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Management of Lower-Extremity 
Bone Metastasis

BY KRISTY L. WEBER, MD, R. LOR RANDALL, MD, SETH GROSSMAN, MS, AND JAVAD PARVIZI, MD

Introduction
he incidence of metastatic bone disease is increasing as
patients with cancer are living longer1. Although malig-
nant skeletal tumors are usually initially managed by or-

thopaedic surgeons with expertise in oncology, patients with
metastatic disease of the bone may seek medical care at commu-
nity hospitals. Hence, general orthopaedic surgeons may often
be required to care for patients with metastatic bone disease.
The overall care of such patients often requires a multidis-
ciplinary team of health-care providers, including a medical
oncologist, radiation oncologist, orthopaedic surgeon, patholo-
gist, radiologist, physical therapist, and chaplain1. There are
multiple factors to consider in the treatment of patients with
bone metastasis, including comorbidities, the histological char-
acteristics of the primary tumor, the expected life span of the
patient, the patient’s activity level, and pain.

Surgical considerations involve the same issues in addi-
tion to the location of the tumor and the presence of neurologic
symptoms. Occasionally, nonoperative treatment is indicated.
In general, stabilization of impending or actual pathologic frac-
tures involves techniques and concepts that differ from those
used for patients with nonpathologic, traumatic fractures. Bone
infiltrated with metastatic cancer is weakened and requires

more durable implants or prosthetic devices to last the remain-
der of the patient’s life. For instance, patients with a pathologic
femoral neck fracture are treated with prosthetic replacement
rather than in situ pinning or plate-and-screw fixation1. Methyl-
methacrylate is often used in combination with prostheses or
intramedullary devices to supplement the fixation.

The objective of this multi-institutional study was to as-
sess the types of surgical and nonsurgical treatments used for
patients with metastases in the long bones of the lower ex-
tremities and to evaluate postoperative complications and on-
cologic outcomes. In addition, an algorithm was developed to
guide orthopaedic surgeons in their decision-making for pa-
tients with metastatic bone disease. In particular, controversial
issues surrounding the management of metastatic bone dis-
ease are discussed and guidelines for treatment are offered.

Materials and Methods
his collaborative study was performed at the orthopaedic
departments of Johns Hopkins University, the University

of Utah, and Thomas Jefferson University. Institutional review
board approval to retrospectively review a database of patients
with musculoskeletal tumors was obtained at each institution.
The orthopaedic treatment (operative or nonoperative) of the
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Fig. 1

Distribution of the operatively and nonoperatively treated lesions according to the type of primary 

cancer. GI = gastrointestinal.
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patients was initiated between January 1, 1999, and December
31, 2005. Patients with metastatic carcinoma of the femur,
tibia, or fibula were included. Patients with metastasis to the
upper extremity or trunk and those with multiple myeloma or
lymphoma were excluded.

There were 225 lesions in 208 patients. There were 118
women and ninety men with a mean age of fifty-nine years at
the time of the orthopaedic intervention. The ages of the pa-
tients who were treated nonoperatively were considered to be
their ages at the time of the diagnosis of the bone metastasis.
The most common primary carcinoma was breast cancer (Fig.
1), and the femur was the most commonly affected site (Fig. 2).
Fifty-seven lesions were treated nonoperatively, and 168 were

treated with surgical intervention (Fig. 2). The indication for
surgery was an impending fracture in 108 cases and a patho-
logic fracture in sixty.

Of the 168 surgically treated lesions, ninety-six were
managed with internal fixation and seventy-two, with a pros-
thetic reconstruction (Fig. 3). Two cases involved both femo-
ral and tibial lesions, 154 lesions involved the femur, and the
remaining twelve lesions involved the tibia. The most com-
monly used surgical device was an intramedullary nail. Of the
cases involving a femoral lesion, the two also involving the
proximal part of the tibia were treated with one knee arthro-
plasty and one knee arthroplasty revision. Fifty-eight femoral
lesions were treated with a hip arthroplasty; three, with a proxi-

Fig. 2

Distribution of the metastases according to the affected lower-extremity long bone.

