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Skeletal pathology requiring reconstruction in the paediat-
ric population is either congenital or acquired. Acquired

defects may be the result of trauma (1), tumour (2), infection
(2) or ischemia, while congenital entities considered for
skeletal reconstruction may be developmental, such as radial
club hand (2) and pseudoarthrosis of the tibia. The goals of
limb reconstruction are to stabilize the limb in all planes and
to create a limb of normal length that is painless, has a func-

tional range of active motion and can tolerate normal stresses
without degenerating. In children, maintaining normal
growth potential of the limb is desired (1,3).

Following the development of consistently successful
microvascular anastomosis in the 1960s, vascularized graft-
ing was applied to bone (4). It has been shown experimen-
tally as well as in several clinical scenarios that vascularized
epiphyseal transplants fulfill the criteria of limb reconstruc-
tion (2,5-10). Limb reconstruction in children is still in its
early stages and each patient presents unique challenges. The
present paper describes two cases where vascularized fibular
transplantation was used for limb salvage following bone tu-
mour excision. Preservation of epiphyseal growth was at-
tempted with the aim of providing a functionally normal joint
and limb. In case 1, bone decancellation was attempted to
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Vascularized fibular transplantation has found wide application for long bone reconstruction in both congenital and acquired defects.
However, in children the growth of these transplants is limited and requires the epiphysis if it is to be substantial. Also, the
reconstruction of a joint is best achieved with autologus hyaline cartilage. Vascularized fibular epiphyseal transplantation, thus, may
play a role in limb salvage procedures in children to both preserve joint function and facilitate long bone growth. The present paper
discusses the history of vascularized epiphyseal transplantation both in the laboratory and clinical realm. In discussing its advantages
and associated problems, special emphasis is directed at the vascular factors, the endocrine environment, the innervation, mechanical
stressors, the recipient site and the donor site. Two case examples are presented to demonstrate the technique, the results and the long
term outcome.
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Transplantation des épiphyses du péroné vascularisés pour sauver un membre après excision de tumeur osseuse

RÉSUMÉ : La transplantation des épiphyses du péroné vascularisés est largement utilisée pour la reconstruction des os longs, en présence
d’anomalies congénitales ou acquises. Par contre, chez les enfants, la croissance de ces transplantations est limitée et requiert l’épiphyse
pour réussir. Également la reconstruction d’une articulation réussit mieux avec un cartilage hyalin autologue. La transplantation des
épiphyses du péroné vascularisés peut donc jouer un rôle dans les interventions visant à sauver un membre chez les enfants tant dans la
préservation de l’articulation que dans la croissance des os longs. Le présent article aborde l’historique de la transplantation des épiphyses du
péroné vascularisés en laboratoire et en clinique. On en mentionne les avantages et les inconvénients en insistant sur les facteurs vasculaires,
le milieu encocrinien, l’innervation, les facteurs de stress mécaniques, le site receveur et le site donneur. On présente en outre deux exemples
tirés de la pratique, pour démontrer la technique, ses résultats et l’issue à long terme de l’intervention.
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optimize joint congruity while maintaining intact perios-
teum, articular cartilage and physis. In case 2, a reversed
vein graft was used to provide adequate pedicle length, and
multiple tendon transfers were performed to balance the
hand and provide normal range of motion. These cases illus-
trate strategies used to overcome challenges in vascularized
epiphyseal transplants. The long term results and the role of
vascularized epiphyseal transplantation are discussed.
Background experimental work and clinical experience are
reviewed.

CASE PRESENTATIONS
Case 1
In 1986, an eight-year-old girl presented with an osteogenic
sarcoma of the distal left fibula with possible tumour en-
croachment of the distal tibial-fibular joint (Figure 1). Fol-
lowing chemotherapy, the patient was prepared for free
fibular metaphyseal and epiphyseal transplantation with the
goal of avoiding ankle fusion and valgus deformity. The fibu-
lar tumour and ipsilateral proximal fibula with its epiphysis
were accessed through a vertical incision extending from
5 cm proximal to the lateral knee joint to the distal lateral
malleolus (Figure 2). The peroneal nerve, the popliteal artery
and the lateral inferior geniculate artery (LIG) were identi-

fied and protected. A 16 cm long section of the distal fibula,
including the metaphysis and distal epiphysis, and part of the
distal tibial metaphysis were resected. Pathology confirmed
that the margins were tumour free.

