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Abstract

Background Pathologic proximal femur fractures result
in substantial morbidity for patients with skeletal metas-
tases. Surgical treatment is widely regarded as effective;
however, failure rates associated with the most commonly
used operative treatments are not well defined.
Questions/purposes We therefore compared surgical
treatment failure rates among intramedullary nailing,
endoprosthetic reconstruction, and open reduction-internal
fixation when applied to impending or displaced pathologic
proximal femur fractures.

Patients and Methods We retrospectively compared the
clinical course of 298 patients who underwent intramed-
ullary nailing (n = 82), endoprosthetic reconstruction
(n = 197), or open reduction-internal fixation (n = 19)
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from 1993 to 2008. Primary outcome was treatment failure,
which was defined as reoperation for any reason. Treatment
groups were compared for differences in demographic and
clinical parameters.

Results The number of treatment failures in the endo-
prosthetic reconstruction group (3.1%) was significantly
lower than in the intramedullary nailing (6.1%) and open
reduction-internal fixation (42.1%) groups. The number of
revisions requiring implant exchange also was significantly
lower for endoprosthetic reconstruction (0.5%), compared
with intramedullary nailing (6.1%) and open reduction-
internal fixation (42.1%).

Conclusions Endoprosthetic reconstruction is associated
with fewer treatment failures and greater implant durabil-
ity. Prospective studies are needed to determine the impact
of operative strategy on function and quality of life.
Level of Evidence  Level III, therapeutic study. See
Guidelines for Authors for a complete description of levels
of evidence.

Introduction

Femoral metastasis is a leading cause of morbidity in
patients with advanced-stage cancer [2]. Surgical treatment
of pathologic fractures is widely regarded as an effective
measure for managing the sequelae of femoral metastases [5,
7]. Given the increasing longevity of patients with skeletal
metastases, surgical treatment now plays an even more
important role in maintaining function and quality of life.
Currently, surgical indications for pathologic femur frac-
tures are heavily informed by retrospective series describing
the performance of a single surgical technique with time.
Moreover, few attempts have been made to compare the
effectiveness of the most commonly used surgical
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techniques [13, 17]. Therefore, it is unclear whether there are
actual differences in the frequency and type of treatment
failures among common surgical techniques.

Two-thirds of all long-bone pathologic fractures occur
in the femur, the majority of which involve the proximal
half, specifically the intertrochanteric/subtrochanteric
region and the femoral neck [4]. Surgical treatment of
impending or displaced pathologic proximal femur frac-
tures can be reasonably accomplished using one of several
different approaches. Three operative strategies are com-
monly used, each of which features a different implant:
(1) endoprosthetic reconstruction (EPR); (2) intramedullary
nailing (IMN); or (3) extramedullary plate/screw fixation
devices (open reduction-internal fixation [ORIF]). After the
selection of an operative strategy, other treatment methods
that are thought to enhance the effectiveness of surgical
treatment are routinely incorporated into the overall treat-
ment plan: (1) preoperative or postoperative radiation
therapy [14, 15]; (2) simultaneous tumor debulking [4]; and
(3) construct augmentation with methylmethacrylate
cement [3]. Few published series provide a detailed ratio-
nale for incorporating radiation or surgical adjuvants into
the overall treatment plan, nor do they analyze the effect
these important covariates might have on treatment
outcomes [7, 12-15, 17].

When treating pathologic proximal femur fractures, the
surgeon must first select an operative strategy and then
decide whether to perform tumor debulking, use construct
augmentation, or recommend radiation therapy in combi-
nation with surgical treatment. Because suitable compar-
ative analyses are lacking to guide these decisions, we
compared the failure rates among the three operative
strategies most commonly used to treat pathologic proximal
femur fractures (ie, EPR, IMN, and ORIF). Additionally,
we compared the rate of revision requiring implant
exchange to determine whether there are any differences in
implant durability among these operative strategies.

Patients and Methods

We performed a comparison of patients treated surgically
for impending or displaced pathologic femur fractures in
one institution to determine the frequency of treatment
failure, which was defined as reoperation for any reason.
We obtained approval from our institutional review board to
perform this study. In a retrospective review of prospec-
tively gathered data from our departmental surgical
database, we identified 298 consecutive patients during a
15-year period (1993-2008) treated surgically for impend-
ing or displaced fractures above the femoral isthmus,
excluding the femoral neck. Because reoperations often
occurred in the immediate postoperative period, we did not

assign a minimum followup criterion to capture this
important clinical end point. Patients treated nonoperatively
were not readily identifiable using available methods, so
they were excluded from the analysis. Other exclusion
criteria included simultaneous acetabular resurfacing (ie,
THA) and primary tumors of the proximal femur.

