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Replantation of the lower leg has controversial indications, but it may be considered in carefully selected patients.
Although the function of prosthetic lower legs has been improved in recent decades, leg salvage remains a laud-
able goal. We present the case of a 7-year-old child who sustained a traumatic amputation at the level of the mid-
dle tibia with loss of the middle portion of the lower leg. We performed successful replantation, and tibia
lengthening was performed starting 10 days after replantation and lasted 6 months.
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Replantation of the lower leg has controversial indications, but it
may be considered in carefully selected patients. Although the function
of prosthetic lower legs has been improved in recent decades, salvage
of the amputated leg remains a laudable goal, especially in children. We
present a 7-year-old child whose left lower leg was amputated, with
loss of the middle portion of the lower leg. We performed tibia length-
ening 6 months after replantation. Replantation of the lower leg and
bone lengthening have been reported in the literature (1,2), but this is
the first report of a case with large bone loss (14 cm in length). We also
report the results of the treatments.

Case Report

A 7-year-old male child was injured in a train accident, and his right
lower leg was amputated (Fig. 1A,B). The amputated limb was associ-
ated with loss of the middle third of the lower leg and avulsed injuries.
The Mangled Extremity Severity Score (3) was 8 (skeletal/soft-tissue, 4;
shock, 1; ischemia, 3; age, 0). Preoperative radiographs were obtained.
The child received replantation of the lower leg 1 hour after injury.
Under general anesthesia, the wounds were thoroughly debrided, and
bones were shortened as needed. The tibia fracture was stabilized using
an external fixator across the knee and pin. The anterior and posterior
tibial arteries as well as their company veins were anastomosed. The
great saphenous vein was also anastomosed. The tibial and peroneal
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nerves were repaired. The extensor digitorum longus, extensor hallucis
longus, peroneus tertius, peroneus longus, gastrocnemius and soleus
and Achilles tendon, tibialis posterior, flexor digitorum longus, flexor
hallucus longus, flexor digitorum longus flexes, and flexor hallucus lon-
gus tendon (muscle) were repaired or reconstructed as possible
depending on the remaining structures. The size of the remaining defect
was 24 x 12 cm. The defect was protected temporarily using vacuum
sealing drainage, followed by skin grafting 3 weeks after injury. The
injured lower leg was 14 cm (33%) shorter than the opposite lower leg
after replantation. The leg survived with normal color and capillary nail
refill test 14 days after surgery (Fig. 1C).

Four months after surgery, tibia lengthening was started using an
Illizarov external fixator frame (Fig. 1D). The lengthening rate was
0.25 mm/time, 4 times a day (4). After 6 months, the injured leg was
3 cm shorter than that of the opposite leg. The external fixator was kept
in place for an additional 6 months to allow bone healing. Neither
wound infection nor pin tract infection was observed.

Follow-up duration was 5.5 years (Fig. 1F,G,H and Video 1). At the final
follow-up visit, static 2-point discrimination on the sole of the injured foot
was 5 mm, and the measurement on the opposite side was 3 mm.
Semmes-Weinstein monofilament scores (5) were 4.75 and 3.53 g on the
soles of his injured foot and the normal foot, respectively. Active range of
motion of the knees were 110° and 120°, respectively. Dorsal and plantar
flexion of the ankle were 10° and 9°, respectively. The measurements on
the opposite normal side were 32° and 51°.

The injured foot and lower leg were scored 5 (mild cold intolerance)
based on the self-administered Cold Intolerance Severity Score ques-
tionnaire (mild, 0—25; moderate, 26—50; severe, 51—75; extreme
severity, 76—100) (6). The child had no need to use thick socks to
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Fig. 1. (A) Injury at proximal end. (B) Amputated part. (C) Two weeks after replantation. (D) Four months after replantation. (E) Radiograph showing bone lengthening starting 4 months
after replantation. (F) Radiograph 5.5 years after lengthening. Anterior view (G) and lateral view (H) 5.5 years after lengthening.

protect the lower leg and foot in inclement weather. See Table 1 for
other results.

Discussion

Traumatic amputation of the lower leg is a rare but severe injury
that may include high-grade open fractures with associated nerve
injury, bone and soft tissue loss, and ischemia and unreconstructable
neurovascular injury. A below-the-knee amputation may be an option,
taking into account the patient’s age and ambulatory status (7). A

Table 1
Item and scale scores for foot function index-5pt

Item Scale Score (0—4)

Pain
1. Foot pain at worst
2. Foot pain in the morning
3. Pain walking barefoot
4. Pain standing barefoot
5. Pain walking with shoes
6. Pain standing with shoes
7. Foot pain at end of day
Disability
1. Difficulty walking in house
2. Difficulty walking outside
3. Difficulty walking 4 blocks
4. Difficulty climbing stairs
5. Difficulty descending stairs
6. Difficulty standing on tiptoe
7. Difficulty getting up from chair
8. Difficulty climbing curbs
Pain scale score (0—100)
Disability scale score (0—100)
Foot Function Index-5pt total score (0—100)

[eNeN=leloNeNeio]

NUNOO =0 =000

primary amputation can result in disability and psychological conse-
quences for children (7), including depression, confusion, problems
with everyday activities, phantom limb sensations, and pain, all of
which affect their future goals (8).

