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Introduction: Long bones’>6 cm bone defects represent a problem difficult to solve in upper limb reconstruction. The
vascularized fibula has become the main reconstruction method due to its biological advantages. The aim of this study was
to assess bone consolidation rates and spans, as well as the associated complications in a continuous series of patients.
Materials and Methods: We carried out a 5-year review. We included the patients that were treated for >6 cm defects in
their upper limbs. We analyzed pre-operative, intra-operative and immediately post-operative, and remote post-operative
variables.

Results: Throughout the assessment period, 6 patients (4 males/2 females) met the inclusion criteria. Average age was 47
years old. The time passed between the initial traumatism and reconstructive surgery varied between 2 and 21 years. The
average bone defect was 10 cm. Average follow-up was 17 months. We got bone consolidation in all cases in 16 weeks, on
average. Two patients suffered post-operative complications. Patient suffered neither complications nor functional sequela
in the donor zone.

Conclusions: The vascularized fibular graft is a valid option for the reconstructive surgical treatment of >6cm segmental
bone defects in the upper limb, with high bone consolidation rates, even in the cases with multiple previous surgeries and
in long-term lesions. Technical details avoid complications in the donor zone.
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EXPERIENCIA INICIAL EN UN CENTRO DE ALTA COMPLEJIDAD CON EL INJERTO VASCULARIZADO DE PERONE
EN DEFECTOS OSEOS SEGMENTARIOS DEL MIEMBRO SUPERIOR

Introduccion: Los defectos 6seos >6 cm en los huesos largos plantean un problema dificil de solucionar en la recons-
truccién del miembro superior. El peroné vascularizado se ha convertido en el principal método de reconstruccién por sus
ventajas bioldgicas. El objetivo de este estudio fue evaluar la tasa y el tiempo de consolidacion ésea, y las complicaciones
asociadas en una serie continua de pacientes.

Materiales y Métodos: Se realiz6 una revisién durante un periodo de 5 afios. Se incluyeron los pacientes que fueron tra-
tados por defectos >6 cm en el miembro superior. Se analizaron variables preoperatorias, intraoperatorias y posoperatorias
inmediatas y alejadas.

Conflict of interests: The authors have reported none.

ISSN 1852-7434 (oneline) * ISSN 1515-1786 (printed) * http://dx.doi.org/10.15417/598 170 Rev Asoc Argent Ortop Traumatol 2017; 82 (3): 170-181.




Resultados: Durante el periodo de evaluacién, 6 pacientes (4 hombres/2 mujeres) cumplian con los criterios de inclu-
sién. La edad promedio fue de 47 afios. El tiempo transcurrido entre el trauma inicial y la cirugia reconstructiva vari6 de
2 a 21 afios. El defecto 6seo promedio fue de 10 cm. El tiempo de seguimiento promedio fue de 17 meses. Se logr6 la
consolidacién dsea en todos los casos, como promedio, en 16 semanas. Dos pacientes sufrieron complicaciones posope-
ratorias. Ninguno presenté complicaciones o secuelas funcionales en la zona dadora.

Conclusiones: El injerto 6seo vascularizado de peroné es una opcién valida para el tratamiento quirdrgico reconstructi-
vo de defectos 6seos segmentarios >6 cm en el miembro superior, con una tasa alta de consolidacién, aun en casos con
multiples cirugfas previas o con una lesién de larga evolucion. Los detalles técnicos previenen las complicaciones en la

zona dadora.

Palabras clave: Peroné vascularizado; defecto 6seo; cirugia reconstructiva.

Nivel de Evidencia: IV

Introduction

Long bones’ >6 cm bone defects, secondary to trauma-
tism, infections or tumor resection represent a problem
difficult to solve in upper limb reconstruction, especially
when they are associated with the loss of soft tissues cov-
erage. The therapeutic alternatives for reconstruction of
such defects are limited—among the options we can men-
tion allogeneic bone graft,' vascularized fibular graft >3
and the induced membrane technique.®

The vascularized fibular graft has become the main
therapeutic method due to its biologic advantages, among
which there is consistent anatomy and vascularization,
what allows surgeons a reproducible technique.?

Originally developed as bone graft by Taylor et al.? in
1975, it was later modified with the addition of a fascio-
cutaneous flap in 1983 by Chen et Yan.” Beppu et al.®re-
ported that the most consistent cutaneous blood vessels
are in the distal two thirds of the leg; therefore, this zone is
the one preferred to design the fasciocutaneous flap. The
inclusion of the fasciocutaneous flap brings about techni-
cal advantages.”!" First of all, it gives cutaneous coverage
in the case of deficit and, secondly, it plays the role of
cutaneous monitor, giving continuous and immediate in-
formation about the flap and the bone graft blood supply.'!

