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Female, 65-year-old
Open tibia fracture with bone loss
Pain e osteomyelitis

Orthopedics and Traumatology e Plastic Surgery

Challenging differential diagnosis

Type IlIB open bone fractures include loss of soft tissue with periosteal stripping and need rapid surgical repair.
The llizarov method of bone lengthening and reconstruction offers limb salvage as an alternative to amputation.
We report a case of a neglected type IlIB open fracture of the tibia with inadequate soft tissue coverage and
periosteal stripping requiring an llizarov approach for limb salvage in a 65-year-old woman. Surgical debride-
ment resulted in a large bone deficit of 13 cm. Acute shortening facilitated wound closure, and the remaining
skin defect was treated with skin grafting. Bone transport and limb lengthening techniques, in addition to skin
expansion and support, were used to restore the length of the tibia. The regenerated bone had to be fused
with the talus since the tibial plafond was excised during debridement. The external fixator was removed after
643 days of treatment. An external fixation index of 49.6 d/cm was estimated. Excellent bone and good func-
tional results were obtained according to the criteria of the Association for the Study and Application of the
Method of llizarov. Skin invagination, bone translocation, and pin tract infection were the major postoperative
issues.

This case showed that a multidisciplinary approach may be required for the successful management of neglect-
ed open fractures of the tibia and that the llizarov approach to both bone and soft tissue lengthening and re-
construction should be considered to ensure limb salvage and improve the final cosmetic appearance.

Fractures, Open e llizarov Technique ¢ Limb Salvage ¢ Reconstructive Surgical Procedures ¢ Tibia
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Background

The soft tissue coverage in the lower third of the tibia is poor,
making the tibia susceptible to open fractures when injured.
Open fractures may account for as much as 24% of all tibial
fractures [1]. Mistreated or neglected open fractures not only
result in bone necrosis, but also involve large soft tissue defi-
cits. This kind of injury requires combined treatment by both
orthopedic and plastic surgeons [2]. The Ilizarov method is a
type of circular external fixation used in orthopedic surgery to
lengthen or reshape limb bones. It works as limb-sparing tech-
nique to treat complex and/or open bone fractures and cases
of infected nonunion of bone that are not amenable to treat-
ment with other techniques. It is named after the orthopedic
surgeon Gavriil Abramovich Ilizarov from the Soviet Union, who
pioneered the technique [3,4]. Since its origination in the mid-
1900s, the Ilizarov method has advanced greatly and has be-
come a viable method for bone lengthening, severe deformity
correction, and defect management. As the reported studies
show, it remains one of the most used tools for bone recon-
struction [5-9]. Poorly perfused soft tissues may not be suit-
able for reconstruction by the more sophisticated techniques
of plastic surgery. In such cases, medical and ethical dilemmas
arise because a choice must be made between reconstruction
and amputation [10]. Limb reconstruction always appears to
be the better choice, but achieving the optimum result is a
lengthy and difficult process.

We report a case of a neglected type IlIB open fracture, accord-
ing to the Gustillo-Anderson classification (extensive soft tissue
damage with periosteal stripping and bone exposure usually
severely contaminated and comminuted, with flap coverage
being required to provide soft tissue coverage). The patient
was a 65-year-old woman whose tibia had inadequate soft tis-
sue coverage and periosteal stripping. Treatment required an
llizarov approach to both bone and soft tissue lengthening in
different planes and reconstruction [11].

Case Report

A 65-year-old woman with a medical history of hypertension
was referred to our hospital, after experiencing a type IIIB
Gustillo-Anderson open fracture in her left distal tibia. The
fracture was complicated by deep infection. The fracture, clas-
sified as 43A3 according to AO classification [12], occurred af-
ter a fall from a height. (Miiller AO classification of fractures
is a system for classifying bone fractures, which was initially
published in 1987 by the AO Foundation as a method of cat-
egorizing injuries according to the prognosis for the patient’s
anatomical and functional outcome. AO is an initialism for the
German Arbeitsgemeinschaft fiir Osteosynthesefragen, the
predecessor of the AO Foundation.) The patient was initially
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treated at the local hospital with intravenous antibiotics and
stabilization of the fracture with a transarticular external fix-
ation. Wound closure at the medial side was not possible. In
the following days, the patient’s condition deteriorated due
to the fracture becoming complicated by a deep infection, and
the patient was admitted in our hospital.