Indications for replantation are often controversial, because replan-
tation procedures are complex and difficult to perform, and the results
of modern prostheses are better than a poorly functional replanted leg.
Replantation of the lower leg is nevertheless sometimes indicated,
especially in children. Absolute indications are not unequivocally estab-
lished, and the child and family members must be aware of their
options and have realistic expectations of surgical outcomes to make
informed decisions regarding replantation.

Bone lengthening is a surgical elongation of the bone. It requires a
variety of orthopedic devices to distract the bone and soft tissues. With
the combination of replantation and bone lengthening, an amputated
limb can be salvaged and its function can be improved. Stable joint
motion and the possibility of preserving sensibility of the sole broadens
the scope of indications for limb salvage, even with deliberate shorten-
ing that can be restored by lengthening. Length discrepancy is not a
contraindication for limb salvage. Children have a physiologically better
healing response than adults, with good bone healing secondary to a
rich periosteal blood supply, faster soft tissue healing, less scar forma-
tion, improved nerve regeneration, easier joint mobilization, and
enhanced tendon gliding. Emara et al (9) performed tibial lengthening
in 13 children aged between 10 and 12 years. The mean lengthening
achieved was 37% (range 32% to 42%) of the original tibial length. Pin
tract infection occurred in 5 patients (39%). The rare complications
included postoperative compartment syndrome (n=1; 8%), reflex sym-
pathetic dystrophy (n=1; 8%), metal failure requiring exchange of a
Schanz pin (n=1; 8%), and peroneal nerve irritation (n=1; 8%).
The authors concluded that lengthening >25% of the original length is
safe (9).



X. Luo et al. / The Journal of Foot & Ankle Surgery 58 (2019) 1273-1275 1275

A few reports exist on replantation of a lower leg in children.
Masuda et al (10) performed replantation in a 4-year-old boy who sus-
tained a sharp, complete amputation at the distal third of his left leg in
a lawnmower accident. At 17-year follow-up, the patient was able to
walk and run faster than average and had no problems in daily activi-
ties. In this case, the discrepancy in leg length was 3.5 cm immediately
after replantation, which was overcome by overgrowth of the tibia and
femur to reach 2.0 cm at the 11-year follow-up and finally 1.2 cm at
maturity (10). Kim et al (11) performed replantation of both legs on a
2-year-old girl. At the end of the sixth month, both amplitude and
latency were increased, showing good recovery. Zubairi and Hashmi
(12) performed replantation in a 3-year-old boy who sustained a trau-
matic amputation of his left lower limb when he fell off a motorcycle
rickshaw. The tibia was shortened 4 cm to facilitate tendon, nerve, and
soft tissue approximation. After 12 years of follow-up, the patient has a
normal gait with no limp. He did not require a shoe raise for his negligi-
ble limb length discrepancy (12). Krylov et al (1) performed replanta-
tion in 8 children from 2.5 to 13 years of age with railroad amputations
in the lower leg. Among them, 2 children received bone lengthening
because of 10-cm bone loss. The authors applied a compression-distrac-
tion external device that was removed 6 months later. The patients can
walk independently 15 months after the accident (1). Datiashvili (2)
performed replantation in a 3-year-old girl whose both lower legs were
amputated by a mechanical field mower. After debridement, her right
leg was shortened by 6 cm, and the left by 3 cm. Both legs received
bone lengthening and correction after 5 years and recovered well with
good function 2 years after lengthening. Follow-up continued for
another 18 years (2). Physical examination of the patient was satisfac-
tory. There were no signs of spinal deformities. Both thighs looked sym-
metrical with well-developed musculature. The right lower extremity
was shorter than the left by 2 cm. Her lower legs were grossly asym-
metrical, with some atrophy of the proximal muscles on the right
leg (2).

Several issues need to be discussed. The timeframe is an important
element in treating a replanted lower leg. Although many surgeons sug-
gest that all treatments should be finished by 1 year, such a short time
was not realistic in our case. Compared with sharp injuries, incidences
of complications for crush injuries are higher, including wound edge
and bone necrosis, wound and pin tract infection, osteomyelitis, bone
nonunion and malunion, tendon adhesion, joint stiffness, and pain.
Owing to the complexity of treatments, the treatment team should

include the surgeon, the primary care physician, a physical therapist,
and a social worker. Attempts at lower leg salvage are often made with
less-than-favorable results, leaving the patient with an extremity that is
less functional than a prosthesis would be and raising the expense of
treatment.

In conclusion, considering the functional outcome of bone lengthen-
ing, we believe that replantation of the lower leg should be attempted
whenever possible and is feasible in children.

Supplementary Materials

Supplementary material associated with this article can be found in
the online version at https://doi.org/10.1053/j.jfas.2019.03.018.
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