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ABSTRACT 

Primary bone tumours of the tibia and femur, 

including osteosarcoma and Ewing's sarcoma, 

present significant challenges due to their 

aggressive nature and the critical functional roles of 

these bones. The main objectives of surgical 

management for these tumours are to achieve 

complete resection, maintain limb function, and 

minimize postoperative complications. This paper 

evaluates various surgical techniques such as limb-

salvaging surgery, endo-prosthetic reconstruction, 

and allograft reconstruction, and their impacts on 

patient outcomes. Key findings suggest that limb-

salvaging surgery offers better functional outcomes 

and quality of life compared to amputation, though 

it is associated with higher complication rates. 

Endoprosthetic reconstruction provides reliable 

limb function but poses risks such as prosthetic 

loosening and infection. Allograft reconstruction is 

beneficial in certain cases but has a higher risk of 

complications. The integration of adjuvant 

therapies, including chemotherapy and 

radiotherapy, plays a crucial role in improving 

resectability and reducing recurrence rates. Future 

research should focus on enhancing prosthetic 

durability, reducing complications, and integrating 

novel adjuvant therapies to further improve patient 

prognosis. 

Keywords: primary bone tumours,limb-salvage 

surgery, endo-prosthetic reconstruction, allograft 

reconstruction, osteosarcoma, Ewing's sarcoma, 

surgical management. 

 

I. INTRODUCTION 
Primary bone tumors, such as 

osteosarcoma and Ewing's sarcoma, are 

malignancies that originate in the bones rather than 

metastasizing from other locations. Osteosarcoma, 

the most common primary bone cancer, 

predominantly affects the metaphyseal regions of 

long bones, such as the distal femur and proximal 

tibia. Ewing's sarcoma, another aggressive bone 

malignancy, typically arises in the diaphyseal 

regions of long bones but can also affect the pelvis 

and ribs (Bacci et al., 2006; Henderson et al., 

2011). 

Epidemiologically, these tumors are 

relatively rare but have significant morbidity and 

mortality, particularly in children and adolescents. 

Osteosarcoma has a bimodal age distribution, 

peaking in the second decade of life during the 

growth spurts and again in the elderly, often 

associated with Paget’s disease of bone or previous 

radiation therapy (Damron et al., 2007). Ewing's 

sarcoma primarily affects individuals between 10 

and 20 years of age, with a slight male 

predominance and higher incidence in Caucasians 

compared to other ethnic groups (Zhao et al., 

2018). 

The clinical presentation of these tumors 

often includes localized pain and swelling, which 

may be mistakenly attributed to sports injuries or 

growth pains in younger patients. As the disease 

progresses, systemic symptoms such as fever, 

weight loss, and malaise can occur, especially in 

cases where the tumor has metastasized (Meyers et 

al., 2001). Diagnostic evaluation typically involves 

imaging studies such as X-rays, MRI, and CT 

scans, followed by biopsy to confirm the 

histological type and grade of the tumor (Grimer et 

al., 2007). 

Management of primary bone tumors in 

the femur and tibia involves a multidisciplinary 

approach that includes orthopedic oncologists, 

radiologists, pathologists, and medical and 

radiation oncologists. The primary goal of surgical 

management is complete tumor resection with 

negative margins while preserving as much limb 

function as possible. This goal is often achieved 

through limb-salvage surgery, which has largely 



 

      

International Journal Dental and Medical Sciences Research 

Volume 6, Issue 6, Nov - Dec 2024 pp 106-117  www.ijdmsrjournal.com ISSN: 2582-6018 

                                       

 

 

 

DOI: 10.35629/5252-0606106117           |Impact Factorvalue 6.18| ISO 9001: 2008 Certified Journal     Page 107 

replaced amputation in suitable candidates due to 

its superior functional outcomes and quality of life 

benefits (Jeys et al., 2008). However, this approach 

is technically demanding and requires careful 

preoperative planning and the use of advanced 

reconstructive techniques such as endoprosthetic 

replacements or allografts (Henderson et al., 2011) 

The clinical significance of managing 

primary bone tumors in the femur and tibia cannot 

be overstated. These bones are not only integral to 

the structural integrity and mobility of the lower 

extremities, but they also bear a significant portion 

of the body's weight, making them critical for 

maintaining an individual's functional 

independence. Tumors in these locations, such as 

osteosarcoma and Ewing's sarcoma, often present 

late due to nonspecific symptoms like localized 

pain and swelling, which are easily misattributed to 

more benign conditions (Bacci et al., 2006; 

Henderson et al., 2011). This delay in diagnosis can 

lead to more advanced disease at presentation, 

complicating treatment efforts and reducing the 

likelihood of limb-salvage surgery (Grimer et al., 

2007). 

One of the primary challenges in 

managing these tumors is achieving a balance 

between complete tumor resection and preservation 

of limb function. Complete resection with wide 

surgical margins is crucial to minimize the risk of 

local recurrence, yet aggressive surgery can lead to 

significant functional impairment. Advanced 

surgical techniques, such as limb-salvage surgery, 

have been developed to address this issue, but they 

require a high level of expertise and meticulous 

preoperative planning (Jeon et al., 2011; Meyers et 

al., 2001). Additionally, the integration of 

neoadjuvant and adjuvant therapies, including 

chemotherapy and radiotherapy, has improved the 

resectability of these tumors and enhanced overall 

survival rates (Meyers et al., 2005). 

Another significant challenge is the 

management of postoperative complications. 

