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Abstract

Objective: To examine the efficacy and safety of Ilizarov bone transport in the treatment of

infected nonunion of long bones.

Methods: Patients who underwent Ilizarov bone transport for treatment of bone nonunion with

chronic osteomyelitis in the three largest regional orthopedic trauma centers in China from July

2013 to July 2018 were retrospectively examined. Treatment results were evaluated with Paley’s

criteria for bone healing and functional assessment.

Results: In total, 189 patients were treated during the study period. The study population

comprised 135 male and 54 female patients with an average age of 37.5 years (range, 11–61

years). The patients were followed up for at least 24 months. According to Paley’s criteria for

bone healing and functional assessment, the bone healing results were excellent in 115 (61%)

patients, good in 31 (16%), fair in 21 (11%), and poor in 22 (12%). The functional evaluation

results were excellent in 76 (40%) patients, good in 65 (34%), fair in 22 (11%), poor in 26 (14%).
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Conclusion: Infected nonunion of long bones can be effectively and safely treated with Ilizarov

bone transport.
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Introduction

With the rapid industrialization and

increased application of heavy machinery
in recent decades, the incidence of high-
energy injuries from traffic and sports acci-

dents, falls, industrial injuries, and war has
been steadily on the rise. This has in turn
increased the prevalence of severe soft tissue

injury and open bone fracture that can
develop into infectious bone nonunion.1–4

Because of the complexity of these types
of trauma, infected nonunion of long
bones remains a great challenge for ortho-

pedic surgeons. The literature to date shows
that 5% to 10% of fractures will eventually
progress to bone nonunion.5 With the

development of external fixation techniques
represented by the Ilizarov technique, the
treatment effect of bone nonunion has

been greatly improved.6–8 From January
2013 to January 2019, 189 patients (194
limbs; five cases of bilateral tibial non-

union) were treated by Ilizarov bone trans-
port in the authors’ medical centers.

Despite the requirements for stable long-
term psychological and economic support
for limb salvage surgery, most patients in

this case series chose limb salvage over
amputation. In some cases, the components
of the external fixator were maintained and

recycled to increase economic sufficiency;
additionally, most patients were treated in
outpatient clinics after external fixation,

greatly reducing the cost of hospitalization.

In this study, we retrospectively analyzed

the clinical efficacy of Ilizarov bone trans-

port for the treatment of infected nonunion

of long bones.

Methods

General information

All the experimental procedures were

approved by the ethics committee of the

First and Sixth Affiliated Hospitals of

Xinjiang Medical University and The First

People’s Hospital of Kashgar Area

(approval number: K201902-03). All

included patients provided written

informed consent before the treatment,

agreeing to the publication of their clinical

materials provided that their identity was

not revealed. All the procedures were car-

ried out in accordance with the Declaration

of Helsinki. Patients who underwent

Ilizarov bone transport for treatment of

infected nonunion of long bones in the

three largest regional orthopedic trauma

centers in China from July 2013 to July

2018 were retrospectively included in the

current study.

Preoperative preparation

After admission, each patient underwent

relevant routine examinations. If sinus
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tract secretions were present, they were col-
lected and sent out for bacterial culture and
combined drug sensitivity testing. If exter-
nal fixation had been performed, the exter-
nal fixation device was removed first, and
antibiotics were applied empirically while
waiting for the culture and drug sensitivity
results. According to the results of the com-
bined drug sensitivity test, relatively sensi-
tive antibiotics were used to replace the
previous antibiotic treatment regimen. The
preoperative treatment lasted for 5 to 7
days.

Radiographs of the affected limb and
healthy limb (1:1 ratio) were acquired pre-
operatively for surgical planning. Magnetic
resonance imaging of the affected side was
carried out to determine the extent of osteo-
necrosis and the quality of bone and soft
tissues in the surgical region. An annular
external fixator was used for defects of >6
cm after osteotomy, and a single-arm exter-
nal fixator was used for defects of <6 cm.

