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Summary: At a mean 15-year follow-up, the authors evalu-
ated five hips in five patients who had complete destruction of
the femoral head and neck from septic arthritis when they were
3 months old. All patients were treated with a trochanteric
arthroplasty in combination with a proximal femoral varus os-
teotomy at a mean age of 30 months in an attempt to salvage a

femoral-pelvic articulation. Results suggest this treatment can
provide a stable, painless, and functional hip, with an improved
gait and less leg-length discrepancy than predicted if no recon-
structive effort were attempted. Key Words: Arthroplasty—
Hip—Infancy—Sepsis—Trochanteric.

Although infantile hip sepsis (onset at younger than
age 3 mo) occurs rarely, it can be devastating and lead to
serious musculoskeletal sequelae (8,16,17,20). The po-
tential complications of septic arthritis of the hip during
infancy are diverse and include premature closure of the
triradiate cartilage and/or proximal femoral physis, limb-
length inequality, subluxation, dislocation, and com-
plete destruction of the femoral head and neck with re-
sultant marked functional impairment (12). There is a
strong correlation with increasing severity of residual
hip deformity with younger age at onset of infection
(2,9,21).

The Hunka classification was developed in an attempt
to classify the residual femoral deformities seen as se-
quelae of an infected hip. The classification is organized
into five types, with type I representing minimal femoral
head changes and type V representing complete destruc-
tion of the head and neck of the femur (Table 1). Of these
residual deformities, complete destruction of the femoral
head and neck (Hunka type V) is the most challenging
and controversial to manage. Treatment recommenda-
tions for this particular deformity have varied from non-

operative (1,21) to extensive femoral and pelvic surger-
ies (2,4–7,15,19), both with the goal of having a stable,
mobile, and painless joint as a result.

Four long-term follow-up studies have been published
in the literature on infants and children with septic hip
arthritis to clarify the problems encountered by these
patients as they mature. However, these reports include
few patients with residual Hunka type V deformities (1,
10,12,21). It has therefore been difficult to extrapolate
treatment recommendations for this challenging sub-
group of patients. The purpose of this study was to re-
view our experience with the use of trochanteric arthro-
plasty as described by Colonna (3), supplemented by a
proximal femoral varus osteotomy as described by Free-
land et al. (7), for the treatment of hips with Hunka type
V residual deformities as the result of a septic hip as an
infant. We also describe how our surgical technique
evolved over the years.

MATERIALS AND METHODS

We retrospectively reviewed the medical records and
radiographs of all patients who had been treated at the
Shriners Hospital in St. Louis between 1970 and 1989 for
septic arthritis of the hip. Only patients who were (1)
younger than 3 months old when the septic arthritis de-
veloped; (2) who had complete destruction of the femo-
ral head and neck by the septic process (Hunka type V
hips); and (3) who had been followed for 10 years or
more were included in the study.

Five patients met the criteria for the study. All were
available for follow-up. All patients in this series had
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been treated at other medical centers and were referred to
the Shriners Hospital an average of 27 months after the
original infection. Radiographic and clinical data were
gathered from a review of the original records of all
patients. Hips were classified radiographically using the
Hunka classification (12). A Colonna trochanteric arthro-
plasty (3) in combination with a proximal femoral varus
osteotomy (7), as described later, was performed in all
patients as an initial hip reconstructive procedure. Docu-
mentation was made of any additional surgical proce-
dures the patients underwent. The follow-up evaluation
for each patient included specific documentation of his-
tory of pain, clinical evaluation of range of motion of the
hips, and assessment of gait. In addition, leg-length dis-
crepancy was analyzed by predicting total leg-length dis-
crepancy before treatment and current leg-length dis-
crepancy after treatment. Hip radiographs obtained at the
last follow-up were classified according to Hunka et al.
(12) (Table 1). The radiographic evaluation also included
documentation of the size and shape of the femoral head
and length of the femoral neck, acetabular coverage and
slope, and presence of arthritic changes.

