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INTRODUCTION 

Total femur replacement is a salvage surgery of the lower 

extremity, whose original description dates back to the 

year 1965 by Dr. Buchman.1 Its best-known clinical 

application is the treatment of neoplastic diseases of the 

femur; however, in recent years, its use has expanded to 

arthroplasty revisions for non-oncological causes.2 It is 

essential to mention that limb-salvage surgery has 

successful outcomes reported in the medical literature 

regarding return to functionality and resolution of disease 

burden.  

Meanwhile, since it comprises major surgery, it can 

produce complications mainly associated with the patient's 

overall health condition or inherent to the complexity of 

the surgical technique, as well as complications 

attributable to the high mechanical loads supported by the 

prosthesis.3 This paper aims to review the state of the art, 

the technique, and the outcomes of this exciting surgical 

intervention.  

INDICATIONS 

Limb salvage seeks to orient functional outcomes in goals 

such as tolerating limb support. Alternatives to stent 

management are disarticulation at hip level or above knee 

level. 

The most common application of treatment with total 

femoral endoprosthesis is for the management of primary 

or secondary oncological femoral involvement. The most 

frequent location of primary or secondary involvement in 

the appendicular skeleton takes place in the femur. Lesions 

include sarcoma, chondrosarcoma, undifferentiated 

pleomorphic sarcoma, and bone metastases.4 Doctor Pan 

and his group reported the use of total femur 

endoprosthesis in considerable volume sarcomas with a 

mean follow-up of 27 months. Due to the neoplastic 
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disease, six patients died during the follow-up, reflecting 

the severity of the underlying illness that indicated this 

procedure.5 Muratori et al reported 32 total femur 

replacements between 2002 and 2018, and they found 87% 

revision implant-free survival of the implants at 5 and 10 

years, and 72% at 15 years. Overall implant survival of the 

prosthesis was 90% at 15 years.6 

Total femur replacement is also helpful in situations 

unrelated to oncological problems.7 Since total hip and 

knee replacements have risen, complications secondary to 

these procedures have also increased.8,9 Among these, 

aseptic loosening, infection, and periprosthetic fractures 

can lead to multiple revision procedures, with subsequent 

bone loss and the need for increasing implant size.10,11 In 

addition, its use has been reported in failed proximal or 

distal femur replacement.12 Finally, total femur 

replacement is essential in patients with multiple revision 

surgeries and extensive femoral bone loss that makes their 

approach impossible by conventional methods.3 

Furthermore, it's useful for comminuted periprosthetic 

fractures with a high rate of failure and complications of 

osteosynthesis.12 These patients have undergone multiple 

surgeries, and there is a marked deterioration in the 

baseline state, soft tissues, and bone quality, which makes 

them more susceptible to complications and technical 

difficulties during surgery.7 Dr. Toepfer's group has a 

series of 22 patients treated with total femur replacement 

for non-oncological reasons with an average follow-up of 

63 months. Overall failure rate was 59.1%, leading to 38 

surgical revisions. The most common failure mechanisms 

were soft tissue, infection, and mechanical failure.13  

Finally, this procedure has other less frequent indications: 

patients with periprosthetic pathological fractures in 

Paget's disease,  and massive pseudotumors of the femur 

in patients with hemophilia.3,14  

PERIOPERATIVE CONSIDERATIONS 

The first thing to keep in mind when planning this 

procedure is the type of patient. As mentioned in the 

previous section, they usually have a history of cancer, 

infections, or multiple interventions that decrease their 

functional reserve and weaken them.3 In addition, these 

patients are generally in chemotherapy or radiation 

therapy, so it is necessary to inquire about the specific side 

effects of each chemotherapy, as cardiotoxic effects are 

common. In addition, another common side effect of 

chemotherapy is bone marrow suppression, which can 

cause anemia. Therefore, in scheduled orthopedic 

surgeries, it is crucial to ensure that hemoglobin levels are 

above 12 mg/dL for women and 13 mg/dL for men. 

Similarly, it is essential to determine whether patients have 

undergone radiation therapy, especially in the chest, due to 

the high risk of developing pulmonary fibrosis.15  

It is important to note that total femur replacement is an 

intervention that involves a long surgical time with the 

inherent risk of surgical wound contamination. In addition, 

a broad dissection of the soft tissues could favor 

devitalization and increase the risk of infection.16  

As noted earlier, comorbidities in patients undergoing total 

femur replacement are essential. Cancer itself and 

orthopedic surgery are independent risk factors for deep 

venous thrombosis.15 Bone tumors (compared with soft 

tissue tumors) and patients undergoing prosthetic 

reconstruction represent additional risk factors among 

these patients. Moreover, the incidence of pulmonary 

embolism in cancer patients undergoing surgery ranges 

between 0,6% and 11%.15 That said, mechanical and 

pharmacological prophylaxis is vital in the perioperative 

setting. Rates of pulmonary embolism in patients with a 

combination of mechanical (when possible) and 

pharmacological prophylaxis reduced to 0.6% to 1%.15  

Both the surgical time and the extension of the approach 

produce considerable bleeding that must be taken into 

account during the planning and execution of the surgery 

to take measures to counteract the patient's anemia, for 

example, multiple blood transfusions and the use of cell 

salvage devices.17 In cancer surgery, cell salvage has 

historically been avoided because of concerns about 

potentially spreading tumor cells back into the patient. 

