
Background: Vertebral augmentation (VA) techniques such as vertebroplasty and kyphoplasty are 
increasingly performed minimally invasive procedures for osteoporotic or malignant compression 
fractures (MCFs) and involve injection of polymethylmethacrylate (PMMA) cement directly into a 
compressed vertebral body.  

Objective: This article will evaluate the efficacy of VA in relieving fracture-related pain.  We also 
intend to identify procedural and clinical variables that could potentially influence outcomes in this 
population. In the subset of patients with cancer who received both external beam radiation therapy 
(EBRT) and VA, we will assess the impact of the treatment sequence on pain outcomes. 

Study Design: We performed a retrospective analysis of 201 cases of patients with cancer and 
MCFs who underwent one or more vertebral augmentation procedures at our institution between 
2003 and 2009. The majority of cancers represented were multiple myeloma, metastatic lung cancer, 
and metastatic breast cancer. The primary outcome measure was pain relief, as measured by the Visual 
Analog Scale and a 4-point pain scale.

Setting: We present an institutional experience at an academic medical center of 201 cases of MCFs. 

Methods: We compiled an institutional database of vertebroplasty and kyphoplasty cases using paper 
and electronic medical records. Our data collection methodology has been previously reported and 
includes variables such as procedure dates, gender, age, type of malignancy, fracture etiology, history 
of cancer treatment, type of procedure performed, vertebral level treated, the number of levels treated 
per procedure, complications, and follow-up information on pain response. The updated dataset 
incorporates new variables including information on pain medications and standardized questionnaires 
such as the Visual Analog Scale (VAS) for pain and the Roland Morris Disability Questionnaire (RMDQ). 

Results: In the 201 cases of MCFs, a total of 316 vertebral levels were treated with either 
vertebroplasty or kyphoplasty. Follow-up data on pain relief was available for 190 out of 201 cases 
(95%). Among this subgroup, 168 cases (88%) with MCFs responded. Thirty-nine percent (39%) 
of the time patients experienced complete pain resolution. In only 4% of cases did patients  report 
worsening of their fracture-related pain post-procedure. There was no difference in pain outcomes 
with regard to sequencing of EBRT and VA.

Limitations: One of the limitations of our analysis is that it did not evaluate the effect of pain 
improvement or resolution before and after EBRT alone and on activities of daily living in the majority 
of patients. However, one of the main goals of this analysis is to address previous limitations. We 
attempt to standardize outcome measures by using the Visual Analog Scale (VAS) for pain and the 
Roland Morris Disability Questionnaire (RMDQ). 

Conclusion: A multimodality approach for the management of MCFs includes VA procedures. The 
majority of patients with MCFs have excellent palliation with this approach. In patients who receive 
both EBRT and VA, the sequence in which they are given does not affect pain improvement outcomes.
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(3,15,16,21-37). 
There are few absolute contraindications to ver-

tebral augmentation. Several studies report pain re-
lief of greater than 75% in patients with metastases 
(16,33,38,39). Relative contraindications include epi-
dural extension of bone metastases, cord impingement, 
and osetoblastic metastasis; however, percutaneous 
vertebroplasty performed by an experienced physi-
cian has been shown to be safe and may benefit the 
patient even if the pain relief is less than that seen in 
a simple osteoporotic fracture (38). Radiotherapy can 
provide pain relief in 75% of patients but can take up 
to 2 weeks before pain relief is experienced depending 
on the radiosensitivity of the tumor (40). 

Other more recent randomized controlled trials 
question the efficacy of vertebral augmentation in alle-
viating noncancerous fracture-related pain and disabil-
ity (41,42). In this analysis, we present an institutional 
experience at an academic medical center of 201 cases 
of malignant compression fractures (MCFs), i.e., VCFs 
with documented metastatic disease in the vertebral 
bodies, to evaluate the efficacy of vertebroplasty and 
kyphoplasty in relieving pain from these fractures. Jha 
et al (35,43) have previously discussed successful pain 
relief in both malignant and osteoporotic compression 
fractures in a smaller subset of patients belonging to 
this database. We would like to further our analysis by 
looking at the data more critically, i.e., assessing pain 
resolution in the context of opioid use and using a 
more standardized approach for the primary outcomes: 
pain (Visual Analog Scale) and disability (Roland Morris 
Disability Questionnaire). In the subset of patients with 
cancer who received both EBRT and VA, we determined 
the effect of the treatment sequence on pain outcomes. 