The proximal fibular epiphysis and the remaining meta-
physis were prepared for transplantation as two distinct vas-
cularized bone segments based on the LIG vessels and
peroneal vessels, respectively. The bone and its two contigu-
ous segments were harvested and rotated 180°, and placed in
the distal ankle mortise. Rongeurs and osteotomes were used
to remove the bone from the fibular head through an incision
in the articular surface and periosteum. This contouring was
done to optimize the congruity at the new joint of the talus,
tibia and the fibular transplant. The transplanted fibula was
then fixed in position as the lateral ankle stabilizer. The meta-
physeal segment abutted the distal tibia and the epiphyseal
end provided lateral ankle support. The peroneal vessels
were anastamosed end to side to the anterior tibial vessels
and the LIG vessels were anastamosed end to side to the re-
ticular branch of the anterior tibial vessels (Figure 3). The pa-
tient received a supportive dressing, and the fibula and tibia
were fused six months later. Bony union of the proximal
fibular transplant and the tibia occurred, and the ankle mor-
tise appeared stable.
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Figure 1) Case 1: Preoperative imaging of osteogenic sarcoma of the

left fibula

Figure 2) Case 1: Intraoperative view of the fibular transplant
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At 11 months postoperatively, the lateral aspect of the tib-
ial epiphysis had arrested, while the vascularized fibular
transplant continued to grow. The result was an apparent
overgrowth of the fibula with valgus deformity and ankle
joint deterioration. Despite this, the patient had good func-
tion except for some inversion while walking. At 18 months
postoperatively, an osteotomy of the distal tibia and fibula
was performed to correct the valgus deformity. At five years
following tumour resection, an epiphysiodesis of the contra-
lateral proximal tibial epiphysis was performed to prevent
worsening of a 2.7 cm discrepancy in leg length.

The patient is now 19 years of age and is able to ambulate
normally, take part in all sporting activities and lead a normal
life. She has some swelling after prolonged standing and mild
discomfort after exercise, but neither of these limits her func-
tional capabilities. She has no pain or instability at the
knee or ankle. The reconstructed ankle has normal contour
(Figure 4), and full passive and active range of motion (Fig-
ures 5a,b). Radiographically, the ankle mortise appears stable
(Figure 6), and the fibular donor site at the knee is adequately
aligned.

Case 2
In 1982, a six-year-old boy presented with a Ewings sarcoma
of the left calcaneus that was treated successfully with radia-
tion and chemotherapy. Seven years later, he presented with
an osteogenic sarcoma of the right distal radius (Figure 7).
Following chemotherapy, the patient was prepared for tu-
mour excision and reconstruction with a free vascularized
fibular transplant. At that time, x-ray demonstrated an open
fibular epiphysis. Under tourniquet, 16 cm of the distal radius
containing the tumour and the affected musculature (exten-
sor carpi radialis longus, extensor carpi radialis brevis, bra-
chial radialis, abductor pollicis longus and flexor pollicis
brevis) were resected, preserving the radial nerve, artery and
vein. Pathology confirmed that the resection margins were
tumour free (Figure 8).

The fibula, with a muscular cuff, and the peroneal artery
and its vena commitans were harvested under tourniquet
through a lateral incision extending from the knee to the lat-
eral malleolus. An 18 cm long section of the proximal fibula
with its epiphysis was transferred to the distal forearm and
secured to the remaining proximal radius using a plate and
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Figure 3) Case 1: Postoperative imaging of the transplanted fibula dem-

onstrating the fixation of the fibula to the tibia and the contouring of the

distal aspect of the fibula for joint congruity
Figure 4) Case 1: A photograph taken 11 years postoperatively shows

normal alignment of the affected knee and the ankle
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screws (Figure 9). The peroneal artery was anastamosed end
to side to the radial artery, and the accompanying vein was
anastamosed to the cephalic vein with the aid of a reversed
vein graft. Once patency was confirmed, muscular rebalanc-
ing of the hand was carried out using multiple tendon trans-
fers. Extensor indices were used to provide thumb extension;
flexor carpi radialis was used for wrist extension. Pronator

teres and the supinator muscles were sutured to the fibular
graft in an attempt to provide normal axial arm movement.
The arm was placed in a supportive cast for three weeks, then
an active rehabilitation program was commenced (Figure
10). The patient received postoperative chemotherapy after
initial healing of the wound was complete.

