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Abstract: Background: There is little conformity regarding the surgical treatment of metastasis of the
proximal femur, especially in palliative patients with limited life expectancy. Patients and Methods:
En-bloc resection of secondary bone malignancies of the proximal femur and reconstruction by
modular arthroplasty was performed in a consecutive series of 45 patients. The mean follow-up
period was 16.4 months (0.6–74.7). Results: The survival rate of all patients was 6.6% (95% CI:
0–14.9) at 74.7 months. There was no significant difference in patients with a solitary or disseminated
disease at index operation (log-rank p = 0.1214). Recurrent dislocation was the most frequent local
complication (n = 6) necessitating an open reduction in four cases. The use of a Trevira tube showed a
higher risk of dislocation compared to the simple bonding of remaining soft tissue (6 out of 28 vs. 0
out of 17; Fisher test: p = 0.0463). The worst-case survival rate with the removal of the arthroplasty
for any cause and/or loss to follow-up was 80.0% (95% CI: 44.9–100) at 74.7 months (n = 1 due to
low-grade infection). Conclusions: En-bloc resection of metastases and reconstruction by modular
arthroplasty is reliable even in patients with very limited life expectancy. Local complications due to
tumor growth or instability after intralesional surgery could be managed successfully but recurrent
dislocation as the most frequent complication has to be taken into account. The simple bonding of
remaining soft tissue around the prosthesis without the use of an attachment tube may reduce the
dislocation rate and reoperation risk.

Keywords: proximal femur; secondary bone tumor; megaprosthesis; survival of implant; survival
of patients

1. Introduction

Frequent malignancies like myeloma, kidney, breast or prostate cancer are known to have a
high incidence of developing bony metastasis during the disease and the survival of these patients
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has improved steadily due to targeted treatment options. The proximal femur is the most frequent
localization for bone metastases besides the spine. The risk of pathological fractures at the proximal
femur is high due to weight-bearing and biomechanical conditions [1–3]. Osteosyntheses by a locking
plate, dynamic hip screw (DHS) or intramedullary nail, with or without cement augmentation, are
still used most frequently for palliative treatment. Despite additional radiotherapy complications
following intralesional procedures like persistent pain due to instability and local tumor progression,
especially at the proximal femur, may often appear [4–6]. Overall, there seem to be higher implant
failure rates after osteosynthesis compared to endoprosthetic reconstruction already within the first
year, further increasing with longer survival [7,8].

In contrast to intralesional procedures, en-bloc resection of the metastasis and endoprosthetic
reconstruction by modular devices offers the possibility to prevent local complications and can be
performed for both curative and palliative treatment [9–11].

Nevertheless, surgical treatment of metastasis, especially in palliative patients, is discussed
controversially. It includes less invasive treatment by intralesional procedures as well as aggressive
en-bloc resection with wide margins. Consecutively, the variety of implants ranges from osteosynthesis
to modular tumor systems.

Less data is available for a larger series of patients treated operatively with en-bloc resection of
bone metastasis of the proximal femur and reconstruction with a modular tumor system. The aim of
this study was to evaluate whether aggressive en-bloc resection and reconstruction by modular tumor
prosthesis are effective and reliable even in advanced tumor stages. Survivorship data of the implant,
clinical outcome and complication rates were therefore analyzed in a retrospective study with respect
to a patient’s survival in this cohort.

2. Patients and Methods

A consecutive series of 45 patients with en-bloc resection of metastasis of the proximal
femur and reconstruction with a modular tumor endoprosthesis between 1997 and 2010 was
evaluated retrospectively.

2.1. Inclusion Criteria and Surgical Algorithm

All patients were treated according to a vote after presentation at an interdisciplinary tumor board
preoperatively. Patients with the decision of surgery were treated with respect to individual patient’s
specifics according to the following surgical algorithm. Inclusion criteria for the current cohort with
en-bloc resection and reconstruction with a modular tumor device were the presence of a tumor at
the proximal femur with extension distally to the intertrochanteric line. Additional postoperative
radiotherapy was planned in patients with intralesional procedures dependent on the pathological
status of the specimen. As survival of the patients was not significantly different for patients with a
solitary and disseminated disease we included all cases.

In patients presenting a fracture or at a high risk of fracture (Mirels score of at least 9) and very
poor prognosis of less than approximately 3–6 months, either a simple osteosynthesis with use of an
intramedullary nail was performed when the tumor was located below the intertrochanteric zone
(meta- and/or diaphysis) and the region of the femoral neck was intact. In localizations proximal to the
intertrochanteric line and/or femoral neck region and in tumors with a good response to radiotherapy,
a cemented primary stem after curettage was used.

2.2. Indication for Surgery and Methods

26 patients were female and 19 male with a total of 22 surgical procedures on the left side and
23 on the right. At the time of surgery, the mean age was 58.7 (34.0–85.0) years. The mean follow-up
period was 16.4 (0.6–74.7) months and data was available for all cases (n = 45).

