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Knee Joint Osteochondral Reconstruction Using
Fresh Femoral Head Autograft
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Abstract

We present the management of polyarticular osteonecrosis in a
17-year-old female, with marked symptoms involving both hips
and one knee. As a complication of chemotherapy to treat leukae-
mia, the articular surfaces of both femoral heads and the right knee
lateral femoral condyle collapsed, resulting in significant pain and
disability. For this unusual case a novel technique was employed,
using a method we believe has not been described previously. The
articular surface of the knee was reconstructed using fresh bulk os-
teochondral autograft harvested from the ipsilateral femoral head
during a simultaneous total hip arthroplasty. Reconstructive options
in young patients with multiple joints involved are often restricted,
and suitable osteochondral allografts can be difficult to obtain. Fresh
osteochondral auto-grafting enabled rapid osseous integration and
articular surface reconstruction using living host cartilage, resulting
in an excellent clinical outcome. Although uncommon, concurrent
avascular necrosis of multiple large joints is occasionally encoun-
tered, and management options are particularly limited in young
patients. We recommend this innovative technique be considered in
those patients who satisfy the criteria for bulk osteochondral graft-
ing procedures where total hip replacement is also required.
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Introduction

A 14-year-old female patient presented for evaluation of bi-
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lateral hip osteonecrosis she developed as a complication of
chemotherapy used in the management of acute lymphocytic
leukaemia. The patient reported multiple other complica-
tions due to chemotherapy including bilateral humeral head
osteonecrosis, bilateral distal femoral osteonecrosis, periph-
eral sensory and motor neuropathy, and a bowel perforation
requiring partial resection and ileostomy. The patient was in-
termittently wheelchair bound on the basis of her hip pathol-
ogy, superimposed upon the ataxia secondary to her periph-
eral motor neuropathy. Over the preceding months both hips
had become persistently symptomatic with moderate pain on
a daily basis, with a corresponding significant reduction in
function and difficulty with ambulation.

On examination the patient demonstrated an ataxic gait
with hyper tonicity of the lower limb musculature and a foot
drop. X-ray and MRI evaluation demonstrated significant
avascular segments of both femoral heads with articular col-
lapse (Steinberg stage 5C right side, Steinberg 4C left) (Fig.
1). Avascular necrosis of the left acetabulum was also noted.
Surgical intervention for the hips was delayed due to the high
risk of infection related to her ongoing chemotherapy and
the presence of an ileostomy. Non-operative therapy includ-

Figure 1. MRI of pelvis showing avascular segments of fem-
oral heads (2008).
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Figure 2. X-ray (weight-bearing) of AP and Lateral right knee (May 2010).

ed intravenous bisphosphonate infusions and symptomatic
measures for analgesia.

Upon review at 15.5 years of age, progressive collapse
of both femoral heads was noted on serial radiographs. The
patient at this time also reported increasing pain about the
lateral aspect of her right knee with radiographic evidence
of osteonecrosis of the lateral femoral condyle (Fig. 2, 3).
Drill decompression of the lateral condyle segment was
conducted; however, the right knee continued to deteriorate
with increasing pain, progressive stiffness, instability, and
mechanical symptoms. A knee X-ray five months after the
decompression procedure demonstrated progressive collapse

of the right lateral femoral condyle (Fig. 4). Subsequent ar-
throscopy confirmed significant disruption of the articular
surface of the lateral femoral condyle, with the remaining
articular surfaces remaining relatively well preserved. Ar-
throscopic debridement with removal of loose bodies was
conducted as an interim measure. The right knee joint, how-
ever, remained persistently symptomatic and treatment by
bulk osteochondral allograft was recommended.

