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Abstract

AIM

To evaluate the results of the Ilizarov method in
management of cases with bone loss, soft tissue loss
and infection.

METHODS

Twenty eight patients with severe leg trauma com-
plicated by bone loss, soft tissue loss and infection were
managed by distraction osteogenesis in our institution.
After radical debridement of all the infected and dead
tissues the Ilizarov frame was applied, corticotomy was
done and bone transport started. The wounds were left
open to drain. Partial limb shortening was done in seven
cases to reduce the size of both the skeletal and soft
tissue defects. The average follow up period was 39 mo
(range 27-56 mo).

RESULTS

The infection was eradicated in all cases. All the soft
tissue defects healed during bone transport and plastic
surgery was only required in 2 cases. Skeletal defects
were treated in all cases. All patients required another
surgery at the docking site to fashion the soft tissue
and to cover the bone ends. The external fixation time
ranged from 9 to 17 mo with an average of 13 mo. The
complications included pin tract infection in 16 cases,
wire breakage in 2 cases, unstable scar in 4 cases and
chronic edema in 3 cases. According to the association
for study and application of methods of Ilizarov score
the bone results were excellent in 10, good in 16 and
fair in 2 cases while the functional results were excellent
in 8, good in 17 and fair in 3 cases.

CONCLUSION
Distraction osteogenesis is a good method that can treat
the three problems of this triad simultaneously.
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reconstruction; Open bone transport
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Core tip: Bone and soft tissue loss represent a true
challenge for both the orthopedic and plastic surgeons.
The presence of bone and soft tissue infection further
complicates limb reconstruction. In this study a series
of 28 patients with severe lower limb trauma were
managed by the Ilizarov method without the need for
major plastic surgery. The results were encouraging.
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INTRODUCTION

Bone loss represents a true challenge for orthopedic
surgeons. Soft tissue loss may complicate the condition
and makes reconstruction more difficult. Bone infection
may further complicate the condition and makes recon-
struction extremely difficult™™. So, the triad of bone
loss, soft tissue loss and infection is considered to be
an unhappy triad in the field of limb reconstruction. In
the presence of this triad the scope for reconstruction
becomes very narrow and amputation may be the end
result.

It is important to restore a healthy soft tissue
envelope for proper treatment of this complex problem.
This could be done by major plastic surgery in the
form of local myocutaneous flaps, or free flaps. But,
in the presence of infection the chance for success of
these plastic surgeries becomes very limited™®. During
distraction osteogenesis all the tissues are lengthened
including the bone, vessels, nerves, muscles and skin.
This gradual lengthening may lead to spontaneous
closure of the soft tissue defects without the need for
plastic surgery”,

The aim of this study is to evaluate the results of
distraction osteogenesis in management of cases with
severe leg trauma complicated by bone loss, soft tissue
loss and infection.

MATERIALS AND METHODS

Between April 2007 and Jun 2014, twenty eight patients
with bone loss, soft tissue loss and infection were
treated by distraction osteogenesis in our institution.
The average age of the patients was 37 years (range:
16-58 years). There were 23 males and 5 females. The
etiology of this complex problem was trauma sequelae
in all of the cases. Plastic surgery was performed in
12 cases but it failed because of infection. After radical
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debridement, the average size of the skeletal defects
was 8 cm (range: 6 to 14 cm) and the soft tissue
defects ranged from 3 cm x 4 cm to 6 cm x 11 cm,
with an average of 5 cm x 7 cm. The defects were
located in the proximal third of the leg in 6 patients,
middle third in 13 patients and distal third in 9 patients.
All cases were infected with an active discharge. The
ethical committee in our institution approved this study.
Informed consent was taken from the patients before
being included in the study. Under general or spinal
anesthesia, the infected and dense fibrous tissues were
excised. The infected and necrotic bone ends were
debrided down to a healthy bleeding surface. Further
debridement of the exposed bone ends was done until
they became well covered by the skin and soft tissue.
The Ilizarov frame was applied and corticotomy was
performed in a healthy bone segment. The wounds
were left open to drain (Figure 1). Physiotherapy was
started early in the postoperative period to avoid
joint contracture. It involved isometric contraction of
the quadriceps muscles, active and passive range of
movement and stretching exercises for the hamstring
and gastrocsoleous complex. Bone transport was
started after a latent period of about one week. Patients
were discharged after an average of 8 d and followed up
regularly in the outpatient clinic. During bone transport
the bone segment carries its surrounding soft tissues
with it and the soft tissue defects gradually close. As
transport is done without sufficient soft tissue coverage
it is called open bone transport. At the time of docking
the skin becomes incarcerated between the bone
ends (Figure 1D). At this stage the patient is taken to
theater again where the soft tissue is removed from the
docking site and the skin is fashioned to cover the bone
ends. Transverse skin incision is preferred in this step to
facilitate skin closure. It was made along the bone ends
of the proximal and distal fragments. The incision was
deepened down to the bone and the soft tissues were
removed from the docking site. The bone ends were
freshened and compressed against each other by the
frame. This compression approximates the skin edges
together and facilitates their closure over the bone ends
(Figure 2). Bone graft was done at this time to stimulate
bone healing in 15 cases. Partial limb shortening was
done in 7 cases to reduce the size of both the soft tissue
and bone gaps. After docking, bone lengthening was
continued to equalize the limb lengths in those cases.
The frame was removed after healing of the docking
site and full maturation of the regenerated bone. The
average follow up period was 39 mo (range: 27 to
56 mo). The results were evaluated according to the
association for study and application of methods of
Tlizarov (ASAMI) scoring system™. In this system the
results are divided into bone results and functional
results. The bone results are evaluated according to
union, infection, deformity and limb length discrepancy
while the functional results are evaluated according to
daily activities, joint stiffness, limp, pain and presence of
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Figure 1 Surgical technique. The infected and necrotic bones are excised (A) and further debridement of the bone ends is done until they recessed under the skin
and soft tissues (B); C: The llizarov frame is applied and bone transport started; D: At the time of docking the skin is invaginated between the bone ends.

