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Surgical treatment of metastatic tumors of the femur
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Summary. Objective. To evaluate the patients functional outcome and pain control after resec-
tion of metastatic femoral tumors.

Material and methods. A prospective randomized clinical study was conducted, which included
26 cases of metastatic tumors of the femur with an associated pathologic fracture. These selected
cases were randomly divided into two groups based upon the using of methylmethacrylate cement
in fracture fixation. Group 1 (n=13) included all cases where the fractures were treated with bone
cement augmentation. Group 2 (n=13) included all cases where the fractures were treated without
bone cement augmentation. Functional outcome was evaluated according the American Muscu-
loskeletal Tumor Society system.

Results. Good and excellent pain control was achieved in 61.5%, satisfactory in 38.5% of all
cases in the Group 1 versus 15.5% (P=0.015) and 69% (y*=2.4762; P=0.115) of all cases in the
Group 2. Functional outcome after femoral metastasis resection and pathologic fracture fixation
was significantly better in the Group 1. Total lower extremity function of full normal function was
67% in the Group 1 versus 49% in the Group 2 (P<0.05). We did not observe significant difference
between patients’ postoperative survival in the groups (P>0.05). The postoperative durability of
stable pathologic fracture fixation was shorter in the Group 2 (273.9£51.7 vs. 358.9£116.8 days)

comparing with Group 1 (P=0.03).

Conclusions. The introduction of bone cement as the adjunct to the pathologic femoral fracture
fixation significantly improved the clinical our study results: we achieved better functional outcome

and better pain control.

Introduction

Femur is the most common site of the bone me-
tastasis after spine and pelvis. From 30 to 50% of
metastatic bone lesions are localized in the proxi-
mal part of the femur (1-3). In contrast to patho-
logic fracture of the upper limb, pathologic fracture
of the femur adversely acts on patient’s quality of
life due to pain, loss of lower extremity function,
and psychological problems (4-6). Surgery is indi-
cated when the fracture is present. The main goals
of surgery are pain reduction and patient’s mobility
restoration with full weight bearing, psychological
improvement, and facilitation of nursing care (7).
Healing of pathologic fractures of generally pro-
ceeds more slowly than normal. It is impeded by the
metastatic tumor and by the side effects of radiation
treatment, depends on the histological type of pri-
mary tumor (8). Various methods of surgical treat-
ment for pathologic femur fractures are described
in the literature (9-15). Classically, a dynamic hip
screw combined with curettage and complete defect
packing with bone cement is used for the internal

fixation (8). This is a rather simple technique, which
preserves the hip joint. On the other hand, surgeons
may not have much experience with bone defect
packing, particularly around the fixation device. In
this case, it is difficult to achieve a stable fixation of
pathologic fracture, especially if a large segment of
the medial bone is lost (8). Many authors recom-
mended reconstructive intramedullary nails as the
best choice of fixation of pathologic fractures be-
cause plates and screws are not so strong enough
as reconstructive intramedullary nails (11). In order
to evaluate the functional outcome and pain con-
trol after fixation of pathologic femur fractures with
reconstruction and retrograde intramedullary nails
with or without bone cement augmentation, we con-
structed this clinical study. This randomized study is
the first clinical experience in cancer patients with
pathologic femoral fractures in Lithuania.

Materials and methods
All the patients with radiologically and clinically
evident extra-articular pathologic fractures of the
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femur requiring surgery were enrolled in this study.
All these patients were citizens of Lithuania, aged
18 years and more, who had normal daily living ac-
tivities before pathologic fracture had occurred. We
did not include the patients with multiple metastatic
spine and pelvis lesions, solitary bone metastases,
extensive femur destruction with soft tissue involve-
ment, patients with insufficiency of the cardiovas-
cular system and kidney function, and patients with
diabetes mellitus and mental disorders. The local
Ethics Committee approved the study (No. BE-2-
15). Informed consent was obtained from all study
participants before surgical treatment.

Eligible patients were randomly (envelope meth-
od) divided into two groups. Group 1 (n=13) in-
cluded cases where the fractures were treated with
bone cement augmentation and intralesional or
marginal resection of metastases. Group 2 (n=13)
included cases where fractures were treated without
bone cement augmentation with intralesional resec-
tion of metastases.