The patient, by now 17 years of age, also described in-
creasing symptoms attributable to both hip joints. Chemo-
therapy had been ceased 16 months prior and no recurrence
of leukaemia was detected on bone marrow aspirates. The

Figure 3. MRI of right knee showing areas of osteonecrosis (May 2010).
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Figure 4. X-ray AP and Lateral of right knee post drilling procedure (Oct 2010).

ileostomy had been reversed and the peripheral neuropathy
almost completely resolved. Considering the marked pain
and significant disability resulting from the osteonecrosis of
both femoral heads, bilateral total hip arthroplasty was also
recommended.

Surgical Technique

Preoperative imaging demonstrated the posterior and infe-
rior aspect of the right femoral head was relatively unaffect-

Figure 5. Right femoral head with undamaged cartilage on
inferior aspect.
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ed by avascular necrosis with an overall shape potentially
suitable for bulk osteochondral reconstruction of the lateral
femoral condyle. A provisional surgical plan was made to
proceed with right total hip arthroplasty and simultaneous
osteochondral reconstruction of the right lateral femoral con-
dyle, if the resected femoral head was judged to be suitable
for auto-grafting. This procedure was preceded by left total
hip arthroplasty by a direct anterior inter-muscular approach;
however, the left femoral head was considered unsuitable for
use in osteochondral auto-grafting on the basis of global ar-
ticular surface damage.

Two weeks after left total hip replacement the patient

Figure 6. Exposure of lateral femoral condyle.
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Figure 7. Resection of avascular bone from lateral femoral
condyle.

underwent right total hip arthroplasty via a direct anterior
intermuscular approach. Particular care was made during
dislocation of the joint and resection of the femoral neck
to avoid damage to the posterior and inferior portion of the
femoral head. The femoral head was found to have undam-
aged cartilage surfaces in the inferior aspect with good qual-
ity sub-articular bone (Fig. 5), and judged suitable to pro-
ceed with the proposed knee joint reconstruction procedure.
A second surgical team prepared the graft while the total hip
arthroplasty procedure was completed.

Exposure of the right knee was achieved through a mid-
line incision and a medial para-patellar arthrotomy (Fig. 6).
The involved areas of the lateral femoral condyle were re-
sected, resulting in a trapezoidal defect of 15 mm?; native
bone was retained where viable, creating a vascular bed of
cancellous bone (Fig. 7). The trapezoidal shape of the re-

CENTIMETERS

Figure 8. Shaped autograft sections from femoral head.
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Figure 9. Reproduction of the desired elliptical contour of the
lateral condyle.

section facilitated primary stability of the bulk auto-graft;
the graft was prepared to best match the shape of the osteo-
chondral defect. The intact articular surface of the femoral
head was unfortunately discontinuous, and the autograft was
therefore harvested in two distinct sections (Fig. 8). To re-
produce the relatively elliptical contour of the distal femoral
articular surface compared to the spherical femoral head, an
incomplete osteotomy of the autograft fragments was con-
ducted to the level of subchondral bone (Fig. 9). The thick-
ness of the auto-graft was maintained at a minimum of 10 mm
throughout. After graft impaction and final seating, internal
fixation was performed using multiple headless compression
screws (Fig. 10). Very satisfactory patello-femoral tracking
and coronal plane stability of the knee was confirmed after
completion of the procedure, prior to closure.

Figure 10. Fixation of the autograft into position using head-
less compression screws.
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Figure 11. Postoperative AP pelvis x-ray.

Postoperative rehabilitation included immediate full
weight-bearing on the left hip arthroplasty. The right knee
and hip underwent a graduated program of protected activity
with touch weight bearing for a period of six weeks, pro-
gressing to partial weight bearing for a further six weeks.
Early knee range of motion exercises were permitted as tol-
erated without restriction. Seven weeks after the procedure
both hips were pain free; the right knee demonstrated a 15°
fixed flexion deformity, and flexion had returned to greater
than 130°. At six months post surgery the knee exhibited full
extension and flexion to 150°, with only a mild ache on pro-
longed walking.