Hip reconstructive procedure (trochanteric
osteotomy plus proximal femoral varus osteotomy)

In the hip reconstructive procedure, the patient is
placed in the supine position and the involved hip is
elevated by placing a sandbag under the ipsilateral side
of the pelvis. The entire affected extremity is draped free
so that intraoperative manipulation of the hip can be
performed. Through a standard anterior iliofemoral ap-
proach, the interval between the sartorius and the tensor
fasciae latae is developed while protecting the lateral
femoral cutaneous nerve. The straight head of the rectus
femoris is tagged with a suture and released from its
origin at the anterior inferior iliac spine. The anterior hip
capsule is then incised, exposing the hip joint enough to
be able to confirm the absence or extent of destruction of
the femoral head. The gluteus medius and minimus are
sharply dissected from their insertions on the greater tro-
chanter. The anterolateral aspect of the hip capsule is
excised. Any remnant of the femoral head or neck is
resected flush with the inner surface of the femoral shaft.
Interposing fibrous and scar tissues in the acetabulum are
excised. The iliopsoas tendon is released from the lesser
trochanter, and the vastus lateralis and intermedius are

reflected distally, exposing the proximal end of the fe-
mur. The short external rotators muscles are sectioned at
their insertions and the adductors are released if they
restrict hip abduction to less than 30°.

A subtrochanteric osteotomy is then performed
through a straight lateral incision and fixed with a Wag-
ner fork plate, effectively placing the greater trochanter
into the acetabulum. Examination of range of motion is
performed to ensure the hip is stable and has 90° or more
of flexion and 30° of abduction. The hip is then abducted
30° and the gluteus medius and minimus are reattached
as far distally as possible on the proximal femur. The
straight head of the rectus is reattached at its origin. The
subcutaneous tissue and skin are closed in the usual man-
ner. The patient is then immobilized in a spica cast.

RESULTS

There were five patients with five involved hips. One
patient had bilateral septic hips as an infant, but only one
of his hips was severely involved (Hunka V). There were
four female patients and one male patient. The infecting
organism was Escherichia coli in one patient and Staph-
ylococcus aureus in another two; there is no documen-
tation as to the causative organism in the remaining two
patients. All patients were treated with antibiotics (type
not identified) and immobilization (double hip spica
cast); casts were worn for unknown periods of time. Two
hips were drained surgically through an anterior ap-
proach; one was treated with repeated aspirations. The
average age of onset of septicemia was 28.8 days of life
(range 2–60). Two of the infants were 4 weeks prema-
ture. There were four left hips involved and one right hip.
The patients presented to the Shriners Hospital at an
average age of 26 months (range 9–35).

The average age at time of reconstructive hip surgery
was 30 months (range 19–35). The average number of
operative procedures to date per patient is three (range
2–5). Procedures after the initial hip reconstruction in-
clude epiphysiodeses (n � 2), proximal femoral valgus
osteotomy (n � 1), shelf procedure (n � 1), proximal
femoral varus osteotomy (n � 1), and hardware removal
(n � 2). The average length of follow-up is 15 years
(range 10–21).

At current evaluation, four patients had pain-free hips
and one had mild hip pain with prolonged ambulation.
Abductor lurches were present in three patients. No pa-
tient had an antalgic gait. All hips were located at latest
follow-up and stable; one hip had autofused. Avascular
necrosis developed in one patient after the initial hip
reconstructive procedure. Total hip motion was surpris-
ingly good, with four of the five hips with 160° or more
of total hip motion. When analyzed radiographically at
latest follow-up by Hunka’s criteria, all hips were type
IIB. Predicted leg-length inequality averaged 7 cm
(range 6–8). Two patients have undergone epiphysiode-
sis with a final leg-length discrepancy at maturity of 2
cm or less, one is awaiting a limb equalization procedure,
and the remaining two are managed with a lift for final
limb-length inequalities of 2 cm.

TABLE 1. Hunka classification

Type I Absent or minimal femoral head changes
Type II (A) Deformity of the femoral head, with an intact growth

plate
(B) Deformity of the femoral head, with a premature

fusion of the growth plate
Type III Pseudoarthrosis of the femoral neck
Type IV (A) Complete destruction of the proximal femoral

epiphysis, with a stable neck segment
(B) Complete destruction of the proximal femoral

epiphysis, with a small unstable neck segment.
Type V Complete destruction of the head and neck to the

intertrochanteric line with dislocation of the hip
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CASE REPORTS

Patient 1
A 2-month-old infant was treated with antibiotics and

immobilization for a septic left hip. The patient presented
to the St. Louis Shriners Hospital at age 30 months with
hip instability and no radiographic evidence of a femoral
head on the left (Fig. 1). Because of continued concerns

of inadequate hip development, and despite a trial of a
hip abduction orthosis, exploration of the patient’s hip
was performed at age 32 months. No remnant of the
femoral head or neck could be found, and the deci-
sion was made to perform a greater trochanteric arthro-
plasty in combination with a proximal femoral varus os-
teotomy in hopes of obtaining improved femoral-pelvic
stability.