The aim of this study was to assess the consolidation
rates and spans, along with the associated complications
in a continuous series of patients with >6 cm bone defects
in their upper limbs.

Materials and methods

We carried out an electronic revision of medical his-
tories to identify all the patients that were subject to re-
construction with vascularized fibular graft between 2011
and 2016.

We included all the patients that were treated due to >6
cm bone defects in the upper limb and excluded those
with lower limb reconstruction, the cases of co-adjuvant
therapy (radiotherapy) for the treatment of oncologic
disease, and the patients we used this technique in as an
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associated procedure to increase stability in shoulder ar-
throdesis.

The variables we analyzed are the following:

Pre-operative variables: Cause of bone defect, co-mor-
bidities and the number of previous surgeries.

Intra-operative and immediately post-operative vari-
ables: Surgery duration, surgical teams, suture type, su-
ture thread used, receptor blood vessels, blood transfusion
and admission amount of time.

Remote post-operative variables: Time passed since
surgery until bone consolidation, complications associ-
ated with the procedure and the donator area. We assessed
post-operative mobility with a goniometer. In the patients
with humeral reconstruction, we assessed shoulder and el-
bow mobility. In those we reconstructed the forearm in we
assessed elbow, forearm and wrist mobility.

Surgical technique

In the first surgical time we prepare the receptor bed
for the vascularized bone graft and identify and spare the
receptor blood vessels. Then, we go on to the surgical
time in the lower limb. On the lateral aspect of the leg we
delineate the subcutaneous fibular relief including both
the lateral distal malleolus and the proximal fibular head.
From the distal end of the lateral malleolus we establish
6 cm proximally as the lower limit for bone graft taking
and, from the proximal end of the fibular head, we deter-
mine 6 cm distally as the proximal end (Figure 1). These
hallmarks avoid instability of both ankle and knee joints,
and they have to be carefully monitored to avoid compli-
cations at the donor zone level. On the dorsal edge of the
fibula we identify the cutaneous arteries by Doppler-US
and design a fasciocutaneous flap as needed (Figure 2).
We carry out a lateral approach in the leg following the
Gilbert’s technique.'> We identify the fibular muscle and
the cutaneous arteries for the fasciocutaneous flap in the
fascial septum between the fibular muscles and the soleus
muscle (Figure 3). We carry out dissection and detach-
ment of the fibular muscles in the anterior direction. We
sever the anterior-medial fascial septum to get to the ante-
rior-medial compartment, where we identify and spare the
pedicle of the anterior tibial neurovascular bundle to avoid




Figure 1. Fibular design with proximal
and distal safety limits.

A Figure 2. A. Mapping of cutaneous arteries by 8 mHz Doppler-US. B. Pre-operative planning with the design of the associated
fasciocutaneous flap.
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Figure 3. Identification of two cutaneous }
arteries (white arrows) in the
inter-muscular septum.
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injury (Figure 4). We identify the interosseous membrane
and sever it. We dissect the flexor hallucis muscle and
identify the fibular artery and vein under magnifying de-
vices. We carry out proximal and distal fibular osteoto-
mies with oscillating saw and take the bone graft depend-
ing on the defect to reconstruct (Figure 5). We carry out
dissection of the fibular artery in the proximal direction as
much as the required length of the pedicle in the receptor
area takes. Finally we sever the fibular artery and satellite

Figure 4. Identification of the pedicle
of the anterior tibial neurovascular
bundle in the anterior-medial
compartment of the leg.

Figure 6. Fibular bone graft }
with fascicutaneous flap.
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veins, and take the osteocutaneous graft away from the
leg (Figure 6). Back to the upper limb, we position the
fibula and carry out osteosynthesis preferably with lock-
ing plate as bridge plate. Then we go under microscope on
to termino-terminal or termino-lateral (depending on the
case) arteriorrhaphy and venohrraphy between the fibular
bundle and the receptor vessels. Before releasing the hae-
mostatic cuff and after blood vessels suture we administer
the patient i.v. 70 Ul/kg heparin.

Figure 5. Proximal and distal
osteotomies in the fibula before
severing the vascular pedicle
from the bone graft.
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Post-operative management

Patients are allocated to a common room, preferably
and individual one for temperature management. The
graft blood supply is controlled by Doppler-US in the cu-
taneous plate or, in cases of just bone grafting, we carry
out a three-phase-scintigraphy within the first five post-
operative days.