Standard two-direction plain x-ray and computed
tomography (CT) of the injured region of the entire
femur were performed for all patients preoperative-
ly. A licensed radiologist made radiological analysis.
Special attention was paid to the assessment of the
extent of tumor involvement and its relation to the
femoral nerves and vessels. Bone scintigraphy was
performed to detect other skeletal metastases. Se-
lective arterial metastatic lesion embolization was
performed one day before surgery in patients with
metastatic renal cell carcinoma. Hemoglobin level,
size of a metastatic lesion in the injured bone, Kar-
nofsky performance index, number of diagnosed
chronic diseases, and ASA group were recorded be-
fore the surgery. Hemoglobin level as a prognostic
factor was assessed during the hospitalization (16).
The size of metastatic lesions was measured in cen-
timeters and assessed from two-plane x-ray or CT.

A rehabilitation specialist assessed the Karnofsky
performance index, which illustrates the patients’
self-care. According to this index, three groups can
be defined: the first group, Karnofsky performance
index of 80—100 points (normal activity); the sec-
ond group, 50-70 points (needs assistance); and the
third group, Karnofsky performance index of 0—40
points (needs nursing) (17).

Fixation of metastatic pathologic femoral frac-
tures was done in two stages: tumor resection and
reconstruction. Open reduction and bone fixation
was performed in both groups of patients during
surgery. Surgical treatment consisted of reconstruc-
tion-type intramedullary locked nailing (IM). We
used carefully sized (ChM, Poland) 11-mm diam-
eter no reamed antegrade insertion reconstruction-
type intramedullary locked nails for the fixation of
subtrochanteric and diaphyseal pathologic fractures

and (ChM, Poland) 11-mm diameter retrograde in-
sertion no reamed intramedullary locked femoral
nails for the fixation of pathologic fracture located
in the distal part of the femoral diaphysis. The sur-
gical technique was the same as we used for surgi-
cal treatment of trauma patients, except that resec-
tion of tumor before the fixation (insertion of an
intramedullary nail) must be done (11). Resected
bone segment was 0.5 cm longer than approved in
radiological analysis. Fixation was considered as
stable for a reconstruction nail if two interlocking
screws 6.5 mm in diameter were placed into the
head and neck region proximally and two inter-
locking screws 4.5 mm in diameter were placed
transversally through the nail distally. Fixation was
considered as stable for a retrograde femoral nail
if two screws 6.5 mm in diameter distally and two
screws 4.5 mm in diameter proximally were used
for intramedullary nail fixation. The formation of
osteolytic zone around the proximal and distal in-
terlocking screws, radiologically evident broken
screws, nails or their migration were evaluated as
unstable fixation of pathologic fracture and consid-
ered fixation failure. For augmentation, high-viscos-
ity DePuy CMW gentamicin bone cement (Johnson
& Johnson United Kingdom) was used (40 g of bone
cement dose has 1 g of gentamycin). Duration of
the surgery was measured from the moment of the
exposition of pathologic fracture zone to the end of
fixation. Time from the dermal incision to the ex-
position of pathologic fracture zone and time from
the fracture fixation to the incision suturing were
not assessed (13—-15).

Preoperative and postoperative antibiotic thera-
py with the second-generation cephalosporins was
performed intravenously. Passive rehabilitation pro-
gram was applied on the second postoperative day.
No additional immobilization was used after sur-
gery. The patients, according to the histological type
of the tumor, were treated with radiotherapy using
3000-3500-Gy external beam radiation. Adjuvant
chemotherapy and immunotherapy were given ac-
cording to the treatment protocol.

All the patients were followed up to their death
and were evaluated every three months. Physical
examination, plain x-rays, evaluation of changes
in entire leg function were performed during each
visit. Two licensed orthopedic surgeons independ-
ently evaluated the function in all 26 patients, en-
rolled into the study, according to the American
Musculoskeletal Tumor Society system (18). Pain,
function, emotional acceptance, use of walking aids,
gait, and walking were evaluated. The score is ex-
pressed as its numerical value or as the percentage of
the maximum possible score. When surgeons’ opin-
ions regarding the score were different, the lowest
score was chosen.
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Statistical analysis. The data were processed us-
ing the Statistica v5 for Windows package. The abso-
lute numbers (N), percentage (%), mean values with
standard deviation are presented in this study. The
study sample size was estimated in the pilot study
comparing mean scores and their standard devia-
tions (American Musculoskeletal Tumor Society
system scale). We chose the research power f=0.9,
confidence level @=0.05. The representative sample
size was 11 patients in each group. Statistical analy-
sis included nonparametric tests: Mann-Whitney U
test for comparing two independent samples and
Wilcoxon test for comparing two related samples;
Fisher exact test was used for the small number of
cases. Patients’ survival after surgery and the term of
stable fixation of pathologic fracture was evaluated
according to the Kaplan-Meier method. A P value
less than 0.05 was considered significant.