At one year postoperatively, the patient suffered a volar
subluxation of the wrist due to ulnar-carpal ligament defi-
ciency. The dislocation was not treated, and the patient de-
veloped sclerosis at the wrist. Three years postoperatively,
his hand was functional, although limited in pronation and
supination. This prevented the patient from eating and writ-
ing with his right hand. His active supination and pronation
was 15°. His wrist, however, was able to flex 10°, and he had
active extension to 30°. He had no wrist pain or instability.
The fibular graft hypertrophied, confirming its vascularity
and the fact that the extremity was being used. The patient
did not report instability or other complications at the donor
knee or ankle. He completed training in civil engineering and
did not require any further therapy. After 15 years, the wrist
is pain free, stable and not limiting his vocational activities
(Figure 11).
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Figure 5) Case 1: At 11 years postoperatively the patient retains full

range of (top) active ankle plantar flexion and (bottom) active dorsi-

flexion

Figure 6) Case 1: An x-ray taken 11 years postoperatively demonstrates

preservation of the joint space and ankle mortise with no evidence of

joint deterioration
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DISCUSSION
Vascularized epiphyseal transplantation for paediatric limb
reconstruction provides a number of potential advantages
over nonvascularized grafts and nonepiphyseal grafts. These
advantages include improved wound healing, stability and
growth. The success of these grafts is dependent on the
physiology and anatomy of both the donor site and the trans-
plant recipient site. In this discussion, the experimental and
clinical data are reviewed, and an attempt is made to explain
and understand the outcomes described in the present cases.
Current indications and preferred techniques are outlined
based on the authors’ experience.

Experimental work
Since Donski et al (11) began experimental work on the vas-
cularized transplant of epiphyseal plates in puppies in 1979,
numerous animal models have been developed. Research
using dogs (9,10,12-17), rabbits (18-21), mice (22,23), rats
(22) and lambs (24) has been used to demonstrate principles
of epiphyseal plate transplantation using the femur (24),
ulna (15,16,24), whole knee joint (19,21-23,25), fibula
(10,13,14,17), iliac crest (9) and second metatarsal (20), thus
demonstrating the flexibility of this reconstructive modality.
In these experimental models, vascularized grafts have lower

rates of infection, decreased frequency of nonunion and
shorter time to bone union compared with nonvascularized
grafts (26). In addition, revascularized grafts have improved
epiphyseal growth potential (11).

Physiological factors such as vascular supply, endocrine
environment, innervation and previous trauma at the recipi-
ent site are known to affect survival and growth of the
epiphysis (2). Anatomical factors affecting the growth poten-
tial of epiphyseal transplants include the native growth po-
tential of the graft, and mechanical stresses at the donor and
recipient sites (12,17). Experimental data regarding these
factors are briefly reviewed in the context of the cases de-
scribed in the present paper.

Vascular factors: The physis normally receives blood from
the metaphysis, the periosteum and the epiphysis (27,28).
When only the metaphyseal supply is intact, 63% (11) to 76%
(15) of normal growth is reported, while periosteal supply
alone yields 69% (8) of normal growth, and isolated epiphys-
eal supply produces only 42% (15) of normal growth. Near
normal growth has been obtained experimentally in different
models using selected pedicles supplying parts of both the
epiphysis and metaphysis (13-15,18). The fibular epiphysis is
perfused by the LIG artery and the anterior tibial artery. The
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Figure 8) Case 2: Intraoperative view of the resected tumour of the

radius

Figure 9) Case 2: Intraoperative view of the fibular transplant fixed to

the remaining radius
Figure 7) Case 2: Preoperative imaging of osteogenic sarcoma of the

right distal radius
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metaphysis is supplied by the anterior tibial artery and the
peroneal artery (5). The anterior tibial artery alone (5) or
the peroneal artery in conjunction with the LIG artery
(7,29) should, therefore, be adequate to perfuse the fibular
head.

It is important to determine the blood supply to the donor
epiphysis preoperatively. In 1988, Taylor et al (5) used angi-
ography to study the perfusion of the fibular epiphysis in ca-
davers; vascular anomalies occurred in 21% of cases.

The physis has a limited ability to withstand ischemia.
Normal growth can be expected from a physis subject to un-
der 3 h of warm ischemia, while greater than 7 h of warm
ischemia severely lessens the physeal growth potential (21).
Thus, the choice of single versus double pedicle anastomosis
is influenced by the ischemic time.

In case 1, a double pedicle anastomosis was completed in
less than 7 h with no vascular compromise of the epiphysis.
Only the peroneal blood supply was used in case 2. This pa-
tient was near skeletal maturity, and decreased growth due to
metaphyseal supply alone is unlikely.

Endocrine environment: Although endocrine agents are
known to affect growing bone, no studies have directly exam-
ined their effect on the growth potential of epiphyseal trans-
plants. Thyroxine, growth hormone, testosterone and
estrogen all play a role in normal bone growth and develop-
ment (25). Further work may reveal optimal conditions that
would enhance bone growth.

