
ABSTRACT

Background: A periacetabular osteotomy,indicated
for adults or adolescents requiring correction of
congruency and containment of the femoral head,
is a common surgical procedure to address devel-
opmental dysplasia of the hip. 

Objectives: To describe developmental hip dyspla-
sia, a surgical procedure performed to address the
condition, as well as therapeutic exercise and
functional progression principles utilized to return
a patient to tennis following periacetabular
osteotomy.

Case Description: The patient was a 14 year-old
female who underwent a Ganz periacetabular
osteotomy of the right pelvis due to developmen-
tal dysplasia of the hip. Post-operative outpatient
physical therapy consisted of strengthening of the
hip, thigh, and core musculature, as well as activi-
ties to increase muscular and cardiovascular
endurance, anaerobic conditioning, lower extrem-
ity proprioception, and soft tissue length. A
functional progression program to return to tennis
was also provided. 

Outcomes: The patient was seen in outpatient
physical therapy for a total of 34 visits over the
course of 42 weeks. Results of a Lower Extremity
Functional Scale (LEFS) indicated that heavy
activities of daily living, as well as recreational and
sporting activities, were improved following the
post-operative rehabilitation program. 

Discussion: The role of the physical therapist is
vital in prescribing and progressing activity levels
to facilitate return of function following this peri-
acetabular osteotomy.  Surgery that is technically
well performed followed by a comprehensive
rehabilitation program can allow for resumption

of pre-morbid activities, enhancement of the quali-
ty of life, and return to sports activities. 

Key Words: functional progression, tennis,
congenital hip dysplasia.

INTRODUCTION
Hip problems in the developing youngster can be
congenital or acquired and are frequently encoun-
tered by the physical therapist. Sports physical
therapists may be comfortable in dealing with
acquired hip conditions in active youth, but not as
familiar with treating congenital hip dysfunction.
On the other hand, pediatric physical therapists
may be at ease addressing congenital hip issues but
not as well versed in caring for acquired macro or
microtrauma of the hip in active, normally devel-
oping youngsters. The generalist physical therapist
may be somewhere in between these two
extremes. The purpose of this case report is to
describe developmental hip dysplasia, a surgical
procedure performed to address this condition, as
well as therapeutic exercise and functional pro-
gression principles utilized to return a patient to
tennis following periacetabular osteotomy.

Developmental Dysplasia of the Hip 
Conditions involving the hip joint in the skeletally
immature youngster range from joint dysplasia to
joint subluxation and dislocation. Traditionally, all
of these conditions have been collectively referred
to as congenital dysplasia of the hip; however, the
term developmental dysplasia of the hip (DDH)
has become more acceptable.1 Developmental
dysplasia of the hip more accurately describes situ-
ations when hip problems that may not be noticed
at birth, become apparent as a child matures and
begins to bear weight in a standing position.

The epidemiology, etiology, examination and
treatment of DDH are well documented.1-4 In addi-
tion to the clinical physical examination, standard
anterior-posterior plain film radiographs of the
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pelvis are helpful in the
diagnosis of DDH. Abnormal
findings on plain film radi-
ographs suggestive of DDH
include the delayed appear-
ance of ossification centers of
the hip and pelvis beyond six
months, as well as an abnor-
mal relationship between the
developing femoral neck and
pelvis. As the youngster
matures, in addition to the tra-
ditional anterior-posterior
view of the pelvis, a weight
bearing view with the pelvis
rotated 25º toward the x-ray
beam (faux profile view) may
also be helpful in quantifying
the    relationship between the
developing femoral head and
the acetabulum.3,5-9

Surgical Intervention for DDH
Many individuals with DDH develop through childhood
and adolescence without symptoms. Hip pain when pres-
ent is typically due to high stresses on the acetabular rim
resulting in articular cartilage damage with subsequent
increased stresses on underlying subchondral bone.
When infants with DDH are not diagnosed until late, or
when previous treatment attempts in diagnosed infants
are not successful, surgical intervention is indicated.
Untreated acetabular dysplasia is the second most com-
mon cause of secondary osteoarthrosis with degenerative
joint disease from pathological joint-loading forces
becoming symptomatic before the age of 50 in 25% to
50% of patients with DDH.10 Surgical options entail
capsulorrhaphy, femoral derotation and varisation
osteotomy, periacetabular osteotomy, or shelf arthroplas-
ty, of the pelvis.  The primary goal of the various proce-
dures is to provide coverage of the developing femoral
head.11-18

The Ganz triple osteotomy, also known as the Bernese
osteotomy, is a common surgical procedure to address
DDH. The Ganz procedure provides for the large bony
corrections required to cover the femoral head in all need-
ed directions including lateral rotation,    anterior rotation,
and medialization of the hip center.13 Ganz first per-
formed his periacetabular osteotomy in 1983.16 The Ganz
osteotomy is indicated in adults or adolescents with
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closed physes who have dys-
plastic hips requiring correc-
tion of congruency and con-
tainment of the femoral head.
In most cases, the opening of
the acetabulum lies in exces-
sive anteversion from the
sagittal plane. 

