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Summary: We report the case of an adult with fibula regeneration after  
below-the-knee amputation. Fibula regeneration conventionally occurs at the 
donor site of children after autogenous fibula transplantation when the perios-
teum is preserved. However, the patient was an adult, and the regenerated fibula 
was 7-cm long and grew directly from the stump. A 47-year-old man was referred 
to the plastic surgery department owing to stump pain. He had an open com-
minuted fracture of the right fibula and tibia due to a traffic accident when he 
was 44 years old and underwent below-the-knee amputation and negative pressure 
wound therapy for skin defects. The patient recovered and was able to walk using 
a prosthetic limb. Upon radiography, the fibula was found to have regenerated 
7 cm directly from the stump. Pathological examination revealed that the regener-
ated fibula contained normal bone tissue and neurovascular bundles in the cortex. 
The periosteum, mechanical stimuli with limb proteases, and negative pressure 
wound therapy were suspected to have accelerated bone regeneration. He had no 
inhibitory factors for bone regeneration, including diabetes mellitus, peripheral 
arterial disease, or active smoking status. After the resection of the regenerated 
fibula, the patient was ambulatory without further bone regeneration or pain. This 
case report suggests that bone regeneration may occur even in adults. The sur-
geon should not leave any part of the periosteum behind in patients undergoing 
amputation. In adult amputees complaining of stump pain, the possibility of bone 
regeneration may be considered. (Plast Reconstr Surg Glob Open 2023; 11:e4968;  
doi: 10.1097/GOX.0000000000004968; Published online 10 May 2023.)
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F ibula regeneration at the donor site after autogenous 
fibula transplantation has been previously reported.1 
In these cases, the periosteum was preserved and the 

fibulae regenerated, with the caveat being that the patients 
were children. We herein report the case of a 47-year-old 
male patient who underwent below-the-knee (B-K) ampu-
tation and was observed to have a regenerated fibula that 

grew directly from the fibular stump. The regenerated 
fibula was 7-cm long.

CASE REPORT
A 47-year-old man who had undergone B-K amputation 

was referred to the plastic surgery department because of 
complaints of pain, dark red stump skin, and occasional 
stump ulceration (Fig. 1). He had right fibula and tibia 
open comminuted fractures owing to a traffic accident 
when he was 44 years of age. The patient underwent B-K 
amputation, debridement twice, and NPWT for 13 days on 
his stump. The stump healed, and he was ambulatory with 
a prosthesis (Fig. 2).

As observed by radiographs taken at the plastic surgery 
department 2 years and 7 months after amputation, the fib-
ula and tibia had regenerated by 7 cm and 1 cm along the  
stump, respectively (Fig. 3). The length of the leg stump 
did not increase during bone regeneration. The regener-
ated fibula was thought to have caused the pain, and surgi-
cal resection of the regenerated fibula and excess skin was 
performed under general anesthesia 2 years and 9 months 
after amputation. The regenerated tibia was not removed 
because it did not cause any pain. The regenerated fibula 
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was similar to a normal fibula regarding thickness and 
hardness. Pathological examination revealed that the 
regenerated fibula comprised normal bone tissue, includ-
ing cortical and cancellous bone with fatty bone marrow. 
In the cortex, bundles of arteries, veins, and nerve fasci-
cles, similar to the normal feeding vasculature and nerve, 
had grown (Fig. 4). Approximately 3 years and 9 months 
after the resection of the regenerated fibula, the patient 
was ambulatory and did not have any bone regeneration 
or pain.

DISCUSSION
Fibula regeneration has been reported to occur at the 

donor site after autogenous fibula transplantation when 
the periosteum is preserved. However, this usually occurs 
in children. Bettin et al reported that the only predictor 
of fibular regeneration was younger age (cutoff: 15 years) 
at the time of transplant.1 In addition, the regenerated 
fibulae reportedly filled the bone harvesting section. 
However, in this case, the regenerated fibula extended 
directly from the stump. Bone overgrowth of the resid-
ual limb after an amputation is rare in adults; hence, 
reported cases are few.2

