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joint-sparing surgery for
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On August 28th, 2023, a 13-year-old male was diagnosed with conventional

osteosarcoma of the proximal left tibia after a needle biopsy. Subsequently,

the patient received two cycles of neoadjuvant chemotherapy and four cycles

of postoperative chemotherapy. On December 27, 2023, the tumor resection

was performed while preserving the knee joint, which involved inactivation of

the tumor-bearing bone, autologous bilateral fibula grafting, and fixation of

the grafted bone to the host bone using plate and screws. Follow-up after

surgery included x-rays and CT scans. On February 28, 2024, two months

after the surgery, new bone formation was noted at the site from which bone

was harvested from the right fibula, the left knee joint had satisfactory range

of motion in flexion (130°) and extension (0°). Additionally, partial healing of

both the grafted bone and the host bone was observed. In the follow-up on

September 23rd, 2024, nine months post-operation, the right fibula had

reformed. Furthermore, the transplanted and host bones of the left tibia had

healed securely. It was confirmed that there was no recurrence or metastasis

of the tumor during the last follow-up by ECT. This case highlights the

feasibility and effectiveness of using inactivating tumor-bearing bone and

autologous bilateral fibular grafting to repair large bone defects after joint-

sparing surgery for malignant tumors near the joints.
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Introduction

Osteosarcoma is a prevalent and aggressive bone tumor that mainly affects adolescents and

young adults. The standard treatment usually includes neoadjuvant chemotherapy, surgery, and

follow-up adjuvant chemotherapy. Various reconstruction techniques for bone defects after

surgery include hinged prosthetic arthroplasty (like modular and 3D-printed prostheses)

(1, 2), allogeneic bone grafting (3), replantation of inactivated tumor-bearing bone (4),

autologous bone grafting (5), and Ilizarov external fixator-assisted bone transport (6).

Despite these treatment options, minimizing complications, achieving satisfactory functional

outcomes, and preventing tumor recurrence and metastasis remain major challenges. In

this context, exploring new and effective treatment methods is critically important.
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Case presentation

This case involves a 13-year-old boy who has experienced

swelling and pain in left knee for two months, and after a

thorough evaluation, he was diagnosed with conventional

osteosarcoma via a needle biopsy (Figure 1A). Prior to the

surgery, the patient received one cycle of neoadjuvant

chemotherapy that included epirubicin, cisplatin, and

methotrexate. Following this, the patient underwent another cycle

containing epirubicin, ifosfamide, and methotrexate. After

receiving neoadjuvant chemotherapy, the patient underwent

joint-preserving surgery (Figures 1B, 2A). Then the operation

used an innovative method that combined the inactivation of

tumor segmental bone with grafting of the patient’s own bilateral

FIGURE 1

(A) The x-ray before neoadjuvant chemotherapy: bone destruction and periosteal reaction in the proximal left tibia. (B) Preoperative x-ray of the left

tibia following neoadjuvant chemotherapy: Osteosarcoma of the left tibia. (C) Postoperative x-ray of the left tibia within 24 h after surgery: Tumor-

bearing bone inactivation and replantation, autologous bilateral fibula grafting with plate and screws internal fixation. (D) Two-month postoperative x-

ray of the left tibia: Partial osseous union between the composite graft and the host bone. (E) Nine-month postoperative x-ray of the left tibia:

Complete osseous union between the composite graft and the host bone. F Nine-month postoperative ECT: No evidence of tumor recurrence.
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fibulas. During the surgery, the tumor-bearing bone was immersed

in 10% sodium chloride solution at 65 degrees Celsius for 30 min

to inactivate, the right free fibula was harvested and placed into

the medullary cavity of the inactivating tumor bone.

Simultaneously, the left vascularized fibula underwent an

osteotomy at the tibial plane, was then moved medially, and had

the surface of the proximal tibiofibular joint excised, then

secured to the host bone with plate and screws (Figure 1C). Four

weeks after surgery, the patient wore a lower limb brace and

performed non-weight-bearing activities, and one week later, the

patient initiated four cycles of adjuvant chemotherapy, which

included epirubicin, ifosfamide, and methotrexate. By 12 weeks

after surgery, the patient advanced to weight-bearing activities.

And postoperative follow-up was carried out through x-ray and

CT scans. On February 28, 2024, two months post-surgery, new

bone formation was observed in the right tibia (Figure 2B), along

with partial healing of the transplanted and host bones

(Figure 1D) and the knee joint demonstrated good flexion (130°)

and extension (0°) (Figure 3). By September 23, 2024, nine

months post-operation, the right fibula had remodeled

(Figure 2C), the transplanted and host bones of the left tibia had

healed firmly (Figure 1E), and ECT showed no evidence of

tumor recurrence (Figure 1F).

Discussion

Studies have examined the effectiveness of various limb-salvage

techniques. However, each reconstruction method has distinct

benefits and drawbacks in terms of effectiveness and

complications. For instance, prosthetic replacement can quickly

restore function but carries long-term risks, including loosening

and infection (2, 7). Inactivation and replantation of tumor-

bearing bone may result in longer healing times and non-union

(8). Allogeneic bone grafting could encounter complications such

as immune rejection and infection (3, 7). Autologous bone

grafting avoids immune rejection but has challenges such as

donor site complications and limited bone volume (5). And the

Ilizarov external fixator-assisted bone transport may lead to

complications, including infections, delayed unions, and joint

FIGURE 2

(A) Postoperative x-ray of the right tibia within 24 h after surgery: segmental fibular resection with periosteal preservation. (B) Two-month

postoperative x-ray of the right tibia: Partial osteogenesis at the right fibula. (C) Nine-month postoperative x-ray of the right tibia: Extensive

osteogenesis was observed in the right fibula, yet the medullary cavity was not fully formed.
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stiffness (9, 10). The innovative combination of tumor-bearing

bone inactivation and autologous bilateral fibula grafting not

only achieved excellent reconstruction of the proximal tibia but

also improved the integration of the graft with the host bone. In

this case, the contralateral free fibula graft was selected due to its

multiple key benefits. Firstly, the inactivated bone exhibited

significant defects and substantial bone loss. This made it crucial

to provide additional structural support along with a dependable

bone grafting function. Secondly, the extensive resection of the

tumor left no suitable vessels for anastomosis in the surgical

area. In pediatric patients, managing large bone defects is

challenging, and traditional techniques often result in poor

functional recovery and increased morbidity. This method

presents an innovative solution to effectively resolve these issues.

In this case, Preserving the right fibula periosteum during the

surgical procedure likely promoted the observed new bone

formation. This phenomenon was also noted by Colangeli (11).

However, the absence of medullary cavity formation is still

concerning. This could be due to the characteristics of the newly

formed bone, which might lack the structural properties needed

for tubular bone formation, or it may be a result of the relatively

short follow-up period. Future studies should focus on the long-

term outcomes of these surgical techniques and investigate

methods to enhance medullary cavity formation through

adjunctive therapies.

Conclusion

This case demonstrates the promise of combining tumor-

bearing bone inactivation with autologous bilateral fibula grafting

as an effective strategy for managing bone defects caused by

tumors. The successful maintenance of knee joint function and

early signs of bone healing suggest that this method could be a

valuable addition to the surgical options available for treating

osteosarcoma in children. Further research is needed to refine

these techniques and create standardized protocols for their use

in clinical practice.

FIGURE 3

Two-month post-operation, the flexion of the knee joint was 130°, and the extension was 0°.
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