Bone necrosis was obvious and aggressive debridement was
necessary. Bone transport was planned for treating the result-
ing bone loss. The existing hardware and the devitalized soft
tissue and bone had to be excised. To obtain bleeding bone,
13 cm was removed from the distal tibia, including the joint
surface. Specimens of bone and tissue from multiple sites were
obtained for bacterial cultures.

A preconstructed classic Ilizarov ring fixator (PITKAR®) con-
sisting of 2 supporting rings proximally, 2 movable rings at
the level of the transporting bone, and a foot plate was used
(Figure 1). Corticotomy by drilling multiple holes and chiseling
took place at the tibial proximal metaphysis. Primary wound
closure was not feasible, so the limb was acutely shortened by
about 3 c¢m to facilitate soft tissue closure [13]. Wound cover-
age was achieved from surrounding muscles, while a 6x6-cm
skin defect remained. We planned to cover this defect with
a split-thickness skin graft after soft tissue survival was en-
sured. All bone surfaces were covered to avoid necrosis and
osteomyelitis. The vascular status of the foot had to be mon-
itored during shortening by Doppler ultrasound. The vessel
loop shoelace technique was used to gradually approximate
the edges of the wound [14]. The same loops, in addition to
many others, were used to expand and support the skin over
the tibia throughout the transportation period (Figure 2). The
split-thickness free graft, with donor area from the ipsilater-
al femur, was applied 2 weeks later by the plastic surgeon. No
complications occurred during the operation. Enterococcus fae-
calis and Staphylococcus epidermidis grew in the intraopera-
tive cultures, and the patient was treated with intravenous
antibiotics for 8 weeks.

Bone transport was initiated 10 days postoperatively at a rate
of 0.75 mm/d [15,16]. This rate had to be reduced when pain
was not well tolerated [17]. Partial weight bearing was allowed
2 weeks after the operation.

The transported bone segment reached the docking surface
of the talus 210 days postoperatively. The tibial plafond had
already been excised, and the descending bone fragment was
to be fused with the talus. The skin that was entrapped be-
tween the transported bone and the talus had to be excised to
avoid skin necrosis, and the tibial edge was revitalized. Callus
consolidation was achieved after 14 months. The frame was
dynamized when 3 cortices were evident on the X-ray. It was
removed in the operating theater under anesthesia 4 weeks
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Figure 2. The vessel loop shoelace technique. (A) Red loops were used to support the skin over the tibia throughout the transportation
period. (B) Yellow loops were used to expand the intact skin in order to gradually approximate the edges of the wound.

later. The regenerated bone was evaluated both clinically
(Figure 3A, 3B) and radiologically (Figure 3C, 3D).

When the frame was removed, both fusion of the ankle
and regenerated bone consolidation had been achieved.
The results were evaluated according to the criteria report-
ed by Paley et al. [18] and the Association for the Study and
Application of the Method of Ilizarov (ASAMI) score [19]. The
knee exhibited a range of motion from 0° to 125°. Axial de-
formity was not observed. The ankle was fused at a neutral
position. The limb length discrepancy was less than 10 mm,
with the injured limb being shorter. Total time in frame was
643 days. The external fixation index (time spent in an exter-
nal fixator) was estimated to be equal to 49.6 d/cm. The pa-
tient was able to return to her previous level of activity dur-
ing 6 months following the fixator removal. No significant pain
was present when the treatment was completed. Clinical, lab-
oratory, and radiological testing did not show any active in-
fection. According to the ASAMI scoring system, the bone re-
sults were excellent, but because ankle had to be fused, the
functional results were only scored as good.
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Taking into consideration the length of time the patient had
to be in frame, pin tract infection was unavoidable. The most
severe incident was when an infection was complicated by
cellulitis and classified as grade Il pin tract infection accord-
ing to Paley [17]. Intravenous antibiotic treatment had to be
administrated and the Kirschner wires placed in the affected
area had to be relocated. Oral antibiotics were prescribed for
minor pin tract infections (grade 1) twice.

