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Reconstruction of metatarsal
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fibular graft in a pediatric patient:
Case report and review
of literature
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The Giant Cell tumor (GCT) is a benign, locally aggressive lesion that cause
bone destruction and shows a malignant potential. It is a relatively common
skeletal tumor that is therefore typically seen in young adults. Few cases are
described in literature of GCT in the immature skeleton, and the metatarsal
is an unusual location for a primary bone GCT, especially in pediatric age.
Therefore, there are very few data reported regarding the management
protocol of GCT in metatarsal bones. We report a case about the use of no
vascularized fibular graft for an original Y-shaped reconstruction of the
metatarsal bone after Giant Cell Tumor resection in a 9 years-old patient,
and performed a literature review about metatarsal bone reconstruction in
skeletally immature patient.
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Introduction

The Giant Cell tumor (GCT) is a benign, locally aggressive lesion that cause bone

destruction and shows a malignant potential with occasional capacity to metastasize.

Pulmonary metastases occur in about 2% of patients with GCT (1). It is a relatively

common skeletal tumor that usually occurs in young adults, accounting for 4%–9.5%

of all primary osseous tumors and 18%–23% of benign bone tumors (2, 3), but it can

rarely occur also in skeletally immature patients (4). This tumor develops almost

exclusively in the epiphysis of long bones, next to the adjacent joint. The most

common location is around the knee region (distal femur, proximal tibia), but distal

radius, fibular head, proximal humerus and sacrum can also be frequently involved

(5). Its histogenesis is unclear. It presents a typical, but not specific, microscopic

structure that justify the different terms used in the past to identify it: myeloid

sarcoma, tumor of myeloplexus, osteoblastoclastoma and osteoclastoma. It contains a
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prominent and diffuse osteoclast-type giant cell component,

uniformly distributed in a population of mononuclear plump

epithelioid or spindle cells (6–8). The metatarsal is an unusual

location for a primary bone GCT, especially in the immature

skeleton. We report a case about the use of fibular graft for

the reconstruction of the metatarsal bone after Giant Cell

Tumor resection in a pediatric patient and performed a

literature review about metatarsal bone reconstruction in

skeletally immature patient.
Methods and case description

A review of the literature was performed using common

databases (Pubmed, Google Scholar), searching for “metatarsal

reconstruction, pediatric giant cell tumor, en-bloc resection,

non-vascularized fibular graft”. The literature research was

focused on cases of GCT of metatarsal bone in pediatric age

treated with wide resection and reconstruction with free

fibular autograft.

A 9-years-old male, with a history of leukemia, presented to

our hospital with a localized pain and a 3 cm area of swelling of

the upper part of the right forefoot, first noticed 3 months
FIGURE 1

Pre-operative x-ray A/P (A) and MRI (B) view showing an expansile, lytic, encap
soft tissue involvement.
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earlier. There was no history of trauma, fever or any

symptoms influencing his general health. Pain also got worse

by walking. On examination, there was a fixed swelling area

occupying the dorsal and the inner side of IV metatarsus,

which was firm to hard consistency. There were no other

specific abnormal findings on either of his feet on standard

physical examinations.
Diagnostic assessment

The routine hematological examination was within normal

limit. The patient was subdued a standard x-ray (Figure 1A)

of the right foot, that have highlighted the presence of an

expansile, osteolytic lesion, which expands and destroys the

overlying cortex, without periosteal reaction, involving the

base and the middle third of the IV metatarsus and extending

into the soft tissue. Distally the growth plate appeared

disrupted. Magnetic resonance imaging (Figure 1B) was

suggestive of GCT and the biopsy confirmed the diagnosis.

Chest x-rays ruled out lung metastasis. The patient underwent

wide local resection, local adjuvant phenol therapy and a

Y-shaped reconstruction with a no vascularized fibular
sulated and iso-intense destructive lesion of the fourth metatarsus with
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autograft. The dorsal approach was used for the resection with

incision including biopsy track (Figure 2A). The length of the

required fibular graft was estimated preoperatively, and it was

osteotomized out from the distal part of the ipsilateral fibula

(Figure 2B). Fibula periosteum of the donor site was

maintained intact and closed at the end of the harvest. The

bone graft was synthesized, using a percutaneous

intramedullary Kirschner-wire, from the head of the IV

metatarsus to the V metatarsus proximal metaphysis,

obtaining an inverted Y shaped construct and maintaining the

tarso-metatarsal joint function (Figures 3A,B). The V

metatarsal proximal medial cortex was scraped to allow an

adequate fitting of the graft and to enhance osteointegration.