However, it is essential to note that this concern is 

hypothetical and lacks evidence.15 Other ways to prevent 

perioperative bleeding include the use of antifibrinolytic 

agents. It has been demonstrated that their use reduces 

bleeding without increasing the risk of thrombotic 

events.15  

The factors mentioned above imply the need to book an 

intensive care unit bed for immediate postoperative care, 

where hemodynamic parameters can be better controlled 

and, if needed, life support will be guaranteed.3  

It is worth emphasizing that the surgeon must take into 

account the possible presence of acetabular defects in the 

context of an oncology patient or revision. Multiple 

methods exist to address this problem, such as bone grafts, 

jumbo cups, trabecular metal augments, or acetabular 

reconstruction rings.18  

The extensive dissection of soft tissues and muscle 

attachments involved in the surgical technique makes the 

construct inherently unstable. Therefore, it is important to 

use strategies to reduce the risk of dislocation of the 

femoral head, such as dual mobility cups, and in the knee, 

the use of constrained hinge-type components.19,20  

DESIGNS 

The first available designs are the conventional 

endoprosthesis that behave as a fixed system, where the 

proximal segment corresponding to the hip is continued to 

the knee (Figure 1).3 The usual length of these implants 

varies between 280 mm-570 mm. A significant advantage 

of this system lies in its modularity, which allows you to 
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play with the length and the femoral version proximally-

the length is modifiable in 10 mm increments. In addition, 

fixed or mobile polyethylene inlay tibia has modular 

augments, stems, and offset adapters that can be used in 

the knee.21 Finally, in the proximal segment, the prostheses 

have slots that allow muscle reinsertion of the hip 

abductors.3 

 

Figure 1: Implantcast. MUTARS® total femoral 

replacement MK. Implantcast. EDM Colombia.  
Available at: https://www.implantcast.de/en/for-medical-

professionals/products/standard-/-tumour-prosthetics/pelvis-

and-hip-endoprosthetics/revision-and-tumour-

endoprosthetics/mutarsr-total-femoral-replacement-mk/. 

The second alternative is the “Durchsteck”-or push-

through-total femoral endoprosthesis, which consists of an 

intramedullary prosthesis based on the union of previously 

implanted femoral components of hip and knee 

arthroplasties. Custom-made intramedullary nails or an 

intercalary segment connecting both prostheses is practical 

because it allows the preservation of any remaining 

femoral cortex and muscle attachments. The main 

advantages of this design are preserving bone stock and 

less soft tissue dissection, reducing bleeding, and 

preserving muscle insertions that reflect instability.22 

Gorter and his group reported ten patients treated by push-

through total femoral endoprosthesis with a mean follow-

up of 5.3 years. This series reported four complications, 

two infections, and two mechanical failures. However, at 

the end of the follow-up, patient survival was 100%, limb 

survival 90%, and prosthesis survival 80%.23 

The vast majority of patients will have acetabular defects 

secondary to tumor resection, osteolysis, or secondary to 

multiple revisions. Therefore, unique implants may be 

helpful to treat these defects, such as reconstruction rings, 

trabecular metal wedges, allografts, or custom implants.19 

Additionally, it is essential to remember that due to severe 

muscle deficiency, especially in the gluteus medius, 

bipolar or double mobility acetabular cups should be used 

to reduce the risk of instability.24 Because of the severe 

bone and soft tissue loss, a highly constrained knee 

articulation is mandatory. Rotating the hinge is necessary 

for global instability around the knee. The main 

disadvantages of hinges are the high degree of loosening 

secondary to increased forces between the interface and 

the prosthesis since it only allows mobility in one plane. 

Using rotating hinges has reduced loosening by having a 

load transmission slightly more similar to the anatomical. 

The survival rate in patients with total femur replacement 

and the rotating hinge is 79.6% at one year and 68.2% at 

five years.25  

SURGICAL TECHNIQUE  

The proper execution of the procedure begins with the 

positioning of the patient in lateral decubitus on a 

conventional table. Different approaches in the literature 

include an extended lateral approach to the knee, allowing 

total exposure of the femur and proximal tibia (Figure 2). 

This technique facilitates visualization of the structures 

and manipulation of the stent. However, its main 

disadvantage lies in the more significant dissection of soft 

tissues with the consequent bleeding.23 

 

Figure 2: Sharma R- intra-operative image of a lateral 

approach extended to the knee with a total femoral 

endoprosthesis already positioned. 