Innervation: Abnormal limb innervation can cause growth
disturbance and joint degeneration secondary to decreased
muscle tone and trauma associated with an insensate joint
(27). Attachment of muscles to the transferred bone at the host
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Figure 11) Case 2: X-ray performed 16 years postoperatively showing

fibular transplant in place

Figure 10) Case 2: Postoperative imaging of the fibular graft, remain-

ing radius and wrist
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site promotes normal growth and may improve position
sense. In case 2, pronator and supinator muscles were sutured
to the fibular transplant. The patient showed growth and even
hypertrophy of the bone, and was capable of pronation and
supination. Nettelblad et al (10) suggested that the problem of
joint degeneration due to denervation of the epiphyseal trans-
plant could be averted with adequate protection of the recon-
structed limb early in recovery. Both of our patients received
protective casts and, although the second patient developed
hypertrophy and volar subluxation, neither had ongoing de-
generation consistent with a charcot joint.

Recipient site factors: Differences in the outcome of limb re-
construction for tumour, trauma or congenital anomaly have
not been reported. Children with tumours frequently have un-
dergone extensive chemotherapy or radiation treatment;
those with trauma may have tenuous blood supply and inner-
vation, and increased risk of infection, and those with con-
genital anomalies may have diffuse underlying bone or carti-
lage abnormalities. Investigating the role of these complicating
factors is necessary for accurate prediction of graft result.
Each of our patients had bone tumours and completed a course
of chemotherapy before surgery. The second patient also un-
derwent chemotherapy postoperatively. While radiation is
known to damage physes and inhibit growth, the effects of
chemotherapy are less defined. Small growth impairments
have been described with some chemotherapeutics (28).

Donor site factors: Donor site considerations include com-
plications of tissue removal and the effects of tissue loss as
well as the properties of the transferred tissue. Experimental
models do not describe instability, weakness, decreased range
of motion or nerve injuries at the donor sites. No donor site
problems were reported by our patients. Bone transferred
using the microvascular technique maintains the same
growth rate, growth potential and closure of epiphyses as it
would at the donor site (2). The fibula grows an average of
0.64 cm/year. The distal epiphysis ossifies near two years of
age and closes at about 14 years of age. The proximal epiphy-
sis ossifies near four years of age and closes at about 16 years
of age. The proximal epiphysis contributes approximately
60% of the longitudinal growth of the fibula (29).

Mechanical stressors: Stress on bones is the result of weight
bearing and tension at muscle insertions. Changing the com-
pression, tension and shear forces experienced by physes re-
sults in a change in growth properties and remodelling of the
bone (2,9,10,12,17,25). The Heuter-Volkmann law of carti-
lage growth suggests that an increase in tension or compres-
sion within a physiological range stimulates growth (25).
Stresses that exceed these physiological limits may stop
growth. The physiological limits on stress have not been de-
scribed for the fibula. The change in stress as a result of trans-
plantation may, therefore, be stimulatory or abortive. Ideally,
bones should be transplanted to areas of similar stress profile.
The development of different physeal models may make this
possible.

Clinical experience
Before the advent of microvascular surgery, epiphyseal plate
transfer had limited clinical application. Nonvascularized
grafts had been used with limited success with small epiphy-
ses, such as phalanges, and with patients under 18 months of
age (30). These grafts survived the period of ischemia by tis-
sue fluid diffusion. Initial clinical work using vascularized
epiphyseal grafts employed small physes of the hands and
feet, but subsequent case reports have shown successful
transfer of the larger physis of the fibula. Vascularized graft-
ing has allowed transfer of larger donor physes, thereby in-
creasing flexibility in limb reconstruction.

Some of the earliest reported clinical work was carried out
in 1984 by O’Brien et al (1), who transferred vascularized
metatarsophalangeal (MTP) and proximal interphalangeal
(PIP) joints of the toes to the MTP and PIP of the hands of
four children who had experienced trauma. Their long term
results (six to eight years) showed painless functional and
stable joints. Better growth and range of motion resulted
from the MTP to metacarpalphalangeal transfers than with
the toe to finger PIP transfers (31).

In 1988, Pho et al (2) described two cases in which the
proximal fibula, based on the peroneal artery, was transferred
to the distal radius and one case where the proximal fibula
was transferred to the upper humerus. In all three cases,
open epiphyses were maintained, but less than normal growth
was observed. Complications at the recipient site includ-
ed fragmentation of the transferred epiphysis, reoperation for
ulnar deviation and resorption of the proximal graft.

