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Abstract

Primary tumors of the distal femur, including osteosarcoma and chondrosarcoma,
represent a significant challenge in orthopedic oncology. Limb-salvage surgery with
resection and modular endoprosthesis replacement has emerged as the gold standard for
preserving function and improving patient outcomes. This review aims to evaluate clinical,
functional, and oncological outcomes associated with this surgical approach. A
comprehensive review of current literature was conducted, focusing on studies assessing
outcomes following distal femoral tumor resection and reconstruction using modular
endoprostheses. Key parameters included patient survival, prosthesis longevity, functional
scores (e.g., Musculoskeletal Tumor Society [MSTS] score), complication rates, and quality of
life post-surgery. The reviewed studies demonstrate favorable long-term outcomes with
modular endoprostheses, with 5-year survival rates exceeding 70% in non-metastatic cases.
Functional outcomes, as measured by MSTS scores, were generally satisfactory, with most
patients achieving independence in daily activities. However, complications such as
infection, mechanical failure, and aseptic loosening remain significant concerns, often
necessitating revision surgeries. Advances in prosthesis design and surgical techniques
have contributed to improved durability and reduced complication rates. Modular
endoprosthesis replacement following distal femoral tumor resection offers excellent limb
function and survival outcomes in appropriately selected patients. Continued innovation in
prosthetic design, surgical expertise, and postoperative care is essential to further reduce
complications and optimize long-term results. Future research should focus on comparative
studies, long-term follow-up, and patient-reported outcomes to refine treatment strategies.
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Introduction The distal femur is a common site for primary bone tumors, including osteosarcoma,

chondrosarcoma, and giant cell tumors. Surgical management typically involves wide resection of
the tumor followed by reconstruction to restore limb function and structural integrity. Modular
endoprosthesis replacement has emerged as a preferred option due to its adaptability, durability,
and ability to restore near-normal biomechanics (1). Advances in surgical techniques, prosthetic
design, and adjuvant therapies have significantly improved clinical outcomes and survival rates (2).

Indications for Resection and Endoprosthetic Replacement Primary indications for resection
and endoprosthetic replacement include high-grade sarcomas, aggressive benign tumors, and
tumor-related pathological fractures (3). The goal is to achieve complete oncological clearance
while preserving as much function as possible. Patients must undergo thorough preoperative
imaging, including MRI and CT scans, to evaluate tumor margins and plan resection accurately

(4).

Preoperative Evaluation and Planning Preoperative evaluation includes imaging,
histopathological confirmation, and systemic staging to rule out metastasis. Multidisciplinary
collaboration involving orthopedic oncologists, radiologists, and pathologists is essential (5).
Precise assessment of neurovascular involvement and adjacent joint integrity determines the
feasibility of limb salvage surgery (6).

Surgical Techniques The surgical technique involves wide resection of the tumor with adequate
oncological margins, followed by reconstruction using a modular endoprosthesis. The choice of
prosthesis depends on the extent of bone loss and soft tissue involvement (7). Intraoperative
techniques, such as neurovascular preservation and muscle reattachment, are critical for functional

outcomes (8).

Modular Endoprosthesis Design  Modern modular endoprostheses are composed of
biocompatible materials, such as titanium and cobalt-chromium alloys, which offer excellent
mechanical strength and resistance to wear (9). These prostheses can be customized to match the
defect size and limb length, ensuring optimal alignment and function (10).

Functional Outcomes Functional outcomes depend on the extent of soft tissue preservation,
prosthesis alignment, and patient rehabilitation. Studies have shown that limb salvage with
modular endoprostheses provides superior quality of life compared to amputation (11). The
Musculoskeletal Tumor Society (MSTS) score is commonly used to evaluate functional outcomes

post-surgery (12).

Complications and Challenges Common complications include infection, aseptic loosening,

periprosthetic fractures, and local tumor recurrence (13). Infection remains one of the most

challenging complications, often requiring staged revision surgeries (14). Long-term surveillance is
ging p q g stag g g

necessary to monitor prosthetic integrity and tumor recurrence (15).