Fig. 3

Distribution of the surgical reconstructive procedures. Femoral replacement = proximal, distal, or 

total femoral replacement, HHA = hip hemiarthroplasty, Im = intramedullary, ORIF = open reduc-

tion and internal fixation, and THA = total hip arthroplasty.
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mal femoral replacement; eighty-two, with an intramedullary
device; two, with open reduction and internal fixation; one,
with a distal femoral replacement; and one, with a total femo-
ral replacement. There were also five hip arthroplasty revi-
sions, and two patients had a conversion to a hip arthroplasty.
Eighteen of the hip arthroplasties were done with a standard-
length femoral stem; thirty-seven, with a long stem (>250
mm); and three, with an intermediate-length stem (160 to 250
mm). Radiation therapy was utilized as the sole local treat-
ment for twenty-two lesions and was used perioperatively for
ninety-four. Of the ninety-six lesions treated with open reduc-
tion and internal fixation or intramedullary nailing, thirty-six
(38%) had augmentation with methylmethacrylate. Of the
seventy-two prosthetic reconstructions, fifty-six (78%) were
done with cement. One hundred and twelve of the 168 surgi-
cal procedures were supplemented with cement.

Results
Oncologic

he time of final follow-up was considered to be the pa-
tient’s last clinical visit or the date of death. At the conclu-

sion of this study, forty-one patients were confirmed to be
alive, with a mean duration of follow-up of 38.4 months
(range, 7.4 to 141.0 months). One hundred and forty-eight
patients were confirmed to have died, and information on the
time frame of the progression of the disease was available for
110 of them. Those 110 patients died at a mean of 12.7
months (range, 0.3 to 90.4 months) after the diagnosis of bone
metastasis, with the fifty who had not undergone surgical in-
tervention dying at a mean of 14.2 months (range, 0.5 to sixty-
six months) and the sixty who had had surgery dying at a

mean of 11.5 months (range, 0.3 to 90.4 months) after the di-
agnosis of bone metastasis. Nineteen patients could not be
contacted and were lost to follow-up. Of the patients who died
from the disease, the twenty-five with breast cancer had the
longest mean post-treatment life span (23.0 months) and the
five with thyroid cancer had the shortest (6.2 months). The
thirty-four patients who died of lung cancer had the second
shortest mean post-treatment life span (8.5 months).

Complications
The average estimated blood loss was 554 mL (n = 73).
Postoperative complications included refracture in three
cases, a thromboembolic event in one, pancytopenia in one,
sepsis in one, and other minor events in seven (Fig. 4).
There were no intraoperative deaths. The average length of
the hospital stay was six days (n = 62). There were eight ad-
ditional procedures (six revisions and two conversions for
patients who required salvage of failed hardware as a result
of tumor progression).

Discussion
here are few reports in the literature on the treatment and
outcome in a large number of patients with metastatic

bone disease. Patients are often treated at community centers,
which limits the number of patients available for follow-up at
any individual academic center. Bone metastasis occurs late in
the course of disease, and patients often do not return regu-
larly for follow-up by their oncologists or orthopaedic sur-
geons when they have no promising treatment options. Clear
guidelines regarding the appropriate treatments in specific
scenarios often are either not available or not based on scien-

T
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Fig. 4

Distribution of the thirteen complications following surgical intervention.
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tific evidence. Patients with metastatic bone disease require
individualized care depending on the location of the bone le-
sion, the risk of pathologic fracture, the remaining expected
life span, and their activity level.

We studied a large number of patients with lower-
extremity metastasis. Patients with metastasis to a weight-
bearing bone often require decision-making that differs from
that needed for patients with lesions in the upper extremity.
We can draw some general conclusions from our data, which
will be incorporated into a discussion of frequent issues re-
garding metastatic bone disease.

In our opinion, patients with metastatic bone disease
can and should be treated by general orthopaedic surgeons in
addition to orthopaedic oncologists. General guidelines re-
garding when and how to treat specific lesions are available
(Fig. 5). The general orthopaedic surgeon who treats adults
with metastatic bone disease needs to be familiar with the
unique aspects of care of these patients and must understand
that the biological behavior of pathologic fractures differs
from that of normal fractures in that pathologic fractures do
not reliably heal. Hence, conventional implants may not
achieve rigid fixation in these patients, as excessive mechanical
demands are placed on the devices. Cement augmentation is
an excellent strategy for conferring additional mechanical
strength to the fixation. We utilized cement augmentation at
the time of mechanical fixation for patients with excessive
bone loss. In addition to cement augmentation, adjuvant
treatments such as cryotherapy, application of phenol, argon
beam coagulation, and radiofrequency ablation may be used
to halt or slow the local disease progression and avoid subse-
quent failure of the mechanical device. This is most important
when the metastatic lesion is refractory to radiation or sys-
temic therapies, as is, for instance, renal cell carcinoma.

