
Journal of Cancer Therapy, 2017, 8, 225-233 
http://www.scirp.org/journal/jct 

ISSN Online: 2151-1942 
ISSN Print: 2151-1934 

DOI: 10.4236/jct.2017.83019  March 6, 2017 

 
 
 

Live Fibular Graft for the Treatment of Long 
Bone Tumors in Children 

Seung-Koo Rhee1*, Mohammed Einayet Abdelhameed2, Chi-Hoon Ahn1, Cheol-U Kim1 

1Department of Orthopaedic Surgery, Bone & Joint Tumor Division, Daejeon Sun Medical Center, Daejeon, Korea 
2Department of Orthopaedic Surgery, Sharg Alneel Hospital, Khartom, Sudan 

 
 
 

Abstract 
Purposes: We would like to inform the characteristics of recurred osteo-fib- 
rous dysplasia (OFD), and also the possible use of vascularized composite au-
tograft and allografts (VCA) combined with live fibular graft (LFG) for the 
treatment of aggressive benign bone tumor and osteogenic sarcomas in child-
ren. Materials and Methods: We reviewed one boy with recurred OFD after 
LFG, and other four children with osteogenic sarcoma in long bone which was 
treated with LFG and VCA, and followed them for average 9 years (3 - 14 
years). Survival of the LFG and VCA was estimated by the ISOLS Functional 
Radiologic Scoring System, but not with Kaplans-Meier’s scoring system be-
cause of a small series of case reports. Results: All succeed after surgeries in-
itially, but the cause of recurrence of OFD was still unclear, and one girl with 
osteogenic sarcoma on distal femur died with skip and lung metastasis, 4 years 
after surgeries. Conclusions: The causes of recurred OFD are not found thru 
pathologic studies of our patient, but we believe the multifocal origin of tumor 
cells even on the adjacent soft tissues in OFD is one of the causes. The excised 
long bone tumor is recycled by pasteurization or autoclaving, or allograft, then 
LFG, and neo-adjuvant chemotherapy would be one of elective surgery for the 
treatment of malignant long bone tumors in children. The LFG into recycled 
autograft or allograft bone is difficult to perform simultaneously, but very ef-
fective to increase more earlier regenerative vascularities and also the stabili-
ties of the dead bones in children. 
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1. Introduction 

The prognosis and treatment of childhood cancers may behave very differently 
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from adult cancers, even they start in the same part of body. And the surgical 
ways should be taken into account seriously because of their growth. Tumor ex-
cision with wide surgical margins is the primary essential goals of treatment for 
some aggressive or recurrent benign or malignant bone tumors. This requires an 
aggressive surgical resection with potentially large osseous defects. Functional re-
constructive options for such large osseous defects include structural recycled au-
tografts or allograft transplantation [1] [2], arthroplasty [3] [4], and composite 
reconstruction using allografts and metal prosthesis [5] [6] and so on. 

As diagnostic and therapeutic techniques improve, patients with musculoske-
letal sarcoma should expect increased survival rate, decreased complications and 
side effects, and an improved quality of life. Functional longevity of reconstruc-
tion including their normal growing becomes a major concern, especially in child-
ren and physically active patients. The growing disturbance due to bone tumor is 
another problem in children, as the epiphyseal growth plate should be preserved 
as possible. 

The LFG only, or combined with the vascularized composite autograft or al-
lograft (VCA) could be done for the treatment of malignant bone tumors as com-
bined complex surgical procedures, i.e. wide tumor excision associated with LFG 
simultaneously into the devitalized tumor bone which was treated with the recy-
cling by pasteurization or autoclaving, or allograft. It must be one of demanding 
operations, but we can expect it will induce more rapid bony union between host 
and grafted bones, rapid revascularization and stabilities of dead bone. And then, 
post-operative immobilization will also be shortened. But the VCA associated LFG 
is very difficult because of long operation time for more than average 5 hours in 
our series, and also possible high surgical risks and complications. 

We had experienced the one case of aggressive benign bone tumor, OFD, and 
4 cases of osteogenic sarcoma, which were treated with LFG only, or VCA with 
combined LFG after tumor resection, and followed them for average 9 years (3 
years to 14 years). 