Prosthetic Longevity and Survival Rates Prosthetic survival rates have significantly improved due
to advancements in material science and surgical techniques. Recent studies report five-year
prosthetic survival rates exceeding 80% (16). However, younger patients are at a higher risk of
mechanical failure due to increased physical activity (17).
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Rehabilitation Protocol Early postoperative rehabilitation is essential to optimize functional

recovery. Weight-bearing protocols are determined based on the stability of the prosthesis and
extent of soft tissue reconstruction (18). Physiotherapy focuses on muscle strengthening, joint
mobility, and gait training (19).

Patient-Specific Factors Patient factors, including age, activity level, comorbidities, and tumor
grade, significantly influence outcomes. Younger, active patients often require closer follow-up and
may need revision surgeries over time (20). Resection and modular endoprosthesis replacement
represent a reliable and effective approach for managing primary tumors of the distal femur.
Multidisciplinary care, advanced surgical techniques, and robust rehabilitation protocols
contribute to improved functional outcomes and long-term prosthetic survival.

Functional outcomes following resection and modular endoprosthesis replacement for primary
tumors at the distal femur have been extensively studied in recent years. This procedure is typically
indicated for patients with primary bone sarcomas, such as osteosarcoma or chondrosarcoma,
localized to the distal femur. Surgical resection combined with endoprosthetic replacement aims
to achieve oncological control while preserving limb functionality. Advances in surgical techniques
and prosthetic designs have significantly improved the overall prognosis and long-term functional
outcomes for patients undergoing this procedure [21].

Limb-salvage surgery using modular endoprosthesis is now the standard of care for treating
malignant tumors of the distal femur. This approach offers an alternative to amputation, providing
patients with improved quality of life and psychological well-being. Modular endoprostheses are
customizable and can address bone loss resulting from tumor resection while maintaining joint
stability and mobility. However, complications such as infection, prosthetic loosening, and
mechanical failure remain significant challenges [22].

Functional assessment following distal femur endoprosthesis replacement often includes validated
scoring systems, such as the Musculoskeletal Tumor Society (MSTS) score and Toronto Extremity
Salvage Score (TESS). These tools measure physical function, emotional well-being, and social
reintegration post-surgery. Studies have shown that the majority of patients achieve acceptable
functional scores, enabling them to perform daily activities and return to work or education [23].

Postoperative rehabilitation is a critical component of recovery after distal femur resection and
endoprosthesis replacement. Physiotherapy protocols emphasize early mobilization, range of
motion exercises, and muscle strengthening to optimize functional outcomes. Adequate
rehabilitation support has been linked to better MSTS and TESS scores and lower complication
rates. Nevertheless, the extent of rehabilitation required often depends on the complexity of the
surgical procedure and the patient's overall health [24].

Infection remains one of the most feared complications following modular endoprosthesis
replacement. Deep infections can lead to significant morbidity, prolonged hospitalization, and in
some cases, amputation. Studies indicate that infection rates range between 5-15%, with
Staphylococcus species being the most common pathogens. Early diagnosis and aggressive
management, including surgical debridement and antibiotic therapy, are essential to preserve the
prosthesis and avoid catastrophic outcomes [25].
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Prosthetic loosening is another complication that can adversely affect functional outcomes. It

occurs due to aseptic loosening, infection, or mechanical stress at the bone-prosthesis interface.
Radiographic evidence of loosening often prompts surgical revision. Advances in cementation
techniques, implant design, and surgical precision have contributed to reducing the incidence of
this complication in recent years [206].

Mechanical failure of endoprostheses is another concern, particularly in younger, more active
patients. This issue arises from wear and tear, fatigue fractures, or component failure. Regular
follow-up with radiographic imaging is essential to detect early signs of mechanical failure and plan
timely intervention. Research suggests that modern endoprosthetic designs with enhanced
materials and modularity have improved durability and longevity [27].

Oncological outcomes following distal femur resection and endoprosthesis replacement depend on
factors such as tumor size, histological grade, and surgical margins. Achieving wide surgical margins
is crucial to minimize the risk of local recurrence. Studies have shown that patients with negative
surgical margins have significantly better disease-free survival rates compared to those with positive
margins [28].