Methods

Data Collection
We compiled an institutional database of 201 ver-

tebroplasty and kyphoplasty cases performed between 
May 2003 and June 2009. Our data collection method-
ology and analysis of initial cases has been previously 
reported. We identified additional cases with MCFs 
yielding a total of 201 cases. During these procedures, 
316 vertebral levels were treated with vertebral aug-
mentation. In 57 cases, patients also received a course 
of palliative EBRT to the spine.

We collected data on procedure dates, gender, 
age, type of malignancy, fracture etiology, history of 
cancer treatment (including time and dose of radiation 

The skeletal system follows the lung and liver 
as the most common site of cancer metastases 
(1,2). Within the skeletal system, the vertebral 

column is the most common site for bone metastases, 
affecting up to 70% of patients with cancer, followed 
by the pelvis, femur/hip and skull (2). Regarding specific 
locations in the spinal column, 60-80% of metastatic 
vertebral lesions involve the thoracic spine, 15-30% 
involve the lumbar spine, and less than 10% affect the 
cervical spine (1) Bony metastases gradually weaken 
the structural integrity of the vertebral bone through 
osteoblastic and/or, more commonly, osteoclastic 
activity, and can eventually result in collapse of the 
vertebral body, leading to a vertebral compression 
fracture (VCF) (3,4). Osteolytic lesions and the resulting 
bone degradation have a higher risk of VCFs than 
osteoblastic lesions (5,6). VCFs occur in up to 90% of 
patients with multiple myeloma (7), and in up to 30% 
of patients with bone metastases from other cancers, 
most frequently breast, lung, and thyroid cancer (8,9). 

Symptomatic VCFs usually result in focal or later-
ally radiating back pain which can be debilitating and 
result in decreased physical activity and increased mor-
bidity (10). Conservative treatment of malignant VCFs 
includes bed rest, orthotic braces, nonsteroidal anti-
inflammatory drugs (NSAIDs), and opioid medications. 
The challenge is that such options can result in further 
immobilization which may cause accelerated bone re-
sorption and an increased risk of a new fracture, pneu-
monia, deep venous thrombosis, and decubitus ulcers, 
and may not adequately address chronic pain (11-13). 
It is thought that injecting polymethylmethacrylate 
(PMMA) into a vertebral body causes necrosis and 
thermal damage to the tumor through a hardening 
process of the bony cavity. This stabilizes the fracture 
and provides analgesia simultaneously. Percutaneous 
vertebral augmentation is increasingly used as aggres-
sive management for pain relief in addition to chemo-
therapy (depending on the primary tumor histology), 
surgery, and external beam radiation therapy (EBRT) 
(8,11,14-16). 

Vertebral augmentation (VA) is a generic term 
that is used to describe a number of minimally invasive 
spine treatments, including vertebroplasty and kypho-
plasty that deliver PMMA bone cement into the frac-
tured vertebral body via percutaneous needles (17-22). 
There are a number of studies that have shown that 
vertebroplasty and kyphoplasty are rapid, safe, durable 
and effective palliative treatments for metastatic VCFs 
and interest in these procedures has been increasing 
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therapy wherever applicable), pain medications, type 
of procedure performed (vertebroplasty, kyphoplasty), 
vertebral level treated (thoracic, lumbar), the number 
of levels treated per procedure, procedural notes (com-
plications), and follow up information (dates and out-
comes) including the Visual Analog Scale (VAS) for pain 
and the Roland Morris Disability Questionnaire (RMDQ). 

All data were obtained through paper and elec-
tronic medical records. The retrospective study was in-
stitutional review board-approved, and data collection 
and analyses were conducted in accordance with Health 
Insurance Portability and Accountability Act guidelines.

Outcome measures
The primary outcome measures were pain relief 

experienced after the VA procedure, disability improve-
ment, and reduction in pain medications. This infor-
mation was collected from our institutional electronic 
medical records and patient charts for VAS and RMDQ 
scores. The time of patient follow-up in relation to the 
procedure was also noted.

The preferred measure of documenting pain was 
the standard VAS pain scale. If this information was un-
available, as was common in procedures performed be-
fore 2007, 2 additional outcome measures were used as 
described and implemented by Jha et al (35). As previ-
ously reported, the first was a dichotomized system that 
categorized patients as “responders” (those who expe-
rienced improved or resolved pain after the procedure) 
versus “non-responders” (those who had no change or 
worsening of pain after the procedure). The second out-
come measure built upon the dichotomized system and 
further stratified patients on a 4-level pain scale. This 
pain scale categorized patients by those who experi-
enced resolution of VCF-related pain (level 1), improve-
ment in fracture-related pain (level 2), no change in 
pain (level 3), and worsening of pain (level 4) after the 
procedure. Disability improvement was also quantified 
using RMDQ on a scale of 0-24 points when available. 