2. Materials and Methods 

One of osteofibrous dysplasia (OFD), 7 year old boy, and four osteogenic sarco-
ma, Enneking’s type IIB [7], 3 girls and one boy, aged 8 - 13 years old, were 
treated with LFG and VCA (Table 1). The immediate biopsy, adjuvant 2 or 3 
combined chemotherapy for 6 - 8 weeks, wide resection of long bone tumor, re-
constructed the bony defect with LFG only (Case 1), allograft combined with LFG 
in 2 cases (Cases 3 and 4), autoclaved and pasteurized recycled autograft com-
bined with LFG in each 1case (Cases 2 and 5) (Table 1), and the neo-adjuvant 
chemotherapy for 12 weeks are the main procedure. 

After confirm the pathologic tumor necrosis areas for osteogenic sarcoma cases 
from excised whole tumor mass indicating the effect of preoperative chemothe-
rapy, and re-start with the same agents in 3 children, but Case 2 was changed with 
new neo-adjuvant agents for at least 12 weeks more. The skip and finally lung me-
tastasis in Case 2 girl was found and died in 4 years after operationtion. The partial 
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Table 1. Cases analysis and results. 

No. Age Sex Diagnosis Treatment Results Second Op. End Results 

1 
7 year old 
(Case 1) 

M 
OFD  

(tibia) 
Excision + LFG Recur. 

Excision  
+ Allograft 

Good 14 yr F/U 

2 
10 year old 

(Case 2) 
F 

Osa.  
(femur) 

Autoclaved  
Autograft + LFG 

Skip Meta. 
Excision 

+ Allograft 

Limb  
Shortening, 
Lung Meta.  

Death, 4 yr Later 

3 
13 year old 

(Case 3) 
F 

Osa.  
(femur) 

Excision +  
Allograft + LFG 

United - 
Good Well  
Maintained  

7 yr F/U 

4 10 year old M 
Osa.  

(femur) 
Excision +  

Allograft + LFG 
United - 

Good 
Well Maintained 

12 yr F/U 

5 8 year old F 
Osa.  

(femur) 
Pasteurized 

Autograft + LFG 
United - 

Good 
Well Maintained 

3 yr F/U 

*OFD: Osteo-fibrous dysplasia, Osa.: Osteogenic sarcoma, LFG: Live fibular graft, Meta.: Metastasis. 

 
weight bearing with crutches was permit on average 3 months after operation. 
We followed them for average 9 years (3 - 14 years). And their end result was 
measured by serial radiological ISOLS evaluations [8]. 

3. Results 

Their clinical end results could be determined by the patient’s joint motion, limb 
shortening, pain on motions, crutches or cane walks and simply ISOLS radiolo- 
gic serial changes with MRI or PET-CT. 

The Case 1, OFD, showed unusual recurrence even after the complete excision 
of lesion and LFG, and we did not find any particular histochemical evidences of 
recurrence (Figure 1 and Table 1). 

Three out of four cases of osteogenic sarcoma were analyzed as favorable by 
ISOLS serial radiologic evaluations at average 9 years follow-up (3 - 14 years), but 
another Case 2 (Figure 2) associated with post-operative 4 cm limb shortening 
showed poor results with skip lesion in one year, re-allograft and lung metastasis 
in four years after surgeries (Figure 2). 

Cases Report 
Case 1: (Figure 1(a) and Figure 1(d)) A 7-year-old boy. Osteo-Fibrous Dyspla-

sia (OFD) (A case of tumor excision, LFG, first, and allograft for late recurrence). 
This boy slipped down and was broken his right tibia. It was pathologic frac-

ture induced by anterior bowing, shin splint and poly-ostotic cysts on tibia shaft 
for last 2 years, not treated (Figure 1(a)). The LFG from opposite fibula after 
wide excision of whole tibia was done (Figure 1(b)). One year after LFG, the 
grafted fibula was united well and hypertrophied, but seems to recur with similar 
preoperative cystic changes (Figure 1(c)). Two years later, the recurred OFD 
was re-established. We don’t know yet the exact causes of recurrence in OFD, 
and all pathologic findings did not give us any evidences of recurrences, but we 
believe that it’s pathologic characteristics of osteoid and fibroblasts of OFD in  



S.-K. Rhee et al. 
 