At 12 months post-operative both hips remained pain

free and radiographs demonstrated the hip implants were sta-
ble and well osseo-integrated (Fig. 11). The Modified Harris
Hip Score (mHHS) results improved from 37.4/100 (pre-
operatively) to 100/100 (post-operatively), and the Non-
Arthritic Hip Score (NAHS) improved from 40/84 to 72/84.
The right knee was causing only very minor and occasional
discomfort about the medial aspect. There was no effusion
and the range of motion was almost equal to the contralateral
side, with full extension and flexion to 160° (Fig. 12). The
Knee Outcome Score (KOS) 12 months after the procedure
was 113/125. On further physical examination the knee re-
mained stable to varus/valgus stress, patellar tracking was
unremarkable, and there was no demonstrable ligamentous
instability. Radiographs of the right knee confirmed the bulk
osteochondral autograft had united completely and remained
viable, with no evidence of necrosis, loss of reduction, or
change in position of the hardware (Fig. 13). The knee joint
surfaces appeared smooth, with a contour very closely ap-
proximating normal.

Discussion

This young woman initially presented with a polyarticular
osteonecrosis as a complication of the chemotherapy used
in the management of her acute lymphocytic leukaemia
(ALL). During the course of her management, she developed
marked symptoms involving both hips and one knee after the
articular surfaces of both femoral heads and the right knee
lateral femoral condyle all collapsed, resulting in significant
pain and disability. For this particular case a novel technique

Figure 12. Full extension and flexion of right knee.
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Figure 13. Postoperative AP and Lateral right knee x-rays.

was employed, cognizant of the various limitations imposed
by the number of joints involved, the nature and size of the
lesions, the patients age, and the difficulties inherent in pro-
curing a suitable fresh osteochondral allograft. We chose to
reconstruct the articular surface of the knee using a fresh
osteochondral autograft harvested from the ipsilateral femo-
ral head during a simultaneous total hip arthroplasty, a tech-
nique we believe to be novel and unique.

After failing non-operative measures, management op-
tions would generally include arthroplasty, arthrodesis, and
osteochondral grafting, either allograft or autograft. Multiple
factors would influence this decision, including which joint
is involved, the size of the lesion, bilaterality, the age of the
patient, and the number of joints involved. Further factors
may include specific considerations such as patient expec-
tations, anticipated demands, and the surgeons training and
experience.

In such a young patient the treatment options are further
limited, and definitive reconstruction by joint arthroplasty
may be considered less palatable. Total hip replacement is
generally regarded as the most consistent and predictable ar-
throplasty, with the greatest potential for adequate longevity
to warrant the considerable risks associated. In this patient
the polyarticular nature, female gender, and bilaterality all
precluded hip arthrodesis as an option, and we elected to
manage her hip pathology with bilateral uncemented total
hip replacements. Bulk osteochondral grafting of the lateral
femoral condylar lesion was our preferred option.

In this case, fresh osteochondral auto-grafting enabled
rapid osseous integration and articular surface reconstruction
using living host cartilage, resulting in an excellent clinical
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outcome. Although uncommon, concurrent avascular necro-
sis of multiple large joints is occasionally encountered, and
management options are particularly limited in young pa-
tients. We recommend this innovative method be considered
in those patients who satisfy the criteria for bulk osteochon-
dral grafting procedures where total hip replacement is also
required.

While this procedure would be suitable to perform using
any preferred surgical approach, we believe the use of an an-
terior inter-muscular approach has particular advantages in
complex cases such as this to facilitate more rapid rehabilita-
tion. In this situation, after 2 weeks our patient had recovered
sufficiently from her left hip replacement to proceed with her
combined right hip and knee procedure and safely mobilise
touch weight bearing in the immediate postoperative period.
Performing the right hip procedure by the anterior approach
further assisted in her rehabilitation following her combined
procedures.