Surgical procedures

Wound debridement and cleaning. After estab-
lishment of epidural anesthesia, an incision
was made along the previous surgical scar
and the original implants were removed.
Extensive debridement was performed to
remove all the necrotic bone and inflamma-
tory tissue, which were sent out for patho-
logical examination. The necrotic bone was
excised until fresh blood at the bone end
and fresh bone marrow in the medullary
cavity were seen. The wounds and medul-
lary cavity were washed with 0.02% iodo-
phor, soaked in 0.02% iodophor for 10 to
15 minutes, and then washed repeatedly
with a large amount of sterile normal
saline and hydrogen peroxide.

Installation of external fixator. After thorough
debridement, a circular external fixator was
installed if the bone defect was >6 cm.
After satisfactory adjustment of the limb

force line, the circular external fixator was
fixed with three to five 2.5-mm-diameter
pins and two or three 4.5-mm-diameter
half pins under C-arm fluoroscopy. When
the bone defect was <6 cm, an Orthofix
External Fixator (Orthofix, Lewisville,
TX, USA) was installed with a 4.5-mm-
diameter half pin. In patients with severe
osteoporosis, the external fixator was fixed
with a 4.5-mm hydroxyapatite half pin.
During the operation, needle puncture was
performed in strict accordance with the safe
passage technique, and the limb force line
was confirmed by C-arm fluoroscopy.

Corticotomy. The corticotomy site was decid-
ed according to the size of the bone defect,
location of the lesion, and preoperative sur-
gical design; it was located in the metaphy-
sis in most cases. The surrounding blood
vessels, nerves, and soft tissues were pro-
tected during corticotomy, which was per-
formed with a minimally invasive drilling
osteotomy device. Patients underwent
single-segment (n¼ 63), double-segment
(n¼ 121), or triple-segment (n¼ 5) cortico-
tomy with the minimally invasive drilling
osteotomy device.

Wound treatment. In 83 patients, the surgical
wounds had no soft tissue defects and were
sutured directly, and the negative-pressure
drainage tube was removed after <5 mL of
drainage per day was attained. In 106
patients, the surgical wounds had soft
tissue defects and could not be directly
sutured; 64 of these patients underwent
open dressing changes, and 42 underwent
vacuum sealing drainage. When the
patient’s condition allowed, a skin flap
was transferred to close the open wound.

Postoperative treatment and bone
transport

Postoperative antibiotic therapy was con-
tinued for 2 to 3 weeks. The pins were
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disinfected with 75% alcohol twice a day
until no obvious exudation was found,
after which this regimen was changed to
once a day or once every other day.
Isometric contraction joint activity and par-
tial weight-bearing exercises were started
from the second postoperative day. Bone
transfer was started an average of 10 days
(range, 8–14 days) after osteotomy. The
rate of bone transfer was 0.25mm every
6 hours, which was slowed when the patient
expressed discomfort. During the extension
period, the general condition of the limbs
was closely observed. The bone transfer
was paused in cases of abnormal sensation
and rapid reduction in the blood supply.
A radiograph of the affected limb was
reviewed once a week to observe the limb
alignment and the mineralization process of
the moving bone section.

Outcome assessment

According to the classification of bone heal-
ing and functioning established by Paley
et al.,9 the specific evaluation criteria for
bone healing were no infection, deformity
of <7 degrees, and limb length discrepancy
of <25mm. According to this standard,
bone union without relapsed infection,
deformity of <7 degrees, and limb shorten-
ing of <25mm was rated as excellent. Bone
healing with satisfaction of any two of the
three criteria was rated as good. If one of
the Paley classification criteria was met,
bone healing was considered acceptable; if
no criteria were met, the results were con-
sidered poor. The functional evaluation cri-
teria included five indexes: (1) obvious
claudication or limb deformity, (2) stiffness
of adjacent joints, (3) dystrophic soft tissue,
(4) limb pain affecting activity and sleep,
and (5) limb motor dysfunction. Patients
who had good physical activity and none
of the above five conditions were consid-
ered to have excellent function, those who
had good physical activity and conditions

(1) and (2) had good function, those who
had good physical activity and conditions
(3) and (4) had average function, and
those who had serious hindrance of physi-
cal activity had poor function.

