck and the anterior rim and
AllS — can be noted visually and by direct palpation
during manipulation. If there is any question, the AllS is
readily accessible for osteoplasty. The femoral neck can
be accessed through an anterior arthrotomy, which is
done routinely if any question of impingement is present.
Anterior labral issues felt to be major enough for direct
inspection or surgical treatment can also be assessed via
anterior arthrotomy, but better visualization is achieved
arthroscopically (best done prior to the PAO, though
it can be done under the same anesthetic, using a sep-
arate distraction table). If the new acetabular position is
deemed less than ideal on either imaging or impingement
analysis, the Kirschner-wires are withdrawn from the ace-
tabular fragment (but kept within the stable iliac wing)
and the acetabular orientation can be adjusted to a better
position.

If a satisfactory correction is achieved and confirmed on
radiographic and impingement testing, definitive fixation
can be performed. Routine adequate fixation adequate
can be achieved by placing multiple screws (3.5 mm or
4.5 mm) through the iliac crest and into the acetabular
fragment. Classically, an additional AP screw, forimproved
rotatory stabilization, is placed from the anterior-inferior
spine area across the ilium into the posterior ilium beyond
the posterior column osteotomy. We employ this extra
screw in large patients and in patients with poor bone
stock or poor bone quality.

J Child Orthop 2018;12:349-357
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Fig. 4 Postoperative images of same 28-year-old woman confirm maintenance of correction and near-complete radiographic healing
at four months postoperatively. She was clinically healed. She had discontinued crutch use at three months and was symptom-free.
Left periacetabular osteotomy planned: (a) anteroposterior view confirms healing and correction. There is no crossover sign. Lateral
centre-edge (CE) angle measures 25° (normal is about 25° to 35°). Roof angle is 4° (normal is about 0° to 10°). Shenton’s line is intact;
(b) faux profil view reveals anterior CE angle is 28° (normal is about 20° to 35°).

Stability of the reconstruction must be critically
assessed. Ideally, there is impaction of the posterosuperior
corner of the acetabular fragment into the iliac osteotomy
site, and there is direct contact at the superior ramus oste-
otomy. Protruding edges are trimmed to reduce soft-tis-
sue irritation, with the harvested bone graft subsequently
packed into the interstices of the osteotomies. Hemostasis
is usually satisfied at this point in the procedure, though
moderate bleeding may occur from osteotomy surfaces
while the fragment is being manipulated.

Soft-tissue closure must be secure, since early postop-
erative function is desirable. Careful attention to the soft
tissues during exposure facilitates healing of not only soft
tissues but of the underlying bone.

Postoperative care

After approximately 24 hours of regional blockade by con-
stant infusion into the lumbar plexus catheter, patients
typically sit in a chair. By postoperative day 2, they are
encouraged to begin a partial weight-bearing gait with
crutches. Antithrombotic prophylaxis with low-dose aspi-
rin is started the morning of post-operative day 1 and
continued for four weeks. Prophylaxis against heterotopic
ossification is done with naproxen, which is also used for
four weeks. Discharge from hospital usually occurs by the
fourth postoperative day. Resumption of full weight-bear-
ing follows recovery of necessary muscle function and
evidence of adequate osteotomy healing as confirmed
by AP and faux profil radiographs (Fig. 4). This typically
occurs eight to 12 weeks postoperatively, dependent on
patient age and degree of correction required. Routine
radiographs are taken at monthly intervals until complete
osteotomy healing. Patients are followed annually with
clinical examinations and radiographs, or more frequently

| Child Orthop 2018;12:349-357

if required. Full activity, including sport, is resumed
according to individualized protocols, though in general,
at least six to 12 months is required before full return of
maximum achievable function has taken place.™"