A pain medication score for each case was calcu-
lated pre- and post-procedure according to the follow-
ing 5-point scale: 0 = no medications, 1 = NSAIDs and 
over-the-counter drugs, 2 = short-acting opioids, 3 = 
long-acting opioids, 4 = pump, patch, or IV medication. 

Statistical Analyses
Variables analyzed included gender (male or fe-

male), age, age category by decade, type of procedure 
performed per case (vertebroplasty, kyphoplasty, both), 
vertebral region treated per case (thoracic, lumbar, 

both), number of vertebral levels treated per case, 
treatment with EBRT, sequence of EBRT in relation to 
the VA procedure, pain relief, disability improvement, 
and pain medications. Descriptive statistics included 
mean, median, standard deviation, and range for con-
tinuous and ordinal variables, or frequencies and per-
centages for nominal variables.

Logistic regression models were used to estimate 
association of outcome with each variable of interest, 
using positive response as the binary outcome. A mul-
tiple logistic regression was selected using a forward 
stepwise selection procedure with entry criterion P < 
0.10. Independent sample t-tests and the rank sum test 
were used to compare means (respectively medians) of 
continuous or ordinal outcomes between groups. For 
data that were paired via pre- versus post-procedure, 
the signed rank test was used to compare median 
change in pain relief (VAS) and disability (RMDQ); simi-
larly McNemar’s test was used to compare change in 
pain medication use. All hypothesis tests were 2-tailed 
with significance level 0.05, and analyses were conduct-
ed using SAS v9.1 (SAS Institute, Cary, NC) and MedCalc 
v11.0 (MedCalc Software, Mariakerke, Belgium). 

Results 
Two hundred one cases of MCFs comprising a total 

of 316 vertebral levels were treated with either verte-
broplasty or kyphoplasty. As observed previously, the 
majority of compression fractures occurred at the tho-
racolumbar junction, with T11-L3 accounting for 54.4% 
of all treated levels (Fig.1). The distribution of compres-
sion fractures by type of cancer show that 68% of doc-
umented MCFs had multiple myeloma, breast cancer, 
or lung cancer. This particular variable in part reflects 
somewhat unique institutional referral patterns. Un-
like osteoporotic compression fractures, in patients 
with cancer there was a fairly even distribution of MCFs 
between male and female patients (Fig. 2). None of the 
patients required re-treatment of the same vertebral 
level. There were no procedural complications in this 
cohort of patients. 

Eighty-eight percent (88%) of MCFs were re-
sponders. The distribution of responders by subgroup 
is shown in Fig 2. Thirty-nine percent (39%) of cases 
with MCFs experienced complete pain resolution. In 
only 4% of cases did patients report worsening of their 
fracture-related pain post-procedure. Follow-up time 
ranged from one week to more than one year, with 
most patients following up within 6 months. 

 Eighteen cases had confirmed VAS scores both 
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Fig. 1. Distribution of  MCFs by vertebral level (n = 316 levels). 
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Fig 3. Change in Visual Analog Scale scores before and after VA among n=18 cases. The median improvement is 2 points out of  
10 (signed rank P = 0.0001). 
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pre- and post-procedure (Fig.3). The median change in 
pain relief scores was 2 points out of 10 (signed rank P = 
0.0001). Similarly, 18 procedures had confirmed Roland 

Morris Disability scores at both time points (Fig 4). The 
median improvement was 4 points on a scale of 0-24 
(signed rank P = 0.02). 
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Median: 4Fig. 4. Improvement in scores on the Roland Morris Disability Questionnaire (RMDQ) among n = 18 patients. The median 

improvement is 4 points out of  24 (signed rank P = 0.02). 



Fig. 5. Distribution of  pain medication scores documented for n = 171 patients before the procedure and n=114 patients after the 
procedure (rank sum P = 0.66).
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Pain medications were documented for 171 (85%) 
cases before the procedure and 114 cases (57%) post 
procedure. (Fig. 5) There was no significant change in 
score (Mann-Whitney P = 0.66). However, for the sub-
group of cases with confirmed medications both pre- 
and post-procedure, there was a trend towards non-
opioid medications (McNemar P = 0.07) (Fig. 6). 

Fifty-seven cases with MCFs were also treated with 
EBRT, 49 of 57 (86%) received EBRT before VA and 8 of 
57 (14%) received EBRT after VA. (Fig 7). Follow-up data 
were available for 52 of 57 cases (91%) and the differ-
ence in distribution of pain outcomes between groups 
defined by timing of radiation therapy relative to ver-
tebral augmentation (Fig 8) was not statistically signifi-
cant (Fisher P = 0.16) . In 4 cases, patients who received 
EBRT before VA had no change in pain symptoms, and 
another 2 patients reported that the pain was worse. 