228 

 
(a)                                      (b) 

 
(c)                                      (d) 

Figure 1. A 7-year-old boy. Osteo-Fibrous Dysplasia (OFD) (A case of tumor excision, 
LFG, first, and allograft for late recurrence). (a) Poly-ostotic cysts, shin splint with shaft 
fracture suggesting OFD; (b) LFG from opposite leg after wide excision of affected tibia; 
(c) One year after the LFG, solid union and hypertrophied grafted fibula but recurred 
OFD was recurred; (d) 9 months after the allograft after complete excision of tibia, solid 
bony union was obtained. The end result in 14 years follow-up was good. 
 
which originated multifocally from periosteum and even adjacent soft tissues too, 
and so inevitable to incomplete excision at the first operation. Complete re-exci- 
sion of recurred OFD and allograft was done again (Figure 1(d)), and finally 
obtain the solid bony union on 9 months after allograft and cancellous chip bone 
grafts together (Figure 1(d)). The end result was good on 14 years follow-up 
(Table 1). 
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(a)                              (b) 

 
(c)                               (d) 

 
(e)                              (f) 

Figure 2. A 10-year-old girl. Osteogenic sarcoma on left femur (A case of autoclaved au-
tograft and LFG simultaneously, but skip metastasis and allograft later). (a) An osteogenic 
osteosarcoma involving whole femur; (b) An extensive soft tissue invasion on MRI, but 
no metastatic lesions; (c) After 10 weeks of combined chemotherapy, the affected femur 
was excised and recycled by autoclaving, getting back at same place combined with LFG; 
(d) One year later, an unusual skip metastasis was found on recycled femur, but no lung 
or other metastatic lesions; (e) Whole femur was excised again, replaced with allograft 
with shortening, and 6 months later, autogenous iliac chip bone graft was done on prox-
imal femur; (f) One year later, solid bone union with 4 cm limb shortening was obtained, 
but 4 years later, the lung metastasis was found. The end result was poor. 
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Case 2: (Figures 2(a)-(f)) A 10-year-old girl. Osteogenic sarcoma on left fe-
mur (A case of autoclaved autograft and LFG simultaneously, but skip metastasis 
and allograft later). 

Severe painful swelling on whole femur was noted for 6 months. X-ray and MRI 
show an extensive osteoblastic osteogenic sarcoma (Figure 2(a) and Figure 2(b)). 

After confirmed biopsy, combined chemotherapy with high dose of metho-
trexate and adriamycin for 10 weeks was given. And then, recycled autograft of 
affected whole femur by autoclaving and LFG into the medullary canal of re-
placed autoclaved femur was performed simultaneously (Figure 2(c)), and 
another 12 weeks of hip spicacast immobilization and neo-adjuvant chemothe-
rapy were also given. 

The distal epiphysis of affected femur was preserved for her growing. The sur-
gical wound and her general conditions were good. 

But one year after, an unusual skip metastasis, may be surgically contami-
nated, was found on recycled femur by autoclaving (Figure 2(d)), but no lung or 
other metastasis. Immediately, whole affected femur was excised and replaced 
with allograft, fixed it with plates (Figure 2(e)). 

Six months later, the delayed union was treated with autogenous cancellous 
chip bone grafts from ilium. One year after, solid bony union, and 4 cm limb 
shortening was obtained. But four years later, the end result was poor with lung 
metastasis, and she died (Table 1). 

Case 3: (Figure 3(a) and Figure 3(b)) A 13-year-old girl. Osteogenic sarcoma 
on left femur (A case of allograft and LFG simultaneously). 
 

 
(a)                                  (b) 

Figure 3. A 13-year-old girl. Osteogenic sarcoma on left femur (A case of allograft and 
LFG simultaneously). (a) A typical osteogenic osteosarcoma for 4 months duration on 
distal femur; (b) After wide excision distal femur but preserved distal epiphyseal plate, an 
allograft associated with LFG was done simultaneously, eight months after operation, 
bone was united, and the end result in 7 years follow up is good. 
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A typical osteogenic sarcoma on distal femur for 4 months was confirmed by 
open biopsy, and 7 weeks of neo-adjuvant combined chemotherapy with high 
dose methotrexate and adriamycin were given (Figure 3(a)). 

We had performed the wide excision of affected distal femur; long segment of 
allograft associated with intramedullary LFG at same time, and preserved the 
distal femoral epiphyseal plate but worried about too many screws to LFG site 
for stable fixation, possibly inducible vascular impairment. But eight months af-
ter operation, the grafted allograft was united well and partial walking was poss-
ible (Figure 3(b)). 