Figure 2 Management of the docking site. A: Transverse skin incision is made along the bone ends at the docking site; B: The incision is deepened down to the
bone and the soft tissues are removed from the docking site; C: The bone ends are freshened and compressed against each other by the frame; D: This compression

approximates the skin edges together and facilitates their closure over the bone ends.

reflex sympathetic dystrophy.

RESULTS

The infection was eradicated in all of the cases. All the
soft tissue defects healed during the process of bone
transport and plastic surgery was only required in two
cases. Bone defects were bridged in all cases (Figure
3). All patients required another surgery at the time of

Baishidenge ~ WJO | www.wjgnet.com

44

docking to fashion the soft tissue and to cover the bone
ends. The docking sites united without the need for
bone graft in 13 cases and with bone graft in 15 cases.
The average time of external fixation was 13 mo (range:
9 to 17 mo). The complications in this study were pin
tract infection in 16 cases (treated by local care and
oral antibiotics), wire breakage in 2 cases (treated by
reinsertion of new wires), unstable scar in 4 cases and
chronic edema in 3 cases. The limb length discrepancy
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did not exceed 2.5 cm except in one case. No cases
were complicated by amputation or reflex sympathetic
dystrophy. Using the ASAMI scoring system, the bone
results were excellent in 10, good in 16 and fair in 2
cases while the functional results were excellent in 8,
good in 17 and fair in 3 cases.

DISCUSSION

The tibia is the most common site for open fracture
of the long bones due to its anatomic location and
scanty soft tissue coverage. Also it is more liable for
complications due to its poor blood supply. These
complications include soft tissue necrosis, bone loss and
infection™ ™). Successful treatment of the soft tissue
loss is vital for bone healing. This could be done by free
or local myocutaneous flaps. But, in certain situations
these major plastic surgeries may be not feasible or
they may endanger the limb survival. These conditions
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Figure 3 Middle third bone and soft tissue defects. A: Forty-
seven year old male patient with combined bone loss, soft tissue
loss and infection of his left leg as a complication of an open
fracture of the tibia and fibula; B: Debridement of the bone ends
was done, llizarov frame applied and bone transport started; C:
During bone transport the soft tissue defect gradually closes; D: At
the time of docking the skin was fashioned over the bone ends; E:
After removal of the frame with good bone healing; F: The patient
with good alignment and complete healing of the soft tissue.

include severe infection and local vascular problems.
In the presence of infection the chance for success of
plastic surgery is limited and additional surgery may
be required to control infection prior to the major
plastic surgery™****), After severe trauma some limbs
may be left with only one blood vessel and if it is used
as a feeding artery for the graft this may threaten
the limb life. In case of failure of these surgeries the
choice between amputation and another modality of
reconstruction should be made.