Three treatment groups were created based on operative
strategy: (1) EPR (n = 197); (2) IMN (n = 82); and
(3) ORIF (n = 19). Among the treatment groups, we
compared age, the presence or absence of fracture dis-
placement, the number of major medical comorbidities,
Eastern Cooperative Oncology Group (ECOG) status score,
the use of preoperative or postoperative radiation therapy,
and preoperative laboratory values (Table 1). Datasets
were greater than 85% complete for each category ana-
lyzed. The treatment groups also were analyzed according
to type of implant used (Fig. 1), distribution of oncologic
diagnoses (Fig. 2), and site(s) of proximal femoral
involvement (Table 2).

All surgical procedures were performed by four fel-
lowship-trained musculoskeletal oncologists (PJB, CMM,
EA, JHH). Because of the retrospective study design and
multiple surgeons contributing to the study, the selection of
operative strategy was not based on uniform criteria but
was strongly influenced by the treating surgeon’s clinical
judgment. Surgical decision making was determined by
(1) anatomic location of the lesion in the proximal femur;
(2) degree of cortical destruction; (3) presence or absence
of fracture displacement; (4) severity of pain; (5) degree of
lesion mineralization; (6) surgeon’s estimate of survival;
and (7) the patient’s treatment preference [8, 9].

In all EPRs, tumor debulking was performed using an
intralesional technique followed by implant cementation.
In general, intralesional resection was performed for IMN
and ORIF for lesions of intermediate or low radiosensi-
tivity. When intralesional resection was performed for IMN
or ORIF, methylmethacrylate cement augmentation also
was applied. All patients were allowed to bear full weight
immediately after surgery. The rationale for assigning
patients to ORIF was consistent among the treating sur-
geons insofar as ORIF was selected for patients with
heavily mineralized lesions such as prostate cancer that
would make instrumentation of the intramedullary canal
exceedingly difficult and for patients with severely com-
promised pulmonary function that risked worsening after
pressurization of the intramedullary canal with EPR or
IMN. EPR, IMN, or ORIF were evenly distributed
throughout the study period.

For all patients, we reviewed data regarding patient
comorbidities, ECOG status score, timing and frequency of
reoperations, indications for reoperation, number of revi-
sions requiring implant exchange, patient survival, use of
preoperative or postoperative radiation therapy, use of
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Table 1. Patient characteristics by treatment group

Characteristic Endoprosthetic Intramedullary Open reduction-internal p Value
reconstruction (n = 197) nailing (n = 82) fixation (n = 19)
Median age (years) 62.4 61.8 55.7 0.09, 0.67, 0.13
Displaced fractures 40% 33% 32% 0.02
Number of comorbidities* 1 (0-5) 1 (0-5) 1 (0-3) 0.87
ECOG < 2 61% 88% 47% 0.00
ECOG >3 39% 12% 53%
Radiation therapy 28% 41% 26% 0.12
Preoperative 47% 39% 100%
Postoperative 53% 61% 0%
Preoperative laboratory values
Total calcium (mg/dL) 8.0 8.2 94
Creatinine (mg/dL) 0.8 0.8 1.0
Albumin (mg/dL) 39 3.8 4.5
Hemoglobin (g/dL) 10.8 10.0 11.7
Alkaline phosphatase (units/L) 89 93 86
* Values are expressed as median, with range in parentheses; ECOG = Eastern Cooperative Oncology Group.
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Fig. 1A—C The pie charts show the distribution of implants by surgical procedure type. (A) The majority if EPRs were long-stem cemented
hemiarthroplasties. (B) For IMN, all implants were long antegrade nails, with the exception of one short antegrade nail. (C) For ORIF, most

implants were hip screw-sideplate devices.

curettage and cementation in IMN, and surgery-related
complications. We also sought to define the mechanisms of
failure for each patient based on the most common mech-
anisms cited in the literature, and on observations from our
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clinical experience: (1) disease progression, defined by
increasing lesion size on serial radiographs associated with
pain and dysfunction; (2) nonunion, defined as failure to
achieve painless radiographic union within 6 months of
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Fig. 2A—C The histograms show the distribution of oncologic diag-
noses in the (A) EPR, (B) IMN, and (C) ORIF groups. The most common
diagnoses in the EPR and IMN groups were breast, lung, and renal cell

