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Purpose: To assess the effectiveness of two-stage treatment with the fibular sliding technique in chronic
infected nonunion of the tibia.
Methods: The study included patients who were diagnosed with long-term chronic infected tibial
nonunion following trauma and treated with the two-stage technique between January 2010 and
November 2017. Patients with (1) intra-articular fractures of the distal third of the tibia and fibula, (2)
pathological fracture resulting in bone loss or (3) neurological and vascular pathologies of the limbs were
excluded. The operation consisted of two stages and the main goal in the first stage was to control the
infection and in the second stage to control the healing of the bone. Functional & radiographic results
and complications were evaluated according to Paley's criteria.
Results: The patients comprised 14 males and 5 females with a mean age of 37.4 years (range, 21e52
years). Patients were followed up for an average of 27 months (range, 15e38 months). The microor-
ganisms produced from these patients were Staphylococcus aureus in 13 patients, Pseudomonas aerugi-
nosa in 4 patients and no bacteria in 2 patients. After the first stage operation, superficial skin necrosis
developed in 1 patient. In another patient, there was a persistent infection, although union was achieved.
For the entire patient group, union was observed at the end of 7.44 months (range, 7e11 months). Based
on Paley's criteria, there were 16 (84.2%) patients with excellent scores, 2 (10.5%) good scores and 1
(5.3%) fair scores radiologically; while regarding the tibial function, 15 (78.9%) patients had excellent
scores, 3 (15.8%) good scores, and 1 (5.3%) fair scores. No patients had poor radiological or functional
score.
Conclusion: Two-stage treatment can be considered as an alternative for fractures in regions that are
susceptible to many and persistent complications, such as the tibia. This technique has the advantages of
short operation time, minimal blood loss, no excessive tissue damage and not very technique-demanding
(a short learning curve with no requirement for an experienced team).

© 2020 Chinese Medical Association. Production and hosting by Elsevier B.V. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

The treatment of chronic infected nonunions is very difficult, and
no consensus has been reached as yet. Tomanage this complex, three
basic problems need to be settled, i.e. soft tissue damage, nonunion
and chronic osteomyelitis, each alone is difficult, not to mention that
the three challenging issues need to be resolved simultaneously, as
they are closely inter-related.

Currently there are several manage strategies. The first one is
that all pathologies should be treated in the same session (one-
stage).1e3 The second one is two-stage approaches, which are
lu).
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preferred for nonunions with diffuse (type-IV) chronic osteomy-
elitis. In two-stage approaches, the infection is treated first, and
then the nonunion. In the first phase, the key point is to manage
the dead area after debridement. Many antibiotic-induced mate-
rials4 has been reported to be used to manage the dead area, but
there is no consensus until now. The second phase treatment fo-
cuses on the nonunion. There are many techniques available,
especially free vascularized bone and soft tissue flaps or non-
vascular bone grafts. Each technique has its own advantages and
disadvantages.

The aim of this study was to present the midterm results of
atrophic tibial nonunion cases with diffuse (type-IV) chronic oste-
omyelitis managed using two-stage treatment with the fibular
sliding technique.
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Methods

The study was approved by the Local Ethics Committee of Adana
Health Practice and Research Center Hospital and the procedures
adhered to the tenets of the Declaration of Helsinki. Written
informed consent has been obtained from all subjects.
Patients

The study included patients with long-term chronic infected
tibial nonunion who were treated with two-stage technique in
the department of orthopaedics and traumatology or the
department of plastic and reconstructive surgery between
January 2010 and November 2017. All the patients had long-term
and chronic infected nonunion secondary to trauma. Patients
with intra-articular fractures of the distal third of the tibia and
fibula, pathological fracture resulting in bone loss, or neurolog-
ical/vascular pathologies of the limbs were excluded from the
study.

Patients were operated on under spinal anesthesia. The opera-
tion comprised two phases: to control the infection in the first stage
and to control healing of the bone in the second stage.
First stage operation

At this stage, a custom-made vancomycin-loaded bone cement
was applied after thorough necrotic tissues debridement and
irrigation.