The entity of the underlying malignancy, staging at the time of index operation and indication
for operation are listed in Tables 1 and 2. A metastasis of the proximal femur had been stabilized
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operatively before the index operation in 5 patients. A failed osteosynthesis was causative for index
surgery in four and a total hip arthroplasty (THA) in one patient (Figures 1 and 2). The mean Mirels
score of the patients presenting with impending fractures (n = 23) was 9 (7–11) points.

Table 1. Diagnosis and staging at the time of index operation.

Diagnosis and Staging at Index Operation Number of Patients (45), Solitary/Disseminated

Bronchial Carcinoma 9 (5/4)

Leiomyosarcoma 1 (1/0)

Liposarcoma 1 (0/1)

Melanoma 1 (0/1)

Breast Carcinoma 13 (1/12)

Plasmacytoma 1 (0/1)

Oral Carcinoma 2 (0/2)

Renal Carcinoma 9 (4/5)

Paraganglioma 2 (0/2)

Pheochromocytoma 1 (1/0)

Prostate Cancer 1 (1/0)

Colorectal Cancer 1 (1/0)

Thyroidal Carcinoma 1 (0/1)

Urothelial Carcinoma 2 (1/1)

Table 2. Indication for operative treatment.

Indication for Operative Treatment No. of Cases (n = 45)

Impending Fracture 1 23

Impending Fracture/Loosening after THA 2 1

Pathologic Fracture 17

Pathologic Fracture after Osteosynthesis 3 4
1 Mean Mirels Score (n = 23): 9 (7–11) pts. 2 36 months after primary THA. 3 Proximal femoral nail (n = 3), double
plate (n = 1); failure of osteosynthesis after a mean of 3.7 (0.1–8.6) months.

Figure 1. Anteroposterior (a.-p.) view of a 70-years old man that presented with a loosened THA.
Thirty-five months before index operation, conversion of a failed osteosynthesis by a plate into a THA
due to a pathologic fracture of a solitary metastasis of a renal cell carcinoma was performed (intralesional
procedure with postoperative irradiation). Indication for revision of the THA was subsidence due to
the non-integration of the cementless stem and instability related pain.
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Figure 2. This X-ray (.-p. view) shows the status 13 months after resection of the proximal femur
(former metastasis) and curettage of the distal part (intralesional procedure, histopathologically no
tumor vitality after saturated initial irradiation). The Karnofsky index was 80% and the Musculoskeletal
Tumor Society score (MSTS score) was 90% at the last follow up. The patient is still alive.

All patients were evaluated clinically and radiologically. Pre and postoperative activity and
general condition were measured using the Karnofsky index [12]. Function was evaluated according
to the MSTS score [13]. Local complications like infection or dislocation with or without revision
or consecutive implant failure were collected and statistically evaluated. Migration analysis was
performed according to the technique proposed by Callaghan et al. [14].

Statistical analysis was performed with JMP 10 for MAC (SAS Institute Inc., Cary, NC). A
time-to-event analysis was performed using the Kaplan–Meier method with death, removal of the stem
for any cause, aseptic loosening of the stem and worst case (removal of the stem for any cause and/or
aseptic loosening and/or lost to follow up) and dislocation as failure criteria. A 95% confidence interval
was applied to all survivorship data and p-values for comparing survival curves were calculated
with the log-rank test. One-, three- and five-year survival data were calculated for patient survival.
Associations or correlations between continuous and/or discrete variables were tested by the Fisher,
Student’s t-, Paired t- or Chi square-test depending on the underlying empirical distribution. All tests
were two-sided and p ≤ 0.05 was considered significant.

2.3. Surgical Technique and Postoperative Care

A modular arthroplasty system for reconstruction of the proximal femur was used (MUTARS®,
Implantcast, Buxtehude, Germany). A Trevira tube for protection of the dislocation and refixation of
the muscles at the implant was applied in 28 patients. In 17 remaining cases without a tube, the tendons
of the pelvitrochanteric muscles were intact and could be attached to the quadriceps (vastus lateralis,
intermedius and/or rectus) or in the case of a resected vastus lateralis, to the maximus insertion (dorsal
parts) and/or fascia. The psoas tendon was fixed around the prosthesis by non-resorbable sutures.
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To protect the dislocation of bipolar heads the capsule of the hip joint was preserved, and retention
sutures were sewn for a tight closure of the capsule after repositioning the prosthesis.

Bone resection length was assessed during surgery by X-ray validation according to the
preoperative planning. The mean resection length of the proximal femur was 14.5 (7–25) cm with a
median of 14 cm. The histopathological outcome is described in Table 3. The mean reconstruction
length of the prosthesis measured 14.4 (7.6–25.6) cm with a median of 14.0 cm. A bipolar head was
inserted in 32 operations. In 12 cases an acetabular component was implanted; 11 of them were treated
by a cemented PE cup, one with a cementless screw-in cup. The stable shell of the patient with a
pre-existing THA was left in situ (Figures 1 and 2).

Table 3. Surgical margins and histopathological outcome.

