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Article history: INTRODUCTION: There are currently no available prostheses that can be used for extremely small femurs
Received 3 January 2017 or tibias of adult patients in countries where allograft is unavailable.
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CASE REPORT: We report the case of a 17-year-old girl requiring special limb salvage technique for distal
femur reconstruction following resection of malignant tumor. This technique was needed because of
a very narrow canal of the tibia. We split bilateral tibial cortices longitudinally with osteotomies to
enlarge tibial canal enough to insert conventional endoprosthesis. After insertion of the implant, split
tibia reduced with titanium cables and bands, and the split clefts were filled with cancellous bone. Fifteen
months after the operation, proper fixation was achieved with bony fusion of bilateral split clefts and
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Bone tumor ambulation without assistance was achieved.
DISCUSSION: Any proper surgical procedure for our patient were reported previously. We developed a
conventional non-expandable endoprosthesis for distal femur replacement using the double longitudinal
split technique as a solution to this difficult problem.
CONCLUSION: Our longitudinal split technique should be applicable to adult patients with skeletal imma-
turity requiring resection of juxta-articular malignant tumors and in other situations complicated by the
presence of a narrow canal.
© 2017 The Author(s). Published by Elsevier Ltd on behalf of IJS Publishing Group Ltd. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction We report that our novel longitudinal split technique can be
used with conventional prostheses in skeletally immature adult
Currently, 90-95% of patients with primary musculoskeletal patients requiring the resection of distal femur malignant tumors.
malignant tumors involving the extremities are treated safely with
wide resection and limb-salvage surgery with a low risk of recur- 2. Case report
rence and the same disease-free survival rate as with amputative
surgery [1-3]. Limb salvage increases patient satisfaction since A 17-year-old girl was referred to our hospital for the treat-
it provides immediate mobility, stability, weight bearing, and an  en¢ of a left distal femoral bone tumor. Her gait was normal
improved quality of life due to a more acceptable cosmetic appear-  3ithough she suffered from knee pain. Her height was 138 cm, and
ance an@ greater emotional acceptance. ] her body weight was 32 kg at the time of her first visit. She had been
The distal femur has a predilection for developing skeletal sarco- treated between the ages of 3 months and 3 years with chemother-

mas. A frequently performed distal femur tumor treatment involves apy and whole body radiation for malignant lymphoma. The skull
distal femur reconstruction with a total knee arthroplasty (TKA)  pase radiation for this treatment resulted in growth disturbances.
system following tumor resection [4]. However, there are currently She was treated with growth hormone and thyroid hormone for
no available prostheses that can be used for extremely small femurs secondary growth hormone deficiency and secondary hypothy-
or tibias of adult patients. roidism. Radiographs of the knee demonstrated periosteal reaction,
an osteolytic lesion in the medial part of the distal femur, and that

the growth plate was closed (Fig. 1a). An MRI at the time of presen-

tation demonstrated that the medial part of the articular capsule

"+ Correspondi and one-fourth of the medial part of the patella were invaded by the

orresponding author. i 3 b
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Fig. 1. Preoperative anteroposterior (A) radiograph of the left knee of the 17-year-old female patient showing periosteal reaction on the medial aspect of the distal femur.
The coronal (B) and axial (C) preoperative MRI showed tumor localization in the distal diaphysis of the femur.
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Fig. 2. Computer simulation view of endoprosthesis implantation in the tibia (A-F). (A-C) axial section from proximal to distal, (D-F) sagittal views from center to medial.
These sequential views showed the canal of the tibia was too narrow to allow for insertion of the endoprosthesis.

a wide resection of the distal femoral tumor with a distal femoral
reconstruction was planned by using a prosthetic replacement.
Preoperative MRI showed the tumor involving most of the distal
femur, but the previously seen contamination of the medial part
of the articular capsule and the patella were no longer apprecia-
ble (Fig. 1b, c). Preoperative planning with the Mimics (Biomet
Japan, LLC., Tokyo, Japan) computer simulation system revealed
that the medullary cavity of the proximal part of the tibia was
too narrow for insertion of the smallest diameter prosthesis avail-
able in Japan, although the femur component of the prosthesis was
of appropriate size (Fig. 2a-f). We intentionally planned bilateral
longitudinal splits on the proximal tibia, along the medial bor-
der of the tibia and the interosseous border, to allow bending of

the posterior tibial cortex and insertion into the tibial component
stem. The reconstruction prosthesis we selected was Biomet OSS
(Orthopaedic Salvage System, Biomet Japan), a rotating hinge knee
joint that allows a maximum flexion of 135°, a maximum exten-
sion of —3° and an internal/external rotation of 20°. We selected
the Biomet OSS because the diameter of the stem of the tibial com-
ponent was the smallest available in Japan. Preoperative planning
demonstrated the need for 70 mm bilateral splits of the tibia. We
made a 3D plaster model to confirm the split lines needed during
the operation (Fig. 3).

After wide resection of the distal femoral tumor with inclusion
of the medial part of the patella and the articular capsule through a
medial incision, distal femoral reconstruction was performed. The
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Fig. 3. 3-D plaster model (A-C). Bilateral lines were planned as split line.

Fig. 4. Two months after distal femur replacement. Anteroposterior (A) and lateral (B) radiographs. Lateral radiograph demonstrates split lines below band.