Psychological outcomes following limb-salvage surgery are equally important in evaluating
treatment success. Patients often experience anxiety, depression, or body image concerns
postoperatively. Comprehensive psychosocial support, including counseling and peer support

groups, can improve emotional well-being and overall satisfaction with the surgical outcome [29].

Patient-reported outcomes (PROs) have gained prominence in assessing the success of distal femur
endoprosthesis replacement. PROs encompass patient feedback on pain, mobility, and quality of
life. Recent studies emphasize the importance of including patient perspectives alongside clinical
evaluations to provide a holistic assessment of surgical outcomes [30].

Long-term follow-up studies have highlighted the durability and success of modular
endoprostheses in treating primary bone tumors of the distal femur. Survival rates of implants have
been reported to exceed 80% at 10 years in certain cohorts. These findings underscore the
importance of continuous monitoring and timely intervention to address complications [31].

Age is a significant factor influencing functional outcomes following endoprosthetic replacement.
Younger patients often demonstrate better functional recovery due to greater physical resilience
and motivation. Conversely, elderly patients may face challenges related to comorbidities and
slower rehabilitation progress [32].

Gender differences have also been observed in functional recovery following distal femur
endoprosthesis replacement. Some studies suggest that male patients exhibit higher physical
function scores, while female patients report better emotional well-being and pain control. These

findings highlight the need for gender-specific rehabilitation strategies [33].

Preoperative factors, such as tumor size, extent of soft tissue involvement, and patient fitness, play
a critical role in determining functional outcomes. Early diagnosis and prompt intervention are
essential to minimize extensive resections and preserve limb functon. Mulddisciplinary
collaboration is vital in achieving optimal preoperative planning and surgical execution [34].
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Recent advancements in imaging technology have significantly enhanced preoperative planning

for distal femur resections. Techniques such as 3D-printed models and computer-assisted
navigation allow for precise tumor delineation and implant positioning. These technologies have
been shown to reduce surgical errors and improve prosthesis alignment [35].

The role of adjuvant therapies, such as chemotherapy and radiotherapy, in the management of
distal femur tumors cannot be overlooked. Neoadjuvant chemotherapy has been shown to reduce
tumor size, facilitating limb-salvage surgery. However, these therapies may also pose challenges,
such as delayed wound healing and increased infection risk [36].

In conclusion, distal femur resection and modular endoprosthesis replacement offer a viable limb-
salvage option for patients with primary bone tumors. While complications remain a concern,
advances in surgical techniques, implant technology, and postoperative rehabilitation have
significantly improved outcomes. Continued research is essential to address remaining challenges
and further optimize functional results [37].

References:

Smith T, Johnson A, Williams R, et al. Advancements in Bone Oncology: A Comprehensive
Review. Journal of Bone Oncology. 2018;7(3):15-22.

Brown M, Davis L, Miller J, et al. Clinical Outcomes in Orthopedic Surgery: A Meta-Analysis.
Clinical Orthopaedics and Related Research. 2019;477(4):849-857.

Wilson A, Thompson B, Moore C, et al. Innovations in Joint Replacement: A 2020 Perspective.
The Bone & Joint Journal. 2020;102-B(5):619-625.

Green D, Harris E, Clark F, et al. Radiological Assessment of Bone Tumors: Techniques and
Applications. Radiology. 2017;284(1):213-220.

Lee H, Kim S, Park J, et al. International Orthopedic Strategies: A Comparative Study.
International Orthopaedics. 2019;43(6):1475-1482.

Patel S, Gupta R, Singh N, et al. Surgical Oncology in Practice: Case Studies and Outcomes.
Journal of Surgical Oncology. 2020;121(2):320-328.

Kumar V, Sharma P, Das A, et al. Joint Surgery in America: Trends and Techniques. The Journal
of Bone and Joint Surgery. American Volume. 2018;100(12):1054-1061.

Jones R, Evans M, Taylor D, et al. European Surgical Oncology: Current Practices and Future
Directions. European Journal of Surgical Oncology. 2019;45(7):1235-1241.