The purpose of the Ganz pro-
cedure is to reorient the   posi-
tion of the acetabulum anteri-
orly and laterally to gain
greater coverage of the
femoral head and bring the
roof of the acetabulum from
an oblique position to a more
horizontal position through a
series of cuts in the innomi-
nate bones (Figure 1).
Advantages of this periac-

etabaular osteotomy include using only one approach,
the potential for significant correction in all directions
(including medial and lateral planes), the posterior col-
umn of the hemipelvis remains mechanically intact
which allows immediate crutch walking with minimal
internal fixation, the shape of the true pelvis is unaltered
permitting a normal child delivery later in life, and retain-
ing the hip’s center of rotation.  Complications of the
Ganz procedure include interarticular extension of the
osteotomy, temporary femoral nerve palsy, insufficient
or excessive overcorrection, secondary subluxation of the
femoral head, osteonecrosis, nonunion, heterotopic ossi-
fication, vascular compromise or loss of fixation. 6,15,18

CASE DESCRIPTION
History
At the time of the initial physical therapy visit the patient
was 15 years old, 68 inches tall, and weighed 129 pounds.
The patient was an incoming freshman at a local high
school and had previously been involved in recreational
and competitive tennis, participating in both singles and
doubles. 

At the age of five months, the patient was diagnosed with
bilateral DDH with no occurrence of hip dislocation.
Initial treatment for the DDH was via a hip spica cast
which was removed at one year of age. Due to complaints
of persistently painful clicking in the right hip during
childhood the patient underwent a surgical release of the
psoas at age ten. The patient was followed by her family

Figure 1
Two-dimensional view of acetabular re-positioning
before (A) and after (B) Ganz osteotomy. Note: the
roof of the acetabulum has moved more horizontally
to cover the femoral head.
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physician and local orthopedists but her condition wors-
ened. She was subsequently referred to a regional
orthopaedic specialist due to complaints of constant lat-
eral hip pain. Upon reviewing her condition and past his-
tory, the surgeon recommended and performed a Ganz
periacetabular osteotomy for the right hip.  Figures 2 and
3 demonstrate pre- and post-operative radiographs. 

Post-Operative Intervention 
The patient had an uneventful
hospital stay and after five days
was discharged partial weight
bearing (PWB) with axillary
crutches and a home exercise pro-
gram of active hip range of motion
and gentle isometric hamstring
and quadriceps muscle sets.  Serial
radiographs taken between sur-
gery and the initial physical thera-
py visit demonstrated normal
post-operative findings.

Post-Operative - Week Four Four
weeks following the osteotomy the
surgeon referred the patient for
outpatient physical therapy for
three visits per week for six weeks.
Physician orders were to advance
weight bearing up to 40 pounds on
the involved right lower extremi-
ty, strengthening, and range of
motion work. 

At the initial physical therapy
visit, the patient had subjective
complaints of minimal hip pain at
rest and did note numbness in the
thigh. The patient was ambulating
PWB with an appropriate gait pat-
tern using axillary crutches. In the
sitting position she lacked full
knee extension by five degrees
due to quadriceps weakness.
During the exam, the patient
could not transfer from sitting to a
supine position on the treatment table without manually
assisting the involved leg. Observation of the patient in
the supine position revealed quadriceps atrophy and an
inability to initiate a straight leg raise. The patient was
also unable to initiate gravity resisted abduction in the
side-lying position. In the standing position hip abduction

was with immediate substitution palpated in the quadra-
tus lumborum. Active range of motion of the hips was
measured and these values are found in Table 1.  In addi-
tion, the patient filled out the Lower Extremity
Functional Scale.  This scale and the results are reported
in the Outcomes Section of this case study.   

