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Introduction
Metastatic disease is a well-known cause of a rapid de-

terioration in the quality of life in cancer patients [1]. Simi-
larly, osteoarthritis is the most common pathology affecting 
the knee joint and is associated with intractable pain and 
impairments in a patient’s quality of life [2]. Patients with 
metastatic cancer are benefitting from advances in oncology, 
associated with longer life expectancies. Paralleling the rise 
in cancer survivorship is the need for total joint arthroplas-
ty [3]. Some studies have estimated a 673% increase in the 
demand for TKA by the year 2030 [4]. Thus, there is a mount-
ing need to explore novel approaches to patients requiring 
TKA in the setting of metastatic disease to the distal femur. 
Importantly, patients with advanced cancer are considered 
a high-risk population for arthroplasty. Tumor resection and 
endoprosthetic replacement are regarded as the preferred 
method of intervention for metastases to the distal femur [5]. 
This report details how an alternative intervention, a modi-
fied TKA, can improve patients’ quality of life when they have 
end stage osteoarthritis and comorbid metastatic disease to 
the distal femur. To our knowledge, this is the first report high 
lighting the utilization of a modified TKA in the treatment of 

Case Report

Abstract
We present a patient with end-stage degenerative osteoarthritis and concurrent osseous metastasis to the distal femoral 
metaphysis successfully treated with a modified total knee arthroplasty. Improved survivorship in cancer patients with 
osseous metastasis presents a growing need to explore novel surgical approaches for patients with concomitant end-
stage osteoarthritis. Currently, endoprosthetic replacement is the intervention most commonly used in the setting of 
distal femoral metastases. However, total knee arthroplasty is less invasive, economically more conservative, and allows 
for immediate weight bearing with a lesser risk of prosthetic failure over time. The modified total knee arthroplasty in 
our patient provided multifactorial benefits: pain relief, tumor resection, immediate weight-bearing, improvement in 
the overall quality of life, and protection against future pathologic fractures. To our knowledge, this is the first report 
detailing the use of a modified total knee arthroplasty for end-stage osteoarthritis in the presence of distal femoral 
metastasis in orthopedic literature.
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end-stage osteoarthritis, with simultaneous resection of bony 
metastases from renal cell carcinoma (RCC), and prophylactic 
pathologic fracture management.

Case History
An 84-year-old female under went a modified left total 

knee arthroplasty with a cemented femoral stem to treat her 
end-stage osteoarthritis in September 2020. She was initially 
diagnosed with renal cell carcinoma and under went nephrec-
tomy in 2016 with management on nivolumab.
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Originally, the patient presented to our clinic in 2009 with 
left knee pain and was diagnosed with moderate osteoarthri-
tis. She underwent arthroscopic surgery and managed well 
for seven years. In 2019 her pain worsened, and radiographs 
revealed 7° of varus with moderate degenerative changes in 
the medial compartment with marked patellofemoral chang-
es. However, the patient was ambulating well and was not a 
candidate for arthroplasty at that time. She was treated with 
viscosupplementation injections and achieved 70% pain relief 
with improved range of motion.

One year later, she returned with significant left knee pain 
and impairment in ambulation. Examination showed  15° of 
flexion contracture and further medial joint space narrow-
ing. X-rays showed 4° of varus on standing A/P X-rays with a 
total deformity of 10° (Figures 1a, Figures 1b, Figures 1c and 
Figures 1d). She was bone on bone medially, with moderate 
spurring and substantial patellofemoral disease, making her 
a reasonable candidate for a TKA. A new osteoblastic lesion 
in the distal femur was identified on the radiographs and was 
initially believed to be an enchondroma. After comparing the 
lesion to prior radiographs from 2019, it was evident that the 
characteristics of the lesion had changed.  The patient had 
never been previously diagnosed with metastatic cancer. An 
MRI was ordered and revealed multiple osseous metastases 
believed to be due to RCC. No biopsy was performed to con-
firm the origin. The MRI report revealed a 4.2 × 3.2 × 16.0 cm 
metastatic bony lesion occupying most of the distal half of 
the left formal shaft extending into the distal metaphysis with 
no pathologic fracture identified. The MRI also noted severe 
tricompartmental osteoarthrosis with associated advanced 
chondromalacia, moderate amount of joint effusion, and dif-
fuse synovitis in the left knee.

Surgical Intervention
The patient underwent a modified total knee arthroplasty 

of the left knee in early 2020. Prior to surgery, a thorough 
discussion amongst her interdisciplinary careteam was con-
ducted to confirm that her disease process and overall health 
was sufficiently stable to undergo surgical intervention. Care-
ful pre-operative planning was conducted to determine the 
femoral stem length of 175 mm. A long stem femoral compo-
nent was used with the Triathlon® Total Knee System (Stryker, 
Kalamazoo, MI, US) [6]. There was no need for a custom pros-
thesis. The goal was for the stem to extend beyond the meta-
static lesion to allow for complete tumor resection, and then 
to stabilize and fill any bony defects with polymethyl methac-
rylate (PMMA).

The femoral cuts were performed as in a revision TKA and 
tibial side cuts were performed as in a primary TKA. The fem-
oral canal was reamed to remove the medullary lesion and 
ensure endosteal fit. A 175 mm femoral stem was used, which 
bypassed the lesion  by 5 cortical widths. Cement was then 
used to fill any skeletal defect from tumor destruction provid-
ing stabilization and prevention of further tumor growth. The 
patient was discharged one day following surgery. Immediate 
mobilization was possible, and the patient’s post-operative 
course has been unremarkable (Figure 2a, Figure 2b and Fig-
ure 2c).