Surgical Margins/Histopathology Number

Planned Surgical Procedure Extralesional (R0) Intralesional (R1/2)

En-bloc Resection 37 4/1 42

Curettage Distally 0 2/1 3

Total 37 8 45

Pre- and/or postoperative radiotherapy of the tumor region occurred in 22 patients and pre-
and/or postoperative radio- and/or chemotherapy in 28 patients. Four out of eight patients received
postoperative radiotherapy after intralesional surgery.

3. Results

3.1. Complications and Reoperations

Two patients died within four weeks after surgery due to tumor-related general weakness. One
hip joint was removed due to low-grade infection 34.5 months, postoperatively. In one patient, the
revision of postoperative hematoma with additional debulking of the left soft-tissue tumor mass was
performed. Open reduction was necessary in four patients, one with a bipolar head and three with a
THA. Consecutively, the cumulative risk of revision without removal of the prosthesis (n = 5) was
11.6% at 74.7 months.

A total of 2 out of 32 hips with bipolar heads and four of the 13 THAs dislocated. Recurrent
dislocation was more likely in patients with severe soft tissue resections treated additionally by a
Trevira tube than in patients with simple suture of remaining muscles and tendons as described
earlier (6 out of 28 vs. 0 out of 17; Fisher test: p = 0.0463). Dislocation was more likely in total
hip arthroplasties (Fisher test: p = 0.0488) with a significantly higher cumulative risk for dislocation
compared to hemiarthroplasties (4 out of 13 with 31.6% at 49.5 months; 95% CI 5.8–57.4 vs. 2 out of 32
9.6% at 74.7 months; 95% CI 0.7–23.0; log-rank test: p = 0.0167; Figure 3). Resection/reconstruction
length (Figure 4 ) or local radiotherapy showed no influence on the risk of dislocation.
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Figure 3. Cumulative risk of dislocation: overall rate and comparison between bipolar vs.
total arthroplasties.

Figure 4. Cumulative risk of dislocation: higher or lower level than medium resection length 14.54 (±
4.25 SD; range 7–25) cm and dislocation risk (log-rank p = 0.9522).

Cumulative risk of reoperation without removal of the prosthesis (n = 6) was 11.6% at 74.7 months.
A temporary lesion of the peroneal nerve with complete remission was observed in one patient.

3.2. Functional Evaluation

Before full weight-bearing was reached, three patients died. The direct postoperative data of
these patients were included in the functional scores. The mean Karnofsky index improved from 49.4
(20%–90%) preoperatively to 54.9 (10%–90%) and the MSTS score from 26.4 (0.0%–96.7%) preoperatively
to 51.3 (6.7%–93.3%). The mean pain score improved from 1.1 (0–5) points preoperatively to 3.9 (0–5)
points postoperatively. Of the 45 patients, 28 had no or mild pain (four or five points) with NSAIDs as
the only pain medication (Figure 5). The use of a Trevira tube did not influence the functional outcome.
The MSTS score with its subitems especially the use of walking aids, walking ability and gait were not
influenced significantly.
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Figure 5. Functional outcome—MSTS score.

3.3. Radiographic Evaluation

No subsidence or migration of the stems was seen, and all stems remained stable until the last
follow-up. Postoperatively, leg length discrepancy of more than 1 cm could be measured in nine
patients with a mean difference of 0.2 (−2.5–2) cm.

3.4. Survival Analysis

Within six months after surgery, 16 patients died. Survival of all patients was 6.6% (95% CI:
0–14.9) at 74.7 months, six patients were alive at the last evaluation including one patient with implant
failure. The one-year and three-year survival rates were 52.9% (95% CI: 38.2–67.6) and 13.2% (95% CI:
2.6–23.7). Patients with disseminated disease (n = 30) had an overall survival rate at 74.7 months of
3.5% (95% CI: 0–10.3). One-year and three-year survivorship rates were 45.7% (95% CI: 27.7–63.8) and
7.0% (95% CI: 0–16.4). The survival rate of patients with a solitary metastatic disease at the time of
operation (n = 15) was 13.5% (95% CI: 0–36.0) at 57.0 months. One-year and three-year rates were 66.7%
(95% CI: 42.8–90.5) and 27.0% (95% CI: 4.6–49.4), respectively. Nevertheless, a log-rank test showed
no significance between survival rates of patients with solitary or disseminated disease (p = 0.1214)
(Figure 6). Patients with impending (n = 24) or an apparent fracture (n = 21) showed a survival rate of
5.2% after 57.0 months or 8.4% after 74.7 months. Survival was not significantly different between the
two groups (log-rank p = 0.8265).
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Figure 6. Survival of patients: comparison between solitary vs. disseminated disease at the time
of operation.

The worst-case survival rate of hip arthroplasty was 80.0% (95% CI: 44.9–100) at 74.7 months with
one removal of the stem 34.5 months postoperatively due to low-grade infection (Figure 7). No patient
was lost to follow up.

Figure 7. Survival of the implant: worst-case situation equates infection as failure reason (n = 1).

4. Discussion

4.1. Background, Principle Considerations for En-Bloc Resection and Functional Outcome

Quality of life can be improved by the surgical intervention of bony metastases in most patients.
Even in an advanced stage of tumor disease with a limited life expectancy of only a few months, patients
may benefit from at least partial restoration of function [15]. En-bloc resection of solitary metastasis
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is well established and obligatory to pursue a curative regimen. However, aggressive surgery of a
metastasis of the proximal femur in patients with disseminated disease is discussed controversially.