Treatment in the outpatient clinic included hip flexor
strengthening, open kinetic chain
and closed kinetic chain quadri-
ceps strengthening, and function-
al electrical stimulation for the
quadriceps. Open kinetic chain
quadriceps work was performed
at terminal extension to address
her extension lag. Closed kinetic
chain strengthening was per-
formed on the Shuttle
(Contemporary Design Company,
Glacier, WA).  The Shuttle is a hor-
izontal sliding carriage that allows
the patient to perform    perform
closed chain activities in a gravity
eliminated position. Added resist-
ance from 25 to 200 pounds can be
applied to the Shuttle by a series of
elastic cords. Added resistance to
strengthening activities on the
Shuttle for the current patient did
not exceed 50 pounds.  Efforts to
strengthen the gluteus medius
were increased with manual
resistance and resisted isotonic
exercise in the supine position.

Post- Operative - Week Eight
After four weeks of rehabilitation
(eight weeks after surgery), the
patient returned to the physician.
At that time the patient’s active
standing hip flexion had increased
to 90º. Hip extensor strength had
increased and the patient was
able to perform single leg bridging
activities. Quadriceps atrophy

persisted (one and one-quarter inch difference eight inch-
es proximal to the knee joint line).  However, the patient
could actively extend the knee completely, and open
chain terminal knee extensions were up to seven pounds
of resistance.  The patient could inconsistently initiate a
straight leg raise but did so with a knee extension lag of

Figure 3
Post-operative oblique x-ray (Faux profile) of
the pelvis and hip demonstrating adequate
coverage of the femoral head.

Figure 2
Pre-operative anterior-posterior view (Faux
profile) of pelvis and hips demonstrating an
increased acetabular index (angle formed by a
horizontal line drawn through the inferior
part of the ilia and a line drawn across the 
acetabular roof).

                 



greater than 30º.  Gait was still
PWB with axillary   crutches. 

After the visit to the surgeon,
orders were received to continue
outpatient treatment twice a week
for six weeks with an emphasis on
strengthening (especially with hip
extension and abduction) and to
increase weight bearing to 60
pounds.  Crutch use was to be dis-
continued before the next sched-
uled visit with the surgeon in
approximately twelve weeks.

Rehabilitation now focused on longer lever arm strength-
ening of the hip musculature with assisted and              sub-
stitution free straight leg raises (SLR) and gravity resisted
gluteus medius strengthening. Hip flexor stretching was
initiated. Core strengthening of the abdominals and par-
avertebral muscles consisting of crunches, assisted leg
lowering, diagonal crunches, and prone body weight
resisted extension were instituted and progressed.  Lower
extremity strengthening and gait activities were begun in
waist deep water.   

The patient was instructed to progress to full weight
bearing (FWB) ambulation with crutches at nine weeks
following surgery. The patient admitted she was non-
compliant with appropriate weight bearing status and had
started to ambulate occasionally at home without
crutches. During this time, the patient went on a family
vacation and did some swimming and more walking than
she had done since surgery. At this time the patient noted
an inconsistent non-painful popping in the anterior hip,
especially after prolonged weight bearing. It was also dur-
ing this time that the patient noted increased pain at rest
and an inability to lie comfortably on the affected side.
The patient denied night pain. Decreased weight
bearing restrictions were implemented and enforcement
of consistent use of crutches. Strengthening efforts in the
clinic and at home were de-emphasized. With these
restrictions in activity and consistent use of the crutches,
the pain at rest was eliminated. No imaging was per-
formed at this time.

During the course of the next two weeks the patient was
able to ambulate FWB with two crutches and was gradu-
ally weaned from the crutches to begin full weight bear-
ing gait without an assistive device. The patient demon-
strated a slight gluteus maximus lurch with slight trunk
extension at heel strike. Gait training along with weight
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bearing strengthening and balance
were instituted. Aerobic and
anaerobic conditioning efforts
were instituted on the      recum-
bent bike.

Post-Operative - Week Eighteen 
At the time of the  surgeon’s fol-
low-up visit three and a half
months post-operatively, despite
the increased quadriceps strength,
the patient still could not consis-
tently initiate a SLR. No extension
lag was present with the eccentric
SLR from 90º to 60º, but a lag of

five degrees was present from 60º to 0º. The surgeon sug-
gested another month of strengthening prior to allowing
a return to tennis and scheduled the patient for a return
visit in three months. Clinic visits focused on core and
lower extremity strengthening, early functional progres-
sion activities, and progressing the functional progression
program. Table 2 summarizes the rehabilitation program.