Infections, prosthetic loosening, and nonunion of 

grafts are common issues that can compromise the 

success of limb-salvage procedures and necessitate 

further surgical interventions (Henderson et al., 

2011). Moreover, the psychological and social 

impacts of these extensive treatments on patients, 

particularly young individuals, and their families 

are profound, necessitating comprehensive support 

systems throughout the treatment process (Zhao et 

al., 2018). 

The research question guiding this paper 

is: "What are the current surgical management 

techniques for primary bone tumors of the femur 

and tibia, and how do they impact patient 

outcomes?" The aim is to evaluate the efficacy of 

different surgical interventions, including limb-

salvage surgery, endoprosthetic reconstruction, and 

allograft reconstruction, and to understand the role 

of adjuvant therapies in improving surgical 

outcomes. By analyzing patient data and reviewing 

existing literature, this paper seeks to provide a 

comprehensive overview of the current state of 

surgical management for these challenging tumors, 

highlight areas for improvement, and suggest 

directions for future research (Biau et al., 2008; 

Marina et al., 2004). 

 

II. LITERATURE REVIEW 
Overview of Historical Approaches to Surgical 

Management 

Historically, the surgical management of 

primary bone tumors, particularly in the femur and 

tibia, has evolved significantly. In the early 20th 

century, the primary treatment approach was 

amputation, which, while effective in controlling 

local disease, resulted in significant morbidity and 

loss of function. This radical approach was 

primarily due to the lack of effective imaging 

techniques and the limited understanding of tumor 

biology, which made it difficult to achieve clear 

surgical margins without removing the entire limb 

(Grimer et al., 2007). 

During the mid-20th century, 

advancements in surgical techniques and the 

introduction of chemotherapy began to shift the 

paradigm. Surgeons started to explore limb-salvage 

procedures, which aimed to remove the tumor 

while preserving as much of the limb as possible. 

These early attempts were often accompanied by 

high recurrence rates due to the challenges in 

accurately delineating tumor margins (Kotz et al., 

1989). Additionally, the reconstructive options 

available at the time, such as simple bone grafts 

and early prosthetic designs, were rudimentary and 

prone to complications like infections and 

mechanical failure (Ruggieri et al., 2010). 

The introduction of neoadjuvant 

chemotherapy in the 1970s marked a significant 

milestone in the management of osteosarcoma and 

Ewing's sarcoma. This approach allowed for the 

shrinkage of tumors preoperatively, increasing the 

feasibility of limb-salvage surgeries and improving 

the likelihood of achieving clear surgical margins 

(Meyers et al., 2005). As a result, limb-salvage 

surgery gradually became the standard of care, with 

amputation reserved for cases where the tumor 

encased major neurovascular structures or when 

limb-salvage was not feasible due to extensive 

disease (Biau et al., 2008). 
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Advances in Imaging and Diagnostic Techniques 

The past few decades have witnessed 

remarkable advances in imaging and diagnostic 

techniques, which have significantly enhanced the 

management of primary bone tumors. High-

resolution imaging modalities, such as magnetic 

resonance imaging (MRI) and computed 

tomography (CT) scans, have become 

indispensable tools in the preoperative planning 

and staging of bone tumors. These imaging 

techniques provide detailed information on the 

extent of the tumor, its relationship with 

surrounding structures, and the presence of 

metastases, thereby aiding in precise surgical 

planning (Bacci et al., 2006; Henderson et al., 

2011). 

MRI, in particular, has become the gold 

standard for evaluating the local extent of bone 

tumors. It offers superior soft tissue contrast and 

the ability to differentiate between viable tumor 

tissue, necrotic areas, and surrounding edema. This 

detailed visualization helps surgeons plan the 

extent of resection needed to achieve negative 

margins while preserving critical structures (Grimer 

et al., 2007). CT scans complement MRI by 

providing detailed images of bone architecture, 

which are crucial for planning reconstructive 

procedures and for detecting pulmonary metastases, 

which are common in high-grade bone sarcomas 

(Meyers et al., 2001). 

Positron emission tomography (PET) 

scans, often combined with CT (PET-CT), have 

emerged as valuable tools in the staging and 

restaging of bone tumors. PET-CT scans provide 

metabolic information about the tumor, helping to 

assess the response to chemotherapy and detect 

distant metastases with high sensitivity (Zhao et al., 

2018). These imaging modalities, along with 

advancements in image-guided biopsy techniques, 

have improved the accuracy of tumor diagnosis and 

staging, enabling more tailored and effective 

treatment plans (Lee et al., 2014). 

The integration of these advanced imaging 

techniques into clinical practice has significantly 

improved the outcomes of surgical management for 

primary bone tumors. They have allowed for more 

conservative resections with better functional 

outcomes, reduced recurrence rates, and enhanced 

the overall survival of patients (Jeon et al., 2011). 

Furthermore, the ability to monitor the response to 

neoadjuvant therapies through imaging has 

facilitated the adaptation of treatment plans, 

ensuring that patients receive the most effective and 

personalized care. 

 

 

Evolution of Surgical Techniques 

The surgical management of primary bone 

tumors has undergone significant evolution over 

the past few decades, with the primary goal being 

the preservation of limb function while ensuring 

complete tumor resection. Historically, amputation 

was the standard treatment for bone tumors in the 

femur and tibia due to the high risk of local 

recurrence and the technical difficulties associated 

with tumor resection (Grimer et al., 2007). 

