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Background Vascularized soft tissue transfer may give
better results of treatment of infected nonunions of the
tibia.

Methods 6 patients with infected nonunion of the
tibia and combined soft tissue (70-170 cm?) and bony
(5-8 cm) defects underwent staged reconstruction. Ini-
tial surgery consisted of soft tissue and bone debride-
ment, external fixation, filling of the bony defect with a
gentamicin-impregnated cement spacer, and reconstruc-
tion of the soft tissue with a free microsurgical muscle
flap and skin graft. Second-stage surgery consisted of
removal of the cement spacer and osseous reconstruc-
tion with nonvascularized bone graft.

Results Al patients except 1 achieved full weight-
bearing and radiographic consolidation after 7-10
months. This patient required repeated bone grafting
and internal plate fixation to heal. There were no cases
of recurrence of infection at the latest follow-up, after a
mean of 3 (1.5-5) years.

Interpretation Staged reconstruction with free vas-
cularized soft tissue transfer and conventional bone
grafting within a cement-induced membrane is a low-
risk surgical strategy resulting in a high rate of bone
healing.

Recurrence of bone infection and lack of bone
healing are the two major complications follow-
ing operations for infected nonunion of the tibia
(Weiland et al. 1984, Ekkernkamp et al. 1996).

The reasons are mainly insufficient bone debride-
ment, incorrect selection of antibiotic, or inappro-
priate timing and technique for the bone recon-
struction. Timing and type of bone reconstruction
vary between authors (Moore and Weiland 1986,
Maurer and Dillin 1987, Gordon and Chiu 1988,
Zwipp et al. 1989, Maini et al. 2000). Vascularized
soft tissue transfer has provided a major advance
in the management of infected tibial nonunion sur-
rounded by devitalized tissues (Musharafieh et al.
1999). The resulting improved local blood supply
favors both antibiotic delivery and bone heal-
ing (Holden 1972). We describe 6 patients with
infected nonunion of the tibia who were treated
with staged surgery, including free vascularized
soft tissue transfer and conventional bone graft, as
first described by Masquelet et al. (2000).

Patients and methods

Between 1997 and 2003, 6 patients (5 males) under-
went a two-stage reconstruction to treat an infected
nonunion of the tibia (Table 1). All patients were
treated by the senior author (CED). The mean age
at the time of the first stage of reconstruction was
49 (37-61) years. There were 2 isolated tibial frac-
tures and 4 fractures of both the tibia and the fibula.
The patients had undergone an average of 2.3 (0-4)
operations before being referred to us. The delay
between the occurrence of the bone infection and
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Table 1. Clinical data before the first stage of reconstruction

Case Age Sex Side Initial tibial lesion Level of the Initial Number of  Delay since
nonunion treatment previous bone
tibial surgeries infection
1 56 m R  Open grade-Il fracture Distal third ORIF & 1 month
2 61 m R Open grade-I fracture Middle-distal third  External fixation 0 1 month
3 46 m L  Open grade-I fracture Distal third ORIF 4 1 month
4 49 f L  Open grade-IlIB fracture Distal third External fixation 1 3 months
5 48 m L  Open grade-IlIA fracture Distal third ORIF 4 6 months
6 37 m L  Closed fracture Distal third Nailing 2 4 months

ORIF open reduction and internal fixation

the treatment at our institution ranged from 1 to
6 months. The nonunion was located in the distal
third of the tibia in 5 patients, and in the middle
third in 1 patient. 2 patients (cases 4 and 5) had
additional injuries requiring concomitant opera-
tions at our institution. Case 4 required a popliteal
artery reconstruction with a saphenous vein graft
because of an occlusion of the popliteal artery due
to the initial injury.

Our treatment was performed in two stages (4
surgical interventions): the first one was to treat the
infected bone and the second one to reconstruct the
bony defect. After an initial thorough soft tissue
and bone debridement, the tibia was stabilized with
an external fixator. Deep swab cultures were taken.
Following this operation, the dressing was changed
and the wound copiously irrigated on a daily basis.
When the culture results were known, the patients
underwent a second procedure. Any remaining
devitalized tissues were removed. The bony defect
was filled with a Palacos gentamicin-impregnated
cement spacer. The soft tissue was reconstructed
with a free microsurgical muscle flap. The flap was
covered with a split-thickness skin graft. Systemic
antibiotic treatment was given at the time of wound
coverage, and the patients were given further oral
antibiotics for 3 months. C-reactive protein (CRP)
level was determined 5 days after cessation of
antibiotic treatment. Patients proceeded with the
second-stage reconstruction if CRP was less than
10 mg/L. If the CRP was greater than 10 mg/L, the
patient was given oral antibiotics for 6 more weeks,
and the CRP determination was then repeated.