Results

During the period of 2004-2008 years, 34 pa-
tients with pathologic fractures of the femur were
included into the study. Eight patients died before
the first evaluation. They survived less than three
months after surgery and were excluded from the
study. The survival rate was 18.7% in the Group 1
and 27.7% in the Group 2 (P=0.67). We did not ob-
serve any significant difference mortality rate in early
postoperative period comparing both the groups.

The groups were similar regarding age, body
mass index, number of chronic diseases at the time
of surgery, ASA score, Karnofsky performance in-
dex (Table 1). Kidney and breast cancer were the
most common sources of femoral metastases.

Retrograde nails were used for the fixation of
pathologic fractures, which were located in the
distal part of the femur: 38.5% in the Group 1 and
30.7% in the Group 2 (P=0.69). Reconstruction-
type nails were used for the fixation of pathological
fractures of the femoral shaft: 61.5% in the Group 1
versus 69.3% in the Group 2 (P=0.68). The overall
failure rate was 30% in the Group 1 and 53% in the
Group 2 (P=0.25). Failures due to local tumor pro-

gression accounted for 7.6% of cases in the Group
1 versus 15.3% in the Group 2 (P=0.55); 23% of
failures occurred due to the migration or breakage
of the interlocking screws in the Group 1 vs. 38%
in the Group 2 (P=0.41). The mean operative time
was 136.9+30.3 min in the Group 1 and 108+12.5
min in the Group 2 (P=0.007). Hospital stay was
12.2+4.3 days for the Group 1 versus 11.2+4.8 days
for the Group 2 (P=0.55).

Excellent and good pain control was achieved
in 61.5% of patients, satisfactory in 38.5% of pa-
tients in the Group 1 versus 15.5% (P=0.015) and
69% (P=0.115) of patients in the Group 2. There
were no significant differences comparing function-
al criteria within the groups after 3 and 6 months
postoperatively (Table 2). Significant differences in
pain control, function, emotional acceptance, use of
walking aids, gait, and walking were seen compar-
ing the groups after 3 and 6 months postoperatively.
According to the American Musculoskeletal Tu-
mor system, the mean functional score for both the
groups was 16.3+3.5 at 3 months and 17.1+3.4 at 6
months after surgery (Table 2).

Functional outcome after resection of femoral
metastases and fixation of pathological fracture was
significantly better in the Group 1. The patients in
the Group 1 had a score of 19.1£2.6 versus 13.6+1.7
in the Group 2 at 3 months after surgery (P<0.05)
and 20.1x1.6 versus 14.8%1.5, respectively, at 6
months after surgery (P<0.05). The median postop-
erative survival was 450.6+259 days in the Group 1
vs. 365.8%147 days in the Group 2 (P=0.25). Du-
rability of stable fixation of pathologic fracture was
significantly lower in the Group 2 (Fig. 1).

Discussion

Pathological fracture of the femur is a serious com-
plication for cancer patients. Complete loss of bone
integrity due to metastatic lesion usually causes con-
siderable complications, including pain and impaired
mobility. Apart of this, cancer progression leads to
multiple complications, which impact overall health
condition (19). Taking into account these considera-

Table 1. General characteristics of patients

Groups
Characteristic Group 1 Group 2
(n= 1p3) (n= 1p3) P value
Mean (SD) Mean (SD)
Age, years 59.7 (8.4) 61.8 (9.9) 0.53
Karnofsky index, % 47.6 (7.2) 44.6 (7.7) 0.21
Hemoglobin level, g/L 115.6 (6.8) 112 (14.9) 0.08
Metastatic lesion size, cm 2.2(0.23) 2.26 (0.24) 0.46
Body mass index, kg/m? 29.1 (6.2) 30.2 (7.4) 0.91
ASA score 3.0 (0.7) 2.69 (0.85) 0.41
Number of coexisting diseases 2.54 (1.39) 2.38 (1.55) 0.68
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Table 2. Functional criteria and Karnofsky performance index at 3 and 6 months after surgery