CASE REPORT - OPEN ACCESS

270 T. Akiyama et al. / International Journal of Surgery Case Reports 31 (2017) 266-272

Fig. 5. 15 months after distal femur replacement. Anteroposterior (A) and lateral (B) radiographs. Lateral radiograph demonstrates healing split lines.

resection length of the femur and tibia were 11 and 1.2 cm, respec-
tively, as planned. After resection of both bones, split lines were
made along the medial border of the tibia and the interosseous
border of the tibia with a 1-cm width osteotome. The length of
each split line was 70 mm. We referred to the 3D plaster model
made preoperatively to ensure appropriate split lines. Both split
lines were prepared simultaneously, 5mm at a time on alternat-
ing sides of the bone. To check the length of the split lines and to
ensure that the tibial component would insert at the proper angle,
femoral and tibial trial insertions were performed. For our patient,
the reduced OSS Tibial Plate Short 51 mm, 12 mm tibial bearing
was selected for the tibia and the OSS segmental femoral compo-
nent 7 cm (diameter 9 mm) and OSS diaphyseal segment 4 cm were
selected. Then, 2 Dall-Miles cables (Stryker, Mahwah, NJ) and tita-
nium Compression Cerclage Gundolf (CCG) bands (Smith & Nephew
Orthopaedics KK, Tokyo, Japan) were applied loosely. The femoral
component was implanted first, and then, the tibial component
was inserted as recommended by the manufacturer. In order to
avoid leaking of the cement from the bilateral cleft, the cement
was attached to the tibial implant prior to insertion into the cavity.
After tightening the cables and bands, excess cement was removed.
Fragments of tibial cortex and cancellous bone were collected from
the resected tibia and inserted into the clefts. Cobalt High Contrast
Bone Cement (Biomet Japan, Tokyo, Japan) was used because of
its high viscosity, which prevents leaking. The medial gastrocne-

mius muscle was transposed to the medial part of the patella to
reconstruct the medial articular capsule. The intraoperative pas-
sive range of motion (ROM) of the knee achieved was extension to
0° and flexion to 120°. Postoperative radiographs showed bilateral
split lines (Fig. 4a, b). One week after operation, necrosis of the skin
on the patella and medial gastrocnemius flap occurred. Debride-
ment of the necrotic tissue was performed, and a vacuum-assisted
closure (VAC®. KCI, Tokyo, Japan) device was applied for 4 weeks.
After granulation of the wound a free full-thickness skin graft was
performed. The operated knee was immobilized for 8 weeks follow-
ing distal femur replacement with an elastic knee brace. The patient
was allowed partial weight bearing (25%) for 2 weeks, and weight-
bearing was increased by 25% every fortnight. Twelve weeks after
distal femur replacement, the patient was able to walk without any
assistance and tolerated full weight bearing.

At the 15-month postoperative follow-up, the patient was able
to walk with full weight bearing and without any support. The
active ROM was extension to —5° and flexion to 120°. Radiographs
demonstrated shortening of the bilateral longitudinal splits (Fig. 5a,
b). The bilateral clefts were healing spontaneously evident by com-
paring the CT from 2 months after operation and the CT from 15
months after the operation (Fig. 6a-h). There were no soft tissue
deformities at this point.
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Fig. 6. CT views of bilateral split lines 2 months after operation (A-D) and 15 months after operations (E-H). Each section shows bony union of the bilateral split clefts.

3. Discussion

In our case, the challenge was to devise a way to treat a dis-
tal femur osteosarcoma in the setting of very small bones due to
acquired growth impairment. There is a paucity of guidance in the
English literature on techniques to accomplish distal femur replace-
ment for primary malignant bone tumors in the setting of very small
mature bone. There are several surgical approaches described for
cases of malignant bone tumors in children with extraordinarily

small bone [5]. These procedures include: (1) amputation, (2) rota-
tionplasty, (3) osteoarticular allograft, (4) arthrodesis techniques
using a combination of allograft and autograft (vascularized or not),
and (5) standard expanding endoprostheses for children.
Limb-sparing surgery preserves more physical function than
amputation [3]. Limb salvage should offer the same chance of cure
as amputation. Functional and cosmetic outcomes should be equal
to, or better than, that from amputation [6]. In our country, allograft
is not available. Standard expanding endoprostheses are available,
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but these have to be replaced with a conventional non-expanding
endoprosthesis after skeletal maturity is complete [5]. All of the
expanding systems have a high complication rate [5]. Rotation-
plasty is a rare surgical procedure in which the diseased part of
the femur and knee are removed and the lower leg is re-attached
to the thigh by a rotation of 180°. The ankle then acts as a knee
joint while the foot is facing posteriorly. With this surgery, the sci-
atic nerve is preserved, but the cosmetic appearance of the rotated
foot can lead to psychological problems [6].

Thus, for our patient, the best way to preserve the affected
limb was limb salvage surgery with a non-expanding conventional
endoprosthetic reconstruction, if possible. We used a conventional
non-expandable endoprosthesis for distal femur replacement using
the double longitudinal split technique as a solution to this dif-
ficult problem. A similar concept was reported as a solution for a
complication during femoral broaching in total hip arthroplasty [7].

In conclusion, our longitudinal split technique should be appli-
cable to adult patients with skeletal immaturity requiring resection
of juxta-articular malignant tumors and in other situations compli-
cated by the presence of a narrow canal.
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