In this study, 28 patients with the complex problem
of bone loss, soft tissue loss and infection were treated
by the Ilizarov method with satisfactory results in most
of them. All the wounds healed during bone transport
and plastic surgery was only required in two cases. We
found that it was not necessary to restore the soft tissue
coverage before skeletal reconstruction. After thorough
debridement the combined bone and soft tissue gaps
could be treated simultaneously by the process of
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distraction osteogenesis. In the two cases that required
plastic surgery, the soft tissue defects were big - 4
cm x 7 cm and 5 cm X 9 cm, respectively. During
bone transport the defects decreased but did not close
completely. The infection was eradicated in both of them
and they were easily treated by local muscle flaps.

To avoid protrusion of the bone fragment from
the wound during distraction the bone ends must be
debrided until they become well covered by the skin. So,
when distraction is started the bone fragment carries its
surrounding soft tissue with it and the soft tissue creeps
gradually until the defect heals spontaneously'.

The soft tissue defects in the lower third of the leg
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Figure 4 Lower third bone and soft tissue defects. A: Thirty-nine year
old male patient with skin loss, infection and exposed plate in the lower
third of his right leg; B: After radical debridement and application of the
llizarov external fixator; At the time of docking the skin was fashioned to
cover the bone ends (C) and it healed completely (D); After removal of the
frame with good bone healing (E) and the patient with good alignment and
complete healing of the soft tissue (F).

are difficult to treat. Free-flaps is the best method
for coverage of soft tissue defects in this area but the
procedure is technically difficult, requires skilled surgeons
and the recipient site should have suitable vessels which
is a big problem in major tibial fractures!®*®!, Perforator-
based flaps or a distally-based soleus flap may be
suitable for the lower third of the leg but the results are
controversial**?", Karbalaeikhani et a/*! used a soleus
flap to treat soft tissue defects in the middle and lower
third of the leg and reported a high failure rate in the
distal third. They recommend preoperative assessment
by angiography before surgery.

In this study, the defects were present in the distal
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third of the leg in 9 patients. All of them were treated by
the Ilizarov method and none of them required plastic
surgery (Figure 4). Partial shortening of the limb helps
to reduce the size of the bone and soft tissue defects
and decreases the time required for soft tissue healing.
After docking the frame must be adjusted to allow for
further lengthening to restore the limb length.

Bone graft was required in 15 cases to stimulate
bone healing at the docking site. In such cases small
amounts of cancellous bone graft were sufficient for this
purpose. The unstable scar is an important problem
with this technique. It happened in four of our patients
early in the course of this study. It usually occurs at
the docking site because the skin is thin and adherent
in this area. This skin is liable to injury and chronic
ulceration due to minor trauma. Prolonged protection of
the skin is required to prevent it from injury. We could
avoid this complication by resection of more bone at
the time of docking until thick healthy skin meets each
other over the bone at the docking site.

The method of Ilizarov is good for reconstruction of
patients with bone loss, soft tissue loss and infection.
The three problems could be treated simultaneously
without the need for major plastic surgery. Infection is
treated by radical debridement while the bone and soft
tissue defects are managed by bone and soft tissue
transport. Good experience with the Ilizarov frame,
better understanding of the distraction process and
proper handling of the soft tissues are required to get
the best results.

COMMENTS

Background

Bone and soft tissue loss are common after major limb trauma. The presence
of infection will further complicate limb reconstruction. The healthy soft tissue
envelope is essential for bone healing. This could be achieved by either local
or free myocutaneous flaps. Unfortunately these surgeries are technically
demanding, time consuming and may be associated with major complications.

Research frontiers
During distraction osteogenesis both the bone and soft tissue are lengthened
which may help in spontaneous closure of the soft tissue defect.

Innovations and breakthroughs

In this study the complex problem of combined bone loss, soft tissue loss and
infection was treated by distraction osteogenesis without the need for major
plastic surgery except in 2 cases.

Applications

This method could be used for treatment of cases with post traumatic bone and
soft tissue loss with or without infection. It is not necessary to restore the soft
tissue envelope before osseous reconstruction. During bone transport both the
bone and soft tissue defects will heal spontaneously. It is highly indicated after
failure of plastic surgeries and for cases with a poor vascular bed that does not
allow major plastic surgery to be done.

Terminology

Distraction osteogenesis is the mechanical induction of new bone formation
between two bony surfaces when they are gradually pulled apart. It was
developed by llizarov in the fifties of the last century. A low grade cortical
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osteotomy is made in a healthy bone segment and the circular external fixator is
usually used to apply the distraction force. It is also known as llizarov method;
Bone transport: A condition in which a healthy bone segment is transported
locally and gradually through the soft tissue to bridge a bone defect; The
docking site is the site where the bone ends come to meet each other after bone
transport.

Peer-review
The paper reports a good method for the treatment of lower limb tissue loss. It is
interesting and well written. References are adequate.
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