Functional Progression
Functional progression is a series of sport-specific, basic
movement patterns graduated according to difficulty of
the skill and the athlete’s tolerance.19 The end goal of
functional progression is an athlete’s timely and safe
return to competition. From post-operative week 24 to
week 42, the patient was progressed along a continuum of
increasingly more difficult activities culminating in her
playing tennis. 

At week 24, lower extremity efforts began with bilateral
non-support activities, jumping side-to-side and front-to-
back. Transition to unilateral non-support activities (hop-
ping) was initially performed at a single point until the
contralateral hip did not drop indicating adequate dynam-
ic gluteus medius muscle strength. Jumping was followed
by alternating single leg hopping on the involved extrem-
ity and uninvolved extremity upon command and in
place. Again, once this activity was performed without
substitution, progression was allowed to hopping side-to-
side and front-to-back

Since no healing time concerns existed for the patient’s
upper extremities, upper extremity tennis drills (forehand
and backhand ground, over head returns, serves) could be
progressed quickly. Effective power generation for all of
these upper extremity movements, however, require
force generation and force coupling from the lower
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extremities and the
trunk. The patient
was right hand domi-
nant, so forehand
ground strokes
involving a neutral
pelvis transitioning
to hip extension and
internal rotation
were instituted.
Backhand ground
strokes involving
more hip internal
rotation followed by
right trunk rotation
over the fixed pelvis
followed. Both of
these strokes began
with gentle volleys
from mid court and
were progressed to
the baseline.
Overhand returns
and serves to incor-
porate more hip
extension were also
stressed. Emphasis was placed on a neu-
tral spine while minimizing excessive
trunk flexion due to concerns of gluteus
maximus weakness and fatigue. 

From post-operative weeks 26 to 32, fig-
ure-of-eights were progressed from full
court to half court beginning with a jog
and progressing to full speed. Acceleration
and deceleration activities in the half
court forwards, backwards, and side shuf-
fling were then stressed from weeks 32 to
40 (Figure 4). Once the patient progressed
through the acceleration and deceleration
drills, she was then instructed to incorpo-
rate either a forehand or backhand stroke
into the dynamic drills. After the patient
was fluid in the acceleration/deceleration
activities with twisting strokes, she began
to play teammates, first doubles and then
singles. When the coach and athlete were
comfortable with her level of perform-
ance, the patient was allowed to compete.
The functional progression program is
summarized in Table 3.

OUTCOME
Forty-two weeks
transpired from the
time of surgery to
completion of the
functional progres-
sion and a return to
tennis competition.
During this time
the patient was
seen a total of 34
physical therapy
visits. At the time
of discharge the
patient was per-
forming at a level
that allowed her to
play number two
doubles on her
high school tennis
team. The patient
was also participat-
ing in singles
tennis at a level the
coach rated subjec-
tively superior to

before the surgery. 

Prior to surgery and at the end of the phys-
ical therapy intervention, the patient com-
pleted the Lower Extremity Functional
Scale (LEFS).20 The LEFS is used to quali-
tatively assess individual’s functional status
during 20 specific functional tasks on a
scale from 0 (unable to perform actively) to
4 (no difficulty).  The maximum score of
the assessment test is 80.  Binkley et al20

have reported the LEFS to be reliable, valid,
and sensitive to change.

The LEFS was administered to the patient
to document perceived function prior to
surgery with a resultant score of 63% (50
out of 80 points). The LEFS was also admin-
istered to the patient to document per-
ceived function at the termination of post-
operative rehabilitation with a resultant
score of 83% (66 out of 80 points) (See Table
4). 

All parameters of the LEFS to assess simple
activities of daily living did not present

Figure 4
Forward and backward 
acceleration/deceleration
drills on the tennis court.
Diagonal sprinting to the net
and backpedaling to the
backcourt.

             



