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Abstract 
Background: The proximal femur is the most common site of bone metasta-
sis, and metastasis at this site can cause chronic, intolerable pain and even 
result in pathologic fractures, thereby negatively affecting patients’ quality of 
life. Selecting an appropriate method for resecting metastasis within the 
proximal femur requires thorough consideration of various factors, including 
the biological behavior of the primary tumor, the extent of the femur lesion, 
the current general systemic condition of the patient, and perioperative risks. 
Objective: To compare the perioperative safety of and early functional recov-
ery following percutaneous femoroplasty (PFP) and proximal femoral re-
placement (PFR) in treating patients with metastasis of the proximal femur. 
Methods: We retrospectively analyzed the cases of 53 patients with proximal 
femur metastases who received surgical treatment by either PFP (n = 28) or 
PFR (n = 25). Perioperative blood loss, surgical time, and perioperative com-
plications were compared between groups. Pain intensity according to the 
visual analogue scale (VAS) and early postoperative function according to the 
Karnofsky Performance Scale (KPS) were evaluated at 3, 7, and 30 days as 
well as 6 months after surgical treatment. Results: In the PFP group, the VAS 
scores were lower soon after operation than preoperation (P < 0.05). In the 
PFR group, compared with the preoperative scores, the VAS scores briefly 
increased at 3 days postoperation (P < 0.05) and then decreased (P < 0.05). 
The mean scores of either group at first three follow-up evaluations were sig-
nificantly different between the two groups (P < 0.01), but not at the 6-month 
follow-up (P > 0.05). PFP significantly and immediately improved patients’ 
quality of life as measured by the KPS in the early period after surgery (preo-
perative vs 3 days postoperative, P < 0.01), but the patients who underwent 
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PFR suffered a short-term decrease in quality of life (preoperative vs 3 days 
postoperative, P < 0.01). Blood loss (P < 0.01) and operating time (P < 0.01) 
were significantly less than PFP. The complication rate was higher in the PFR 
group (28%) than in the PFP group (3.6%). The results also showed no dif-
ference in survival time between the two groups. Conclusion: PFP is an at-
tractive minimally invasive therapeutic option for proximal femur metasta-
sis that can significantly improve the patient’s quality of life in the short 
term. 
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1. Introduction 

Metastatic bone cancers always cause severe pain, particularly on moving [1]. 
The management of bone metastases requires a multidisciplinary staff who can 
administer systemic “non-invasive” treatments like radiotherapy, chemotherapy, 
targeted therapy, and bisphosphonates [2] [3] [4] [5] [6]. However, these 
“non-invasive” therapeutic regimens leave a high percentage of patients with 
inadequate or undermanaged pain control [7] [8] [9]. Therefore, “invasive” and 
“mini-invasive” treatments for proximal femur metastases have been recom-
mended and demonstrated to be effective for controlling cancer-related pain [2] 
[10] [11] [12]. As we known, a minimally invasive therapeutic option has specif-
ic advantages, and an effective and minimally invasive surgical technique are de-
sired for managing advanced cancer patients with severe bone pain who cannot 
tolerate major surgery or in patients in whom radiotherapy already has been in-
effective and who therefore have only the goal of pain relief. Percutaneous fe-
moroplasty (PFP) is being applied more frequently, and initial studies indicate 
that it may represent an effective method for managing proximal femur metas-
tases [13] [14] [15]. PFP is being applied in treatment of proximal femur metas-
tases by injecting cement into the bone. In the present study, we compared im-
portant clinical outcomes after percutaneous femoroplasty (PFP) versus proxim-
al femoral replacement (PFR) to demonstrate the advantages of PFP. 

2. Patients and Methods  

We retrospectively reviewed the records patients with a single proximal femur 
metastatic lesion treated with PFP or PFR in The Fourth Affiliated Hospital of 
Hebei Medical University from 2007-2014. The contraindications for surgery by 
either method were poor general condition and severe comorbidities that im-
peded the safety of surgery.  

PFR involved resection of the metastatic femoral head and neck, curettage of 
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any residual lesion (as much as possible in some patients) in the intertrochan-
teric areas, and then reconstruction with a hip prosthesis. Patients with patho-
logic fractures were excluded (Figure 1).  

PFP was carried out under X-ray or computed tomography (CT) guidance in 
all cases. Prior to PFP, patients with osteoblastic metastasis in the proximal fe-
mur or with an incomplete cortex around the lesion were excluded (Figure 2). 
Polymethylmethacrylate (PMMA; Mendec Spine High Barium Content Acrylic 
Resin, Tecres S.P.A, Italy) bone cement was mixed to a semi-liquid consistency 
and loaded into syringes before injection so that we could easily control the 
pressure and the amount injected.  