First the sequestrum and other necrotic tissues were cleaned.
Then the dead bone regions were gradually removed until bleeding
bone was reached. For all the patients, posterior cortex continuity
was maintained. In addition, an appropriate extent of the lateral
cortex was resected for the preoperative preparation of the second
phase. This was necessary for the fibula to slide.

After these procedures, the area was washed using saline solu-
tion with rifampicin at normal pressure. The medullary region of
both fragments was opened and reamed. The irrigation process was
repeated twice. Thereafter, the custom-made bone cement with
vancomycin suitable for each defect was prepared. These segments
were placed in the defect area. Finally, an external fixator was
applied.

The patients were followed up for three weeks via physical
exam, imaging exam and laboratory tests every week.
Fig. 1. The surgery technique of sliding fibular flap. (A) Location of the incisions for fibular s
and infection, and debridement irrigation was applied again. (C) The fibula to be slid was ost
Tibialis anterior and extensor hallucis longus and extensor digitorum longus muscles, the fi
Second stage operation

This phase consisted of three processes. First, the foreign matter
placed in the wound area was removed and debridement was
applied again. Then the fibular sliding operation was performed.
Finally, fixation of the fracture was done. The three procedures
were performed in the same session.

Fibular sliding operation

The surgical plan was made before operation. A single incision
was made on the lateral region of the tibia (Fig. 1A). After the
infected area was re-debrided and culture samples have been
taken, irrigation was applied (Fig. 1B). The length of the fibula that
needs to be transferred was determined according to the cicatrized
and infected region, varying between 5 and 10 cm. The muscles on
the lateral and posterolateral fibula were released (Fig. 1C). Soft
tissue or muscles in other parts of the fibula were left intact. Thus
an intermediate corridor was created by moving the tibialis ante-
rior, extensor hallucis longus and extensor digitorum longus mus-
cles to the tibial defect zone; and the fibula, which was
osteotomized at an appropriate length from proximal and distal,
was slid and fixed to the tibia with cortical screws (Fig. 1D). Fluo-
roscopy was adopted to check all the procedures and then locking
plate fixation was done. (Fig. 2).

Clinical and radiological assessment

At the time of final follow-up, the functional and radiographic
results5 as well as complications6,7 were evaluated according to
Paley et al.'s criteria (Table 1). Using the Paley classification, com-
plications were classified as minor (complications that do not
require surgical intervention), major without sequelae (complica-
tions that require surgery but do not impact the outcome) and
major with sequelae (complications that require surgery and
impact the outcome).7,8

Results

General data of the patients

Altogether 19 patients were included, comprised of 14 males
and 5 females with a mean age of 37.4 years (range, 21e52 years).
Patients were followed up for a mean of (27.00 ± 5.09) months
(range,16e38months). Tibia fractures occurred in 9 patients due to
liding in the second stage. (B) Bone cement was removed from the area with nonunion
eotomized in the distal and proximal. Lateral and posterolateral muscles were freed. (D)
bula from the posterior slid to the tibial region and fixed with two screws.



Fig. 2. Early (A, B) and late (C, D) postoperative radiographs of the patient. All patients were applied with locked plates with the non-contact-locking plate technique. Union
occurred and the infection was brought under control in the patient. In the last year, clinical, radiological and laboratory findings have been normal.

Table 1
Radiographic and functional assesment criteria.