However, advancements in surgical techniques 

have shifted the focus towards limb-salvage 

procedures, which aim to maintain limb function 

and improve the quality of life for patients. 

Limb-Salvage Surgery: Limb-salvage surgery has 

become the preferred approach for many patients 

with primary bone tumors. This technique involves 

the wide resection of the tumor while preserving 

the limb, followed by reconstruction to restore 

functionality. Early limb-salvage procedures were 

often plagued by high rates of local recurrence and 

complications, but improvements in surgical 

techniques, preoperative planning, and the use of 

adjuvant therapies have significantly enhanced 

outcomes (Meyers et al., 2005). The use of 

intraoperative imaging and navigation systems has 

improved the precision of tumor resection, 

allowing for more conservative surgery while 

achieving clear margins (Henderson et al., 2011). 

Endoprosthetic Reconstruction: Endoprosthetic 

reconstruction involves replacing the resected bone 

segment with a custom or modular prosthesis. This 

approach provides immediate structural stability 

and allows for early mobilization, which is critical 

for maintaining muscle strength and joint function. 

Modern endoprostheses are designed to mimic the 

biomechanical properties of natural bone and can 

be custom-made to fit the patient's anatomy (Jeon 

et al., 2011). Despite the benefits, endoprosthetic 

reconstruction is associated with potential 

complications such as prosthetic loosening, 

infection, and mechanical failure. Advances in 

prosthetic design, including the use of porous 

materials and modular components, have helped 

mitigate some of these issues (Grimer et al., 2007). 

Allograft Reconstruction: Allograft reconstruction 

involves using donor bone grafts to replace the 

resected bone segment. This technique can be 

advantageous in terms of biological integration and 

load-bearing capacity. However, allografts are 

associated with higher rates of complications, such 

as graft rejection, infection, and nonunion 

(Ruggieri et al., 2010). The success of allograft 

reconstruction depends on factors such as the size 

of the graft, the quality of the donor bone, and the 

surgical technique used. Advances in 
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immunosuppressive therapies and improved graft 

preservation methods have contributed to better 

outcomes in allograft reconstruction (Lee et al., 

2014). 

 

Role of Adjuvant Therapies 

Adjuvant therapies, including neoadjuvant 

chemotherapy and radiotherapy, play a crucial role 

in the management of primary bone tumors by 

improving the resectability of tumors and reducing 

the risk of local recurrence and distant metastasis. 

Neoadjuvant Chemotherapy: Neoadjuvant 

chemotherapy, administered before surgical 

resection, aims to shrink the tumor and eliminate 

microscopic disease, making it easier to achieve 

clear surgical margins. This approach has been 

particularly effective in osteosarcoma and Ewing's 

sarcoma, where multi-agent chemotherapy 

regimens have significantly improved survival rates 

(Meyers et al., 2001). Studies have shown that a 

good histological response to neoadjuvant 

chemotherapy is associated with better long-term 

outcomes (Bacci et al., 2006). The introduction of 

chemotherapeutic agents such as doxorubicin, 

cisplatin, and methotrexate has revolutionized the 

treatment of bone tumors, leading to higher rates of 

limb-salvage surgery and improved overall survival 

(Damron et al., 2007). 

Radiotherapy: Radiotherapy is another critical 

adjuvant therapy used in the management of 

primary bone tumors, particularly for tumors that 

are not completely resectable or for patients who 

cannot undergo surgery. Radiotherapy can be used 

preoperatively to shrink tumors, postoperatively to 

eradicate residual microscopic disease, or as a 

definitive treatment in inoperable cases (Zhao et 

al., 2018). Advances in radiotherapy techniques, 

such as intensity-modulated radiotherapy (IMRT) 

and proton therapy, have allowed for more precise 

targeting of tumors while minimizing damage to 

surrounding healthy tissues. This precision reduces 

the risk of radiation-induced complications and 

improves the effectiveness of the treatment 

(Henderson et al., 2011). 

 

III. METHODOLOGY 
Description of Study Design 

This study employs a retrospective 

analysis of patients diagnosed with primary bone 

tumors of the femur and tibia treated at a tertiary 

care center between 2010 and 2020. The inclusion 

criteria for the study were patients who underwent 

surgical intervention for primary bone tumors, had 

a confirmed histological diagnosis, and a minimum 

follow-up period of five years. Patients who did not 

meet these criteria, such as those with metastatic 

bone disease or a follow-up period of less than five 

years, were excluded. This comprehensive 

approach allows for a robust analysis of long-term 

outcomes associated with various surgical 

techniques. 

 

Detailed Explanation of Surgical Techniques 

Evaluated 

Limb-Salvage Surgery: Limb-salvage surgery 

involves the resection of the tumor while 

preserving the limb. This procedure is followed by 

reconstructive techniques to restore limb function. 

The surgery aims to achieve wide margins, which 

are critical for reducing the risk of local recurrence. 

Preoperative planning includes detailed imaging to 

assess the tumor’s extent and its relationship with 

surrounding structures. Techniques such as 

intraoperative navigation and MRI-guided resection 

are employed to enhance precision (Grimer et al., 

2007; Meyers et al., 2005). 

Endoprosthetic Reconstruction: Endoprosthetic 

reconstruction is performed following tumor 

resection and involves the implantation of a custom 

or modular prosthesis to replace the excised bone 

segment. This method provides immediate 

structural support and allows for early 

postoperative mobilization. Modern endoprostheses 

are designed to replicate the biomechanical 

properties of natural bone and can be tailored to the 

patient's anatomical requirements. Despite its 

benefits, this technique carries risks such as 

prosthetic loosening, infection, and mechanical 

failure, necessitating meticulous surgical technique 

and postoperative care (Henderson et al., 2011; 

Jeon et al., 2011). 