The second-stage surgery consisted of removing
the cement spacer, with preservation of the induced
membrane formed at the spacer surface, and filling

the bony defect with iliac crest cortico-cancellous
bone graft within the membrane. Allograft was
added if insufficient iliac bone graft was available.
Previous antibiotic therapy was continued for 6
more weeks postoperatively. Patients were allowed
to bear 10 kg of weight in the external fixator. The
external fixator was removed after clear evidence
of bone healing on radiographs. Complete healing
was clinically defined as pain-free full weight bear-
ing after removal of the external fixator.

Results

Deep swab cultures taken during the initial surgery
were positive in all patients, and revealed the pres-
ence of Staphylococcus aureus (n = 3), Entero-
bacter (n = 2), Pseudomonas aeruginosa (n=
2), Clostridium difficile (n = 1), and B-hemolytic
Streptococcus (n = 1). All organisms were sensi-
tive to gentamicin. Cultures from 4 patients grew
a single organism. 1 patient had 2 organisms pres-
ent, and 1 patient was positive for 3 organisms. 1
patient received a broad-spectrum oral antibiotic.
5 patients received oral combination therapy with
ciprofloxacin and rifampicin or clindamycin.

The length of the bony defect after debridement
ranged from 5 to 8 cm (Table 2). The bone defect
was fully segmental in 3 patients, and in 3 patients
a loose contact between the bone stumps (less than
one-quarter of the diameter of the tibia) was pres-
ent. The soft tissue defect ranged from 70 to 170
cm?2. The choice of muscle transfer was based on
the size of the defect. We used the serratus ante-
rior in 4 cases (Figures 1 and 2) and the latissimus
dorsi in 2 cases. All flaps and skin grafts healed
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Table 2. Procedures and follow-up

A B C D E F G

H I

—
o]

8 70 SA 112 50% lliac bone,
50% allograft

80 SA 98 lliac bone 7 Flap recipient site hematoma Drainage, ORIF fibula
— Flap recipient site hematoma,  Drainage, lllizarov external
tibial nonunion

fixation, then then autologous
bone graft and plate

3 5 170 LD 105 lliac bone 6 = =
4 6 70 SA 91 lliac bone 7 Flap recipient site hematoma,  Popliteal artery reconstruction,
1.5 cm leg shortening drainage
5 8 80 SA 119 lliac bone 8 Flap pedicle thrombosis Free flap reconstruction, drainage
6 6 140 LD 105 lliac bone 7 Flap donor site hematoma Drainage
A Case
B Bone defect, cm
C Soft tissue defect, cm?
D Type of free flap
SA — Serratus anterior
LA — Latissimus dorsi
E Delay between 1 and 2 stage reconstruction, days
F Type of bone graft
G Time between bone graft and complete bone healing, months
H Complications
|

Other procedures

uneventfully. 5 patients received autogenous bone
graft from bilateral iliac crests. A mixture of 50%
allograft and 50% autogenous graft was used for
the other patient, because of insufficient iliac bone
graft due to previous harvest. We performed addi-
tional procedures in 3 patients. This consisted of
3 ORIF of the fibula and 1 reconstruction of the

Figure 1. Condition of soft tissue in case 4: chronic wound
surrounded by scarred soft tissues on admission (A). Soft
tissue defect after debridement and prior to coverage with
a serratus anterior free flap. The cement spacer inlay has
been implanted after a thorough bone debridement and
stabilized with wires to the bony stumps. Tibial shaft stabi-
lization is obtained with an external fixator (B). Complete
skin graft healing over the free flap prior to removal of the
cement spacer and bone reconstruction with iliac crest
bone (C).

peroneal nerve with a nerve graft (case 5). The
mean hospital stay for the first stage of reconstruc-
tion was 28 (21-42) days. The mean time between
the first and second-stage of reconstruction was
105 (91-119) days. The mean hospital stay for
the second stage of reconstruction was 10 (5-14)
days. The external fixators were removed after a
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Figure 2. Case 4. Infected nonunion of the distal third of the tibia and nonunion of the fibula. The external fixator that was
used initially had been removed before the patient was referred to us (A). After completion of the first-stage surgery (B).
Bone healing at the last follow-up, 40 months after second-stage surgery (C)

mean period of 7.3 (7-10) months. Superficial pin
infection, observed in 2 cases, healed after inten-
sive wound care. There was no pin loosening. All
patients, except case 2, achieved pain-free full
weight bearing after removal of the external fix-
ator. The range of motion of both the knee and the
ankle joint was equivalent to that on the contralat-
eral side at the time of latest follow-up. No cases
had any sign of recurrence of the osteomyelitis
after 3 (1.5-5) years.