Discussion

Emergency debridement, stable fixation, and early wound cov-
erage are the basic principles in open fracture treatment [20].
The wound has to be covered in the first 72 h [21]. Patients
should be treated in trauma centers where both plastic and
orthopedic surgeons are available [2]. The time interval be-
tween injury and admission to a trauma center for definite
treatment seems to be a more important prognostic risk fac-
tor for infection, even compared with early debridement [22].
In the present case, the patient remained exposed in a highly
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Figure 3. Clinical and radiological appearance of the leg after removal of the Ilizarov frame. (A) Anteroposterior clinical view. (B) Lateral
clinical view. (C) Standard anteroposterior xray of the regenerated bone and ankle fusion and (D) standard lateral xray of the
regenerated bone and ankle fusion.
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contaminated environment, and when she was finally admit-
ted in our trauma center, aggressive debridement was the only
solution to prevent impending sepsis. However, the excision
of necrotized soft tissue and bone resulted in large deficits,
making the reconstruction even more demanding.

Limb reconstruction is a challenging procedure and many treat-
ment methods have been developed, each with advantages
and disadvantages. Autologous bone grafting is indicated for
defects less than 5 cm [23]. This procedure is accomplished
in 1 stage, but it is accompanied by donor site morbidity [24].
Further, the quantity of the available graft is limited. Free vas-
cularized fibula transfer from the contralateral limb is effective
for restoring large bone and even soft tissue deficits when os-
teocutaneous flaps are used. Microsurgical skills and a consid-
erable amount of operating time are required, and blood loss
is larger than with the Ilizarov method. Another disadvantage
of the free vascularized fibula transfer is the donor site mor-
bidity [25,26]. However, it is a valid choice when large bone
deficits are being treated. In the long run, stress fractures may
complicate cases of fibula transfer [27]. The induced membrane
(Masquelet) technique seems to be as effective as distraction
osteogenesis in bone defect restoration [28,29]. The autograft
requirements and the subsequent donor site morbidity have
to be taken in consideration in the case of massive defects.

Distraction osteogenesis has been used to successfully treat
bone defects up to 24 cm [30]. The use of an external fixator
makes the technique less invasive, with less blood loss [31].
There is no need for a graft, and donor site morbidity is not
a factor. Thus, the llizarov method has been the criterion
standard for treating segmental tibial defects since the early
1990s [32,33]. When this method is combined with the circu-
lar ring fixator, maximum stability with minimum exposure to
hardware is obtained. The length of the treatment is the main
disadvantage of the method because it increases the probability
of complications and the psychological burden of the patient.

Bone transport is performed when a large defect is present,
and the deficit is filled while the transported segment is mov-
ing [34]. Since the bone loss in our case was around 13 c¢m,
acute shortening would not suffice to achieve the contact of
the bone edges and bone transport was selected as the treat-
ment method. In the present case, acute shortening served
the purpose of wound closure, with the applied technique be-
ing more of a bone transport than a bifocal compression dis-
traction osteogenesis. Both bone transport and distraction-
compression osteogenesis require a similar time in frame and
show excellent results [35]. A lengthening of 3 cm after the
end of the bone transport was necessary to restore the ini-
tial length of the limb.
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Soft tissue management is of equal importance to bone de-
fect repair. Many reconstructive options are available, includ-
ing free or local flaps and grafting. In 1982, Mathes et al. [36]
introduced the reconstructive ladder concept in plastic surgery.
According to this concept, the simplest of the effective meth-
ods of treatment should be used, and 4 decades later, the con-
cept remains valid [37]. Distraction osteogenesis has been re-
ported to combine successfully even with the more complex
techniques of plastic surgery, such as the free vascularized
flaps [38]. On the other hand, the use of the llizarov method
may help to restore soft tissue defects without the need for
the most demanding techniques of plastic surgery [39]. Soft
tissue healing may benefit from distraction osteogenesis be-
cause it has been proved to increase the vessel density in the
distraction area [40].

Our novel approach was initially to expand and eventually ele-
vate the soft tissues of the tibia from the ring fixator frame us-
ing vessel loops. In this way, a suspension mechanism was cre-
ated and was used throughout the transportation period. The
vessel loops were attached to the tibia with metal surgical clips.

In writing this report, we hope to give new ideas to our col-
leagues in dealing with these difficult open, contaminated frac-
tures, using the concept of the llizarov method and avoiding
limb amputation with all its complications.

As far as we know, this case was the first time that this meth-

od was used to expand and support the soft tissues in a ver-
tical plane during a bone transport.

Conclusions

The case presented here showed that a multidisciplinary ap-
proach may be required for the successful management of
neglected open fractures of the tibia and that the llizarov ap-
proach to both bone and soft tissue lengthening and recon-
struction should be considered to ensure limb salvage and im-
prove the final cosmetic appearance.
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