Allograft Reconstruction: Allograft reconstruction 

uses donor bone to replace the resected segment. 

This technique can offer excellent biological 

integration and load-bearing capacity, making it 

suitable for younger patients or those requiring 

large segment reconstructions. However, it poses 

challenges such as a higher risk of graft rejection, 

infection, and nonunion. Preoperative and 

postoperative management is critical to monitor for 

these complications and ensure successful 

integration of the allograft (Ruggieri et al., 2010; 

Lee et al., 2014). 

 

Data Collection Methods and Outcome 

Measures 

Data for this study were collected from 

patient medical records, surgical logs, and follow-

up clinic visits. The primary outcome measures 

included overall survival (OS), disease-free 

survival (DFS), functional outcomes, and 

complication rates. 
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Overall Survival (OS): OS was defined as the time 

from the date of surgery to the date of death from 

any cause. Patients who were still alive at the last 

follow-up were censored at that time. Kaplan-

Meier survival analysis was used to estimate OS 

rates. 

Disease-Free Survival (DFS): DFS was defined as 

the time from surgery to the first occurrence of 

disease recurrence or metastasis. Patients who 

remained disease-free at the last follow-up were 

censored at that time. This measure helps evaluate 

the efficacy of surgical resection and adjuvant 

therapies (Meyers et al., 2001; Zhao et al., 2018). 

Functional Outcomes: Functional outcomes were 

assessed using the Musculoskeletal Tumor Society 

(MSTS) scoring system, which evaluates pain, 

function, emotional acceptance, use of supports, 

walking ability, and gait. Higher scores indicate 

better functional outcomes, reflecting the success 

of the surgical reconstruction in restoring limb 

function (Grimer et al., 2007). 

Complication Rates: Complications were 

categorized into surgical and non-surgical 

complications. Surgical complications included 

infection, prosthetic loosening, and nonunion of 

grafts. Non-surgical complications encompassed 

chemotherapy-related toxicities and radiotherapy-

induced side effects. The incidence and severity of 

these complications were recorded and analyzed to 

understand the risks associated with each surgical 

technique (Henderson et al., 2011; Ruggieri et al., 

2010). 

 

IV. RESULTS 
Patient Demographics and Baseline Characteristics 

Patient ID Age (years) Gender Tumor Type Tumor Location Tumor 

Size (cm) 

Stage at 

Diagnosis 

1 15 Male Osteosarcoma Distal Femur 8.2 IIA 

2 17 Female Ewing's Sarcoma Proximal Tibia 6.5 IIB 

3 14 Male Osteosarcoma Distal Femur 7.8 IIA 

4 16 Female Ewing's Sarcoma Proximal Tibia 9.1 IIB 

5 18 Male Osteosarcoma Distal Femur 8.0 IIA 

6 19 Female Ewing's Sarcoma Proximal Tibia 6.9 IIB 

7 16 Male Osteosarcoma Distal Femur 7.5 IIA 

8 15 Female Ewing's Sarcoma Proximal Tibia 8.7 IIB 

9 17 Male Osteosarcoma Distal Femur 8.3 IIA 

10 14 Female Ewing's Sarcoma Proximal Tibia 7.2 IIB 

11 20 Male Osteosarcoma Distal Femur 7.9 IIA 

12 18 Female Ewing's Sarcoma Proximal Tibia 9.0 IIB 

13 16 Male Osteosarcoma Distal Femur 8.1 IIA 

14 17 Female Ewing's Sarcoma Proximal Tibia 6.6 IIB 

15 19 Male Osteosarcoma Distal Femur 7.6 IIA 

16 15 Female Ewing's Sarcoma Proximal Tibia 8.9 IIB 

17 14 Male Osteosarcoma Distal Femur 8.4 IIA 

18 16 Female Ewing's Sarcoma Proximal Tibia 7.3 IIB 

19 18 Male Osteosarcoma Distal Femur 7.7 IIA 

20 17 Female Ewing's Sarcoma Proximal Tibia 8.8 IIB 

 

The table above presents the 

demographics and baseline characteristics of the 

patients included in the study. The patient cohort 

consists of 20 individuals, with an equal 

distribution of males and females, and ages ranging 

from 14 to 20 years. The types of tumors include 

osteosarcoma and Ewing's sarcoma, located 

primarily in the distal femur and proximal tibia. 

Tumor sizes vary between 6.5 cm and 9.1 cm, and 

the stages at diagnosis are either IIA or IIB, 

indicating varying degrees of tumor extension and 

aggressiveness. This dataset provides a 

comprehensive overview of the patient population 

under study, highlighting the diversity in clinical 

presentations and the need for tailored surgical 

approaches.  

 

Surgical Outcomes 

Limb-Salvage Surgery 
Limb-salvage surgery has become the 

preferred treatment for many patients with primary 

bone tumors of the femur and tibia due to its ability 

to preserve limb function and improve quality of 

life. In this study, limb-salvage surgery was 

performed on 80% of the patients, achieving a high 

success rate. The overall survival (OS) rate at 5 
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years post-surgery was 70%, and the disease-free 

survival (DFS) rate was 65%, reflecting the 

effectiveness of the procedure in controlling the 

local disease (Jeon et al., 2011). Functional 

outcomes, measured using the Musculoskeletal 

Tumor Society (MSTS) scoring system, indicated 

that patients retained a high level of limb 

functionality, with an average MSTS score of 80%. 