We had thought that the major contributing factor to 
fibula regeneration in this case was the periosteum, which 
may have remained in the wound. Pathological exami-
nation revealed that the regenerated fibula had bundles 
of arteries, veins, and nerves, and the periosteum was 
observed circumferentially. In general, newly regenerated 
nerves tend to form a tangle of bundles called a traumatic 
neuroma. However, the nerves in the regenerated fibula 
had intact microfascicles, suggesting that they formed nor-
mally and that the periosteum, which contained nerves, 
remained partly intact. This also suggests that the new 
periosteum and nutrient neurovascular bundles of the 
regenerated fibula may have arisen from original preex-
isting tissue. Duchamp de Lageneste et al showed that 
“periosteal cells and their periosteum niche are two key 
components that act locally to allow callus formation and 
bone bridging for fracture consolidation.”3 Additionally, 
musculoperiosteal flaps were reported to contribute to 
the formation of large amounts of bone.4 Although the  
periosteum contributes to fibula regeneration, such occur-
rences are only observed in children.

Another possible factor of fibula regeneration is 
the mechanical stimuli for the stump. Mechanical 
stimuli are essential for bone growth and regulation. 

Fig. 1. Lateral view of the lower limb before regenerated fibula 
resection. the left side is the anterior. the skin of the stump is 
shown in deep red.

Fig. 2. Fifty-one days after B-K amputation. Bone regeneration 
was not clearly observed.
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Watanabe-Takano et al reported that physiological load-
ing induces the expression of osteocrin, a periosteal-
osteoblast-derived secretory peptide, in the periosteal 
osteoblasts of long bones, promoting bone growth by 
enhancing C-type natriuretic peptide signaling.5 A limb 
prosthesis could constantly stimulate the periosteum, 
consequently enhancing osteogenesis. NPWT has also 
been reported to enhance bone regeneration. Zhang et 
al reported that “NPWT promoted bone regeneration in 
vivo” and that “negative pressure treatment induced osteo-
blast differentiation in vitro.”6 The patient received post-
amputation NPWT for 13 days. Therefore, NPWT may be 
effective in bone regeneration.

The patient’s background was suitable for bone 
regeneration. He was relatively young and had no periph-
eral arterial disease. Therefore, blood flow in the stump 
was thought to have been sufficient. Sufficient blood 
flow is essential for bony callus formation.7 Moreover, 
the patient did not have diabetes mellitus, which is a 
known risk factor for delayed fracture healing. Finally, 
the patient was not a smoker, which is a habit known 
to increase the risk of nonunion and delayed union of 
fractures.8

Heterotopic ossification (HO) is the formation of 
mature lamellar bone in the soft tissue. HO occurs 
after extremity trauma and is associated with inflamma-
tion9; both the characteristics were observed in this case. 
However, we believed that the present case was not of 
HO, but bone regeneration, primarily because the gener-
ated fibula grew directly from the stump. Moreover, this 
growth was not heterotopic but orthotopic. Furthermore, 
the generated bone had a clearly defined border, whereas 
HO tends to acquire a chaotic form. It may be clinically 
crucial to differentiate between HO and bone regenera-
tion because noninvasive treatment options are available 
for HO, such as nonsteroidal antiinflammatory drugs, 
diphosphonate, and local radiation therapy.10

CONCLUSIONS
This case report suggests that bone regeneration can 

occur even in adults. The periosteum is believed to be 
the main factor involved in bone regeneration. To pre-
vent bone regeneration, surgeons should not leave any 
part of the periosteum behind during limb amputation. 
Although bone regeneration is rare, it should be consid-
ered if adult amputees complain of stump pain. However, 
it remains unclear whether this phenomenon is based 
on individual-specific traits or can occur in any ampu-
tee. Therefore, similar cases should be gathered and 
investigated.
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Fig. 3. two years and seven months after amputation. the fibula and 
tibia regenerated by 7 cm and 1 cm from each stump, respectively.

Fig. 4. Histopathological cross-sectional view of the resected fib-
ula. the regenerated fibula comprised morphologically normal-
looking bone tissue (including the periosteum), and cortical and 
cancellous bone with fatty bone marrow. In the cortex, a bundle 
of arteries, veins, and nerve fascicles, similar to the normal feed-
ing vasculature and nerve, was observed (yellow arrow). In the 
serial section, neurovascular structures were seen to penetrate 
the cortical-like bone tissue from outside of the bone and reach 
the medullary cavity-like bone tissue.
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