For decades, surgical treatment has not changed relevantly and less invasive procedures like
intralesional stabilization by osteosynthesis or cemented endoprosthetic reconstruction after curettage
are still performed most frequently. Only three decades ago, overall survival rates of patients presenting
bony metastasis were very limited and, therefore, longer-lasting reconstructions were most often not
necessary [16,17]. In contrast to surgical therapy, a patient’s survival of most entities has improved
steadily due to a targeted systemic treatment during the same period.

Failure of osteosynthesis and/or arthroplasty after intralesional surgery of lesions of the proximal
femur was an indication for surgery in this cohort in nine respectively 2% (osteosynthesis n = 4;
arthroplasty n = 1). Failure occurred at a mean of four (0.1–8.6) months after osteosynthesis. Comparable
studies have described a rate of collapse of osteosyntheses in the proximal femur of up to 23% within
the first year [4–6,18]. Additionally, the risk for failure may increase with a patient’s survival.

Overall, there are significantly higher survival rates following arthroplasty compared to
osteosynthetic stabilization at the proximal femur [5,10,19,20]. In contrast to osteosynthesis,
reconstruction with arthroplasty offers the possibility of an extralesional (marginal or wide) resection
of the tumor that is not only required in patients with a curative regimen in primary tumors or
solitary metastatic disease but also in disseminated stages for local tumor control [9,10]. Additional
postoperative radiotherapy is not necessary for tumor control or pain reduction. In patients with a
limited life expectancy of less than three months, radiotherapy for pain reduction was ineffective in
more than half of the patients [21]. Accordingly, marginal or wide resection may also be favorable
for pain control especially for patients with longer life expectancy. This finding is similar to other
studies and should especially be considered for tumors with poor response to radiotherapy like kidney
cancer [4,22,23].

In this series, 9% had no or mild pain preoperatively (MSTS pain score of 4–5 points) but more
than 62% postoperatively, which could be treated sufficiently by NSAID as a single medication.
Nevertheless, the postoperative MSTS score of 51.3% was less compared to other series with scores of
67% to 87% [24–27]. Inclusion of patients with primary bone tumors in these studies and incorporation
of many patients in an advanced stage in this series are limiting factors [1,24–27]. All data were
included despite the death of 16 patients within six months after surgery. Although functional results
were not significantly different between the two groups (follow-up greater or less than six months),
differences in pain scores were less than in all other aspects of the MSTS score (pre- vs. postoperatively).
At the last evaluation 10 out of the 16 patients (59%) with a limited life expectancy of less than six
months had no or mild pain (more than four points) vs. 18 out of 28 of the group with longer follow-up
(64%). Therefore, surgical resection of the metastasis and endoprosthetic reconstruction seems to be
efficient for local pain control even in patients with a very limited survival.

Our study has limitations. The comparatively small number of patients (n = 45) is one disadvantage.
Additionally, the follow-up period is limited due to the disease of the patients. Furthermore, a control
group with patients treated by simple osteosynthesis, intralesional curettage and cemented primary
stems or revision devices is missing. Nevertheless, there is adequate data available to compare the
results of the current cohort and to draw the described conclusions. There are also limitations due to
the study design as it is a retrospective study. Prospective randomized studies may be necessary in
the future.

4.2. Complications and Survivorship of Patients and Implants

At current, survival rates of 90% at one year or 20% at five years are described in patients with
favorable conditions with respect to prognostic factors of entities showing a high risk of developing
bony metastases during follow-up [4,28,29]. After surgical treatment of bone metastases of the lung,
prostate, and kidney or breast cancer, patient survival rates of 40% after one year and 20% after three
years are reported [1]. In our series, the one-year, three-year and five-year survival rates were 52.9%,
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9.9% and 6.6% respectively. Consecutively, this cohort consisted mainly of patients with a limited life
expectancy but a survival of more than one year has to be considered in at least half of the patients.

Endoprosthetic treatment of patients with metastatic disease of the proximal femur in this series
showed a survival rate of the reconstruction of 80.0 (44.9%–100%) at 74.7 months with one removal
of the stem 34.5 months postoperatively due to low-grade infection. Of the few studies discussing
arthroplasty in metastases of the proximal femur, comparable survival rates of the prosthesis at five
years between 83% and 100% were reported [19,30].

Revision rates with the removal of the endoprosthesis after tumor reconstruction due to infection
between 1.8% and 21% have been published [19,24,25,27,31–33] further increasing the patients treated
by neo-/adjuvant, intra-operative or direct adjuvant radiotherapy [31]. There was one implant failure
due to infection despite pre- and/or postoperative radio- and/or chemotherapy in 28 patients in
our investigation.