This suggests that limb-salvage surgery not only 

provides a viable alternative to amputation but also 

significantly enhances patients' post-surgical 

quality of life (Meyers et al., 2001). 

 

Endoprosthetic Reconstruction 
Endoprosthetic reconstruction was 

employed in 50% of the limb-salvage cases. The 

types of prostheses used included modular 

endoprostheses, which offer the advantage of being 

tailored to the patient's specific anatomical 

requirements, and custom-made prostheses for 

more complex reconstructions. The complication 

rates associated with endoprosthetic reconstruction 

were observed to be relatively high, with 15% of 

cases experiencing issues such as prosthetic 

loosening, infection, and mechanical failure 

(Grimer et al., 2007). Despite these complications, 

the immediate structural stability provided by 

endoprostheses and the ability to achieve early 

postoperative mobilization contributed to favorable 

functional outcomes. The long-term survival of the 

prostheses, however, remains a critical area for 

improvement, as complications often necessitate 

revision surgeries (Jeys et al., 2008). 

 

Allograft Reconstruction 
Allograft reconstruction was utilized in 

30% of the limb-salvage surgeries. This technique 

involves the use of donor bone grafts to replace the 

resected bone segment, offering the potential for 

excellent biological integration and load-bearing 

capacity. However, the success rates of allograft 

reconstruction were slightly lower than those of 

endoprosthetic reconstruction, with an observed 

success rate of 60% at 5 years post-surgery. 

Complications were more common in allograft 

reconstructions, with a complication rate of 25%, 

primarily due to issues such as graft rejection, 

infection, and nonunion (Henderson et al., 2011). 

These complications can significantly impact the 

overall success of the reconstruction, requiring 

meticulous surgical technique and careful 

postoperative management to mitigate risks (Lee et 

al., 2014). 

 

 

Impact of Adjuvant Therapies on Surgical 

Outcomes 

Adjuvant therapies, including neoadjuvant 

chemotherapy and radiotherapy, have significantly 

impacted the surgical outcomes for patients with 

primary bone tumors of the femur and tibia. These 

therapies aim to reduce tumor size, control 

microscopic disease, and improve the feasibility 

and effectiveness of surgical interventions. 

 

Neoadjuvant Chemotherapy 
Neoadjuvant chemotherapy is 

administered before surgical resection to shrink the 

tumor, making it easier to achieve clear surgical 

margins and preserve critical anatomical structures. 

Meyers et al. (2005) demonstrated that the addition 

of muramyl tripeptide to standard chemotherapy 

regimens improved overall survival rates in patients 

with osteosarcoma. This multimodal approach 

allows for a more conservative surgery while 

maintaining high rates of local control. Patients 

who respond well to neoadjuvant chemotherapy, 

indicated by a high percentage of tumor necrosis in 

the resected specimen, tend to have better long-

term outcomes. This approach has been 

instrumental in increasing the success rates of limb-

salvage surgeries, reducing the need for 

amputations, and improving overall survival rates 

(Meyers et al., 2005). 

In our study, patients who received 

neoadjuvant chemotherapy exhibited a higher rate 

of successful limb-salvage procedures and better 

overall survival compared to those who did not 

receive preoperative chemotherapy. The average 

tumor size reduction was approximately 30%, 

which facilitated more precise surgical resections 

and improved the likelihood of achieving negative 

margins. This reduction in tumor burden also 

decreased the complexity of the reconstructive 

procedures, contributing to better functional 

outcomes and lower complication rates. 

 

Radiotherapy 
Radiotherapy is often used as an adjunct to 

surgery and chemotherapy, particularly in cases 

where complete surgical resection is challenging or 

when the tumor is located near critical structures 

that cannot be safely removed. Ruggieri et al. 

(2010) highlighted the importance of radiotherapy 

in controlling local disease and reducing recurrence 

rates in patients with high-grade bone tumors. 

Radiotherapy can be administered preoperatively to 

shrink the tumor or postoperatively to target 

residual microscopic disease. Advances in 

radiotherapy techniques, such as intensity-

modulated radiotherapy (IMRT) and proton 
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therapy, have enhanced the precision of radiation 

delivery, minimizing damage to surrounding 

healthy tissues and reducing the risk of 

complications (Ruggieri et al., 2010). 

In our cohort, radiotherapy was used in 40% of the 

cases, primarily for tumors with close or positive 

surgical margins and for patients with high-grade 

tumors. The use of radiotherapy significantly 

decreased the local recurrence rates, from 25% in 

patients who did not receive radiotherapy to 10% in 

those who did. Additionally, radiotherapy improved 

disease-free survival by controlling microscopic 

residual disease that might not be visible during 

surgery. Patients who received radiotherapy also 

reported better functional outcomes, as the reduced 

recurrence rates contributed to fewer secondary 

surgeries and associated morbidities. 

 

Combined Modality Treatment 
The combination of neoadjuvant 

chemotherapy and radiotherapy has shown 

synergistic effects in improving surgical outcomes. 

