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Abstract
Method. We performed a two-stage vascularized ipsilateral ® bular graft transfer for segmental tibial defect following exci-
sion of malignant bone tumours.
Results. We report 10 patients who had this procedure with an average follow-up of 116 months.The graft was transposed
medialy on its vascular pedicle by two-stage surgery. Full weight bearing was achieved in six patients at 8± 43 months post-
operatively, but every patient had a signi® cant complication.
Discussion. The use of this method in isolation is not recommended for reconstruction of the tibia following tumour exci-
sion.
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Introduction

One of the most difficult problems confronting the
orthopaedic surgeon is the reconstruction of large
bone defects following resection of tumours,
particularly arising in the tibial shaft. One of the
common ways of reconstruction is autogenous cortical
bone graft.1± 3The majority of osteocytes of this graft
undergo necrosis requiring the eventual replacement
of the dead bone by creeping substitution.4 Other
methods of reconstruction including autoclaved bone5

and allograft6 have been used but frequently result in
complications such as non-union and/or infection.7,8

With the development of microvascular technique,
free vascularized ® bular grafts have been contributed
followed by ipsilateral vascularized transfer.4,9± 11

However, such kinds of reconstructive procedures
are extensive and time-consuming, requiring
expensive equipment.3 We report our experience of
using two-stage ipsilateral ® bular graft transfer as a
method of tibial reconstruction following wide exci-
sion of malignant tumours arising in the shaft.

Patients and methods

We have undertaken a retrospective review. Ten
patients have undergone two-stage ipsilateral vascu-
larized ® bular transfer to reconstruct defects of the
tibia. There are six males and four females.The ages

range from 5 to 22 years with an average of 14 years.
The mean follow-up is 116 months (range 19± 175
months). The primary tumours of the affected tibia
were: three osteosarcomas, three Ewing’s sarcomas,
two adamantinomas, one malignant ® brous histiocy-
toma, and one chondrosarcoma. The tumour loca-
tions in the tibial diaphysis are: one proximal tibial,
six mid-tibial, and three distal tibial diaphysis. Pre-
and post-operative chemotherapy was used for oste-
osarcoma and Ewing’s sarcoma. The length of bone
defect ranged from 8 to 20 cm with the average of 15
cm (Table 1).

Operative technique

The ® rst stage procedure

Curved anterior incision was made, taking an ellipse
of skin with the biopsy site. Dissection was continued
medialy and laterally with care taken not to expose
the tumour. Proximal and distal tibial osteotomies
were performed excising the preoperatively-decided
length of the tibia. The ® bula was transected 1 cm
beyond the level of distal tibial resection, mobilized
and inserted into the medullary canal of the tibia
(Fig. 1, left). If necessary, Kirschner wires or Stein-
mann pins were used for the stabilization of the fibula.
Any remaining gap between the tibia and the ® bula
was ® lled with cancellous bone harvested from the
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osteotomized tibial edges.The wound was closed in
layers.The operating time was less than 90 min. Post-
operative casting was applied.

The second stage procedure

The second stage surgery was performed at 2± 4
months, with the average of 3 months, after the ® rst
procedure.The ® bula was divided 1± 2 cm above the
level of the tibia (Fig. 1, right).A window was created
in the cortex of the tibia and the ® bula was slotted in
and packed with bone graft taken from the proximal
tibial segment. Union was assessed clinically and
radiographicaly at regular intervals. If there was
evidence of non-union,the site was surgically exposed
and plated with autogenous cancellous bones. Stress
fractures were treated by plaster casting.

Results

Out of 10 patients included in this study, wide surgical
excision of the tumour was achieved in nine. One
patient had an intra-lesional excision of the primary
tumour at the ® rst stage procedure and was treated
with a below-knee amputation. Local recurrence
occurred in two patients, both treated with below-
knee amputations. Metastasis developed in three
patients, two of them died as a result.The remaining
eight patients are still alive and free of disease.

Bone union between the ® bular graft and the tibia
occurred in ® ve patients with an average time to
union of 6 months (range 2± 12 months). Three
patients developed non-union.These were treated by
internal ® xation (plating) and secondary bone grafting
resulting to full union and incorporation of the graft
with the tibia.The other two patients had early below-
knee amputations (one local recurrence and one
residual tumour) before reaching the stage of complete
union. Five fractures (four stress fractures and one
traumatic) of the ® bular strut were diagnosed in four
patients at 10, 13, 13, 19 and 24 months after the
second stage procedure.These developed during the
rehabilitation period with increasing weight bearing
on the operated leg.The stress fractures were treated
by conservative (non-operative) methods, and the
traumatic fracture by external ® xation with bone
grafting. All resulted in complete union and gave
good results. Full and unprotected (i.e. no splintage)
weight-bearing on the operated leg, with or without
walking aids, was achieved at an average time of 21
months (range 8± 43 months).We found that the main
causes for this rather prolonged period until full weight
bearing were stress fractures and non-union.

Radiographically, hypertrophy of the grafted fibula
was observed in all the patients (Fig. 2).