Statistical analysis

IBM SPSS Statistics for Windows, Version
�24.0 (IBM Corp., Armonk, NY, USA)
was used to analyze the correlations
among the extent of lengthening, external
fixation time, bone healing, and functional
recovery by Spearman’s test. Differences
were considered statistically significant at
P< 0.05.

Results

In total, 189 patients were included in the
final analysis. They comprised 135 male
and 54 female patients ranging in age
from 11 to 61 years, with an average age
of 37.5 years (range, 11–61 years). The
sites of nonunion were the femur in 41
patients, humerus in 8, and tibia in 140.
The cause of the initial injury was a traffic
accident in 95 cases, crush injury in 43, and
falling injury in 51. The fracture type was
an open fracture in 117 cases and a closed
fracture in 72. The initial surgery was inter-
nal fixation in 128 cases and external fixa-
tion in 61. Ninety-three patients had a
lower limb deformity and 96 had bone
defects, including 76 patients with tibial
bone defects and 20 patients with femoral
bone defects; the mean length of the bone
defects in these 96 patients was 6.1� 1.5
cm. The patients underwent a mean of
3.3� 1.2 (range, 1–6) surgeries before
receiving bone transport treatment in our
centers. The disease course ranged from
5 to 32 months (mean, 16.3� 5.5 months).
A total of 105 patients had sinus tract and
secretion outflow, and 84 patients had no
sinus formation. The cause of infection
was Staphylococcus aureus in 57 patients,
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Klebsiella in 13, Escherichia coli in 19,
mixed bacterial infection in 20, and negative
bacterial infection in 80. There were 52
smokers and 6 patients with diabetes
(Table 1).

After the surgery, the mean duration of
external fixation was 142� 65 days and the
mean follow-up duration was 28.6� 7.6
months. All deformities were corrected at
the time of bone healing. There were 635
pin tract infections in 84 patients, among
which 140 pins in 32 patients were replaced
after failure of conservative anti-bacterial
treatment and dressing changes. Seventeen
patients developed recurrent infection,
which occurred at a mean of 3.2� 1.2

months after removal of the external fixa-
tor. The infection was effectively controlled
by the application of antibiotics, dressing
changes, or sinus removal. Seven patients
had a limb length discrepancy of >2.5 cm,
and no patients had residual deformity of
>7 degrees. The external fixator required
adjustment because of axial displacement
in 15 patients. Poor distraction osteogenesis
was observed in 23 patients; this was treated
by slowing the speed of bone transport and
encouraging the patients to perform partial
weight-bearing exercises with the protection
of crutches. Ninety-two patients had vary-
ing degrees of knee and ankle stiffness
caused by multiple surgical scar contrac-
tures. Among the 135 male patients, 87
(54%) remained engaged in their original
work, 54 (34%) needed to change their
jobs, and 16 (12%) could not engage in
paid work. Among the 54 female patients,
37 (71%) could normally engage in house-
work and 17 (29%) had difficulty in doing
so. Ninety-two patients had obvious claudi-
cation, 106 had ankle or knee stiffness, and
42 had continuous pain that reduced their
activity or affected their quality of sleep.
Twelve patients developed a second fracture
due to high-energy injury after removal of
the external fixator, and they were retreated
with external fixation.

According to the bone healing evalua-
tion criteria, the results were excellent in
115 (61%) cases, good in 31 (16%), fair in
21 (11%), and poor in 22 (12%). According
to the functional evaluation criteria, the
results were excellent in 76 (40%) cases,
good in 65 (34%), fair in 22 (12%), and
poor in 26 (14%) (Figures 1 and 2).