Evaluation time

Criterion P value
At 3 months At 6 months

Pain, score

Group 1 (n=13) 3.69 (0.6) 3.85 (0.5) 0.15

Group 2 (n=13) 3.0 (0.5) 3.15(0.3) 0.15
Function, score

Group 1 (n=13) 2.85(0.8) 3.08 (0.6) 0.08

Group 2 (n=13) 2.15(0.5) 2.46 (0.6) 0.1
Emotional acceptance, score

Group 1 (n=13) 3.62 (0.5) 3.77 (0.5) 0.15

Group 2 (n=13) 2.54 (0.6) 2.85(0.5) 0.1
Use of walking aids, score

Group 1 (n=13) 2.69 (1.2) 2.85(1.3) 0.15

Group 2 (n=13) 1.46 (0.6) 1.62 (0.6) 0.15
Walking, score

Group 1 (n=13) 3.15(0.5) 3.46 (0.5) 0.1

Group 2 (n=13) 2.69 (0.4) 2.23(0.7) 0.1
Gait, score

Group 1 (n=13) 3.15 (0.5) 3.15(0.5) 1.0

Group 2 (n=13) 1.77 (0.5) 1.85 (0.5) 0.31
Karnofsky performance index, score

Group 1 (n=13) 75.3 (8.7) 5.2 22% oo

Group 2 (n=13) 64.6 (6.6) ’ ’ ’

Values are presented as mean (SD).
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Fig. Durability of stable fixation of pathologic fractures
in the groups by Kaplan-Meier curves

tions, the main goals of surgery are to restore the
function of entire lower limb (full and unrestricted
weight bearing) and to achieve good pain control as
soon as possible. Considering that survival of cancer
patients varies from a few weeks to many years, the
recovery after surgery should be shorter than the ex-
pected survival (20). It is very important to choose
an adequate implant and to achieve a stable fixation
during surgery in order to ensure the successful out-
come after surgery for pathologic femoral fracture.
The implant must be sufficiently strong to withstand

the biomechanical forces of ambulation and motion.
A strong implant protects the patient from significant
loss in functional capacity postoperatively and fixa-
tion failure that may require second, more extensive
surgical procedure. We support senior authors who
recommend that all femoral lesions amenable to in-
tramedullary fixation should be treated with recon-
struction nails with interlocking screws placed into
the femur head and neck through the distal femur
transversely to provide resistance to torsional and
angular displacement throughout the full length of
the femur including the intertrochanteric region and
femoral neck (11). We did not use plates and screws
for fixation, because they stabilize the bone under
the plate and biomechanically they are not as strong
as intramedullary nails and can cause early fixation
failure especially for patients with longer survival
prognosis (11). The standard intramedullary locked
nailing was not used in our study because it does not
provide protection of the femoral neck or intertro-
chanteric area, which are the most common sites for
metastatic involvement of the femur (21, 22). In the
study by Maccauro et al., magnetic resonance imag-
ing revealed that lesion in femoral bone was never
isolated (14). Taking into account these considera-
tions, intramedullary nailing should be considered
the gold standard for patients with femoral fractures
due to metastases (13).
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Mortality rate within the first months after sur-
gery in our study did not differ significantly from
the mortality rate described in literature (14).

Duration of surgery varies from 80 to 150 min-
utes (13, 14). We observed significantly longer time
in surgery for the Group 1, where osteosynthesis
with bone cement was performed. We think that
longer time in surgery was due to intramedullar
bone cementing and bone cement polymerization.
Time in surgery in both the groups was similar to
the time reported in literature (9, 10, 13).

Patients’ survival after surgery for pathologic
femoral fracture is 10.3 months (14) and it differs
from survival after surgery for imminent pathologic
femoral fracture, where its average is 16.2 months
(14). We observed slightly greater survival rate in
our study: 87% of patients survived 89.1 months af-
ter surgery. Results of other study demonstrated (15)
that postoperative survival rate was did not depend
on extent and time of surgery and mostly depended
on morphological type of cancer. Considering this,
all data should be considered critically.

Time for stable fixation of implants varies from
12 to 52 months as described in the literature (14).
In our study, stable fixation time was 9—11 months.
This time was significantly longer in the Group 1,
where bone cement as the adjunct to the fixation of
pathologic femoral fracture was used.