This multimodal approach not only enhances the 

resectability of tumors but also provides a 

comprehensive treatment strategy that addresses 

both local and systemic disease. Patients receiving 

combined modality treatment exhibited the highest 

overall survival and disease-free survival rates in 

our study, indicating the effectiveness of this 

approach in managing primary bone tumors of the 

femur and tibia. The integration of adjuvant 

therapies into the treatment protocol for primary 

bone tumors of the femur and tibia has 

revolutionized surgical outcomes. Neoadjuvant 

chemotherapy facilitates more effective and 

conservative surgical resections, while radiotherapy 

provides critical local control, reducing recurrence 

rates and improving survival outcomes. These 

therapies, used alone or in combination, have 

enabled higher rates of limb-salvage surgery, better 

functional outcomes, and improved overall patient 

prognosis. Future research should continue to 

explore and refine these multimodal approaches to 

further enhance the management of primary bone 

tumors. 

 

V. DISCUSSION 
Analysis of the Factors Influencing the Choice of 

Surgical Technique 

The selection of an appropriate surgical 

technique for managing primary bone tumors of the 

femur and tibia is a complex decision influenced by 

multiple factors including tumor location, size, and 

response to therapy. Each of these variables plays a 

critical role in determining the feasibility and 

potential success of different surgical approaches. 

Tumor Location 
The anatomical location of the tumor 

significantly impacts the choice of surgical 

technique. Tumors located in the distal femur or 

proximal tibia, regions that are crucial for joint 

function, often necessitate limb-salvage procedures 

to preserve mobility and quality of life. For 

example, tumors in these areas can be managed 

with limb-salvage surgery followed by 

endoprosthetic reconstruction or allograft 

reconstruction, which aims to replace the resected 

bone while maintaining joint integrity and function 

(Jeon et al., 2011). Conversely, tumors situated in 

areas where achieving clear surgical margins is 

particularly challenging, such as near major blood 

vessels or nerves, might require more radical 

approaches or adjuvant therapies to ensure 

complete resection and reduce the risk of 

recurrence (Grimer et al., 2007). 

 

Tumor Size 
The size of the tumor is another crucial 

factor influencing surgical decisions. Larger tumors 

pose a greater challenge in terms of achieving 

negative surgical margins and often necessitate 

more extensive resections. In such cases, limb-

salvage surgery may be combined with complex 

reconstructive techniques like endoprosthetic 

reconstruction to restore structural stability and 

function. Smaller tumors, on the other hand, may 

allow for more conservative resections and simpler 

reconstructive options, potentially reducing the risk 

of complications and improving functional 

outcomes (Meyers et al., 2001). The ability to 

shrink tumors preoperatively with neoadjuvant 

chemotherapy can also play a pivotal role in 

enabling limb-salvage procedures for initially large 

or difficult-to-resect tumors (Meyers et al., 2005). 

 

Response to Therapy 
The response of the tumor to neoadjuvant 

therapy, such as chemotherapy or radiotherapy, is a 

critical determinant in the surgical planning 

process. Tumors that respond well to preoperative 

chemotherapy, exhibiting significant reduction in 

size and necrosis, are more likely to be amenable to 

limb-salvage surgery with successful outcomes. 

Studies have shown that patients with a high 

percentage of tumor necrosis following 

neoadjuvant chemotherapy have better prognosis 

and lower recurrence rates (Meyers et al., 2005). 

On the contrary, poor responders may require more 

aggressive surgical approaches to ensure complete 

resection of viable tumor cells. In such scenarios, 

adjuvant radiotherapy may be employed 

postoperatively to control residual disease and 
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reduce the likelihood of local recurrence (Ruggieri 

et al., 2010). 

 

Multidisciplinary Approach 
The choice of surgical technique is also 

influenced by a multidisciplinary approach 

involving orthopedic oncologists, radiologists, 

pathologists, and medical oncologists. This team-

based approach ensures that all aspects of the 

patient's condition are considered, and the most 

appropriate, individualized treatment plan is 

developed. Preoperative imaging and biopsy 

results, along with the patient's overall health and 

preferences, are integrated into the decision-making 

process to optimize outcomes (Henderson et al., 

2011). 

In conclusion, the choice of surgical 

technique for managing primary bone tumors of the 

femur and tibia is dictated by a combination of 

tumor location, size, and response to therapy. 

Understanding these factors and their interplay is 

essential for selecting the most effective surgical 

approach, balancing the goals of complete tumor 

resection, limb preservation, and functional 

restoration. Ongoing research and advances in 

surgical techniques and adjuvant therapies continue 

to refine these decisions, aiming to improve patient 

outcomes in this challenging field of orthopedic 

oncology. 

 

Comparison of Limb-Salvage Surgery and 

Amputation in Terms of Functional Outcomes 

and Quality of Life 

The debate between opting for limb-

salvage surgery versus amputation in the treatment 

of primary bone tumors of the femur and tibia 

hinges on the balance between ensuring complete 

tumor resection and preserving limb function. Each 

approach has profound implications for the patient's 

functional outcomes and overall quality of life. 

 

Limb-Salvage Surgery 
Limb-salvage surgery aims to remove the 

tumor while preserving the affected limb, followed 

by reconstructive techniques to restore 

functionality. This approach has become 

increasingly favored due to advancements in 

surgical techniques, imaging, and adjuvant 

therapies that enhance the precision and success of 

tumor resections. Functional outcomes following 

limb-salvage surgery are generally superior to those 

of amputation. Patients typically experience better 

mobility, less need for prosthetic devices, and 

greater overall limb functionality (Kotz et al., 

1989). 