FIG. 1. A. At age 30 months, there is no radiographic evidence of the femoral head or
neck on the left. B. Three years after trochanteric arthroplasty and proximal femoral
varus osteotomy, a viable, located, femoral head is noted. C. At age 12 years, the patient
underwent a proximal femoral varus osteotomy for hip subluxation. D. At age 14 years,
the patient underwent a shelf procedure for hinge abduction. E. At age 19 years, the
patient’s hip had nearly autofused and a proximal femoral valgus osteotomy was per-
formed to place the hip in a more functional position.
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Radiographs obtained at age 5 years demonstrate re-
constitution of a femoral head. At age 11 years she un-
derwent contralateral distal femoral epiphysiodesis for a
2.6-cm leg-length discrepancy. Because of concerns of
femoral head subluxation, she underwent a femoral varus
derotational osteotomy at age 12 years. She did well for
2 years, participating in karate, softball, and track, but
then pain with abduction began to develop. Physical and
radiographic examination revealed a hinge abduction
phenomenon. She underwent a shelf procedure. She had
progressive painless loss of motion in her hip over the
next 3 years. At age 17 years and 10 months, her hip had
nearly autofused in a position of 40° of flexion and 20°
of adduction. She underwent adductor tenotomy and
proximal femoral valgus osteotomy to place her hip in a
more functional position. She is currently without pain in
her hip.

Patient 2
At age 1 week, the patient was treated for S. aureus

infection of her left hip with antibiotics and immobiliza-
tion. At presentation to our hospital at 33 months, the
patient had a 3-cm leg-length discrepancy and complete
absence of a femoral head or neck on plain radiographs
(Fig. 2). The decision was made to perform a trochan-

teric arthroplasty in combination with a proximal femo-
ral varus osteotomy.

Radiographs at age 5 years demonstrate reconstitution
of a femoral head. Because of an increasing coxa vara
deformity, she underwent a valgus osteotomy at age 7
years. At age 10 years, a 7-cm leg-length discrepancy
developed and she underwent a right-sided distal femur
and proximal tibia epiphysiodesis. She was left with a
4-cm leg-length discrepancy by the time she reached
skeletal maturity. She is now 21 years old and reports
pain in her hip only after long walks. She has a positive
Trendelenburg on examination. Examination of the left
hip shows 0° to 90° of flexion, 5° of internal and external
rotation, 10° of abduction, and 10° of adduction. Radio-
graphs of her left hip are remarkable for moderate ar-
thritic changes.

Patient 3
An infant who was 4 weeks premature was treated for

a left septic hip in the first week of life with surgical
debridement of the joint, antibiotics, and immobilization.
The infecting organism was S. aureus. The patient pre-
sented to our hospital at age 9 months for evaluation of
left hip instability. Plain radiographs and ultrasound
showed no evidence of a femoral head on the left (Fig.

FIG. 2. A. At age 35 months, there is complete absence of the femoral head on the left. B. After trochanteric arthroplasty and proximal
femoral varus osteotomy, there is evidence that the greater trochanter has remodeled into a femoral head. C. At age 7 years, after a
proximal femoral valgus osteotomy for a coxa vara deformity. D. At age 21 years, the patient’s hip is located and has moderate arthritic
changes.
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3). The right femoral ossific nucleus was noted to be
small and the triradiate cartilage nearly fused, indicative
of a probable previously infected right hip joint as well.
Magnetic resonance imaging of the patient’s left hip was
performed at age 19 months and confirmed no retained
femoral head. It was decided to perform a trochanteric
arthroplasty in combination with a proximal femoral
varus osteotomy.

Postoperatively, aseptic necrosis of the proximal fe-
mur developed. He is now 10 years old and has 95° of
hip flexion, 5° of extension, 25° of abduction, 15° of
internal rotation, and 50° of external rotation. The patient
is active in baseball and basketball and has no hip pain.
He has a projected 8-cm leg-length discrepancy and is
considering limb-equalizing procedures in the near fu-
ture.

Patients 4 and 5
Patients 4 and 5 were 25-day-old and 30-day-old girls,

respectively, both of whom were treated with antibiotics
and immobilization for a septic hip. Patient 5 also had
surgical irrigation of her hip joint; E. coli was found to be
the causative organism. Patient 4 presented to our hos-
pital at age 25 months. Patient 5 presented at 35 months.
Radiographically, both patients had a nonexistent femo-
ral head and neck and poorly formed acetabulum
(Figs. 4, 5).