There were several complications of treatment.
Case 5 had a thrombosis of the free flap anasto-
moses, requiring revision. 3 patients developed a
hematoma at the free flap recipient site, and one
at the free flap donor site, all of which required
operative drainage. Case 2 sustained a refracture
after removal of the external fixator, 10 months
after bone grafting. The patient was treated with
an Ilizarov fixator for 8§ months without union.
18 months after the initial procedure, the patient
underwent autogenous bone grafting, harvested
from both proximal tibias, and an internal fixation
with a titan-plate. The patient was able to bear full
weight and there was radiographic consolidation at
3 months. 1 patient had a winging of the scapula
due to the free serratus anterior harvest, without
any functional limitation.

Discussion

An infected nonunion of the tibia requires a strat-
egy for both curing the osteomyelitis and for cre-
ating an environment to support the healing of
the reconstructed bone. Resection of the infected
and devitalized tissues, in combination with high
concentrations of local antibiotics, have been used
with success to treat osteomyelitis—both clinically
and experimentally (Buchholz and Engelbrecht
1970, Wahlig et al. 1978, Hedstrom et al. 1980,
Fitzgerald 1983). We used commercially available
gentamicin-impregnated cement to preserve the
space for secondary bone reconstruction. We used
gentamicin, as all organisms were sensitive based
on deep swab cultures. Other antibiotics such as
vancomicin can also be mixed into the cement to
prepare beads or custom spacers, depending on the
results of culture (Flick et al. 1987). We used post-
operative antibiotic therapy in all patients. It was
our policy to wait for the results of deep wound
culture before proceeding to soft tissue reconstruc-
tion, so that an appropriate therapy was started at
the time of wound coverage.

Muscle is more effective than fascio-cutaneous
flaps to cover infected bone (Mathes 1982, Mathes
et al. 1982). Large defects or defects of the distal
third of the leg—as in this series of patients—
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require coverage with free muscle flaps, because
local flaps are unavailable or too small (Gordon et
al. 1982).

Three main options are available to handle a
bone defect of the tibia. Bone transport has been
used to treat infected nonunion of the tibia, with
high rates of bone healing (Cattaneo et al. 1992,
Hosny and Shawky 1998). However, the mean
duration of treatment exceeded 9 months in the
case of segmental defect, and about one-fifth of the
patients suffered recurrent postoperative drainage,
meaning that the infection was not resolved. While
limited bony defects may be reconstructed with
autogenous iliac bone graft, free vascularized bone
transplant has been recommended for reconstruc-
tion of diaphyseal defects of greater than 6-8 cm
(Sowa and Weiland 1987). Christian et al. (1989)
and Masquelet et al. (2000) successfully used can-
cellous bone grafts in tibial defects of up to 25 cm,
however. Recently, it has been shown clinically
that the cement spacer-induced membrane may
favor healing of the cancellous bone graft placed
within it (Pelissier et al. 2002). Moreover, in rab-
bits, Pelissier et al. (2004) found the production
of vascular endothelial growth factor, transform-
ing growth factor-B1 and bone morphogenetic
protein-2 into the spacer-induced membrane. This
may explain the lack of bone graft resorption and
the strong bone healing observed in the 5 patients
who received a bone autograft within the cement-
induced membrane.

The only patient who received a mixed autograft
and allograft did not heal, even after prolonged
immobilization with an external fixator. Thus, in
patients with previous iliac crest bone harvests,
the greater trochanter and proximal tibia might be
used as alternative donor sites for cancellous bone
that is sufficient to bridge large diaphyseal defects
(Lindequist 1989, Alt et al. 2003).

Reconstruction with vascularized free bone
transfer provides immediate structural support, is
rapidly incorporated and able to form new bone,
and may also improve the vascularity of the recipi-
ent area (Pirela-Cruz and DeCoster 1994). How-
ever, unreliability of graft hypertrophy and a high
rate of late fractures in free vascularized fibula
transfers has been reported (DeCoster et al. 2004).
Banic and Hertel (1993) used double vascular-
ized fibulas and additional cancellous bone grafts

for reconstruction of diaphyseal defects ranging
from 6 to 18 cm, to rapidly obtain stability of the
reconstructed bone. This resulted in complete bone
healing within 3 months in 6 of 7 patients. In 1
patient, a steal phenomenon resulting from the
combined free vascularized fibula and free latis-
simus dorsi transfers used for the reconstruction,
resulted in a progressive ischemic necrosis of the
foot requiring a below-knee amputation. Compos-
ite free tissue transfers consisting of vascularized
bone and muscle have been proposed to replace
combined free transfers when both tissues must
be reconstructed (Ueng et al. 1996). Composite
free tissue transfers do not induce a faster rate of
bone healing compared to the conventional bone
graft within a cement-induced membrane, and the
complication rate for vascularized bone transfers is
higher than for conventional bone grafts (Pelissier
et al. 2003).
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