Table 2. Sites of proximal femur involvement by treatment group

Femoral site Endoprosthetic Intramedullary Open reduction-

reconstruction nailing internal fixation
(n=197) (n = 82) (n=19)
Intertrochanteric 62 (32%) 5 (6%) 10 (53%)
Intertrochanteric/ 53 (27%) 2 (2%) 6 (32%)
subtrochanteric
Subtrochanteric/ 82 (41%) 75 (92%) 3 (15%)
proximal
diaphysis

surgical treatment; (3) fracture displacement or conversion
of an impending to displaced pathologic fracture;
(4) hardware failure, defined as screw cutout or frank
hardware fracture; (5) infection; and (6) dislocation. We
also reviewed preoperative radiographs for each patient to
confirm whether displacement was present before surgery
and to verify the anatomic location of the metastatic lesion.

Univariate analysis of treatment group characteristics
was conducted using the Mann-Whitney U test. Kaplan-
Meier survival analysis was performed using the log-rank

carcinoma. Breast carcinoma, prostate carcinoma, and myeloma, which
are types of cancer typically considered to be radiosensitive, were the
three most common diagnoses in the ORIF group.

test to compare overall survival among the treatment
groups. Differences were considered statistically signifi-
cant when the p value was less than 0.05. All statistical
analyses were performed using SPSS® 16.0 software
(SPSS Inc, Chicago, IL, USA). Bonferroni correction was
used for multiple comparisons.

Results

There was a significant difference in the treatment failure
rates among the EPR (3.1%; six of 197), IMN (6.0%; five
of 82), and ORIF (42.1%; eight of 19) groups (p < 0.05,
log-rank test) (Fig. 3A). The mechanisms of treatment
failure varied by surgical method (Table 3). The most
common reason for reoperation in the EPR group was
dislocation, most of which occurred within 90 days of
surgery. In nearly all cases, one unsuccessful closed
reduction was attempted followed by open reduction and
reconstruction of soft tissue constraints about the hip. No
subsequent dislocations occurred. The most common
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Fig. 3A-B Kaplan—Meier survival analysis was used to compare
(A) the number of reoperations and (B) the number of reoperations
requiring implant exchange revision among the treatment groups.

Table 3. Indications for reoperations by treatment group

Treatment group Indications for reoperation

Endoprosthetic Dislocation (n = 5)
reconstruction

Conventional hemiarthroplasty
(6 of 197 patients)

(n=3)
Proximal femur replacement (n = 2)
Painful disease progression (n = 1)

Intramedullary nailing
(5 of 82 patients)

Nonunion/painful disease progression
(n=3)

Implant fracture secondary to nonunion
(m=1

Screw cutout (n = 1)

Open reduction-internal Nonunion (n = 2)
fixation (8 of 19 patients) painfy] disease progression (n = 3)

Screw cutout (n = 2)

Implant fracture (n = 1)

reasons for reoperation in the IMN and ORIF groups were
nonunion and painful disease progression (Table 3). In
most instances of treatment failure, both were present.
There was also a significant difference in the rate of
revision requiring implant exchange among the treatment
groups (EPR = 0.5%, one of 197; IMN = 6.0%, five of 82;
ORIF = 42.1%, eight of 19) (p < 0.01, log-rank test)
(Fig. 3B). For the IMN and ORIF groups, no difference in
implant survival was observed between patients who
were treated with curettage and cementation (IMN, n =
31 patients; ORIF, n = § patients) versus those who received
an implant alone (IMN, n = 51; ORIF, n = 11) (IMN,
p = 0.44; ORIF, p = 0.27; Mann-Whitney U test). All IMN
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There was a significant difference in the number of reoperations
(p = 0.03) and revisions requiring implant exchange (p = 0.00)
among the EPR, IMN, and ORIF groups.

and ORIF failures requiring an implant exchange procedure
were converted to EPR, except for one IMN failure, which
was treated with exchange nailing. No EPRs performed for
salvage of internal fixation required reoperation.

Discussion

Pathologic proximal femur fractures cause substantial
morbidity for patients with advanced-stage cancer. In this
study, we compared the effectiveness of the most common
operative strategies by assigning reoperation as the de facto
definition of treatment failure. To our knowledge, this study
represents the largest series of patients treated for impend-
ing or displaced pathologic proximal femur fractures.