Since the first post-operative day, we prescribe anti-
thrombotic prophylaxis with low molecular weight hep-
arin (subcutaneous enoxaparin) in prophylactic doses
together with 100 mg/ day acetylsalicylic acid. Heparin
is kept for three weeks, and acetylsalicylic acid, for six
weeks.

We carry out daily lab controls so as to keep RBC re-
count above 30%. If this figures fall below this parameter,
we prescribe transfusion.

Table 1. Demographic data

Results

Throughout the assessment period, 17 patients were
subject to reconstructive surgery with fibular bone graft.
Among them we included six patients (4 males and 2 fe-
males) who met the inclusion criteria (Figure 7).

The average patients’ age was 47 years old (ranging
from 16 to 66). On average, patients had three previous
surgeries (ranging from 1 to 4), either for initial trau-
matism stabilization, for the treatment of an associated
infection or for the oncologic resection of the involved
segment. The average time that passed between the ini-
tial traumatism and the reconstructive surgery was seven
years (ranging from 1 to 21). The causes of bone defect
were: post-traumatic sequel (non-union) (5 patients) and
oncologic disease in one patient with diagnosis of giant

Co- Span since
ae Number | traumatism/
. . morbidities .
Age | Dominant | Injured . . of first surgery | Previous
Case | Sex . A Smoking History and . . .
(years) side side . previous torecon- | infection
associated . .
et surgeries struction
injuries .
(years)
M 50 Right Left No Multiple Hu- Homolateral 15 3 2 Yes
trauma. merus Monteggia
Humeral fracture.
fracture Depression
F 63 Right Right No Multiple Ulna Contra- 13.5 3 21 Yes
trauma. lateral
Ulnar non- C5-T1
union palsy
Chronic
dislocation
of homlateral
radial head
M 16 Right Right No Forearm Radius - 6 1 4 No
fracture.
Right
radial
non-union
M 51 Right Left Yes Multiple Hu- Contra-lateral 11 2 11 Yes
trauma. merus olecranon
Left humeral fracture.
non-union Cranioence-
phalic
trauma
5 M 37 Right Right No Ulnar GCT Radius - 9 4 3 No
and ulna
6 F 66 Right Left No Closed Hu- Parkinson’s 6 4 1 Yes
humeral merus Disease
fracture

M = male, F = female, GCT = Giant cells tumor.
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17 patients operated on

Excluded:

* 9 patients- Lower limb

Included:
* 6 patients- Segmental defects in the upper limb

* 1 patient- Pre-operative radiotherapy

* 1 patient- Shoulder arthrodesis augmentation

Figure 7. Flaw diagram of the
patients operated on between 2011
and 2016 with vascularized fibular
bone graft.

cells tumor. The bone segments involved were the hu-
merus (3 cases), the radius (1 case), the ulna (1 case) and
the radius plus the ulna (1 case). The average bone defect
was 10 cm (ranging from 6 to 15) (Table 1) In Table 2 we
describe the type of suture we used, the stitches given and
the receptor blood vessels. In five cases we carried out a
fasciocutaneous flap and, in one case, we did not. Patients
remained admitted nine days, on average (ranging from 4
to 17). Five of them received transfusion. On average, we
administered 14 transfusions (ranging from 1 to 5)—eight
were intra-operative and the rest of them were given im-
mediately after the surgery (Table 3).

Table 2. Receptor blood vessels and microsurgery suture

In all cases we used locking plates as the fixation
method for the graft (5 bridge plate cases) (Table 3). The
average follow-up was 17 months (ranging from 5 to
40). We got bone consolidation in all the patients, con-
firmed by X-ray. The average time since the surgery until
bone consolidation was 16.8 weeks (ranging from 8 to
22). Post-operative mobility is shown in Table 4 (Figures
8-12).