Metastatic bone lesions do not always require surgical
intervention. The size and location of the particular lesion and
the general medical status and expected survival of the patient
influence the decision regarding the best treatment. A small
metastatic lesion that affects <50% of the cortex or a lesion in
a non-weight-bearing bone (the fibula) may not require surgi-
cal intervention; careful surveillance will often suffice. In addi-
tion, patients with severe medical comorbidities or a short
expected remaining life span may not be good candidates for
surgical intervention. More than one-third of the patients in
this series were managed with nonoperative means. Many in
this group were not surgical candidates because of multiple
medical comorbidities; however, some lytic lesions in the ex-
tremities were not at risk for an impending fracture and could
be treated definitively with radiation for local control.

Earlier classification systems2,3 that were used to decide
whether to stabilize a bone with an impending pathologic
fracture relied on the size of the lesion, the amount of cortical
destruction, and the presence of pain. Mirels’ scoring system

TABLE I Mirels Classification of Impending Fractures2

1 Point 2 Points 3 Points

Finding on 
imaging

Blastic Mixed Lytic

Size* <1/3 1/3-2/3 >2/3

Site Upper extremity Lower extremity Peritrochanteric

Pain Mild Moderate Mechanical

*Size refers to the proportion of the diameter of the bone.

Fig. 5

Proposed algorithm for the approach for a patient with bone metastasis. IM = intramedullary, PMMA = polymethylmethacrylate, and Rx = treatment.
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Fig. 6-A

Fig. 6-A Anteroposterior radiograph of the hip of a forty-six-year-old man, demonstrating an impending intertrochanteric pathologic fracture. 

Figs. 6-B and 6-C Six months after uneventful intramedullary fixation and radiation, a radiograph (Fig. 6-B) showed a pathologic subtrochanteric 

fracture and hardware failure due to local disease progression, which necessitated proximal femoral resection and endoprosthetic reconstruc-

tion (Fig. 6-C).

Fig. 6-B Fig. 6-C
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provides a more detailed evaluation of the lesion (Table I)4.
On the basis of a retrospective study of a small series of pa-
tients, it was determined that a score of ≥8 points was associ-
ated with a high likelihood of pathologic fracture and
indicated a need for prophylactic stabilization. However, this
method does not take into account the functional demands of
patients, their anticipated longevity, or their baseline os-
teoporosis risk. We prefer to use the Mirels classification along
with assessments of cortical destruction and the overall func-
tional status of the patient when determining who should be
treated with prophylactic fixation. Nonoperative manage-
ment is rarely utilized for pathologic fractures in the lower ex-
tremity. However, patients with severe comorbidities such as
cardiopulmonary disease or widespread metastasis with a
short expected remaining life span (less than four weeks) may
not tolerate surgery. There are occasional circumstances when
surgical intervention with limited internal fixation or pros-
thetic reconstruction with a standard-length stem may be con-
sidered for relief of pain in this group.

The majority of patients in this series had closed in-
tramedullary nailing of the femur or prosthetic reconstruction
of the hip. Some tumors were treated with intralesional curet-
tage in addition to stabilization. There is no clear evidence to
support removal of the metastatic lesion at the same surgical
setting as the fixation or prosthetic reconstruction, but there are
cases in which doing so provides a theoretical advantage. For le-
sions such as metastatic renal cell carcinoma that are refractory
to local adjuvants such as radiation, curettage with cementa-
tion and stabilization can decrease local progression of the dis-
ease. We generally remove a metastatic renal cell carcinoma

from the bone during the same surgical setting when we per-
form fixation or prosthetic reconstruction. It is still important
to administer postoperative radiation to these patients, as there
is some evidence to suggest that radiation is more effective
when used for microscopic residual disease rather than massive
bone metastasis. Both renal cell and thyroid carcinoma are also
extremely vascular, so the patient should have preoperative em-
bolization twelve to thirty-six hours prior to surgery to prevent
massive intraoperative blood loss if the procedure cannot be
performed with tourniquet control.