We identified 28 consecutive patients treated with PFP and 25 patients treated 
with PFR. The patient is randomly selected without additional requirements. 
Together these groups included 26 women and 27 men (53 lesions), with a mean 
age of 52.9 years (range, 28 - 81 years). The preoperative oncologic status of 
these patients with regard to primary cancer type, age, sex, and other characte-
ristics are summarized in Table 1. No patients were lost to follow-up, and no 
patients were recalled specifically for this study. All data were obtained from 
medical records and radiographs. 

Assessments of pain severity according to the visual analog scale (VAS) and of 
activities of daily life according to the Karnofsky Performance Scale (KPS) before 
surgery were made at baseline and then 3, 7, and 30 days as well as 6 months  
 
Table 1. Patient characteristics. 

Characteristic Value 

Age (years)  

Median 52.9 

Range 28 - 81 

Male sex, n (%) 26 (49) 

Primary cancer type, n (%)  

Breast 11 

Liver 13 

Lung 20 

Other 9 

Left or right, n (%)  

Left 26 (49) 

Right 27 (51) 

Previous treatment, n (%)  

Radiotherapy 20 (38) 

Chemotherapy 16 (30) 

Bisphosphonates 53 (100) 

Targeted therapy 5 (9) 
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Figure 1. Images of the lesion site of a 28-year-old female patient presenting with breast 
cancer and proximal femoral metastases: (a, b) preoperative X-ray images of femoral me-
tastasis; and (c, d) preoperative CT images. (e) Bone scintigraphy. (f) Postoperative X-ray 
images. 
 

 
Figure 2. Images of the lesion site in an 81-year-old male patient presenting with lung 
cancer and left proximal femoral metastasis: (a) preoperative CT image; (b) preoperative 
coronal magnetic resonance image; (c) preoperative X-ray image of left femoral metasta-
sis; (d) anteroposterior and (e) lateral X-ray images taken at the 6-month follow-up 
showing that the lesion site was filled with bone cement and no cement leakage could be 
detected. 
 
postoperatively by personnel qualified to collect such information. Other data 
such as blood loss and duration of the surgery were recorded individually. T 
tests were used for analysis of all data. Medical records and radiographic images 
for each patient were used to determine and analyze differences in the rates of 
complications according to χ2 tests. Survival time was calculated from the date of 
surgery to the date of death or loss to follow-up. The Kaplan-Meier survival 
curve method was used to estimate the overall survival (OS) rate, and the 
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log-rank test was used to evaluate differences in OS between the PFP and PFR 
groups. SPSS v20 statistical software (SPSS, Inc., Chicago, IL, USA) was used for 
all statistical analyses, and differences were considered significant if P was less 
than 0.05. 

This study complied with the Declaration of Helsinki and was approved by 
the Human Ethics and Research Ethics Committees of the Fourth Hospital of 
Hebei Medical University. The participating patient provided written informed 
consent. 

3. Results 
3.1. Complications and Operative Parameters  

The complication rate was higher in the PFR group (28%) than in the PFP group 
(3.6%; P < 0.05). The PFP group had 1 person and the PFR group had 7 persons 
with complications. No complications with serious consequences were observed 
in the PFP group. Two patients experienced PMMA leakage without a clinical or 
functional impact. During the surgery, in six cases, the needle was occluded 
during the filling process, and another needle had to be placed through the same 
entry site to complete the injection process. No serious complications such as 
respiratory failure, cardiac arrest, or death occurred in the PFR group either. In 
this group, complications included dislocations (n = 4, with one hip dislocating 
three times), superficial wound infection (n = 2), and one case of acetabular 
component aseptic loosening requiring revision (Figure 3). Blood loss (P < 0.05) 
and operative time (P < 0.01) were significantly less in the PFP group compared 
to the PRF group (Table 2).  
 

 
Figure 3. Images of the lesion site of a 28-year-old female patient (the same patient as in 
Figure 1) who underwent PFR and required revision due to acetabular component asep-
tic loosening: (a) 23-month follow-up X-ray showed acetabular aseptic loosening; (b) 
postoperative X-ray images after revision; and (c) 33-month follow-up (10 months after 
revision). 
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Table 2. VAS scores, KPS scores, complications, and operative parameters in the PFP and PFR group. 