Tibial outcome Description

Radiological
Excellent Description union, no infection, deformity <7� , limb length inequality <2.5 cm
Good Union þ any two of the following: no infection, deformity <7� and limb length inequality <2.5 cm
Fair Union þ only one of the following: no infection, deformity <7� and limb length inequality <2.5 cm
Poor Nonunion/re-fracture þ infection þ deformity >7� þ limb length inequality >2.5 cm

Functional
Excellent Active, no significant limp, no equinus rigidity of the ankle, no soft tissue dystrophy, insignificant pain
Good Active, with one or two of the following: significant limp, stiffness, dystrophy, significant pain
Fair Active, with three or all of the following: significant limp, stiffness dystrophy, significant pain
Poor Inactive (unemployment or inability to perform daily activities because of injury)
Failures Amputation
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traffic accidents, in 6 patients due to a fall from height and in 4
patients due to gunshot injury. All were open fractures and two
patients had multiple fractures. All the fractures were localized in
the middle third of the tibial diaphysis. These patients had under-
gone an average of 9 (range, 4e18) operations in various centers
before presenting at our clinic.

The time from trauma to the first surgical procedure in our clinic
was approximately 22 months (range, 12e45 months). The average
duration of the operation was 122 min (range, 90e170 min), and
the average blood loss was 400 mL (range, 330e540 mL). The mi-
croorganisms produced from these patients were Staphylococcus
aureus in 13 patients, Pseudomonas aeruginosa in 4 patients and
none in 2 patients.
Clinical and radiological results

After the first stage operation, superficial skin necrosis devel-
oped in one patient. At 6 weeks, all patients except one had normal
levels of erythrocyte sedimentation rate, C-reactive protein and
leukocytes. Antibiotic treatment continued for 4 weeks; in one
patient the infection continued but union was achieved. In all pa-
tients, union was observed at a mean of 7.44 months (range, 7e11
months).

Only one of the current patients experienced delayed union, as
the infection could not be controlled, so autogenous spongiosis
graft with a plate exchange was applied.

Another condition observed in this technique is plantar flexion
deformity on the first toe. This is because the flexor hallucis muscle
is not released from the fibula posterior due to sliding the fibula to
the defective tibial region, and therefore this muscle is stretched.
However, all cases of this deformity were managed successfully
with passive exercise and not any additional surgical interventions.

The radiological and clinical results according to Paley bone
scoring system5,7 are shown in Fig. 3. Most of the patients obtained
good-excellent radiologic (94.7%) and functional (94.7%) outcomes.
And there is no poor or failure results.

Complications

There was one minor complication such as fexion deformity of
the first toe, one major complication without sequelae as delayed
union and no major complications with sequelae.

Discussion

All the 19 cases in this series had atrophic nonunion in the tibia
diaphysis region with diffuse (type-IV) chronic osteomyelitis ac-
cording to the Cierny-Mader classification.9 This complex, in
particular chronic osteomyelitis and nonunion pathologies, is very
difficult to treat, even individually. Moreover, each pathology is
closely inter-related and thus the treatment needs to be adjusted
with the progress of others. Many management strategies are now
available. The pathological characteristics are important in select-
ing suitable treatment methods. Moreover, the type and localiza-
tion of nonunion, the duration of infection (acute, chronic) and the
type of osteomyelitis are important guiding parameters.

Currently, there are two different approaches in the treatment
of patients with diffuse (type-IV) chronic osteomyelitis and tibial
nonunion. The first is a radical approach, and the second is a



Fig. 3. Radiological (A) and functional (B) outcomes of patients.
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two-phase approach, which we can call conservative surgery. In
the radical approach, the disease is treated more like a malignant
bone tumour and the infected area is resected. The intercalary
defect is treated with techniques such as callus distraction or free
vascularized bone flap, which are quite complex and have many
complications.10,11

The callus distraction technique provides indications for the
treatment of difficult and complex musculoskeletal system dis-
eases. It is used in the treatment of internal defects of bone tissue
depending on the various causes.10,12 However, this technique has
many disadvantages, such as time-consuming, requirement for
frequent controls, high risk of wire bottom or deep infection,
neurovascular damage, non-compliance with the device used and
psychological disorders.12,13