Two patients had post-operative complications. One
suffered exposure of the osteosynthesis material in the
elbow; therefore, the patient required a brachioradialis
muscle flap. Another one showed loosening of the osteo-

Case | Bone Suture Suture type Receptor Arterial Receptor Venous
artery anastomoses vein anastomoses

Término-terminal Humeral vein Término-lateral

Humerus 10-0 Nylon  Separate stitches Deep

brachial
artery
2 Ulna 9-0 Nylon Continuous Ulnar
stitches artery
3 Radius 9-0 Nylon Separate stitches Radial
artery

4 Humerus 9-0 Nylon Separate stitches Humeral
artery
5 Ulna 10-0 Nylon Continuous Ulnar
stitches artery

6  Humerus  9-0 Nylon Separate stitches Brachial
artery
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Término-lateral

Término-lateral

Término-lateral

Término-lateral

Término-lateral

Forearm
superficial vein
Ulnar artery
satellite vein

Forearm superficial
vein

Humeral vein
Ulnar artery
satellite vein

Brachial artery
satellite vein

Término-terminal

Término-terminal

Término-lateral

Término-terminal

Término-terminal



Table 3. Results

Surgery |Surgical [ Trans- | Admiss-| Bone | Timeuntil| Osteosynthesis | Cutane- | Segui- | Complicaciones

duration | teams | fusions | sion consoli- | bone con- ous flap | miento
(min) amount | dation | solidation (meses)
of time (weeks)
(days)
1 435 2 2RBC 9 Yes 16 Locking Yes 5 No
Units bridge plate
2 PU (4.5 mm LCP)
2 420 1 3RBC 17 Yes 18 Locking Yes 14 Osteosynthesis ex-
Units bridge plate posure at proximal
(3.5 mm LCP) level. It required
brachioradialis
muscle flap
3 450 2 1RBC 7 Yes 8 Locking bridge No 18 No
Unit plate
(3.5 mm LCP)
4 414 2 - 4 Yes 17 Locking bridge Yes 40 No
plate
(4.5 mm LCP)
proximally
modeled
as screw-plate
5 375 1 1RBC 5 Yes 20 3.5 mm proximal Yes 16.4 Loosening
Unit locking plate of proximal
and two distal osteosynthesis.
2.4mm plates Osteosynthesis

revision surgery

6 390 2 5RBC 13 Yes 22 Double distal Yes 8 No
Units humerus
anatomic plate
with parallel
configuration

RBC = Red blood cells, PU = Plasma units, LCP = locking compression plate.

Table 4. Post-operative mobility

Patient = = = — =
1 170 120 - -

120 40 - -
2 - = 146 16 20 60 60 70
3 - - 150 0 50 76 70 70
4 60 68 120 8 - - - -
5 - - 145 0 0 0 0 0
6 130 90 125 45 - - - -

All figures are expressed in degrees.
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Figure 8. X-rays comparing the affected
with the healthy side in a patient with radial
diaphysis non-union. There is radial
shortening with lower radio-ulnar
incongruence.

Figure 9. Post-operative X-ray showing

the reconstruction of a radial segmental
defect with vascularized fibular graft.
Restitution of radius length was incomplete.

Figure 10. Three months after the surgery
we carried out surgery for distal radio-ulnar
stabilization by shortening the ulna and
reconstructing the radio-ulnar ligaments
using the Adams’ technique.

(Adams BD, Berger RA.

J Hand Surg Am 2002;27:243-251).
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Figure 11. X-rays showing bone
consolidation and forearm alignment.

Supination 76°/100°

F—"i Pronation 46°/86°
“ Flexion 70°/78°

Extension 70°/ 84°
Radial dev 40°/50°
Ulnar dev 28°/28°

Figure 13. X-rays showing
results in a patient with giant
cells tumor in distal radius.
A. Second recurrence of the
giant cells tumor that involves
the transplant of not only

the radius but also the ulna.
B. Wide oncologic resection
and insertion of cement spacer.
C. Reconstruction with
vascularized fibula 17 months
after wide resection.

D. Osteosynthesis failure

two months after the surgery.
E. Osteosynthesis revision.

F. Final consolidation

16 months after the surgery.

ol

Figure 12. Final result 18 months
after the surgery.
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synthesis material two months after the surgery, which
required revision (Figure 13). Patients suffered neither
complications nor functional sequel in the donor zone
(Table 3).

Discussion

In the limbs, extensive bone defects have been and still
are a challenge for surgeons. Vascularized bone grafts
have been used as the treatment for reconstruction of de-
fects secondary to traumatism, tumor removal, congenital
non-union, osteomyelitis, and bone necrosis.

The fibula is one of the options mostly used for re-
construction in the upper limb, and success stems from
this bone characteristics such as vascularization and tri-
angular shape, which resist angular and rotational stress,
as well as its resemblance in size to the radius and the
ulna, whereas, in the humerus, it fits into the intramedul-
lary canal in the humerus proximal and distal thirds. With
respect to the donor zone, there are reports on low com-
plications rates.”!* One of the main complications in the
donor zone is ankle pain and instability in adults patients;
moreover, children run the risk of undergoing ankle val-
gus deformity.'*!> Most authors agree on leaving 4 cm of
distal fibula; however, we opted for 6 cm above the joint
as the graft lower limit to reduce the risk of complications
at the ankle joint level.