The IV to V metatarsus junction, blocked by the K-wire was

also reinforced by a vicryl bone suture. The patient’s

postoperative course was unremarkable and he was discharged

after 5 days from surgery. A cast was applied for 2 months

and the Kirschner wire was removed 50 days after surgery,

without anesthesia. The patient began to walk, increasing

weight-bearing progressively on the affected leg with crutches

70 days after surgery and then progressed to full weight-

bearing walk, without pain, 4 months after surgery and after a

radiographic control. Clinical and radiographic follow-up was

performed at 1, 3, 6, 12 and 24 months (Figures 4A,B). Bone

union at the proximal and distal junction sites occurred in 6

weeks. There was no evidence of peroneal nerve injury and

the patient has achieved a full recovery of functions and

normal activities at 12 months from surgery. At two years
FIGURE 2

Intra-operative picture after en-bloc resection of tumor (A) and fibular grafti
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clinical and radiographic follow-up the patient showed normal

walking without pain, no local recurrences or metastases and

evidence of new, almost complete, ossification of the fibular

bone gap.
Discussion

Our case represents a combination of unusual location and

age-group for GCT. Very few cases are described in literature of

GCT in the immature skeleton, with an incidence from 1.8% to

10.6% (9, 10). In that case, the tumor is commonly found in

bone metaphysis (4). Moreover, Bone GCT is rarely found in

the metatarsal bones (11–13), it has more aggressive behavior

and tends to grow faster in the foot (or hand) than in other

bones, especially in young patients (14). Therefore, there are

very few data reported regarding the management protocol of

GCT in metatarsal bones. The goals of therapy are eradication

of the tumor, to prevent damage to adjacent joint, and to

prevent local recurrence. Different surgical procedures are

adopted to treat this tumor, from intralesional curettage and

bone grafting to wide resection with or without the use of

several local adjuvants (phenol, liquid nitrogen, methyl

methacrylate, hydrogen peroxide and alcohol) in order to

control recurrences (5). The choice of treatment depends on

both the site and the type of lesion. In our case, the patient

presented a post-operative diagnosis of high grade GCT of

bone (Campanacci grade 3 tumor) (15) with a thinned and
ng (B).
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FIGURE 3

Post-operative x-ray A/P (A) and lateral (B) view showing reconstruction of IV metatarsal by fibular graft fixed to the base of V metatarsal (inverted Y
shaped construct) using Kirschner’s wire and preserving tarso-metatarsal joint.
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partially destroyed overlying cortex, therefore it was impossible

to carry out an intralesional curettage and wide resection was

the treatment of choice.

Wide local resection is associated with a lower

recurrence rate (5, 16), but has greater morbidity and

higher rates of surgical complications when compared with

intralesional curettage. However, metatarsal involvement

makes wide resection of the lesion difficult as there is a

little space between the rays of the foot. Looking at

Enneking staging system and foot compartments (17) a

radical resection of an extraosseous metatarsal lesion is

difficult to obtain. In that case, the use of local adjuvants

associated with surgical en-bloc resection can represent an

effective solution in order to avoid amputation and control

recurrence rate, as reported in literature (2). There are

very few data reported about the reconstruction of

metatarsal bones after GCT resection. Treatments

described in literature may vary from resection alone to

graft reconstruction from iliac crest or fibula. Fixation

techniques may include both K-wires and plates.

Sheridan et al. (18), in 2020, in their retrospective review

of 10 pediatric cases with non-traumatic primary bone

defects, demonstrated that the use of non-vascularized

fibular autograft is successful in the reconstruction of large

bone defects secondary to malignant or benign pediatric

bone tumors, reporting the largest known series of
Frontiers in Pediatrics 04
malignant pediatric tumors treated with this technique

to date.

Rengsen et al. (19), in 2013, described a case of GCT of the

2nd metatarsal in a 14 years old girl. After resection, the

metatarsal was reconstructed with a non-vascularized fibular

graft, fixed with a dynamic compression plate. The outcome

was good.

Compared to Rengsen procedure, our technique allows

to remove the k-wire without further surgery and

anesthesia and with less risks of hardware infection.

Moreover, the use of a K wire through the growth plate

did not caused damages of the cartilage. As already

demonstrated by Guzzanti et al. in 1994 (20) the passage

of a small, smooth hardware across the physis, then

removed, do not stimulate physeal growth disorders. The

tarso-metatarsal joint was maintained intact, avoiding

walking impairment. In order to obtain that, an inverted Y

shaped construct was chosen. Despite it was not an

anatomical construct, pediatric orthopedic surgeons are

used to Y-shaped metatarsal as a variant of post-axial

polydactyly. The original construct was so carefully

planned to avoid walking impairment, tarso-metatarsal

joint disfunction and, at the same time, further surgeries

to remove hardwares. Furthermore, one of the advantages

of this technique is the remodeling capacity of the fibula

and its relative ease of harvest. The periosteum
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FIGURE 4

Follow-up x-ray of the foot and leg respectively taken at 12 months (A) and 24 months (B) showing incorporation of graft with no evidence of
recurrences or other lesions and the donor site with an almost full recovery of the bone fibular gap.
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preservation and closure has allowed a recovery of the bone

gap. The closed membrane creates a biological chamber

that permits revascularization and produces growth

factors. The membrane also gathers growth factors with

osteogenic potential. Looking at similarities with Masquelet

technique, it’s important to underline that there isn’t bone

union in cases with induced membrane, like periosteum,

removal (21).
Conclusion

The proximal meta-epiphysis of the metatarsus is an

unusual place for primary bone GCT and it is important

to know atypical locations in order to perform a proper

diagnosis and treatment, especially in young patients.

GCT should be conceded in the differential diagnosis of

destroying lesions in the immature skeleton. This case

study assessed the good outcomes with no recurrences of

metatarsal GCT treated with resection and original

reconstructive technique that shows to be a valid

surgical option in the treatment of this particular and

difficult condition.
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