Another technique used to repair the defects is vascularized
autogenous grafts. Vascularized fibula can be combined with allo-
graft or autogenous grafts as well as used alone. Vascular fibula
alone contains significant complications. The main advantages of
such a reconstruction graft are having an independent vascular
structure, healing to the original bone in a short time and the early
advent of oppositional growth. However, in spite of all these fea-
tures, it takes a long time for the fibular graft to thicken and reach a
volume that is able to carry a full load. During this time, there is a
high risk of micro-fractures turning intomacro fractures. Therefore,
single vascularized fibula flaps are generally preferred in the
reconstruction of the upper extremity. Even in this region, in the
upper extremity zone, which is not weight-bearing, the fracture
rate varies between 30% and 50%.10,14

As for the two-stage surgical approach, which we call conser-
vative surgery, is popular in the treatment of advanced nonunions
with chronic osteomyelitis. Local antibiotics have been proven to be
effective in prophylaxis and osteomyelitis treatment. However,
high concentrations of an antibiotic release can cause cytotoxicity,
which may inhibit osteogenesis and have negative effects on frac-
ture healing.15,16

Various materials have been used in the management of infec-
ted dead areas. Currently, antibiotic-induced bone poly-
methylmethacrylate (PMMA) is most popular. Antibiotic-
impregnated bone cement, which has been examined in detail in
pharmacokinetic analysis, is used in the management of the case
series. The materials have very important advantages. In general,
approximately 5%e7% of the total amount of antibiotics is released
quickly within the first 24 h. Then there is a biphasic release model
characterized by a constant gradual decline in antibiotic release for
weeks and months. However, this form of oscillation may not be
effective in combating infection and can also cause microbial
resistance and biofilm layer formation.17e19 It has been claimed that
PMMA causes disturbances in the response and function of the
immune system.20 There are also concerns about the long-term
implantation and there is no consensus on the duration that it
should be retained in the dead area. Most authors have suggested
that beads be removed gradually 4e6 weeks after implantation.21

In our study, these chains were removed at the end of three
week with the transition to the second phase. The main reason for
using these chains for a short period of time was to maximize the
antibacterial effect and meanwhile minimize the risk of microor-
ganisms developing a biofilm layer and other complications. In
addition, in these patients with prolonged nonunion, it was desir-
able to start the bone healing process as soon as possible.

The sliding fibular flap technique to reconstruct the tibial gap
defect was first described in 1884. Although various modifications
have beenmade over the years, the principle remained the same. In
previous similar studies,22 Tuli23 evaluated 21 patients with tibia
gap defect due to either infection or trauma, union was obtained in
all the patients. In 8 of 11 patients with tibia gap defects ranging
from 4 to 22 cm due to tumour resection, trauma or chronic oste-
omyelitis, Kassab et al.24 also reported success. Unlike these studies,
a more homogeneous group was formed in current study, and
similarly successful results were obtained. The infection could not
be controlled in only one patient, who had type c according to the
Cierny-Mader classification25 and severe local and systemic dis-
ease. However, recent clinical and experimental studies have
shown that none of the materials used temporarily in the man-
agement of infected bone defects are optimal. In this study, diligent
efforts were made to use the materials available in the optimum
time frame. The results were satisfactory, although the small
number of cases prevents a definitive result.

In his study, the average operation time was 122 min. There was
noneed for anastomosis surgery in this technique, and thefibulawas
slid to the tibial defect zone without causing damage to the soft
tissues. This can be considered to have reduced the time and mini-
mized the risk of vascular obstruction problems. In addition, since
another important advantage is that the fibula is slidwith amajority
of the vascular and soft tissue of the fibula, an excellent biological
environment can be considered to be provided in the dead area.

A limitation of this study was that because of the small number
of cases it was impossible to make comparisons with other tech-
niques on a solid basis. Another disadvantage is that this technique
has localized indications, i.e, just in the tibial region. However, the
data obtained from this small case series are important in terms of
guiding a broader range of studies to be conducted in the future. It
can be considered important to create an alternative for regions
where many complications may develop and be persistent, such as
the tibia. Other advantages of the technique are the short operation
time, less excessive tissue damage and blood loss, no need for an
experienced team and quick technique learning curve.
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