Both patients underwent a two-stage trochanteric ar-
throplasty procedure. The first stage consisted of a sub-

trochanteric varus osteotomy, leaving the abductor
mechanism intact. The second stage of the procedure was
performed 2 months later and consisted of an open re-
duction of the newly directed hip and hip abductor ad-
vancement. Patient 4 is now 11 years old and is func-
tioning well without pain. She has a leg-length
discrepancy for which she is wearing a 2-cm lift. She has
120° of hip flexion, 20° of abduction, 10° of internal
rotation, and 30° of external rotation. Patient 5 is now 15
years old and has no pain in her hip and only a slight
Trendelenburg on examination. She also has a 2-cm leg-
length inequality and more than 160° of total hip motion.

DISCUSSION

In the evaluation of hip joint destruction as a sequela
of septic arthritis, one must determine how much of the
femoral head is present and whether it is located, sub-
luxated, or dislocated. Once the anatomy of the hip is
defined, a treatment plan can be formulated. If the femo-
ral head appears normal and is located, observation is
appropriate. If the femoral head appears normal but is
dislocated, open reduction is indicated. When only a
remnant of the femoral head and neck is present, main-
taining a stable reduction is difficult; nevertheless, an
initial trial of conservative treatment with an abduction
orthosis or cast should be used in an attempt to achieve
reduction or stability. If instability and dislocation per-
sist, one is left with a decision to accept the deformity or

FIG. 3. A. No evidence of the femoral head on the left. B. One
week after greater trochanteric arthroplasty and proximal femo-
ral varus osteotomy. C. Avascular necrosis developed in the
proximal femur postoperatively. D. At age 10 years, the femoral
head is located but has obvious deformity and premature closure
of the proximal growth plate.
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FIG. 5. A. AP pelvis view at 33 months, remarkable for the
absence of a left femoral head. B. After staged proximal femo-
ral varus osteotomy and trochanteric arthroplasty. C. At age
15 years, the hip is located and the patient is pain-free, with a
leg-length discrepancy of less than 2 cm.

FIG. 4. A. At age 25 months, there is complete de-
struction of the proximal femur. B. After staged proxi-
mal femoral varus osteotomy and trochanteric arthro-
plasty. C. At age 11 years, the patient has a nicely
shaped and located femoral head and a leg-length dis-
crepancy of less than 2 cm.
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to attempt reconstruction of a femoral-pelvic articulation.
Continued observation will result in a proximal iliac dis-
location with a marked abductor lurch, telescoping limp,
and leg-length inequality (7,10). Although these patients
may do well for a number of years (1,21), they are at risk
for degenerative changes in the lumbosacral spine and
the hip (16). Surgical treatment of the hip at that point is
difficult secondary to loss of bone stock.

Therefore, various forms of reconstructive procedures
have been described that attempt to salvage the femoral-
pelvic articulation and avoid some of the aforementioned
complications (7). Trochanteric arthroplasty is one such
procedure that redirects and substitutes the cartilage of
the trochanteric apophysis for the absent femoral head
into the acetabulum, with the expectation that the greater
trochanter will remodel to the shape of the acetabulum.

Variable results have been obtained with all forms of
trochanteric osteotomy (3,10,13,18). When successful, it
provides stability of the joint, less abductor lurch, less
limb-length discrepancy, and better anatomic conditions
for later prosthetic replacement (7). The most favorable
results have been reported when this procedure is com-
bined with a proximal femoral varus osteotomy (2,7,14,
19). There is controversy regarding the ideal age for
performance of trochanteric arthroplasty. Freeland et al.
(7) report the best results in patients who underwent
operation at or near skeletal maturity, whereas others
have recommended that it be performed when the child is
as young as 2 years to allow remodeling of the trans-
ferred greater trochanter to occur (2,11,12,14).

Our results suggest that a stable, painless, and func-
tional hip can be obtained in children with complete
destruction of the head and neck of the femur, as a result
of infection, with the combination of a trochanteric ar-
throplasty and a proximal femoral varus osteotomy per-
formed at an early age. This can also result in improved
gait and less leg-length inequality. We now recommend
staging by a few months the proximal femoral varus
osteotomy and the trochanteric arthroplasty to lessen the
risk for avascular necrosis, which occurred in our third
patient, from a presumed insult to the vascular supply to
the femoral head; this can occur when both procedures
are performed at once. Although the satisfactory results
in this report may well degenerate over time, it does
provide the child with a stable, painless hip, improved
gait, and less leg-length inequality than in those left un-
treated.
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