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Using the llizarov technique to treat limb shortening after
replantation of a severed lower limb: a case report
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Abstract: The Ilizarov technique for limb lengthening can solve the problem of shortening deformity
due to limb replantation after high-energy injury. However, the specific time-points and speed of limb
lengthening and the treatment of complications have been thorny issues. In the present case, a 26-year-
old male who presented with 12-cm left limb shortening caused by the replantation of the left severed leg,
and then treated with the Ilizarov technique to lengthen it simultaneously on the ends of osteotomy and
replanted bone. After the limb length restored to normality, tibia bone transport was performed. Considering
the unsatisfactory mineralization of the lengthened segment, the external ring fixator was replaced with a
splint for temporary fixation, which accompanied with an angular deformity of the lengthened segment. And
then a locking plate plus autologous ilium graft was performed to improve the stability and mineralization of
the lengthened bone segment. Finally, left lower limb returned to equal length with right one while standing,
and the left ankle joint remained in the functional position. In conclusion, this case showed satisfactory

follow-up results in terms of limb function and X-ray images. Our study demonstrated that the Ilizarov

technique is an effective treatment for shortening deformity after limb replantation.
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Introduction

The severing of a lower limb due to high-energy injury is
often accompanied by bone and soft-tissue defects (1,2).
Managements of severing of lower limbs mainly includes
replantation and amputation, which are depended on
specific indications and contraindications (3). Although
the success rate of limb replantation is high, postoperative
limb shortening often occurs to varying degrees (4). Recent
studies revealed that the Ilizarov technique could overcome
this issue (5,6). The Ilizarov apparatus is an external fixation
used to lengthen or reshape limb bones with complex and/
or open bone fractures and in cases of infected non-unions.
We here used the law of tension-stress advocated by Ilizarov
to stretch bone and extend soft tissue simultaneously, and
eventually restore a 12-cm lower limb shortening after
replantation. Considering the healing process of soft tissues
(7,8), limb lengthening, here, was different from pure bone
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transport. Liu er a/. shared some cases by using Ilizarov
technique to treat limb shortening after replantation.
But complications of limb pain and delayed union were
observed during the lengthening process in this case. These
were resolved by effective countermeasures, eventually
achieving satisfactory results in this patient. We presented
the following case in accordance with the CARE reporting
checklist (available at http://dx.doi.org/10.21037/atm-20-
5316).

Case presentation

A 26-year-old male patient had his left leg wholly severed
at mid-calf in a traffic accident (Figures 1,2). He was
admitted to our hospital 5 h later for emergency shortening
replantation, wherein the limb was shortened by 12 c¢cm
and replanted with full viability. Nineteen weeks later, a
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Figure 1 Preoperative image of the severed left leg.

Figure 2 Anteroposterior and lateral X-ray images of the severed
left leg.

U-shaped ring was placed on the patient’s foot to prevent
foot sagging, and osteotomy was performed at the proximal
end of the left tibia (Figures 3,4).

One week after surgery, bone lengthening at the rate of
1 mm/d was performed simultaneously on the osteotomy
end and the replanted bone end. Subsequently, due to local
pain, the lengthening rate was decreased to the range of 0.25
to 0.5 mm/d. Four months later, because the left limb had
been restored to normal length, limb lengthening strategy
was replaced by tibia bone transport (Figure 5A). However,
mineralization of the lengthened segment was found to
be unsatisfactory during a follow-up. After 10 months,
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Figure 3 19 weeks after emergency shortening replantation. (A)
The left replanted limb survived with good condition of peripheral
circulation of left lower extremity. (B) The right tibia was 357 mm in
length. (C) The left replanted limb length was 237 mm in length.

the external ring fixator was replaced with a splint for
temporary fixation. Unfortunately, due to the loosening
of the splint, an angular deformity of the lengthened
segment occurred 3 days later (Figure 5B,C). After 12 days,
an internal fixation by locking plate plus autologous ilium
graft was performed to improve the mineralization of the
lengthened bone segment. At 10 weeks postoperatively,
both lower limbs showed equal length while standing, and
the left ankle joint remained in the functional position. The
left knee joint mobility was 0-110° (Figure 64). An X-ray
revealed ideal bone healing (Figure 6B,C), and the sensation
was partially recovered in the left plantar.