 

VAS KPS 
Blood 
loss 
(ml) 

Complications 
Operating 

time 
(min) pre-op 

post-op 
pre-op 

post-op 

3 d 7 d 30 d 6 m 3 d 7 d 30d 6 m 

PFP 
M ± SD 

5.07 ± 1.68 

1.75 ± 0.97 

1.07 ± 0.71 

0.75 ± 0.59 

0.82 ± 0.61 

52.14 ± 14.49 

73.93 ± 9.94 

77.86 ± 9.17 

84.10 ± 6.94 

85 ± 6.80 

19.64 ± 9.12 
1 

30.7 ± 8.58 

P* -- 0.000 0.000 0.000 0.000 -- 0.000 0.000 0.000 0.000 

PFR 
M ± SD 

5.00 ± 1.63 

5.88 ± 0.97 

2.60 ± 1.04 

1.04 ± 0.61 

1.12 ± 0.52 

54.00 ± 14.43 

36.40 ± 7.57 

48.4 ± 6.07 

65.2 ± 11.94 

65.4 ± 12.41 

812 ± 367.79 

7 

168 ± 41 

P** -- 0.001 0.000 0.000 0.000 -- 0.000 0.078 0.002 0.002 

P*** 0.876 0.000 0.000 0.084 0.064 0.062 0.000 0.000 0.000 0.000 0.000 0.013 0.000 

3.2. Pain Relief and Activities of Daily Living 

The preoperative VAS and KPS scores did not differ significantly between the 
groups (PVAS = 0.88 and PKPS = 0.06; Table 2 and Figure 4 and Figure 5). All pa-
tients experienced a significant reduction in pain intensity at 7 - 30 days after 
surgery (P < 0.01). However, in the PFP group, patients’ quality of life was sig-
nificantly improved, as measured by the KPS, at the earliest follow-up after sur-
gery (pre-operative to 3 days post-operative, 52.14 ± 14.49 to 73.93 ± 9.94, P < 
0.01), and the higher KPS scores were maintained at the last follow-up. In con-
trast, the patients who underwent PFR suffered an immediate decrease in quality 
of life (pre-operative to 3 days post-operative KPS, 54.14 ± 14.43 to 36.40 ± 7.57; 
P < 0.01). KPS scores in this group then improved (30 days post-operative, 65.20 
± 11.94, P < 0.05 vs. pre-operative) and were stable at last follow-up (6 months, 
65.4 ± 12.41). 

3.3. Complications and Operative Parameters  

The complication rate was higher in the PFR group (28%) than in the PFP group 
(3.6%; P < 0.05). No complications with serious consequences were observed in 
the PFP group. Two patients experienced PMMA leakage without a clinical or 
functional impact. During the surgery, in six cases, the needle was occluded 
during the filling process, and another needle had to be placed through the same 
entry site to complete the injection process. No serious complications such as 
respiratory failure, cardiac arrest, or death occurred in the PFR group either. In 
this group, complications included dislocations (n = 4, with one hip dislocating 
three times), superficial wound infection (n = 2), and one case of acetabular 
component aseptic loosening requiring revision (Figure 3). Blood loss (P < 0.05) 
and operative time (P < 0.01) were significantly less in the PFP group compared 
to the PRF group (Table 2).  
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Figure 4. VAS scores in the PFP and PFR groups throughout the study period. 

 

 
Figure 5. KPS scores in the PFP and PFR groups throughout the study period. 

3.4. Survival Time  

The mortality rate was high in both groups over the mean follow-up for the en-
tire series of 15 months (range, 3 - 36 months). The mean survival times in the 
PFP and PFR groups were 15.7 ± 1.5 months and 16.3 ± 1.9 months, respective-
ly, with no significant difference between the groups during the study period (P 
= 0.83). For the overall study population, the OS rate was 88.68% at 6 months 
and 59.27% at 1 year after surgery (Figure 6). 

4. Discussion 

In this retrospective study of patients with proximal femur metastases, PFP pro-
vided more immediate pain relief and significantly increased quality of life than 
PFR without increasing mortality. 

The strengths of the present study include that no patient was lost to fol-
low-up and all operations in both groups were performed by the same surgeon. 
Until now, numerous reports have been published on the subject of proximal 
femur metastasis treatment, but there has been a lack of retrospective studies  

https://doi.org/10.4236/ojo.2018.810038


J. M. Zhang et al. 
 

 

DOI: 10.4236/ojo.2018.810038 358 Open Journal of Orthopedics 
 

 
Figure 6. Kaplan-Meier curves for OS in the PFP and PFR groups. 

 
comparing the effectiveness of the two techniques. Such a retrospective fol-
low-up is important due to the increasing incidence of cancer metastasis, espe-
cially in the proximal femur. 

Proximal femur metastases usually cause pain and can result in pathologic 
fractures that impede patients’ ambulation and decrease their activity level and 
quality of life. The conventional non-invasive treatment options, including 
chemotherapy, bisphosphonates, targeted therapy, and radiation therapy, offer 
inadequate pain control in many patients and are of limited value for the pre-
vention of the pathologic fractures [6] [7] [8] [9]. When a pathological fracture 
occurs, pain is intensified [16], and without surgical intervention, the patients 
are bed-ridden and at a greater risk for many complications, resulting in shorter 
survival times and diminished quality of life [17]. Therefore, invasive surgical 
treatment is indicated and recommended for patients with proximal femur me-
tastases [18] [19]. The conventional surgical techniques are effective for pre-
venting pathologic fracture and relieving bone pain [20]. However, as the use of 
PMMA bone cement increases, cementoplasty is more commonly applied to 
manage painful bone metastases outside the spine and overcome some difficul-
ties that conventional surgical techniques cannot perfectly manage [21].  