Studies have demonstrated that limb-

salvage surgery provides excellent functional 

outcomes as measured by the Musculoskeletal 

Tumor Society (MSTS) score, which assesses pain, 

function, emotional acceptance, and use of 

supports. Patients who undergo limb-salvage 

surgery often report higher MSTS scores compared 

to those who undergo amputation, indicating better 

preservation of limb function and quality of life. 

The ability to retain the natural limb also has 

significant psychological benefits, reducing the 

emotional and social impacts associated with limb 

loss (Bielack et al., 2002). 

However, limb-salvage surgery is not 

without its challenges and risks. The procedure is 

technically demanding, requires meticulous 

preoperative planning, and carries a higher risk of 

complications such as infection, prosthetic 

loosening, and nonunion of grafts. Despite these 

risks, the potential for improved functional 

outcomes and quality of life makes limb-salvage 

surgery a preferred option when feasible. 

 

Amputation 
Amputation, while once the standard 

treatment for primary bone tumors, is now typically 

reserved for cases where limb-salvage is not 

possible due to extensive tumor involvement, poor 

response to neoadjuvant therapy, or proximity to 

critical neurovascular structures. Amputation offers 

the advantage of complete tumor removal with 

clear surgical margins, thereby reducing the risk of 

local recurrence. The surgical procedure is 

generally less complex than limb-salvage surgery 

and is associated with lower immediate 

postoperative complication rates (Kotz et al., 

1989). 

Despite these advantages, amputation 

significantly impacts a patient's quality of life. The 

loss of a limb necessitates the use of prosthetic 

devices, which, while advanced, cannot fully 

replicate the function of a natural limb. Patients 

often experience reduced mobility, altered gait, and 

increased energy expenditure during movement. 

The psychological impact of limb loss, including 

issues related to body image and social interactions, 

can be profound, affecting emotional well-being 

and social functioning (Bielack et al., 2002). 

 

Quality of Life Considerations 
Quality of life is a critical consideration in 

the choice between limb-salvage surgery and 

amputation. Studies indicate that patients who 

undergo limb-salvage surgery generally report 

better quality of life outcomes compared to those 

who undergo amputation. This is attributed to better 
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physical function, less reliance on assistive devices, 

and a more natural appearance (Kotz et al., 1989). 

However, it is essential to consider the patient's 

individual circumstances, including tumor 

characteristics, overall health, and personal 

preferences. 

The psychological and social dimensions 

of quality of life are also significantly better in 

patients who undergo limb-salvage surgery. These 

patients typically experience lower levels of 

depression and anxiety and report higher 

satisfaction with their body image. Social 

integration and the ability to participate in daily 

activities and hobbies are also better preserved with 

limb-salvage surgery, contributing to a more 

fulfilling life post-treatment (Bielack et al., 2002). 

 

Evaluation of Prosthetic Reconstruction Versus 

Biological Reconstruction 

Prosthetic reconstruction and biological 

reconstruction are two primary methods employed 

following limb-salvage surgery for bone tumors, 

each with distinct advantages and limitations. 

Prosthetic reconstruction involves the use of 

custom or modular endoprostheses to replace 

resected bone segments, offering immediate 

structural support and allowing for early 

mobilization. This method has become increasingly 

popular due to advancements in prosthetic design, 

which now incorporate materials that better mimic 

the biomechanical properties of natural bone 

(Grimer et al., 2007). 

The main advantage of prosthetic 

reconstruction is its reliability in providing 

immediate and stable structural integrity, which is 

critical for restoring limb function. Modern 

prostheses are designed to accommodate the 

specific anatomical and functional needs of the 

patient, enabling a high degree of customization 

(Jeys et al., 2008). However, prosthetic 

reconstruction is not without challenges. The long-

term durability of prostheses remains a concern, as 

issues such as prosthetic loosening, mechanical 

failure, and wear can necessitate revision surgeries. 

Additionally, infection around the prosthesis is a 

significant risk, which can compromise the success 

of the reconstruction and lead to further 

complications (Grimer et al., 2007). 

Biological reconstruction, on the other 

hand, involves the use of allografts (donor bone) or 

autografts (patient’s own bone) to replace the 

resected segment. This method has the potential for 

excellent biological integration and long-term 

durability, as the grafted bone can remodel and 

adapt to the patient’s physiology over time. 

However, biological reconstruction is associated 

with higher complication rates, such as graft 

rejection, nonunion, and infection. These 

complications can significantly impact the success 

of the reconstruction and may require additional 

interventions (Henderson et al., 2011). 

Comparing the two methods, prosthetic 

reconstruction offers more immediate functional 

recovery but at the risk of long-term mechanical 

complications, whereas biological reconstruction 

provides potential for long-term biological 

integration but with higher immediate 

postoperative risks. The choice between these 

methods should be tailored to the patient’s specific 

clinical situation, including factors such as the 

extent of the bone defect, patient age, and overall 

health status (Jeys et al., 2008). 

 

Challenges and Complications Associated with 

Each Surgical Method 

Both prosthetic and biological 

reconstructions face significant challenges and 

complications that can impact their success and the 

patient’s quality of life. For prosthetic 

reconstruction, the primary challenges include 

mechanical failure, wear and tear of the prosthesis, 

and the risk of infection. Mechanical 

complications, such as loosening or breakage of the 

prosthesis, often require revision surgeries, which 

can be complex and carry additional risks 

(Henderson et al., 2011). Infection around the 

prosthetic implant is particularly problematic, as it 

can lead to chronic issues and necessitate removal 

of the prosthesis. 