In 1986, Tsai et al (29) published eight cases of trans-
plantation of the fibular epiphysis for the reconstruction of
upper limb defects. In seven cases, a single branch of the an-
terior or posterior tibial artery was used, and, in one case the
LIG artery and the peroneal artery were anastamosed. Of the
first seven cases, three suffered early closure of the epiphyses
and the growth rates ranged from 0 to 0.4 cm/year. In the
other case, a complete blood supply was provided to the phy-
sis and the growth rate was 1.2 cm/year. In 1988, Taylor et al
(5) described two cases of proximal fibular epiphysis trans-
planted to the forearm and proximal tibia based on the ante-
rior tibial artery alone. In both cases, the fibula showed
growth of 1 cm/year. The fibula transplanted to the proximal
tibia hypertrophied and contributed to leg stability. Follow-
ing the work of Taylor et al, Sawaizumi et al (6) successfully
transplanted a fibular epiphysis based on the anterior tibial
artery for the correction of a radial club hand, and Concannon
et al (7) used a proximal fibular graft based on the peroneal
artery to compensate for a valgus foot deformity. Both
groups reported near normal growth and normal ambulation,
although recurrence of valgus deformity was noted after five
years of follow-up.

These case reports highlight the relationship between ade-
quate vascular supply to the epiphysis and the amount of
bone growth obtained. Malalignment and joint deterioration
are commonly reported problems in vascularized epiphyseal
plate transplantation. Malalignment is usually a varus or val-
gus deformity that occurs when the fibula is transplanted to a
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joint in which two bones are required for joint support, such
as the radius and ulna at the wrist, and the tibia and fibula at
the ankle. Growth discrepancies and unbalanced forces are
likely causative. Joint incongruity creates foci of increased
stress when the proximal fibula is transplanted to an articular
surface such as the wrist or the ankle mortise. This abnormal
distribution of forces at the joint, perhaps in combination
with decreased joint sensation, causes joint sclerosis and sub-
sequent deterioration. Decancellation for reshaping while
maintaining the integrity of the articular surface, periosteum
and physis is a possible solution – this was attempted in
case 1. Asymmetric tibial growth contributed to joint de-
struction making joint congruity at the new lateral malleolus
difficult to evaluate.

In case 1, the peroneal artery, in combination with the LIG
artery, should have maintained epiphyses capable of moder-
ate to normal growth. The fibular epiphysis continued to
grow; however, malalignment was a significant problem,
making growth measurements for the fibular transplant im-
possible. The patient required a corrective osteotomy for a
valgus deformity. Ironically, in this case the valgus deform-
ity was the result of premature epiphyseal closure at the tibial
epiphysis and not the vascularized transplant. Decancellation
of the fibular transplant was performed in this patient, and
her long-term outcome shows a well-preserved joint space
with no joint deterioration. In case 2, muscular rebalancing
was performed and epiphyseal growth was sufficient for
wrist stability in flexion and extension with no significant ra-
dial deviation. The second patient suffered a volar subluxa-
tion of the wrist caused by ulnar carpal ligament deficiency.
This resulted in a decreased range of motion, but no evidence
of progressive joint deterioration.

SUMMARY
The current indications for vascularized epiphyseal trans-
plantation include tumour, congenital abnormality or trauma
resulting in significant or complete loss of a long bone or dig-
its in a growing patient. The majority of clinical experience
to date is with the vascularized transplantation of fibular,
MTP joint and PIP joint epiphyses. Vascularized epiphyseal
grafts have the advantages of improved wound healing and
rapid bone union compared with nonvascularized grafts. The
epiphyseal grafts also offer growth potential that would not exist
with a nonepiphyseal transplant. Vascularized epiphyseal
transplantation is a very flexible technique with many poten-
tial applications. This flexibility has been demonstrated by
Shenaq and Dinh (32), who described the use of an iliac osteo-
cutaneous vascularized epiphyseal transplant for the recon-
struction of a heel.

In fibular transplantation where the fibular head is in-
cluded and the blood supply to the epiphysis is maintained,
our preferred technique is the use of the anterior tibial ves-
sels. This method has been clearly shown to maintain the vas-
cularity of the growth plate, involves larger vessels and
requires only one set of vascular repairs. The formation of a
solid union allowed our patients to maintain stable and func-
tional limbs. Both patients demonstrated near normal growth

of the transplanted fibula. Major complications with these
grafts are malalignment and joint destruction. The first pa-
tient required reoperation for valgus deformity, and the sec-
ond patient had decreased range of wrist motion. Although
excess growth of the graft may contribute to joint malalign-
ment, normal bone outgrows the stationary graft in non-
epiphyseal grafts. Decancellation of bone may help to
overcome problems with joint degeneration. Muscular rebal-
ancing may help promote normal bone growth, provide ade-
quate range of motion and improve position sense in the
limb. In the two cases presented, these important concepts in
vascular epiphyseal transplantation are illustrated.
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