As an extension of percutaneous vertebroplasty (PVP), PFP can provide im-
mediate and stable pain relief [14] [15] [22], and biomechanical studies have 
demonstrated that PFP can strengthen mechanical stability for patients with fe-
moral metastases [23] [24] [25]. Moreover, PFP offers the advantages of being a 
minimally invasive surgery with low requirements for patients’ cardiopulmonary 
function. Although some relative contraindications still exist such as serious de-
ficiencies in liver and kidney function, local infection, and allergy to bone ce-
ment, a wider range of patients still are eligible to receive surgical treatment via 
PFP compared to conventional surgical treatments [26]. The results of our 
present study are consistent with those of previous studies in that patients 
treated with PFP experienced pain reduction and improved quality of life soon 
after surgery [13] [14] [21]. These results show that PFP can lead to satisfactory 
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physical rehabilitation, allowing patients to perform basic daily activities. Fur-
thermore, it is important to mention that all patients in the present study also 
received some specific oncologic treatment such as chemotherapy, radiotherapy, 
and bisphosphonates. Although studies have shown that these types of therapy 
can improve patients’ quality of life and offer better pain control. However, these 
methods neither have an immediate curative effect nor effectively repair the loss 
of mechanical stability caused by bone metastases [20] [27]. In contrast, the 
outcomes in our series, which suggest the effectiveness of PFP, show that im-
provements in VAS and KPS scores were seen within only 1 week after interven-
tion.  

Because we tested a relatively new surgical technique, we also assessed the as-
sociated complications. In our short-time follow-up period, the most frequent 
complication in the PFP group was cement leakage (n = 1, rate = 3.6%), which 
caused neither significant clinical symptoms nor an increase in the occurrence of 
other complications. As previously reported [20], although PFR is effective for 
treating proximal femur metastases, the high rate of postoperative complications 
is still troublesome. In addition to a lower rate of postoperative complications 
observed in our study, PFP was also associated with significantly less blood loss 
and operative time compared to PFR, indicating that PFP is a less difficult oper-
ation. Notably, no patients in either group experienced post-operative fracture, 
and one possible reason is the short OS after treatment.   

The poor survival of patients with bone metastases is an important considera-
tion in treatment planning. Once metastatic tumors are diagnosed, patients have 
advanced disease, and thus, even with recent advances in treatment for primary 
cancers, the survival of patients with bone metastases remains poor [28] [29]. 
Considering the patient’s short life expectancy, the major goals of treating bone 
metastases should be the alleviation of pain, prevention of impending patholog-
ical fracture, and improvement in quality of life, beyond just aggressively re-
moving the local bone metastases. The outcomes in our study demonstrate that 
PFP is an effective option for decreasing pain intensity and can also improve pa-
tients’ quality of life immediately without causing a difficult short-term recovery 
period. Furthermore, OS did not differ between the groups. Therefore, PFP may 
represent not only a surgical alternative for the management of femoral metas-
tases but also a shift in clinical thinking towards terminal cancers. 

Inherent limitations of the present study include: 1) the small number of pa-
tients and short follow-up period; 2) the lack of clear and complete criteria 
guiding PFP; and 3) variation in the tumor region. Therefore, randomized con-
trolled trials with long-term follow-up and a large sample size are needed.  

When to choose PFP: Patients must have steady vital signs, without severe 
heart disease, severe lung disease, or topical inflammation and ulceration. The 
lesion site must be mainly osteolytic damage, and the cortex around the lesion 
must be complete, especially in the calcar femoral. A pathological fracture can-
not be present. This method is not suggested to be applied to osteoblastic metas-
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tases. As a great amount of bone cement is injected into the topical position, it 
should be done before the bone cement becomes sticky. Pulse oximetry must be 
monitored closely to avoid pulmonary embolism. Given that bone cement lea-
kage is possible in PFP, once it occurs, the needle should be repositioned under 
X-ray or CT guidance to prevent further leakage. 

5. Conclusion  

The results in our patient series suggest that PFP, a percutaneous cement place-
ment analogous to vertebroplasty, may be a good therapeutic option for patients 
with metastatic bone disease of the proximal femur. PFP can significantly im-
prove patients’ quality of life and relieve bone pain rapidly while also preventing 
pathologic fracture and not reducing OS. Thus, PFP may be an attractive surgic-
al treatment for patients with proximal femur metastasis. 
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