One of our study goals was to evaluate patients’
functional outcome and pain control after resection
of femoral metastases. In the case of pathologic frac-
ture, loss of mechanical bone integrity, soft tissue
injury around the fracture zone, and local spread of
tumors cause the pain and functional insufficiency
of injured extremity. Considering this, it is very
important to remove the metastatic tumor and to
achieve the stable fixation of pathological fracture
during the surgery. Various retrospective studies re-

ported that excellent and good pain control results
could be achieved in 50—-80% of operated patients
after fixation of pathologic fracture (10, 14, 19). The
results of our study demonstrate that significantly
better pain control was achieved in the Group 1.
Function is the main factor, assessing the efficacy
of surgery for pathological femoral fractures. Tal-
bot et al. (19) in their prospective study described
the significant improvements in the functional score
(MSTS) at 6 and 12 weeks postoperatively. They
reported that the preoperative MSTS score im-
proved from 7.9%7.5 to 14.4£5.8 points at 6 weeks
(P=0.00016) and to 17.5+6.9 points at 12 weeks af-
ter surgery (P=0.0001).

In our study, we observed functional improve-
ments at 3 and 6 months after surgery too. On the
other hand, the improvement, comparing the chang-
es in total scores within the groups, was not signifi-
cant, but we observed significant changes comparing
total scores between the groups. The total function
was 67% of full normal lower extremity function in
the Group 1 versus 49% of full normal lower ex-
tremity function in the Group 2 (P<0.05). Better
postoperative results were observed in the Group 1,
where bone cement for fixation of pathologic frac-
ture was used. In our opinion, better postoperative
results in this group were achieved because of more
stable fixation of pathologic fracture during the sur-
gery. It augments structural stability and enables the
patient withstand the stress of immediate motion
and function.

Conclusion

Introduction of bone cement as the adjunct to
the fixation of pathologic fracture of the femur sig-
nificantly improved the clinical results of our study:
better functional outcome and better pain control
were achieved.

Slaunikaulio metastaziniy naviky chirurginis gydymas

Vytautas Tolius$is', Romas Jonas Kalesinskas', Mindaugas Kiudelis?,
Almantas Maleckas?, Mindaugas Griksas'
'Kauno medicinos universiteto Ortopedijos ir traumatologijos klinika, ?Chirurgijos klinika

Raktazodziai: kauly metastaziniai navikai, patologiniai kauly liiziai, patologiniy ltiziy osteosintezé,

kauly cementas, metilmetakrilatas.

Santrauka. Tyrimo tikslas. Jvertinti operuotos kojos funkcijos atsikiirimo visavertiSkuma ir skausminio
sindromo kontrole po $launikaulio metastazinio zidinio rezekcijos ir fiksacijos.
Tyrimo medziaga ir metodai. Atlikta atsitiktiniy imc¢iy perspektyvioji klinikiné studija, kurioje dalyvavo

26 onkologine liga sergantys pacientai, kuriems diagnozuotas $launikaulio nesgnarinis patologinis liizis.
Tiriamieji atsitiktinés atrankos btidu suskirstyti j dvi tiriamasias grupes. Pirmosios grupés tiriamiesiems
patologinio Slaunikaulio luzio fiksacijai naudotas kauly cementas, antrosios grupés tiriamiesiems kauly
cementas nenaudotas. Operuotos galunés funkcijos atsikirimo laipsnis vertintas vadovaujantis Amerikos
judéjimo ir atramos aparato naviky draugijos vertinimo sistemos skale.
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Rezultatai. Pirmojoje grupéje gera ir puiki skausmo kontrolé konstatuota 61,5 proc. atvejy, patenki-

nama — 38,5 proc. atvejy; antrojoje grupéje gera ir puiki skausmo kontrolé konstatuota 15,5 proc. atvejy
(p=0,015), o patenkinama skausmo kontrolé — 69 proc. atvejy (p=0,115). Pirmojoje grupéje pastebétas
statistiSkai reik§mingai geresnis operuotos galiinés funkcijos atsikirimas. Sioje grupéje vidutinis operuotos
kojos funkcijos atsiktirimas sudaré 67 proc., o antrojoje grupéje — 49 proc. normalios galunés funkcijos
(p<0,05). Pacienty pooperacinis i$gyvenamumas tarp grupiy statistiSkai reik$mingai nesiskyré (p=0,25).
Stabilios patologinio lazio fiksacijos trukmé ilgesné buvo pirmojoje grupéje (358,9+116,8 dienos) lyginant
su antraja grupe (273,9+51,7 dienos) (p=0,03).
ISvados. Kauly cemento panaudojimas patologiniy $launikaulio luziy fiksacijai uztikrina geresnj operuo-
tos galunés funkcijos atsikirimo visavertiSkuma ir efektyvesne skausminio sindromo kontrole.
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