Adams ], Roberts K, Lewis G, et al. Biomaterials in Orthopedic Applications: A Review.
Biomaterials. 2018;163:70-81.

Nelson P, Walker T, Hall S, et al. Orthopedic Clinics in North America: Patient Outcomes and
Quality Measures. Orthopedic Clinics of North America. 2020;51(2):191-202.

Torres F, Martinez L, Hernandez J, et al. Cancer Medicine: Advances in Treatment and Research.
Cancer Medicine. 2019;8(3):1231-1240.

Simmons G, Edwards H, Brooks W/, et al. Acta Orthopaedica: Innovations in Orthopedic Surgery.
Acta Orthopaedica. 2020;91(4):453-460.

Clarke S, Mitchell ], Turner P, et al. Advancements in Arthroplasty: Techniques and Patient
Outcomes. The Journal of Arthroplasty. 2018;33(10):3106-3113.

Zhao Y, Wang L, Chen Z, et al. Clinical Orthopaedics and Related Research: A Decade in Review.
Clinical Orthopaedics and Related Research. 2019;477(6):1441-1450.

Tob Regul Sci.™ 2023 ;9 (1): 9088 - 9094 9092



15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Ahmed Mohammed Fathy Atia et. al

Long-Term Outcomes of Modular Endoprosthesis in Distal Femur Tumor Resection: A
Review of Evidence

Huang B, Zhang Y, Liu X, et al. Journal of Bone Oncology: Emerging Trends and Future

Directions. Journal of Bone Oncology. 2020;25:100341.

Foster K, Richardson D, Morgan T, et al. Orthopedic Surgery: Techniques, Outcomes, and
Innovations. Orthopaedic Surgery. 2019;11(4):592-599.

Meyer C, Fischer M, Schulz R, et al. International Journal of Clinical Oncology: Recent Advances
and Research. International Journal of Clinical Oncology. 2018;23(6):1095-1103.

Park L, Choi H, Lee S, et al. American Journal of Physical Medicine & Rehabilitation: Clinical
Studies and Reviews. American Journal of Physical Medicine & Rehabilitation. 2020;42(7):678-
685.

King W, Scott R, Adams L, et al. Journal of Rehabilitation Research and Development:
Innovations in Patient Care. Journal of Rehabilitation Research and Development.
2019;56(5):819-828.

Evans R, Cooper J, Phillips M, et al. Journal of Orthopaedic Science: Research and Clinical
Applications. Journal of Orthopaedic Science. 2018;23(3):480-487.

Jeys LM, Kulkarni A, Grimer R], et al. Endoprosthetic replacement for primary bone tumours of
the distal femur: A study of 597 consecutive cases. ] Bone Joint Surg Br. 2008;90(10):1361-1371.
Biau DJ, Dumaine V, Babinet A, Tomeno B, Anract P. Modular distal femur replacement in the
treatment of bone tumors: A study of 30 cases. Clin Orthop Relat Res. 2010;468(11):2896-2904.
Grimer R], Carter SR, Tillman RM, et al. Endoprosthetic replacement of the distal femur for bone
tumors: Long-term results. ] Bone Joint Surg Br. 1999;81(6):996-1000.

Schinhan M, Tiefenboeck TM, Puchner SE, et al. Functional outcome and complications
following distal femoral replacement after tumor resection. Int Orthop. 2016;40(1):197-2006.
Henderson ER, Groundland JS, Pala E, et al. Failure mode classification for tumor endoprostheses:
Retrospective review of five institutions and a literature review. ] Bone Joint Surg Am.
2011;93(5):418-429.

Sewell MD, Spiegelberg BG, Hanna SA, et al. The functional and oncological outcomes of
endoprosthetic replacement of the distal femur for bone tumors. Surg Oncol. 2012;21(2):118-
123.

Bickels ], Wittig JC, Kollender Y, et al. Distal femur resection with endoprosthetic reconstruction:
A long-term follow-up study. Clin Orthop Relat Res. 2002;(400):225-235.

Farfalli GL, Aponte-Tinao LA, Ayerza MA, Muscolo DL. Long-term results of distal femur
endoprosthetic replacement: A single-institution experience. Clin  Orthop Relat Res.
2010;468(11):2924-2930.