Dislocation rates of megaprostheses of up to 34% have been described [9,27]. A dislocation
rate of 13.3% (six hips) in this cohort is comparable with available data in tumor and revision
surgery [5,6,26,34,35]. Nevertheless, instability is a major local complication in this series with a
time-dependent risk of 16.2% at 74.7 months. As discussed in other studies a significantly higher risk
could be seen in THA than hemiarthroplasties (Fisher test: p = 0.0488) [36]. None of the patients with
attachment of intact soft tissue by single sutures dislocated while 6 out of 28 patients with deficient
soft tissue and additional use of a tube presented instability during follow up. Nevertheless, clear
data showing the improvement of dislocation rates by using certain devices for soft tissue refixation
are missing [34,36–38]. The resection length of the proximal femur and consecutive implant-related
parameters like reconstruction length did not influence the dislocation rate in this study. However, the
extent of the extra-osseous tumor mass might influence and explain the dislocation rate. In extensive
tumors with a large extra-osseous tumor mass involving the joint capsule and stabilizing muscles,
successful soft tissue attachment is difficult to address.

There was no difference in the functional outcome (MSTS score with sub-items), which should be
improved, as it is the other aim of using the tube due to tight fixation of the muscles at the prosthesis.
In the case of dislocation, the tube may hinder closed reposition as it was the reason for two of four
open reductions. Therefore, in cases with a preserved capsule as the best prevention for instability, we
would not routinely recommend the use of a tube and, in our experience, its benefit is questionable.
Consecutively, a time-dependent revision rate without removal of the prosthesis of 12.6% could be
further reduced but seems to be acceptable and is lower compared to revision rates due to mechanical
failure of osteosyntheses.

The use of primary stems or cemented long stems would have been an option in some cases [39].
From a biomechanical point of view, en-bloc resection of a highly insufficient proximal femur is identical
to an intralesional procedure with a cemented primary or long-stemmed prosthesis. The length of
anchorage in intact bone is more or less similar with both procedures. Due to these considerations and
the topics mentioned above, the more aggressive treatment in this selective cohort was performed. A
cementless Wagner SL revision stem was implanted in a similar group of patients with comparable
results [22]. Obviously, both systems allow accurate therapy in these patients.

Our procedure in the operative treatment of secondary bone malignancies at the proximal femur
can be summarized as follows:

1. Simple osteosynthesis by intramedullary nail is justified in cases with a very poor prognosis of a
few months (≈ less than six) and a tumor localization clearly below the intertrochanteric region
(meta- and/or diaphysis).

2. Intralesional curettage and implantation of a primary stem is justified in patients with a very
limited life expectancy and a localization proximal to the intertrochanteric line/femoral neck in
tumors with a good response to radiotherapy.

3. Intralesional curettage and implantation of a long-stemmed, cemented prosthesis can be performed
in patients with very limited life expectancy in biomechanical situations not suitable for
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osteosynthesis and/or a cemented primary stem and in patients with additional metastasis
more distally.

4. All other cases should be treated by en-bloc resection (wide or marginal) and
endoprosthetic reconstruction.

5. A cemented reconstruction should be performed in patients with necessary potential postoperative
radiotherapy (R1, intralesional) and/or additional metastasis distally; all other cases can be treated
with cementless devices.

6. A tube for soft tissue attachment and prevention of dislocation is not necessary when the capsule
can be preserved.

5. Conclusions

En-bloc resection and endoprosthetic reconstruction of secondary malignancies of the proximal
femur with the modular devices used showed reliable results with respect to implant survival, local
tumor and pain control even in advanced tumor stages as represented in this cohort. The use of a
Trevira tube did not avoid dislocation or increase functional outcome in patients with severe soft
tissue damage.

Author Contributions: Conceptualization, O.E.B.; methodology, P.M.B. and O.E.B.; software, O.E.B.; validation,
J.B.S. and A.J.S.; formal analysis, O.E.B.; investigation, B.L., A.J.S. and O.E.B.; resources, R.G.B. and O.E.B.; data
curation, O.E.B.; writing—original draft preparation, O.E.B.; writing—review and editing, O.E.B., J.B.S. and A.J.S.;
visualization, O.E.B.; supervision, P.M.B.; project administration, O.E.B. All authors have read and agreed to the
published version of the manuscript.

Funding: This research received no external funding.

Acknowledgments: Statistical analysis was supported by T. Bruckner, Biometrics Consulting and Project
Management, University Heidelberg, Germany.

Conflicts of Interest: Author R.G.B. has received a speaker honorarium from Johnson & Johnson (DePuy/Synthes),
B. Braun (Aesculap), Waldemar Link, Heraeus Medical, Implantcast and Zimmer/Biomet. This honorarium was
not related directly or indirectly to the subject of this article. All other authors declare that they have no competing
interests. No benefits in any form have been received or will be received from a commercial party related directly
or indirectly to the subject of this article.