The end result by ISOLS radiologic criteria was good in 7 years follow-up. 

4. Discussion 

Limb salvage procedure for long bone tumor, especially in children, is one of the 
most demanding reconstructions. Our study had certain limitations with only few 
different tumor cases in children. But we would like to inform the unusual varie-
ties of children’s tumors, osteofibrous dysplasia (OFD) which was showed very 
unusual recurrence by unknown pathologic tumor characteristics, and osteo-
genic sarcomas which was treated with difficult surgical procedures using the 
LFG and VCA even in children. 

The causes of an unusual recurrence of OFD in this study are not clear, but it 
may be suggest that the pathologic characteristics of osteoblast and fibroblast in 
tumor tissues which has multifocal tumor cellorigins on periosteum and the ad-
jacent soft tissue too, and also incomplete tumor excision could be one of the 
causes of recurrences. 

It’s important to consider the availability of each surgical procedures (recycled 
autograft, allograft, prosthesis or their combination), and the level of surgical 
difficulty, morbidity, incidence of complications, prognosis of the various recon-
structions in this anatomic area, tumor characteristics and also patient’s growing 
especially for the treatment of osteogenic sarcoma in children. 

In cases of osteogenic sarcoma, the surgical margins of bone tumor should be 
decided on MRI carefully, i.e. usually 3 - 4 cm wide margins for malignant tu-
mors with resistant chemotherapy, or 1 - 3 cm marginal excision for less malig-
nancies with sensitive chemotherapeutic treatment. Carefully decide the replac-
ing biologic bone for bone defect site, i.e. autograft, allograft or live bone graft, 
after wide excision. We usually prefer the recycled autograft by pasteurization 
for at least 65˚C, 30 minutes of boiling, then autoclaving second for malignant 
bone tumors. We believe the recycled autograft or allograft associated with LFG 
and strong stabilizing fixation was best in long segment excised cases especially 
in children (Table 1, Case 2, and Case 3). The cryo-surgery with dip into 
−22˚C, three times freezing and thawing, shows still alive the malignant cells 
partly. The autoclaving will induce the tumor cells totally death but also dimi-
nish the mineral architecture for bony strength, inducing delayed bony union or 
easy to fracture [9] [10]. 

Expandible tumor prosthesis can also be used for limb lengthening in children, 
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and hemi-joint or whole joint allograft including meniscus and ligaments in knee 
are also available, now [3] [11] [12] [13] but not in children. 

The LFG was first reported by Dr. Tayler et al. [14] [15]. It will induce the 
continuous vas cularities into the dead bone after surgery, rapid osteogenic bony 
union and also hypertrophy of grafted fibula especially in children. Strong in-
ternal and external fixations, not to damages the LFG, are essential to prevent 
the fractures and delayed union after limb salvage operation. The epiphyseal 
plate of tumor bone in children must be preserved as possible (Table 1, Case 1, 
Case 2, and Case 3). Aggressive and advanced malignant tumors with metastasis 
in Enneking’s Type III are not indicated with VCA. 

The neo-adjuvant chemotherapy in osteogenic sarcoma patients have made 
the survival rate much longer, from 25% of Kaplan-Meier’s 5 years survival rate 
in 1989 to 66% in 1996, even much improving now, at our hospitals [16] [17]. 

The comparative results for chemotherapeutic treatment combined with sur-
gical excision of osteogenic sarcoma between Korea and China revealed a bit 
better in Korea, i.e. 5 year survival rate of Stage II (92.7%; 91.8%), 3 years surviv-
al rates of Stage III (20%; 7.1%) [18]. 

The vascularized composite recycled autograftor allograft (VCA) associated 
with LFG in aggressive long bonetumors of children is recommended with fa-
vorable results, but seriously consider more strict indications and need to collect 
cases. 

5. Conclusion 

The live fibular graft (LFG) and also vascularities composite recycled autograft 
and allograft (VCA) are very effective to replace the bone defect after wide exci-
sion of malignant bone tumors even in children’s malignant long bone tumors, 
because of the rapid bony union by continuous vascular supply and regeneration 
into the death bone, and also to keep the post-surgical stabilities induced by in-
tact LFG. 
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