Discussion

This study showed that the Ilizarov bone
transport technique can be an effective
and safe method to treat patients with
infected nonunion of long bones. The
basic principles of Ilizarov bone transport

Table 1. Patients’ basic characteristics.

Demographics

Male 135 (71)

Age, years 37.5� 13.2

Site of nonunion

Femur 41 (22)

Humerus 8 (4)

Tibia 140 (74)

Primary injury

Traffic accidents 95 (50)

Falls 51 (27)

Other crush injuries 43 (23)

Type of initial fracture

Open 105 (56)

Closed 72 (38)

Combined 12 (6)

Primary fixation

External fixation 61 (32)

Internal fixation 128 (68)

Type of bacteria

Staphylococcus aureus 57 (30)

Klebsiella 13 (7)

Escherichia coli 19 (10)

Mixed 20 (11)

Negative 80 (42)

Length of bone defect, cm 6.1� 1.5

Number of surgeries 3.3� 1.2

Smoker 52 (28)

Diabetes 6 (3)

Data are presented as n (%) or mean� standard deviation.
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include stable external fixation, anatomic

realignment, low-energy corticotomy, and

gradual controlled mechanical distraction

to regenerate new bone/soft tissue as neces-

sary.10,11 Previous studies have clearly

shown that autogenous bone grafting after

debridement significantly accelerates bone

healing,12,13 whereas Ilizarov bone trans-

port achieves osteogenesis through gradual

and continuous axial distraction and com-

pression.14–17 In our study, most patients

achieved satisfactory osteogenesis after the

application of Ilizarov bone transport, con-

firming that simple distraction provides an

effective stimulus for osteogenesis. This is in

accordance with the results of previous

studies.18,19

The treatment of infected nonunion of

long bones is still one of the most challeng-

ing problems in orthopedic clinics.

However, it is apparent from our patient

series that Ilizarov bone transport is an

effective method for the treatment of

infected nonunion of long bones. In our

study, the rate of excellent and good bone

healing was 77% and the rate of excellent

and good functional recovery was 75%;

these rates are not as high as those in pre-

vious studies.20–22 Testa et al.20 reported a

96% rate of excellent or good bone healing

Figure 1. Radiographs of patient who underwent Ilizarov bone transport. (a) Preoperative image and
(b) 1-month, (c) 6-month, and (d) 24-month postoperative images are shown.

Figure 2. Results of Paley classification of (a) bone healing and (b) recovery of limb function.
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and an 84% rate of excellent or good func-
tional recovery in their study. Liu et al.21

reported a 94% rate of excellent or good
radiologic bone healing and a 79% rate of
excellent or good functional results.
Tetsworth et al.22 compared bone transport
with acute shortening/lengthening in the
treatment of infected (36 of 42 at the time
of surgery) tibial nonunion and obtained
excellent or good radiologic and functional
bone healing results in 95% of the patients
treated with bone transport. This might
have been partly due to surgical handling
and postoperative rehabilitation as well as
differences in outcome assessment parame-
ters. Notably, in severe cases of osteomye-
litis, even when perfect bone healing is
achieved, there is no guarantee that patients
can achieve good functional recovery,
partly because of the deteriorated condi-
tions of nerves, blood vessels, and adjacent
joints. However, further systemic rehabili-
tation treatment and a proper exercise reg-
imen may further improve the functional
outcome.

Although the present study provides fur-
ther evidence of the efficacy of Ilizarov
bone transport in the treatment of infected
nonunion of long bones with a relatively
large patient base, several limitations must
be addressed. First, its retrospective nature
makes it difficult to obtain more compre-
hensive information on patient demo-
graphics, treatment methods, and outcome
assessment parameters. The included
patients were treated and evaluated in dif-
ferent medical centers by different surgeons,
which likely created inconsistent data
regarding similar conditions. Well-
coordinated prospective studies with larger
numbers of patients are needed to further
validate the results of the current study.

Conclusion

The results of our study clearly show that
the Ilizarov bone transport technique is

effective in treating infected nonunion of

long bones.
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