References

1. Böhm, P.; Huber, J. The surgical treatment of bony metastases of the spine and limbs. J. Bone Jt. Surg. Br.
2002, 84, 521–529. [CrossRef]

2. Mirels, H. Metastatic disease in long bones. A proposed scoring system for diagnosing impending pathologic
fractures. Clin. Orthop. Relat. Res. 1989, 1989, 256–264. [CrossRef]

3. Toma, C.D.; Dominkus, M.; Nedelcu, T.; Abdolvahab, F.; Assadian, O.; Krepler, P.; Kotz, R. Metastatic
bone disease: A 36-year single centre trend-analysis of patients admitted to a tertiary orthopaedic surgical
department. J. Surg. Oncol. 2007, 96, 404–410. [CrossRef] [PubMed]

4. Fuchs, B.; Trousdale, R.T.; Rock, M.G. Solitary bony metastasis from renal cell carcinoma: Significance of
surgical treatment. Clin. Orthop. Relat. Res. 2005, 2005, 187–192. [CrossRef] [PubMed]

5. Wedin, R.; Bauer, H.C. Surgical treatment of skeletal metastatic lesions of the proximal femur: Endoprosthesis
or reconstruction nail? J. Bone Jt. Surg. Br. 2005, 87, 1653–1657. [CrossRef]

6. Yazawa, Y.; Frassica, F.J.; Chao, E.Y.; Pritchard, D.J.; Sim, F.H.; Shives, T.C. Metastatic bone disease. A study
of the surgical treatment of 166 pathologic humeral and femoral fractures. Clin. Orthop. Relat. Res. 1990,
1990, 213–219.

7. Forsberg, J.A.; Wedin, R.; Bauer, H. Which implant is best after failed treatment for pathologic femur fractures?
Clin. Orthop. Relat. Res. 2013, 471, 735–740. [CrossRef]

8. Morishige, M.; Muramatsu, K.; Tominaga, Y.; Hashimoto, T.; Taguchi, T. Surgical treatment of metastatic
femoral fractures: Achieving an improved quality of life for cancer patients. Anticancer Res. 2015, 35, 427–432.

http://dx.doi.org/10.1302/0301-620X.84B4.0840521
http://dx.doi.org/10.1097/00003086-198912000-00027
http://dx.doi.org/10.1002/jso.20787
http://www.ncbi.nlm.nih.gov/pubmed/17541968
http://dx.doi.org/10.1097/01.blo.0000149820.65137.b4
http://www.ncbi.nlm.nih.gov/pubmed/15685074
http://dx.doi.org/10.1302/0301-620X.87B12.16629
http://dx.doi.org/10.1007/s11999-012-2558-2


J. Clin. Med. 2020, 9, 758 12 of 13

9. Haentjens, P.; de Neve, W.; Casteleyn, P.P.; Opdecam, P. Massive resection and prosthetic replacement for the
treatment of metastases of the trochanteric and subtrochanteric femoral region bipolar arthroplasty versus
total hip arthroplasty. Acta Orthop. Belg. 1993, 59, 367–371.

10. Mavrogenis, A.F.; Pala, E.; Romagnoli, C.; Romantini, M.; Calabro, T.; Ruggieri, P. Survival analysis of
patients with femoral metastases. J. Surg. Oncol. 2012, 105, 135–141. [CrossRef]

11. Potter, B.K.; Chow, V.E.; Adams, S.C.; Letson, G.D.; Temple, H.T. Endoprosthetic proximal femur replacement:
Metastatic versus primary tumors. Surg. Oncol. 2009, 18, 343–349. [CrossRef] [PubMed]

12. Karnofsky, D.A.A.W.; Craver, L.F.; Burchenal, J.H. The use of the nitrogen mustards in the palliative treatment
of carcinoma. With particular reference to bronchogenic carcinoma. Cancer 1948, 1, 634–656. [CrossRef]

13. Enneking, W.F.; Dunham, W.; Gebhardt, M.C.; Malawar, M.; Pritchard, D.J. A system for the functional
evaluation of reconstructive procedures after surgical treatment of tumors of the musculoskeletal system.
Clin. Orthop. Relat. Res. 1993, 1993, 241–246. [CrossRef]

14. Callaghan, J.J.; Salvati, E.A.; Pellicci, P.M.; Wilson, P.D., Jr.; Ranawat, C.S. Results of revision for mechanical
failure after cemented total hip replacement, 1979 to 1982. A two to five-year follow-up. J. Bone Jt. Surg. Am.
Vol. 1985, 67, 1074–1085. [CrossRef]

15. Talbot, M.; Turcotte, R.E.; Isler, M.; Normandin, D.; Iannuzzi, D.; Downer, P. Function and health status in
surgically treated bone metastases. Clin. Orthop. Relat. Res. 2005, 438, 215–220. [CrossRef] [PubMed]

16. Roder, D.; Karapetis, C.S.; Wattchow, D.; Moore, J.; Singhal, N.; Joshi, R.; Keefe, D.; Fusco, K.;
Buranyi-Trevarton, D.; Sharplin, G.; et al. Metastatic Colorectal Cancer Treatment and Survival: The
Experience of Major Public Hospitals in South Australia Over Three Decades. Asian Pac. J. Cancer Prev. 2015,
16, 5923–5931. [CrossRef] [PubMed]

17. Holzel, D.; Eckel, R.; Bauerfeind, I.; Baier, B.; Beck, T.; Braun, M.; Ettl, J.; Hamann, U.; Harbeck, N.; Kiechle, M.;
et al. Survival of de novo stage IV breast cancer patients over three decades. J. Cancer Res. Clin. Oncol. 2016,
143, 509–519. [CrossRef]

18. Dijstra, S.; Wiggers, T.; van Geel, B.N.; Boxma, H. Impending and actual pathological fractures in patients
with bone metastases of the long bones. A retrospective study of 233 surgically treated fractures. Eur. J. Surg.
Acta Chir. 1994, 160, 535–542.