Responders versus non-responders
In patients with MCFs, each 10-year increase in age 

resulted in higher odds of positive response (odds ratio 
[OR] 1.46, P = 0.10). No other variables had a statistically 
significant effect on the odds of positive response (Fig 2). 

Pain improvement versus pain resolution 
Eighty-eight percent of the time, patients with 

MCFs were responders (Fig. 2) and we further catego-
rized this group into complete pain resolution (39%) 
versus those who reported improvement in pain post-
procedure, but still had intermittent residual discom-
fort (61%). 

In patients with MCFs, the odds of pain resolution 
was higher in patients with lung cancer (OR 3.33, P = 
0.06) and multiple myeloma (OR 2.51, P = 0.12). 

discussion

Compression fractures are a major cause of malig-
nant bone pain and decreased quality of life. Symptoms 
may eventually progress to include neurologic dysfunc-
tion including motor weakness, sensory loss, or loss of 
sphincter control (8). Given the debilitating nature of 
the pain and morbidity caused by MCFs, coupled with 
an improvement in survival of patients with cancer and 
a demographic shift toward a more elderly population 
(44,45), it is becoming increasingly important to ad-
dress issues of pain control, neurological compromise, 
and functional support in the management of these 
patients. 

This retrospective analysis evaluated pain outcomes 
in 201 cancer cases treated with vertebroplasty and/or 
kyphoplasty for MCFs. After having increased the num-
ber of cases from our previous dataset, reported by Jha 
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Fig. 6. Distribution of  pain scores for n=109 patients with confirmed pain medications both before and after the procedure. There 
is a trend towards non-narcotic medications post procedure (McNemar P = 0.07). 
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et al (43), this is now one of the largest reported series 
assessing these outcomes in MCFs. The vast majority of 
patients with MCFs were responders to VA treatment 
and experienced either improvement or resolution of 
their pain symptoms. 

There were certain patient characteristics that 
influenced pain outcomes in a statistically significant 
manner. Jha et al (35) had reported that age was a 
statistically significant predictor of response to treat-
ment where older patients had an increasing likeli-
hood to respond to treatment. However, our analy-
sis, both univariate and multivariate, suggests only a 
trend towards positive response among older patients 
but no statistically significant result (P = 0.10). The 
type of cancer did not significantly influence response 
to treatment. Within each cancer diagnosis, greater 
than 87% of patients reported a positive response to 
treatment. Cancer type was associated with pain im-
provement versus resolution (Table 4), although this 
association was not significant. Patients were less like-
ly to experience complete pain resolution with lung 
cancer (P = 0.06) or multiple myeloma (P = 0.12). We 
hypothesize that patients with multiple myeloma or 
lung cancer tend to be in poorer health with a higher 
occurrence of comorbidities. These patients also have 

an overall poorer prognosis compared to patients with 
some other cancers analyzed in this study, e.g., breast 
cancer (46-48). We studied pain relief in patients who 
received successive EBRT; however, the differential use 
of bisphosphanates on outcomes of vertebral aug-
mentation in different types of cancers has not been 
examined and would be an interesting avenue for fu-
ture research.

MCFs have been treated with a variety of pallia-
tive techniques, including chemotherapy and EBRT, 
depending on the histology and volume of the dis-
ease (10,49). Surgery, on the other hand, is commonly 
reserved for patients with impending or actual neu-
rologic dysfunction. While these treatments might 
be effective, they are associated with limitations, 
including longer response time (2 weeks or longer), 
weakening of underlying bone after shrinkage of the 
space-occupying lesion, and variable ability to ad-
dress the underlying mechanical abnormality of the 
compressed bone. Furthermore, radiotherapy is not 
sustainable in the long run as radiation dose is lim-
ited by spinal tolerance. In contrast, VA works quickly 
by providing structural support via the placement of 
cement, resulting in nearly immediate pain relief. 
This minimally invasive approach also reduces mor-

Fig. 8. Distribution of  pain outcomes by timing of  XRT relative to procedure, among n=52 patients who received both radiation 
therapy (XRT) and a vertebral augmentation procedure.
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bidity by minimizing damage to normal tissue and 
by speeding up recovery times compared to conven-
tional surgeries. In the event that VA is performed 
prior to EBRT, it is thought that the cement (PMMA) 
has a cytotoxic and thermal effect on tumor cells. The 
clinical benefit of VA in patients with cancer has led 
to early reports of extra-vertebral approaches with 
promising results seen in the acetabulum and other 
extra-vertebral sites (50,51).