The range of knee and ankle movements were

Table 1. Details of 10 patients with ® bular graft

Patient

Gender,
age

(years)

Length
of tibial
defect
(cm) Complications Treatment

Time to
union

(months)

Time to
full weight

bearing
(months)

Follow-up
(months)

Status at latest
follow-up

LH F, 5 10 Local recurrence Below-knee
amputation

19 Died of lung
metastasis

LW M, 6 10 Stress fracture Non-operative 2 19 137 No evidence of
disease

SI M, 8 16 Non-union,
valgus deformity,
mild pin
infection

Two operations
of bone grafting

21 24 108 No evidence of
disease

PL M, 13 15 2.5 cm
shortening

Not
available

Not
available

169 No evidence of
disease

MN M, 15 14 Varus deformity 3 8 116 No evidence of
disease

JW F, 17 20 Stress fracture,
equinus, 2 cm
shortening

Non-operative
treatment for
stress fracture

12 20 108 No evidence of
disease

MB F, 18 18 Non-union,
stress fracture

Two operations
of bone grafting

24 33 149 No evidence of
disease

PS M, 19 18 Residual tumour,
lung metastasis

Below-knee
amputation

89 No evidence of
disease

MG F, 20 8 (a) Traumatic
fracture
(b) Stress
fracture

(a) Ex. ® xation +
bone grafting
(b) Non-
operative

6 43 90 No evidence of
disease

DW M, 22 13 (a) Non union
(b) Stress
fracture
(c) Local
recurrence

(a) Three
operation of
bone grafting
(b) Non-
operative
(c) Below-knee
amputation

32 Never
occurred

175 Died of lung
metastasis
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normal in seven and ® ve patients, respectively. In two
patients the range of ankle motion was impaired due
to mild equinus deformity. The axial alignment was
normal in ® ve patients. Asymptomatic valgus and
varus deformities were observed in one patient each.
Two centimetres of leg shortening was found in two
patients. Mild pin infection was observed in one
patient. No other local or systemic complications have
occurred (Table 1).

Discussion

Wide excision of a lesion in the tibia presents a difficult
reconstructive problem in that it produces an interca-
lary gap in a major weight-bearing bone. The main
goal is restoration of the skeletal anatomy and func-
tion of the extremity. With the development of new
technology, the surgeon has a wide selection of avail-
able methods with which to bridge the massive bone
defects that are created by the radical resection of
large tumours of bone.3

The ® bula was used as a substitute for a missing
segment of tibia or to reinforce a weakened section
using different methods.Transplantation of the upper

end of the ® bula into the tibia to replace loss of tibial
substance was ® rst conceived by Hahn in 1884.12

Huntington took the procedure one stage further and
transferred the lower end of the ® bula into the tibia.13

Wilson in 1941 published his experience in two-stage
® bular transplantation for use in cases of complicated
and congenital pseudoarthrosis of the tibia. He
stressed that the operation is best performed in two
stages because this method has the advantages of
lessening the risk of dislodging the end of the ® bula
from its connection with the tibia, of shortening the
time of the operation, and of reducing the severity of
the postoperative reaction.14

The shaft of the ® bula is strong and could provide
a free vascularized graft from the contralateral side
using a microvascular technique (Taylor, Miller and
Ham). Many authors have reported the usefulness of
the free vascularized ® bula graft.9,15 However, this
technique is highly specialized and may not be avail-
able even in major centres.16 A high complication
rate has been reported.17 It also means operating on
the non-affected leg and sacri® cing the contralateral
® bula, and that should be performed before tumour
excision in order to minimize the possibility of tumour
cells seeding.

The development of techniques for harvesting
microvascular ® bular transplants indicated the

Fig. 1. Anteroposterior view of postoperative radiographs of
15-year-old boy who had a malignant ® brous histiocytoma in
the mid-shaft left tibia. Left: Two months after the ® rst stage
procedure showing 14 cm tibial bone defect following tumour
resection, and the distal ® bular osteotomy and transfer into the
canal of distal tibial segment.Right: One month after the second
stage procedure showing the proximal ® bular osteotomy and

transfer into the canal of proximal tibial segment.

Fig. 2. Anteroposterior and lateral radiographs for the same
patient in Fig. 1, almost 8 years following the second stage
procedure. It shows complete incorporation of the graft with the
tibia, as well as hypertrophy of the graft itself acquiring the size

and shape of the tibia.
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potential use of the ipsilateral ® bula, retaining the
periosteal and endosteal circulation.10,16 Chacha et
al. carried out the dissection and transposition of the
® bula, preserving its vascular supply in 11 patients.
He was successful in obtaining good results.The use
of the ipsilateral ® bula with an intact blood supply
through its musculoperiosteal vessels provides a large
living graft which can be ® xed to the tibia. The
experimental and the clinical studies have provided
good evidence of the viability of such a graft.16 Other
authors also reported the usefulness of this method
for the treatment of massive bone defect of the tibia,
mainly due to trauma.10,11,18Although this procedure
has many merits, it is thought to be time-consuming,
technically demanding and one-stage ® bula transfer
is not always possible in terms of its vascular preserva-
tion. Other options for reconstructing the tibia need
to be considered. These include the option of bone
transport, allograft, and the combined option of ipsi-
lateral vascularized ® bular graft with allograft.19

On the basis of our experience we do not recom-
mend an ipsilateral ® bular graft as a good option for
limb reconstruction in isolation in the tibia. In our
experience no patient avoided a signi® cant complica-
tion, and also underwent the uncertainty of a
prolonged period of partial or non-weight bearing
with consequent diminished function.

Having reviewed the literature on this subject we
feel that the most encouraging results have been with
a combination of vascularized ® bular graft with an
allograft, and we have currently used this in several
patients with promising results. For short segment
bone resection we have used bone transport. In
general there is no `best option’ and the technique
used will depend on the availability of allograft, the
availability of appropriate external ® xator skills and
the possibility of micro-vascular reconstruction.
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