On the other hand, one could carry out a lateral approach 

to the proximal femur and the middle third and 

independently carry out an anterior approach to the knee 

that allows working on the distal femur and proximal tibia. 

The main advantage lies in less soft tissue dissection and 

bleeding.26 With the posterolateral approach completed in 

the hip, the dissection must be done carefully since, in 

general, there is a lot of fibrosis and normal anatomy is 

altered on the way to the joint. Depending on the cause 

leading to the procedure, resection of the proximal femur 

tumor and removal of prosthetic components or cement 

spacers are performed.23 Finally, the preparation of the 

acetabulum and positioning of the trial and final acetabular 

cup is performed.3 Once completed, a circumferential 

dissection of the femur's muscular and soft tissue 

attachments follows, with particular attention to the 

neurovascular structures. The dissection must extend 

toward the distal femur when having a single incision. In 

case of having two independent incisions, approximation 

must be through the knee. All anterior, posterior, medial, 
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and lateral muscle attachments should be dissected with 

particular care in the structures around the popliteal 

fossa.26 The surgical piece is then removed from the femur, 

and the tibial component preparation begins. Surgeons 

should take special care with patella excursion secondary 

to the component's external rotation.3 Once the definitive 

tibial plateau is ready, the assembly of the femur begins to 

test its length and the tension of the soft tissues. The 

femoral stems have different magnifications to play with 

and find the ideal length for the patient's extremity.26 The 

femoral version can be modified proximally. Once the 

indicated size is confirmed, the positioning of the final 

femoral component follows. Then, an evaluation of hip 

stability maneuvers and patella excursion is necessary to 

guarantee functionality-finally, regular wash out with 

saline and hemostasis. Next, the remaining gluteal and 

vastus lateralis muscles must be reinserted into the 

proximal slots of the stem. Ultimately, layered closure 

achieves coverage of the femoral component with the thigh 

musculature, the subcutaneous cellular tissue, and the skin. 

Given the ample dead space, the use of a drain for a few 

days is recommended.23,26 

REHABILITATION  

Although it is an extensive surgery, the patient can perform 

immediate mobility. In general, postoperative evaluation 

occurs in the intensive care unit; once their general 

condition stabilizes, the patient can start walking and begin 

with support to tolerance.27 Establishing protocols 

emphasizing strengthening of the quadriceps and the 

abductor mechanism is necessary. The patient will also 

need an abductor brace for six weeks.28  

CLINICAL AND FUNCTIONAL RESULTS  

Since this is not a frequent procedure, the literature support 

relies on case series. For example, in 2012, McLean 

reported a score of 68 on the Toronto extremity salvage 

score and 53 on the short form 36 in 20 patients undergoing 

total femur replacement for a periprosthetic fracture.29 The 

group from the technical university of Munich reports a 

function between 1 and 15 with an average of 10±4 out of 

30, according to the Enneking functional evaluation 

method (MSTS-score).30 More recently, the Putman 

group, in their series of 29 total femur replacements for 

non-oncological reasons with a 6-year follow-up, shows 

that 51.7% of the patients achieve independent walking, 

41.3% achieve walking with a cane, and only 6.89% of 

patients fail to return to walking.31 In 2022 Yang et al 

reported the case of a patient treated with total femur 

replacement with 18 years to follow up. The patient has 

standard functionality and no evidence of recurrence, 

metastasis, prosthesis loosening, dislocation, fracture, or 

other complications.32   

COMPLICATIONS  

Traditionally, total femur replacement has been considered 
a procedure with a high risk of complications, given its 

surgical complexity and magnitude.33 Nevertheless, in one 
of the most extensive series available, Medellin and the 
Birmingham group report the following complications: 
infection at 18%, structural failures at 6%, tumor 
progression at 5%, aseptic loosening at 2%, and soft tissue 
failures at 1%. Additionally, they found that the factors 
associated with failure were a history of multiple previous 
surgeries (hazard index (HR) 3.7; p=0.041) and associated 
arthroplasty of the proximal tibia (HR 3.8; p=0.034).33 

SURVIVAL 

The evidence regarding survival is conflicting and varies 
depending on each series. In the worst scenarios, the 
failure rate reaches 72% in an average follow-up of 80 
months.29 The most favorable scenarios show an average 
survival of 70% at ten years.30 Specifically, patients with 
oncological pathology have survival rates of 71% at five 
years, 63% at ten years, and 3.7% at fifteen years.13 

CONCLUSION 

Total femur replacement is a procedure performed in 
extreme cases with oncological and non-oncological 
pathologies that compromise the viability of the limb. The 
literature comes mainly from case series, given its low 
frequency and yet space for implementation. It has 
particular and essential perioperative considerations and is 
a highly demanding surgical technique. Nevertheless, 
despite the high rate of complications, in some cases, it is 
the only option to preserve limb function and improve the 
patient's quality of life.  
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