Palliation of MCFs requires mechanical stabiliza-
tion of the spine in addition to treatment of the tu-
mor within the vertebral body (44), both of which can 
be achieved by a combination treatment of EBRT with 
VA (49). A recent paper by Gerszten et al (52) suggests 
that a combination of transpedicular cavitation, ce-
ment augmentation, and focal radiosurgery provided 
long-term pain improvement and radiographic tumor 
control. Other randomized controlled trials (RCTs) have 
also demonstrated that surgery plus postoperative 
radiotherapy is more effective in treating spinal cord 
compression as a result of metastatic cancer than ra-
diotherapy alone, enabling more patients to walk and 
for a longer period of time (53). Treating these patients 
with EBRT first allows for tumor shrinkage and may en-
able these patients to become candidates for VA if sur-
gical decompression is initially contraindicated. Tumor 
shrinkage prior to VA also reduces the risk of tumor 
dissemination during pressurized cement injection. In 
our dataset, the timing of EBRT, either before or af-
ter VA, did not significantly impact outcomes of these 
procedures. 

Alternative radiation modalities in combination 
with VA including spinal radiosurgery, intracavitary 
samarium, radioisotopes, or plasma-radiation radiofre-
quency ablation have been reported with promising 
results (54-57). 

While vertebral augmentation is the standard 
treatment for compression fractures, recent multi-
institutional RCTs demonstrated equivalence of ver-
tebroplasty with a sham procedure in terms of pain 
and pain-related disability (41,42). However, neither 
Buchbinder et al (42) nor data from the INVEST tri-
al (41) included patients with MCF and as discussed 
above, the treatment goal for MCFs is quite different 
from that of osteoporotic compression fractures. The 
cohort study by Jha et al (43) clearly delineates the 
importance and effectiveness of VAs as part of a mul-
tidisciplinary approach to treating MCFs. 

The major limitation of our study is that it is a ret-
rospective analysis of patients with cancer undergoing 

vertebral augmentation procedures. It is well known 
that it is not only impossible, but unethical to perform 
a randomized, double-blind placebo-controlled trial of 
vertebral augmentation in malignant vertebral com-
pression fractures. Thus, most of the data is derived 
from observational studies for such therapy and con-
ditions. Thus, observational studies are of importance 
in all conditions except when there is overwhelming 
data available to randomized trials and systematic re-
views of randomized trials (58-61). Even then, modern 
medicine while paying only lip service to observational 
studies, continues to describe the importance of obser-
vational studies and their legitimate role in evidence-
based medicine (62-71). Thus, we believe that the study 
is appropriate in the format presented to provide evi-
dence in managing malignant vertebral compression 
fractures.

One of the other limitations of our analysis is that 
it did not evaluate the effect of pain improvement or 
resolution pre- and post-EBRT alone. It is difficult to 
delineate whether patients benefited from EBRT, ver-
tebral augmentation, or both. Collecting pain scores 
at 3 separate time points (before EBRT, after EBRT, and 
after subsequent vertebral augmentation) would help 
us document a sequential improvement in pain relief. 

Another main goal of this paper was to address 
previous limitations. We attempted to be as compre-
hensive as possible in standardizing outcome measures 
by relying little on the tailored 4-point pain scale and 
more on VAS scales and RMDQ questionnaires. If the 
VAS and RMDQ scores were not documented online, 
care was taken to follow up with paper charts. Unfortu-
nately, scores pre- and post-augmentation were avail-
able for only 18 patients, but in this subset pain and 
disability improvement was significant (signed rank P 
= 0.0001 and P = 0.02 respectively). In addition, we col-
lected data on each patient’s pain medications as this 
can significantly alter their perception of pain. There 
was a trend toward non-opioid medications, further 
supporting the palliative goal of vertebral augmenta-
tion procedures. 

conclusion

This analysis corroborates that VA provides effec-
tive pain relief and disability improvement for symp-
tomatic MCFs in the majority of patients. Based on 
these results, as well as the safety of this procedure and 
faster recovery times compared to conventional surger-
ies, we believe that VA is an integral part of treatment 
offered to patients with cancer who have MCFs. It not 
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only helps to alleviate pain, but also addresses the un-
derlying cause and stabilizes the fracture. Longer-term 
palliation is best achieved using a multimodal approach 
of augmentation and radiotherapy. Further large pro-
spective studies and randomized controlled trials are 
warranted to support the safety and efficacy of these 
procedures in relieving pain and improving the quality 

of life in patients with cancer who have documented 
MCFs. 
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