Complications

PAO is a major complex procedure with a steep learning
curve. Potential complications are many and have been
well documented. The multicentre Academic Network
for Conservational Hip Preservation Outcomes Research
(ANCHOR) Group documented a 15% complication
rate within the first ten weeks following surgery.” In all,
77% of these early complications were self-resolving or
required minimal intervention. The most common com-
plications in this group included lateral femoral cutaneous
nerve (LFCN) neurapraxia (4%) and wound-related issues
(5%). Seven patients (3%) had a moderate/severe com-
plication requiring early repeat operation or significant
medical intervention. Reoperation was performed for two
deep infections (1%) and one case of acetabular fragment
migration (0.5%). Serious medical conditions included
deep venous thrombosis in three patients (1.5%) treated
pharmacologically. Another study focusing on thrombo-
embolic events following PAO documented a risk of 9.4
per 1000 surgeries.'®

Delayed complications (more than one year postoper-
ative) were noted in 24% of patients, and most (86%) did
not require intervention.”™ The most common complica-
tions included heterotopic ossification (Booker grade | to
IV) in 20% of patients, one of which underwent surgical
resection. Nonunion of the pubic ramus, stress fracture of
the ischium and nonunion of the posterior column were
encountered in one patient each, and only the posterior
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column nonunion required surgical intervention. Moder-
ate to severe complications were noted in five patients,
all of whom required repeat surgical intervention for:
heterotopic ossification (above), posterior column non-
union (above), removal of intra-articular screws (two
patients) and acetabular migration (one patient).

Sierra et al' reported that significant nerve injuries
were encountered in approximately 2% of PAOs and that
half of these injuries recovered function with time. While
devastating neurovascular complications were not noted
in the multicentre experience, they remain among the
most feared complications of PAO. Kalhor et al'® has nicely
outlined intraoperative techniques useful in reducing
the risk of neurovascular complication. Various exposure
techniques and positioning of the operative limb during
surgery can enhance exposure and reduce risk to neuro-
vascular structures.

Results

PAO has a well-documented record of success in the treat-
ment of acetabular dysplasia in skeletally mature individ-
uals. The Bernese experience has provided the longest
follow-up to date at 30 years. The conversion rate to total
hip arthroplasty or arthrodesis was 12.4% at ten years,
39.5% at 20 years.”? At 30-year follow-up, 30% of hips
were asymptomatic without radiographic evidence of
progression.?! Similarly, results from our centre showed
cumulative survival of 76% at ten-year follow-up and 74%
at mean 18-year follow-up.?2 Our interest in the character
of the result in surviving hips noted, at mean 18 years after
PAO, that 53% of patients were asymptomatic, and 26%
were symptomatic based on Western Ontario and McMas-
ter Universities Osteoarthritis Index (WOMAC) pain score
> 10. In all, 21% of hips had been replaced at a mean of
nine years (sd 5) post-PAO. Troelsen et al?* described sim-
ilar results from another high-volume PAO centre, with
82% of hips surviving for a decade following surgery,
respectively. The multicentre ANCHOR early prospective
results of 391 consecutive PAOs at two to five years post-
operatively showed a 99.2% hip survival rate and 93%
early satisfaction rate.*

While the overall results among these studies were con-
sistent, the characteristics of failed PAOs were also highly
similar. Older patients, patients with severe preoperative
dysfunction, radiographic osteoarthritis and poor joint
congruency prior to surgery were strong predictors of
PAO failure in a number of studies.??#%* Operative causes
of failure include malpositioning of the acetabulum into
positions of under-coverage (instability), over-coverage
(impingement) or retroversion.'?"22252¢ Femoral-sided
asphericity was a risk factor for PAO failure, but success-
ful osteochondroplasty was protective of PAO outcome in
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those patients.? Interestingly, in patients with spherical,
congruous articulations and without evidence of preoper-
ative arthritis had a > 75% chance of progressing 20 years
without symptoms or radiographic progression of osteo-
arthritis.?

Conclusions

Acetabular dysplasia is a common cause of hip dysfunc-
tion in the young mature patient and has often led in the
past to osteoarthritis in adults. PAO, when performed on
well-indicated patients in a technically sound manner,
can greatly improve the function and longevity of at-risk
hips. If careful clinical evaluation is combined with ratio-
nal treatment selection and excellent technique, PAO can
be a very effective procedure in helping the symptomatic
pre-arthritic young patient with congruous acetabular
dysplasia.
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