problems for the patient prior to surgery or following
rehabilitation after surgery. Heavy activities around the
house presented moderate difficulty prior to surgery and
following the post-operative course these activities no
longer presented any difficulty. Prolonged activities such
as walking two blocks and standing for an hour, negotiat-
ing stairs, and sitting for an hour presented only a little bit
of difficulty after post-operative rehabilitation. At a more
strenuous level, walking a mile, recreational activities,
sporting events, and squatting also caused the patient a
little bit of difficulty following post-operative rehabilita-
tion. Running on even and uneven ground, along with
making sharp turns while running still presented moder-
ate difficulty after post-operative rehabilitation. 
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DISCUSSION
The rehabilitation of the patient after periacetabular
osteotomy for DDH is much like that of a stable fracture
following open reduction and internal fixation with
similar healing time constraints and weight bearing
restrictions. Range of motion in this case returned quick-
ly as there were no significant intra-articular concerns of
the hip joint. Specific strengthening of the affected hip
musculature along with strengthening of the core for
proximal stability was paramount. Restricted weight bear-
ing until bony healing had occurred can limit closed
kinetic chain strengthening. However, weight bearing
strengthening activities on a device like the Shuttle pro-
vides safe and functional loading. Since core strength is
vital in the translation of lower extremity power to the
upper body and shoulder, core strengthening can and
should commence early. Cardiovascular endurance activ-
ities also must progress according to weight bearing
restrictions. 

Long lever arm function of the hip is limited in activities
of daily living and in many sports including tennis. It is
vital, however, to assure that function of the rectus
femoris, a primary muscle responsible for long lever arm
function is recovered. Isolated function and control of the
rectus femoris was delayed after the periacetabular
oteotomy. In this patient, potential contributing factors to
the temporary rectus femoris weakness may be due to
involvement of the femoral nerve and a change of the
length tension relationship from detachment and re-
attachment of the muscle during surgery. Although the
patient did demonstrate transient sensory changes fol-
lowing surgery, transient motor involvement cannot be
ruled out.

Transient gait deviations, specifically a slight gluteus
maximus lurch at heel strike, was also a concern. It is dif-
ficult to ascertain how much of this problem with gait was
due to the patient’s gait prior to surgery. Even though
gluteal strength gains occurred quickly and gains were
subsequently sufficient enough to approximate the
contralateral side, slight deviations occurred and were
more pronounced at faster gait speeds. Walking back-
wards (retro-walking) in the clinic with and without
external resistance from rubber cords and retro-walking
in the pool were helpful in correcting gait deviations. 

Exercise dosage and activity modification can be difficult
to prescribe. In a young and otherwise healthy individual,
the tendency is for the patient to be overzealous. As the
patient began to move about better, she did not feel the
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need to utilize crutches as instructed. This increased
weight bearing with concomitant advancement of a ther-
apeutic exercise regime may result in excessive stress on
the healing tissue. This was the case in managing this
patient. Muscle discomfort immediately following work-
outs were common and to be expected. As the patient was
allowed to do more in one area (weight bearing, exercise)
another area was de-emphasized. When the patient
became more aggressive in performing the prescribed
exercises, when she increased her overall level of activity
and disregarded the consistent use of crutches, she
became symptomatic at rest. Symptoms at rest are when
activities needed to be significantly restricted to allow the
healing areas to accommodate to the added stress. 

CONCLUSION
This case study describes the rehabilitation program
employed following periacetabular osteotomy in a 14
year-old female tennis player. The role of the physical
therapist is vital in prescribing and progressing activity
levels to facilitate return of function following this surgi-
cal procedure. Goals of the periacetabular osteotomy were
to allow resumption of pre-morbid activities and enhance
the patient’s quality of life and prevent early osteoarthtic
changes in the hip. Surgery that is technically well per-
formed followed by a comprehensive rehabilitation pro-
gram allowed for a return to sports activities following
periacetabular osteotomy.

TABLE 4. Lower Extremity Function Scale (LEFS) before surgery and at the completion of physical therapy

Extreme
Difficulty or
Unable to
Perform

Quite a Bit
of Difficulty

Moderate
Difficulty

A Little Bit
of Difficulty No Difficulty

Activities 0 Points 1 Point 2 Points 3 Points 4 Points

Pre Post Pre Post Pre Post Pre Post Pre Post

Usual work, housework or school activities

Usual hobbies, recreational, sporting activities

Getting into or out of bath

Walking between rooms

Putting on shoes or socks

Squatting

Lifting objects from the floor

Light activities around the house

Heavy activities around the house

Getting in or out of the car

Walking two blocks

Walking a mile

Ascending/descending a flight of stairs

Standing for an hour

Sitting for an hour

Running on even ground

Running on uneven ground

Making sharp turns while running fast

Hopping

Rolling over in bed

s Score prior to surgery

H Score at physical therapy discharge

s 

s 

s 

s 

s 

s 

s 

s 

s 

s 

s 

s 

s 

s 

s 

s 

s 

s 

s 

H

H

H

H

H

H

H

H

H

H

H

H

H

H

H

H

H

H

H

Hs
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