19. Harvey, N.; Ahlmann, E.R.; Allison, D.C.; Wang, L.; Menendez, L.R. Endoprostheses last longer than
intramedullary devices in proximal femur metastases. Clin. Orthop. Relat. Res. 2012, 470, 684–691. [CrossRef]

20. Steensma, M.; Boland, P.J.; Morris, C.D.; Athanasian, E.; Healey, J.H. Endoprosthetic treatment is more
durable for pathologic proximal femur fractures. Clin. Orthop. Relat. Res. 2012, 470, 920–926. [CrossRef]

21. Meeuse, J.J.; van der Linden, Y.M.; van Tienhoven, G.; Gans, R.O.; Leer, J.W.; Reyners, A.K. Efficacy of
radiotherapy for painful bone metastases during the last 12 weeks of life: Results from the Dutch Bone
Metastasis Study. Cancer 2010, 116, 2716–2725. [CrossRef] [PubMed]

22. Bischel, O.E.; Böhm, P.M. The use of a femoral revision stem in the treatment of primary or secondary bone
tumours of the proximal femur: A prospective study of 31 cases. J. Bone Jt. Surg. Br. 2010, 92, 1435–1441.
[CrossRef] [PubMed]

23. Les, K.A.; Nicholas, R.W.; Rougraff, B.; Wurtz, D.; Vogelzang, N.J.; Simon, M.A.; Peabody, T.D. Local
progression after operative treatment of metastatic kidney cancer. Clin. Orthop. Relat. Res. 2001, 390, 206–211.
[CrossRef] [PubMed]

24. Kabukcuoglu, Y.; Grimer, R.J.; Tillman, R.M.; Carter, S.R. Endoprosthetic replacement for primary malignant
tumors of the proximal femur. Clin. Orthop. Relat. Res. 1999, 358, 8–14. [CrossRef]

25. Mittermayer, F.; Krepler, P.; Dominkus, M.; Schwameis, E.; Sluga, M.; Heinzl, H.; Kotz, R. Long-term followup
of uncemented tumor endoprostheses for the lower extremity. Clin. Orthop. Relat. Res. 2001, 388, 167–177.
[CrossRef]

26. Morris, H.G.; Capanna, R.; Del Ben, M.; Campanacci, D. Prosthetic reconstruction of the proximal femur
after resection for bone tumors. J. Arthroplast. 1995, 10, 293–299. [CrossRef]

27. Zehr, R.J.; Enneking, W.F.; Scarborough, M.T. Allograft-prosthesis composite versus megaprosthesis in
proximal femoral reconstruction. Clin. Orthop. Relat. Res. 1996, 322, 207–223. [CrossRef]

28. Hansen, B.H.; Keller, J.; Laitinen, M.; Berg, P.; Skjeldal, S.; Trovik, C.; Nilsson, J.; Walloe, A.; Kalén, A.;
Wedin, R. The Scandinavian Sarcoma Group Skeletal Metastasis Register. Survival after surgery for bone
metastases in the pelvis and extremities. Acta Orthop. Scand. Suppl. 2004, 75, 11–15. [CrossRef]

http://dx.doi.org/10.1002/jso.22061
http://dx.doi.org/10.1016/j.suronc.2008.08.007
http://www.ncbi.nlm.nih.gov/pubmed/18835153
http://dx.doi.org/10.1002/1097-0142(194811)1:4&lt;634::AID-CNCR2820010410&gt;3.0.CO;2-L
http://dx.doi.org/10.1097/00003086-199301000-00035
http://dx.doi.org/10.2106/00004623-198567070-00011
http://dx.doi.org/10.1097/01.blo.0000170721.07088.2e
http://www.ncbi.nlm.nih.gov/pubmed/16131894
http://dx.doi.org/10.7314/APJCP.2015.16.14.5923
http://www.ncbi.nlm.nih.gov/pubmed/26320474
http://dx.doi.org/10.1007/s00432-016-2306-1
http://dx.doi.org/10.1007/s11999-011-2038-0
http://dx.doi.org/10.1007/s11999-011-2047-z
http://dx.doi.org/10.1002/cncr.25062
http://www.ncbi.nlm.nih.gov/pubmed/20225326
http://dx.doi.org/10.1302/0301-620X.92B10.24024
http://www.ncbi.nlm.nih.gov/pubmed/20884984
http://dx.doi.org/10.1097/00003086-200109000-00023
http://www.ncbi.nlm.nih.gov/pubmed/11550867
http://dx.doi.org/10.1097/00003086-199901000-00003
http://dx.doi.org/10.1097/00003086-200107000-00024
http://dx.doi.org/10.1016/S0883-5403(05)80177-9
http://dx.doi.org/10.1097/00003086-199601000-00026
http://dx.doi.org/10.1080/00016470410001708270