In our series, the majority of patients with a peritro-
chanteric lesion were treated with prosthetic reconstruction
with a long-stemmed femoral prosthesis or a proximal femo-
ral replacement. Indications for prosthetic replacement in pa-
tients with metastatic bone disease include extensive lytic
disease, pathologic fracture with extensive bone loss, and the
need for salvage following failure of hardware or progression
of disease (Figs. 6-A, 6-B, and 6-C).

There are data in the literature that suggest that wide re-
section of an isolated bone metastasis from renal cell carci-
noma has a beneficial effect on survival compared with that of
patients treated with less than a wide resection5. The data, how-
ever, were collected retrospectively and prior to the era of more
sensitive tumor staging with positron emission tomography
scanning. Recently, it was reported that aggressive local control
of the lesion by either wide resection or intralesional curettage
with an adjuvant modality can improve survival compared
with that of patients with no surgical intervention, but there
was no survival difference between patients treated with a wide
resection and those treated with intralesional curettage6. In the

Fig. 7-A

Fig. 7-A Computed tomography scan of the hip of a forty-seven-year-old man with renal cell carcinoma, demonstrating femoral head 

involvement (arrow). Fig. 7-B Following wide resection of the lesion (arrow), a hemiarthroplasty with a long-stemmed prosthesis was 

performed.

Fig. 7-B
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absence of prospective randomized data, wide resection of an
easily accessible solitary metastasis may be reasonable; how-
ever, the functional morbidity of the resection and reconstruc-
tion (for example, in a patient with a diaphyseal lesion in the
femur) and its effect on weight-bearing must be weighed
against the theoretical prolongation of survival (Figs. 7-A and
7-B). It is our view that an isolated metastasis should not be re-
sected with a wide margin if it will result in less function than
that following intralesional treatment.

Fifty-eight total hip arthroplasties or bipolar hemiar-
throplasties were performed in this series, and the majority
were done with a long-stemmed femoral prosthesis (>250
mm) (Figs. 8-A and 8-B). Determining the appropriate femo-
ral stem length is a controversial issue, with no Level-I scien-
tific evidence to support the use of a long rather than a short
femoral stem, to our knowledge. The risks and benefits of the
proposed surgical procedure must be discussed with the pa-
tient, and the implant must be tailored to address the specific
situation. Use of a standard or mid-length stem (140 to 250
mm) is associated with a risk of subsequent metastasis distal
to the prosthesis as well as loosening secondary to locally pro-

gressive disease. This is of particular concern when the patient
has a disease, such as renal cell carcinoma, that is resistant
to radiation therapy. Use of a long-stemmed implant (250 to
350 mm) is associated with a risk of cardiopulmonary com-
promise due to intraoperative thromboembolic events occur-
ring during the preparation and cementing of the femoral
canal7,8. Patients with a short expected life span, especially
those with severe cardiopulmonary disease, are often better
treated with a shorter femoral stem and more expedient sur-
gery with less blood loss. However, patients with metastatic
bone disease are living longer, with slowly progressive muscu-
loskeletal involvement, which places them at risk for further
disease after surgical stabilization. Furthermore, recently
published data have demonstrated that, when appropriate
precautionary steps have been undertaken, the risk of car-
diopulmonary complications associated with long-stemmed
implants can be minimized9. The standard technique for pros-
thetic hip reconstruction in a patient with metastatic bone
disease is to cement the femoral stem and, if used, the ace-
tabular component (Figs. 9-A and 9-B). This minimizes the
risk of hardware failure in patients with progressive disease and

Fig. 8-A

Anteroposterior radiographs of the proximal (Fig. 8-A) and distal (Fig. 8-B) parts of the femur made after a left hip 

hemiarthroplasty with a long cemented stem in a sixty-eight-year-old man who had lung cancer metastasis to the 

left femoral neck.

Fig. 8-B
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allows more stable fixation within weakened bone. Further-
more, adjuvant radiation therapy works against the bone in-
growth needed for uncemented prostheses.

External beam radiation was used perioperatively to as-
sist in the local control of the disease in the majority of the
patients in this series. We advocate using adjuvant radiation
for all patients with surgically treated metastatic bone disease.
The entire bone should be irradiated if an intramedullary de-
vice is used, as long flexible reamers can push tumor cells dis-
tal to the implant intraoperatively. These deposits can enlarge
and cause hardware failure or new fractures. The standard ra-
diation dose used for patients with metastatic bone disease is
30 Gy, with few side effects being seen10. Furthermore, post-
operative radiation should ideally start ten to fourteen days
after surgery to allow wound-healing. This relatively low-
dose irradiation has not been shown to inhibit healing of
pathologic fractures11.