Biological reconstruction, while 

advantageous in terms of potential for bone 

integration, faces its own set of challenges. Graft 

rejection and nonunion are significant risks, with 

the latter occurring when the graft does not 

properly integrate with the host bone, leading to 

instability and failure of the reconstruction. 

Infection remains a concern, especially in the 

context of immunocompromised patients or those 

undergoing extensive chemotherapy (Meyers et al., 

2005). 

Managing these complications requires a 

multidisciplinary approach, involving careful 

surgical planning, meticulous intraoperative 

technique, and rigorous postoperative care. Early 

identification and management of complications 

are critical to improving outcomes and ensuring the 

long-term success of the reconstruction (Henderson 

et al., 2011). 
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Future Directions in Surgical Management and 

Areas for Further Research 

The field of surgical management for 

primary bone tumors continues to evolve, driven by 

advancements in technology and a deeper 

understanding of tumor biology. Future directions 

in this area include the development of more 

durable and biocompatible prosthetic materials, 

which can reduce the risk of mechanical failure and 

improve the longevity of prosthetic reconstructions. 

Innovations in 3D printing technology are also 

paving the way for more personalized and 

anatomically accurate prosthetic designs, 

enhancing functional outcomes (Biau et al., 2008). 

In biological reconstruction, research is 

focusing on improving graft integration and 

reducing complications. Techniques such as tissue 

engineering and the use of growth factors to 

enhance bone regeneration hold promise for 

improving the success rates of allografts and 

autografts. Additionally, the development of 

immunomodulatory therapies to reduce the risk of 

graft rejection is an exciting area of research 

(Marina et al., 2004). 

There is also a growing interest in 

minimally invasive surgical techniques and robotic-

assisted surgeries, which can increase the precision 

of tumor resections and reduce postoperative 

complications. These technologies have the 

potential to enhance the surgeon’s ability to achieve 

clear margins while preserving critical structures, 

thereby improving both oncological and functional 

outcomes (Biau et al., 2008). 

 

VI. CONCLUSION 
Summary of Key Findings 

This study highlights the advancements 

and challenges in the surgical management of 

primary bone tumors of the femur and tibia. Limb-

salvage surgery has emerged as the preferred 

approach, providing better functional outcomes and 

quality of life compared to amputation. The success 

rates of limb-salvage surgery are significantly 

enhanced by the use of neoadjuvant chemotherapy, 

which helps in reducing tumor size and improving 

the feasibility of achieving clear surgical margins. 

Endoprosthetic reconstruction and allograft 

reconstruction are the primary methods used post-

tumor resection, each with distinct advantages and 

associated risks. Endoprosthetic reconstruction 

offers immediate structural stability but has 

complications like prosthetic loosening and 

infection, whereas allograft reconstruction, though 

beneficial for biological integration, faces higher 

risks of rejection and nonunion (Grimer et al., 

2007; Jeon et al., 2011; Henderson et al., 2011). 

Implications for Clinical Practice 

The findings of this study underscore the 

importance of a multidisciplinary approach in the 

management of primary bone tumors. Incorporating 

advanced imaging techniques for precise 

preoperative planning, utilizing neoadjuvant 

therapies to enhance surgical outcomes, and 

selecting the appropriate reconstructive method 

based on individual patient factors are crucial for 

optimizing results. The study also highlights the 

need for ongoing monitoring and management of 

complications, which is essential for ensuring long-

term success and improving patient quality of life 

(Meyers et al., 2005; Ruggieri et al., 2010). 

 

Recommendations for Improving Surgical 

Outcomes 

To further improve surgical outcomes for 

patients with primary bone tumors of the femur and 

tibia, several recommendations can be made. 

Firstly, enhancing preoperative imaging techniques 

and intraoperative navigation can improve the 

precision of tumor resections, reducing the risk of 

local recurrence. Secondly, advancements in 

prosthetic materials and design are needed to 

increase the durability and functionality of 

endoprosthetic reconstructions. Thirdly, ongoing 

research into biological reconstruction methods, 

including tissue engineering and growth factor use, 

can help address the complications associated with 

allografts. Additionally, the development of better 

infection control protocols and immunomodulatory 

therapies can mitigate the risks of infection and 

rejection in both prosthetic and allograft 

reconstructions (Henderson et al., 2011; Lee et al., 

2014). 

 

Final Thoughts on the Future of Surgical 

Management for Primary Bone Tumors of the 

Femur and Tibia 

The future of surgical management for 

primary bone tumors of the femur and tibia looks 

promising with the continuous advancements in 

technology and medical research. The integration 

of minimally invasive surgical techniques and 

robotic-assisted surgeries holds potential for 

increasing the precision and success of tumor 

resections while minimizing patient morbidity. 

Personalized medicine approaches, where treatment 

plans are tailored based on the genetic and 

molecular profile of the tumor, could revolutionize 

the management of these malignancies, leading to 

more effective and targeted therapies (Biau et al., 

2008). 

In conclusion, while significant strides 

have been made in the surgical management of 
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primary bone tumors of the femur and tibia, 

ongoing research, technological innovation, and a 

multidisciplinary approach are crucial for 

addressing the remaining challenges and enhancing 

patient outcomes. The findings of this study 

contribute to a deeper understanding of the factors 

influencing surgical decisions and underscore the 

importance of continued efforts to improve the 

prognosis and quality of life for patients with these 

complex malignancies. 
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