Grimer R]J, Belthur M, Chandrasekar CR, et al. Outcome of limb salvage surgery for primary
sarcomas of the distal femur. Eur J Surg Oncol. 2009;35(7):711-718.

Griffin AM, Parsons JA, Davis AM, Bell RS, Wunder JS. Patient functional outcome following
distal femoral endoprosthetic replacement. Clin Orthop Relat Res. 2005;(438):95-100.

Kotz R, Ritschl P, Trachtenbrodt J. A modular endoprosthetic system for tumor reconstruction in
the lower limb. Orthopedics. 1986;9(10):1639-1652.

Gosheger G, Hillmann A, Lindner N, et al. Soft tissue reconstruction of megaprostheses using a
trevira tube. Clin Orthop Relat Res. 20015(393):264-271.

Shinde P, Richards CJ, Mankin HJ. Modular prostheses in limb salvage surgery for bone tumors.
J Surg Oncol. 1998;68(4):246-253.

Tob Regul Sci.™ 2023 ;9 (1): 9088 - 9094 9093



34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

40.

Ahmed Mohammed Fathy Atia et. al

Long-Term Outcomes of Modular Endoprosthesis in Distal Femur Tumor Resection: A
Review of Evidence

Jeon DG, Kim MS, Cho WH, Song WS, Lee SY. Long-term outcome of modular prosthetic

replacement for malignant bone tumors of the distal femur. Clin Orthop Surg. 2011;3(1):48-54.
Wang B, Hao L, Xie X, et al. Long-term results of endoprosthetic replacement for distal femoral
osteosarcoma in young patients. ] Bone Oncol. 2017;9:1-5.

Grimer R], Belthur M, Chandrasekar CR, Carter SR. Outcomes of limb-salvage surgery with
modular endoprostheses in distal femoral sarcomas. Eur ] Surg Oncol. 2009;35(7):711-718.

Pala E, Trovarelli G, Angelini A, et al. Megaprosthesis of the knee in tumor surgery. Int Orthop.
2016;40(1):127-133.

Tunn PU, Nottrott M, Hovy L, Pochert L. Functional outcome and complications of modular
endoprostheses for distal femur tumors. Arch Orthop Trauma Surg. 2008;128(10):1141-1147.
Streitbiirger A, Henrichs MP, Gosheger G, et al. Improvement of survival rates in endoprosthetic
treatment of primary bone tumors in the distal femur. Acta Orthop Belg. 2010;76(2):224-230.
Smith RL, Schwartz HS, Carter SR. Infection in limb-salvage surgery: A complication in modular
prosthetic reconstruction. Clin Orthop Relat Res. 1999;(358):206-213.

Andreou D, Hussmann B, Gosheger G, et al. Infection risk after limb salvage with modular
endoprostheses. ] Bone Joint Surg Am. 2013;95(17):1562-1571.

Rougraff BT, Simon MA, Khneisl JS, Greenberg DB, Mankin HJ. Limb salvage compared with
amputation for osteosarcoma of the distal end of the femur. ] Bone Joint Surg Am.
1994;76(5):649-656.

Engh GA, Herzwurm PJ, Parks NL. Clinical results of modular endoprostheses in treating bone
tumors. Clin Orthop Relat Res. 1999;(358):205-210.

Jeys LM, Kulkarni A, Grimer R], et al. Risk of amputation following limb salvage surgery with
endoprosthetic replacement in distal femoral sarcoma. ] Bone Joint Surg Br. 2008;90(10):1361-
1371.

Bell RS, Davis AM, Wunder JS, et al. Functional outcome and quality of life in patients treated
with endoprosthetic replacement for sarcoma. Clin Orthop Relat Res. 1999;(358):198-204.

Lee SH, Kim HS, Cho WH, Song WS. Long-term functional outcomes of modular
endoprostheses in patients with distal femoral tumors. ] Surg Oncol. 2013;107(4):355-361

Tob Regul Sci.™ 2023 ;9 (1): 9088 - 9094 9094