In conclusion, there are increasing numbers of patients
with metastatic bone disease. General orthopaedic surgeons
need to be familiar with the unique aspects of the treatment of

these patients. This study of patients with metastases to the
long bones of the lower extremity, treated at three institutions,
demonstrated the types of reconstructive options available if
surgical treatment is indicated for impending or actual frac-
tures. Methylmethacrylate and adjuvant radiation should be
used in the majority of patients to supplement fixation and to
improve local disease control, respectively. Intramedullary fix-
ation or prosthetic reconstruction should be chosen on the
basis of the location of the lesion, the extent of bone destruc-
tion, and the ability of the construct to last the expected life of
the patient. Multidisciplinary treatment is necessary for opti-
mal care of these patients. 
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Fig. 9-A

Fig. 9-A Anteroposterior radiograph of the hip of a forty-two-year-old woman with metastasis of breast carcinoma to bone who 

had progressive left hip pain and limb-length shortening following routine cementless total hip arthroplasty. Fig. 9-B The pa-

tient was referred to an orthopaedic oncologist and had a revision to a long-stemmed total hip arthroplasty with cement as well 

as acetabular reconstruction.

Fig. 9-B

Weber.fm  Page 18  Monday, October 30, 2006  1:31 PM



19

 THE JOU R N A L OF BO N E & JO I N T SU RG ER Y ·  JB JS .ORG

VO LUM E 88-A ·  SU P P L E M E N T 4 ·  2006
MA N AG E M EN T OF LOWE R-EX T RE M I T Y BO N E ME T A ST A SI S

The authors did not receive grants or outside funding in support of 
their research for or preparation of this manuscript. They did not re-
ceive payments or other benefits or a commitment or agreement to 
provide such benefits from a commercial entity. No commercial entity 
paid or directed, or agreed to pay or direct, any benefits to any re-
search fund, foundation, educational institution, or other charitable 
or nonprofit organization with which the authors are affiliated or as-

sociated. An unrestricted industrial research grant was provided to 
the University of Utah by Biomet, Inc.

doi:10.2106/JBJS.F.00635

References

1. Weber KL, Lewis VO, Randall RL, Lee AK, Springfield D. An approach to the 
management of the patient with metastatic bone disease. Instr Course Lect. 
2004;53:663-76.

2. Beals RK, Lawton GD, Snell WE. Prophylactic internal fixation of the femur in 
metastatic breast cancer. Cancer. 1971;28:1350-4.

3. Fidler M. Incidence of fracture through metastases in long bones. Acta Orthop 
Scand. 1981;52:623-7.

4. Mirels H. Metastatic disease in long bones. A proposed scoring system for diag-
nosing impending pathologic fractures. Clin Orthop Relat Res. 1989;249:256-64.

5. Durr HR, Maier M, Pfahler M, Baur A, Refior HJ. Surgical treatment of osseous 
metastases in patients with renal cell carcinoma. Clin Orthop Relat Res. 
1999;367:283-90.

6. Fuchs B, Trousdale RT, Rock MG. Solitary bony metastasis from renal cell carci-
noma: significance of surgical treatment. Clin Orthop Relat Res. 2005;431:187-92.

7. Herrenbruck T, Erickson EW, Damron TA, Heiner J. Adverse clinical events 
during cemented long-stem femoral arthroplasty. Clin Orthop Relat Res. 2002;
395:154-63.

8. Patterson BM, Healey JH, Cornell CN, Sharrock NE. Cardiac arrest during hip 
arthroplasty with a cemented long-stem component. A report of seven cases. J 
Bone Joint Surg Am. 1991;73:271-7.

9. Randall RL, Aoki SK, Olson PR, Bott SI. Complications of cemented long-
stem hip arthroplasties in metastatic bone disease. Clin Orthop Relat Res. 
2006;443:287-95.

10. Rose CM, Kagan AR. The final report of the expert panel for the radiation on-
cology bone metastasis work group of the American College of Radiology. Int J 
Radiat Oncol Biol Phys. 1998;40:1117-24.

11. Gainor BJ, Buchert P. Fracture healing in metastatic bone disease. Clin Orthop 
Relat Res. 1983;178:297-302.

Weber.fm  Page 19  Monday, October 30, 2006  1:31 PM