Discussion
To our knowledge, this is the first case in orthopedic lit-

erature that discusses the utilization of a modified TKA to 
treat a patient’s endstage osteoarthritis and allow for simul-
taneous resection of bony metastasis. The use of a stemmed 
femoral component in TKA procedures is primarily used in the 
revision setting to allow for proper orientation of prosthesis, 
provide needed stability of the implant, and achieve normal 
knee kinematics [7]. In this case, the femoral stem compo-
nent was utilized because the tumor invaded the femoral ca-
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Figure 1(A, B, C and D): Pre-Operative Radiographs of AP and lateral of left knee (1A, 1B, 1C) and femur (1D) in 2019. 
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diate weight-bearing, tumor resection, pathologic fracture 
prevention, and is fiscally favorable to the utilization of an 
endoprosthesis [9,13]. While massive endoprosthetic recon-
struction also provides similar results to the aforementioned 
benefits of TKA, it is associated with a larger incision, more 
blood loss, higher risk of neurovascular injury and infection, 
and carries significant financial burden on patients and the 
health care system [14-16]. Endoprosthetic reconstruction is 
also associated with higher rates of failure each subsequent 
year following surgery [17]. When contemplating when to 
surgically intervene in cancer patients, overestimating survi-
vorship is more favorable than underestimating it and sub-
sequently requiring a revision surgery in the setting of met-
astatic disease [18]. In instances where chemotherapy is not 
indicated, and the cancer is slowly progressive, TKA offers a 
definitive intervention that will, almost always, last longer 
than a patient’s life expectancy [19].

Lastly, this report also addresses the importance of con-
ducting a thorough patient history and the usefulness of 
reviewing previous radiographs if available. No prominent 
findings suggestive of metastatic disease were noted on the 
initial radiographs taken in 2019. In retrospect, a very subtle 
blastic lesion is visible in the distal femur. Given that RCC usu-
ally presents as a lytic lesion, the diagnosis of an enchondro-
ma was initially suspected. When radiographs were reviewed 
again in 2020, it was apparent that there were changes in the 
suspected enchondroma's appearance, which prompted fur-
ther imaging and identified the lesion to be a metastasis. The 
tumor's blastic appearance on the radiographs was likely due 
to the patient’s normal regenerative response to osteolysis 
from the metastatic lesion, which was possible because of 
the tumor’s slow growth. Since metastases can develop after 

nal. Furthermore, the body’s innate ability to heal is impaired 
in pathologic bone. The utilization of a cemented femoral 
stem allowed for immediate mechanical stability, and a de-
creased risk for aseptic loosening [8]. Long stem prosthesis 
also protects the femoral canal from further developing osse-
ous metastasis in the newly revised anatomical location. The 
tumor's location in the metaphysis was favorable, as large 
metaphyseal defects are fillable with PMMA [9]. Using a mod-
ified TKA contrasts the most commonly used orthopedic in-
tervention with bony metastasis to the distal femur, limb sal-
vage procedures with massive endoprosthesis [10]. However, 
this patient’s presentation allowed for a more conservative 
approach, a modified TKA, with dual benefit: tumor resection 
and resolution of end-stage osteoarthritis.

This case also highlights an orthopedic surgeon's role in 
the setting of skeletal metastasis and concurrent osteoar-
thritis. Due to improvements in oncology, the survivorship of 
certain patient subsets with metastatic disease has seen sig-
nificant improvement. With extended life expectancies, joint 
pathologies begin to arise at the expense of cell senescence, 
such as osteoarthritis. An increase in incidence of osteoar-
thritis in cancer patients with improved life expectancies is 
expected given that advanced age and a history of cancer are 
both risk factors for osteoarthritis development [11]. Sloan, 
et al. stated that “the challenge that confronts patients and 
surgeons in these difficult situations is whether the complica-
tion risk profile after arthroplasty is acceptable and whether 
sufficient benefit can be derived from the procedure without 
imparting unnecessary additional suffering” [12]. We believe 
that patients with metastases to the distal femur with comor-
bid end-stage osteoarthritis should be considered candidates 
for a modified total knee arthroplasty as it can offer imme-
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Figure 2(A, B and C): Post-Operative Radiographs: AP and Lateral of L knee in 2020.
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a prolonged latency period, especially in slowly progressive 
cancer subtypes like RCC, osseous lesions can be overlooked 
and misdiagnosed [20,21]. It is difficult to ascertain whether 
the source of this patient’s pain was primarily from end-stage 
osteoarthritis or the tumor, and it is likely that both played a 
role in the development of pain. Regardless, this case high-
lights the necessity to consider a wide differential diagnosis 
for knee pain with careful attention to a patient’s past medi-
cal history and imaging.

Conclusion
In this report we presented a unique case of RCC with 

osteoblastic metastasis to the distal femur treated with a 
modified TKA. As the survivorship of patients with cancer 
improves, unique approaches to the treatment of comorbid 
conditions are needed. As oncological improvements in the 
treatment of slow growing cancers, such as RCC, continue to 
progress there is a need to pay closer attention and conduct a 
more thorough investigation of bony tumors presenting with 
unusual radiographic characteristics. Given longer life expec-
tancies in cancer patients and the increasing demand for TKA, 
the role of the orthopedic surgeon in this patient population 
is likely to continue to grow and demand extra attention to 
identify signs of metastasis.
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