J. Clin. Med. 2020, 9, 758 13 of 13

29. Katagiri, H.; Takahashi, M.; Wakai, K.; Sugiura, H.; Kataoka, T.; Nakanishi, K. Prognostic factors and a
scoring system for patients with skeletal metastasis. J. Bone Jt. Surg. Br. 2005, 87, 698–703. [CrossRef]

30. Chandrasekar, C.R.; Grimer, R.J.; Carter, S.R.; Tillman, R.M.; Abudu, A.T. Modular endoprosthetic replacement
for metastatic tumours of the proximal femur. J. Orthop. Surg. Res. 2008, 3, 50. [CrossRef]

31. Jacofsky, D.J.; Haidukewych, G.J.; Zhang, H.; Sim, F.H. Complications and results of arthroplasty for salvage
of failed treatment of malignant pathologic fractures of the hip. Clin. Orthop. Relat. Res. 2004, 427, 52–56.
[CrossRef] [PubMed]

32. Morris, H.G.; Capanna, R.; Campanacci, D.; Del Ben, M.; Gasbarrini, A. Modular endoprosthetic replacement
after total resection of the femur for malignant tumour. Int. Orthop. 1994, 18, 90–95. [CrossRef] [PubMed]

33. Torbert, J.T.; Fox, E.J.; Hosalkar, H.S.; Ogilvie, C.M.; Lackman, R.D. Endoprosthetic reconstructions: Results
of long-term followup of 139 patients. Clin. Orthop. Relat. Res. 2005, 438, 51–59. [CrossRef] [PubMed]

34. Henderson, E.R.; Jennings, J.M.; Marulanda, G.A.; Palumbo, B.T.; Cheong, D.; Letson, G.D. Purse-string
capsule repair to reduce proximal femoral arthroplasty dislocation for tumor–a novel technique with results.
J. Arthroplast. 2010, 25, 654–657. [CrossRef] [PubMed]

35. Rompe, J.D.; Eysel, P.; Hopf, C.; Heine, J. Metastatic instability at the proximal end of the femur. Comparison
of endoprosthetic replacement and plate osteosynthesis. Arch. Orthop. Trauma Surg. 1994, 113, 260–264.
[CrossRef]

36. Masterson, E.L.; Ferracini, R.; Griffin, A.M.; Wunder, J.S.; Bell, R.S. Capsular replacement with synthetic
mesh: Effectiveness in preventing postoperative dislocation after wide resection of proximal femoral tumors
and prosthetic reconstruction. J. Arthroplast. 1998, 13, 860–866. [CrossRef]

37. Gosheger, G.; Hillmann, A.; Lindner, N.; Rodl, R.; Hoffmann, C.; Burger, H.; Winkelmann, W. Soft tissue
reconstruction of megaprostheses using a trevira tube. Clin. Orthop. Relat. Res. 2001, 393, 264–271. [CrossRef]

38. Marulanda, G.A.; Henderson, E.; Cheong, D.; Letson, G.D. Proximal and total humerus reconstruction with
the use of an aortograft mesh. Clin. Orthop. Relat. Res. 2010, 468, 2896–2903. [CrossRef]

39. Xing, Z.; Moon, B.S.; Satcher, R.L.; Lin, P.P.; Lewis, V.O. A long femoral stem is not always required in hip
arthroplasty for patients with proximal femur metastases. Clin. Orthop. Relat. Res. 2013, 471, 1622–1627.
[CrossRef]

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1302/0301-620X.87B5.15185
http://dx.doi.org/10.1186/1749-799X-3-50
http://dx.doi.org/10.1097/01.blo.0000143572.96021.93
http://www.ncbi.nlm.nih.gov/pubmed/15552136
http://dx.doi.org/10.1007/BF02484417
http://www.ncbi.nlm.nih.gov/pubmed/8039964
http://dx.doi.org/10.1097/01.blo.0000179735.37089.c2
http://www.ncbi.nlm.nih.gov/pubmed/16131869
http://dx.doi.org/10.1016/j.arth.2009.11.002
http://www.ncbi.nlm.nih.gov/pubmed/20097040
http://dx.doi.org/10.1007/BF00443814
http://dx.doi.org/10.1016/S0883-5403(98)90190-5
http://dx.doi.org/10.1097/00003086-200112000-00030
http://dx.doi.org/10.1007/s11999-010-1418-1
http://dx.doi.org/10.1007/s11999-013-2790-4
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Patients and Methods 
	Inclusion Criteria and Surgical Algorithm 
	Indication for Surgery and Methods 
	Surgical Technique and Postoperative Care 

	Results 
	Complications and Reoperations 
	Functional Evaluation 
	Radiographic Evaluation 
	Survival Analysis 

	Discussion 
	Background, Principle Considerations for En-Bloc Resection and Functional Outcome 
	Complications and Survivorship of Patients and Implants 

	Conclusions 
	References