We attempted to minimize the effects of random vari-
ability in our group comparisons by using large sample sizes.
This was not possible for ORIF as they were performed at a
substantially lower frequency during the study period than
EPR and IMN. Four fellowship-trained musculoskeletal
oncologists performed all of the surgical procedures; how-
ever, because nonuniform surgical indications were applied,
selection bias could not be eliminated from the analysis.
Furthermore, in the context of a 15-year study period, sur-
geon preference and experience with EPR, IMN, and ORIF
likely evolved. Although data were not presented formally,
the use of EPR, IMN, and ORIF was consistent and did not
vary throughout the study period. Given that we selected a
retrospective comparison study design, it is impossible to
remove certain systematic biases, such as selection or
ascertainment bias. Therefore, we presented data on baseline
ECOG status score, use of preoperative or postoperative
radiation therapy, use of methylmethacrylate augmentation,
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and broadly relevant laboratory parameters to better char-
acterize the treatment groups.

In our cohort, EPR was associated with the fewest
reoperations and implant exchange revisions and therefore
should be strongly considered for treatment of pathologic
proximal femur fractures, particularly for anatomic regions
where surgical indications overlap. The most successful
operative strategies offer the greatest implant durability for
the patient’s remaining lifespan, minimizing the risk of
reoperation-related morbidity. Reoperations are intrusive
events that often parallel a patient’s declining health status.
Frequently, complex procedures are necessary to remedy
treatment failures, such as implant exchange revision, that
can be disabling and require extensive rehabilitation. Cer-
tainly, the major acute risk associated with EPR and IMN
is the potential for cardiopulmonary arrest with instru-
mentation of the intramedullary canal. Intraoperative
deaths have been reported for EPR and IMN [1, 10, 11];
however, no difference in early mortality has been shown
among EPR, IMN, and ORIF.

Although they did not calculate a specific failure rate,
Jacofsky et al. [6] reported on the results and complications
of hip arthroplasty performed as a salvage procedure for
failed treatment of pathologic proximal femoral fractures
secondary to malignancy. During a 20-year period,
42 patients required hip arthroplasties to salvage failed
internal fixation. The most common indications for salvage
were nonunion and painful disease progression. The mean
time from internal fixation to the salvage procedure was
14.7 months; however, eight of the 42 patients (20%)
required revision within 3 months. Salvage of internal
fixation to hip arthroplasty was associated with a 12%
incidence of major complications, including deep pros-
thetic infection, myocardial infarction, cerebrovascular
accident, and exacerbation of congestive heart failure.

Our results are also consistent with those of Wedin and
Bauer [17], who performed a retrospective comparison of the
risk of reoperation among patients treated for proximal
femoral metastases with internal fixation or EPR. Routine
use of EPR was recommended based on a higher risk of
reoperation at 2 years for patients treated with any type of
osteosynthetic device, compared with patients treated with
any type of endoprosthesis. As in our study, all internal fix-
ation failures were converted to endoprostheses, except in
one case in which exchange nailing was required owing to a
technical error during the initial procedure. In the study by
Wedin and Bauer [17], the local rate of failure for each
treatment method was 16.2% (six of 37 procedures involving
osteosynthetic devices) and 8.3% (nine of 109 procedures
involving endoprostheses). Thus, EPR was associated with
an approximately 50% reduction in failure rate.

Others have reported more favorable primary results after
the use of internal fixation devices than ours. For example,

Ward et al. [16] reported on 128 patients treated with IMN or
other forms of internal fixation for impending or displaced
pathologic femur fractures. Of these 128 patients, four (3.1%)
underwent revision for nonunion, painful disease progression,
or infection. Sarahrudi et al. [12] reviewed 142 patients who
underwent surgical treatment of femoral metastases and
found similar complication rates for IMN and EPR.

A significant difference in treatment failure rates exists
among the three operative strategies most commonly used
to treat impending or displaced pathologic proximal femur
fractures. EPR was the most effective method because it
had the lowest reoperation rate and the highest implant
retention rate. Nearly all failed internal fixations were
successfully converted to EPRs. In recognition of the study
limitations, we cannot give firm recommendations for the
treatment of impending or displaced pathologic fractures of
the proximal femur. However, based on our findings, we
believe EPR should be considered for the management of
lesions involving the intertrochanteric, pertrochanteric, and
subtrochanteric/proximal diaphyseal regions of the proxi-
mal femur. Prospective studies are needed to better define
the relationship between surgical treatment method and
other factors that influence the success or failure of treat-
ment, such as pain management, functional restoration, and
maintenance of quality of life.
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