The reconstruction of bone defects with non-vascular-
ized graft implies migration of cells from a zone with
good blood supply in the receptor zone to a bone graft
which has almost no cells in its matrix. This is associ-
ated with the fact that the osteoblasts are not able to sur-
vive in a biological environment with low oxygen ten-
sion.!!® Enneking et al.* report poor results at the time
of using non-vascularized bone grafts in large defects
(>7cm). Therefore, the use of non-vascularized grafts
not only requires time but it is also associated with a
high risk of complications, such as bone atrophy, trans-
plant fracture, and consolidation delay.'!” Moreover,
they are contra-indicated when there is evidence of re-
current infection.'*!?

The technique of the induced membrane (Masquelet
technique)® is a reconstruction method for bone defects
that requires two surgical times—the first one consists
of redical debridement and the insertion of a polymeth-
ylmethacrylate cement spacer which creates a membrane
around it, that after six or eight weeks is taken off to fill
the cavity with autogenous morcellized bone graft from
iliac bone or long bones (femur) intramedullary bone.
However, this technique requires at least two surgical
times and consolidation can take up to a year.

The external fixator with the Ilizarov technique and os-
teogenic traction with bone transfer is pretty much used
in lower limbs, and it has been used in upper limbs for
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congenital deformities and special post-traumatic cases of
loss of radius and ulna bone stock. For this therapeutic ap-
proach the defect cannot go beyond average 3 cm; more-
over, the external fixator should be used approximately 4
months to get 4-cm enlargement. The radius and the ulnar
bones have low potential of callotasis and, after immo-
bilization for such a long time, pronation-supination is
limited.>*!

Since Taylor et al.>reported the use of the vascularized
fibular graft, this has been the main option for the recon-
struction of >6 cm bone defects, and the description of the
fasciocutaneous flap widened the application of vascular-
ized fibular graft when the bone defect is associated with
coverage defect. The addition of the fasciocutaneous flap
allows the surgeon to monitor the bone graft vitality con-
tinuous and immediately; therefore, it makes it possible to
detect complications at vascular level early.!!

The vascularized bone graft keeps its bio-structural
characteristics, what implies the possibility to strengthen
resistance through hypertrophy and early remodeling.?
The vascularized fibular bone graft has been associated
with good results when it comes to forearm reconstruc-
tion. It is worth highlighting, however, that contrarily to
the arm, where there is only one bone, forearm recon-
struction takes not only reconstruction of the length and
alignment of the affected bone, but also restitution of
congruency and stability to the proximal and distal radio-
ulnar joints.

Although the one-bone rescue technique for the forearm
allows the surgeon to treat bone defects, it is not free from
frequent complications and poor functional results.” The
main author and surgeon in this series (JGB) indicates the
one-bone forearm reconstruction technique in case of im-
possibility to reconstruct the pronation-supination mecha-
nism or in selected cases, such as that of the patient with
the forearm tumor in our series, where the bone defect
affects the two forearm bones.

However, humeral defects have been associated with
higher complication rates with the use of fibular bone
graft.®?* In their series of humerus reconstruction, Hol-
lenbeck et al.’ reported graft fracture rates higher than
20% within the first post-operative year, in relation-
ship with normal physiological stress. De Boer et al.?
reported post-operative fracture rates of 33% (14 out of
42), whereas Gebert et al. reported 24% of graft fracture
(4 humerus and 1 radius).” In our series, there were no
post-operative secondary fractures. We believe that the
absence of this complication was due to the type of os-
teosynthesis we used. The use of plate and screws gives
rigid fixation to the graft, but it can hamper hypertrophy;
therefore, we prefer fixation with bridge plate, which in
spite of providing the graft with more elastic fixation,
contributes to the remodeling and, consequently, it avoids
stress fractures.?




Conclusions previous surgeries or in long-term lesions since the initial

injury. It is necessary to carry out a meticulous pre-oper-

Vascularized fibular bone graft is a valid option for ative planning, especially when an associated fasciocuta-
the reconstructive surgical treatment of >6cm segmental neous flap is required. By watching technical details it is
bone defects in the upper limb. It is associated with high possible to avoid complications, especially in the donor
bone consolidation rates, even in the cases with multiple Zone.
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