Corticosteroids are used routinely as part of the chemo-
therapy treatment regimen for many neoplastic conditions,
including ALL. Unfortunately, one of the recognised and
established complications of this treatment is osteonecro-
sis, which can be particularly debilitating when it involves
weight-bearing joints. In a prospective MRI study, Ojala et al
[1] reported development of osteonecrosis in 32% (9 of 28)
of patients during treatment for ALL, although only four of
those nine were symptomatic. The management of this con-
dition poses particular challenges given the typical juvenile
onset of ALL. Joint preserving strategies dominate manage-
ment efforts, avoiding joint replacement whenever possible
in patients so young [2].
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Werger et al [2] reviewed eight patients who developed
osteonecrosis during treatment for ALL and Non-Hodgkin’s
lymphoma, and discussed the various management strategies
available. Potential options for the knee included core de-
compression, cancellous bone transplantation (autologous or
allogeneic) combined with collagen pads, bone substitutes,
periosteal flaps, and osteochondral autografts harvested
from the ipsilateral or contralateral knee. Two patients in this
study also required concomitant hip replacements; however,
use of the femoral head for osteochondral grafting was not
employed. Fujita et al [3] presented a case series of three
young patients (18, 24 and 25 years) who all developed os-
teonecrosis of the knee secondary to steroid use for chronic
renal conditions. All three underwent autologous osteochon-
dral grafting to the affected weight-bearing surface, and two
also underwent micro-fracture for treatment of chondral
defects in non-weight-bearing areas. They reported satisfac-
tory clinical outcomes with symptomatic improvement, and
at two years post-operative both MRI and arthroscopy dem-
onstrated viability and incorporation of the grafts.

Gortz et al [4] have reported the largest case series of
young patients with osteonecrosis of the knee related to cor-
ticosteroid use, managed by the use of fresh osteochondral
(shell or plug) allografts to the affected femoral condyles.
Their study cohort included 22 patients (28 involved knees)
with an average age of 24.3 years (16 - 44). They reported
promising results, with 18 of 19 surviving participants hav-
ing a significant reduction in the severity of their symptoms;
only two of the 14 osteochondral allografts with long-term
follow up demonstrated radiographic collapse. Three of their
cases were later revised, with only one requiring a TKA at 78
months secondary to pain.

Multiple small case series [5-9] have described the suc-
cess of osteochondral autografts for treatment of osteochon-
dral defects in the knee, including cases of spontanecous os-
teonecrosis of the knee (SONK), secondary osteonecrosis, or
osteochondritis dissecans. As for other small osteochondral
defects, osteochondral autograft plugs are harvested from the
periphery of either the ipsilateral or contralateral knees. The
recent literature review by Lieberman et al [10] critically ex-
amined the evidence for various surgical procedures in treat-
ment of osteonecrosis of the knee. The evidence is unfor-
tunately limited, principally due to the paucity of available
cases and the lack of randomised controlled studies. Core
decompression was a successful technique, with better re-
sults achieved prior to collapse and with smaller osteochon-
dral defects. Osteochondral grafting techniques employed
in knees were successful both pre-collapse (0% failure) and
post-collapse (8.2% failure). The success of this procedure
in knees has not been replicated in hips, which typically con-
tinue to collapse and usually later require arthroplasty.

Having conducted a thorough review of the available lit-
erature, the technique we describe here appears to be unique.
Harvesting the remaining intact articular surfaces of the
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femoral head during a simultaneous total hip arthroplasty for
use as an immediate osteochondral autograft transfer to the
knee has not been previously described. Although distinctly
uncommon, this clinical scenario is not rare and we believe
other patients may obtain genuine benefit from this novel
treatment strategy.

Conclusion

We have described here a unique case of successful manage-
ment of lateral femoral condyle osteonecrosis by use of fresh
femoral head autograft obtained during simultaneous total
hip arthroplasty. To the best of our knowledge this paper re-
ports on the first, and to date only, use of this innovative
technique. The use of a fresh osteochondral autograft has
a number of advantages; we recommend this technique be
considered in those unusual situations where total hip arthro-
plasty is contemplated in patients also requiring bulk osteo-
chondral grafting procedures to the knee or other large joints.
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