All procedures performed in studies involving human
participants were in accordance with the ethical standards of
the institutional and/or national research committee(s) and
with the Helsinki Declaration (as revised in 2013). Written
informed consent was obtained from the patient.
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Figure 4 Nineteen weeks after performing the shortening replantation. (A,B) A U-shaped ring was placed on the left foot, and (C)

osteotomy was performed at the proximal end of the left tibia.
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Figure 5 Treated-process of tibia bone transportation. (A) Four months after bone lengthening, tibia bone transport was performed. (B,C)

"Ten months after bone transport, the external ring fixator was replaced with a splint fixation.

Discussion

Regarding the choice of lengthening time, the limb
lengthening method used for this patient differed from
that used in traditional bone transport and the treatment of
congenital malformations. Self-repairing and lengthening
of skin and soft tissues (nerves, blood vessels, etc.) after
anastomosis should be taken into account when lengthening
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the bone (9,10). The anastomosis of blood vessels, nerves,
and tendons take 4 to 8 weeks to heal (11,12). Therefore,
limb lengthening should be timed for at least 8 weeks after
the successful replantation of the severed limb. In this
case report, we initiated a limb lengthening 19 weeks after
successful replantation, with consideration of the above

factors.
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Figure 6 10 weeks after surgery of internal fixation by locking plate plus autologous ilium graft. (A) The left lower limb recovered satisfactorily

concerning limb length, left ankle joint position, and left knee joint mobility. (B) X-ray image of the left tibia at the anteroposterior position.

(C) X-ray image of the left tibia at the lateral position.

Lengthening speed is one of the critical factors
associated with the success or failure of treatment (13,14).
For this patient, we initially adopted the routine protocol
for lengthening at 1 mm/d, which we completed over four
sessions. Later, due to limb pain, we gradually slowed down
the lengthening rate to a minimum value of 0.25 mm/d.
Relevant research has shown that when lengthening speed
>2 mm/d, the patient sustains vascular and nerve damage
and bone nonunion, whereas when it is <0.25 mm/d,
the replanted bone will heal in advance, causing bone
lengthening to fail (15). In this study, our patient did
not experience complications due to the inappropriate
lengthening rate. In particular, his recovery of sensation
in the sole of his foot eventually confirmed our choices for
lengthening timing and rate had been effective.

Poor mineralization in the lengthened segment is a
common complication of bone transport (16), and surgical
intervention is a treatment measure for this issue. For this
patient, we removed the external ring fixator while he was
waiting for the operation, and an angular deformity occurred
during temporary fixation with the splint. We found that
the reduction of angular deformity in the lengthened bone
segment was different from that in a fresh fracture. Also,
conventional traction and folding reduction were entirely
ineffective. Therefore, we recommend that when the
lengthened segment does not heal well and requires surgical
treatment, surgeons use the more reliable long leg cast for
fixation, replacing the external ring fixator before internal
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fixation. However, the biomechanical mechanism of the
ineffectiveness of conventional reduction for the angulated
fracture of the extended segment remains unclear.

We have three final points to share. First, compared
with the pure bone transport technique, the external ring
fixator is applied for a longer-duration limb lengthening,
and pin track infection is more likely to occur. Our patient
experienced such problems and needed more frequent
changes in his wound dressings and oral antibiotics to
control the infection. Hence, pin track management
throughout treatment is essential. Second, the long-term
application of a fixator can cause complications in adjacent
joints, especially a high incidence of talipes varus.

For this reason, we placed a U-shaped ring on the foot
of the patient’s affected leg to prevent drop foot deformity.
Finally, in this case, we adopted an extensive treatment
cycle, which required high patient compliance and close
cooperation between doctor and patient. We gave our
weekly patient guidance via online video chat.

Using the Ilizarov technique can effectively treat limb
shortening after replantation of a severed limb and expand
the indication range of replantation of severed lower limbs.
Although a series of complications occurred in the treatment
of this patient, the final follow-up results were satisfactory.
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