
Background: Osteoporosis with subsequent osteoporotic vertebral compression frac-
tures is an increasingly important disease due not only to its significant economic impact 
but also to the increasing age of our population. Pain reduction and stabilization are of 
primary importance with osteoporotic vertebral compression fractures. Although many 
patients heal with conservative treatment consisting of rest or activity modification, anal-
gesics, and bracing, the management of severe pain compels some patients to seek sur-
gical intervention via 2 procedures: vertebroplasty and kyphoplasty. Although there is 
abundant support in the literature for both procedures, there remains debate over which 
procedure can most successfully reduce patients’ perception of pain. 

Objective: To determine the amount of pain reduction using the visual analog scale 
(VAS) with kyphoplasty and vertebroplasty in the treatment of osteoporotic vertebral com-
pression fractures.

Design: Meta-analysis

Methods: A systematic review and meta-analysis of the available literature was per-
formed to quantify the amount of pain reduction using the visual analog scale (VAS) be-
tween vertebroplasty and kyphoplasty for osteoporotic vertebral compression fractures. 

Results: Twenty-one studies, 14 vertebroplasty and 7 kyphoplasty, qualified for inclusion 
representing totals of 1,046 vertebroplasty and 263 kyphoplasty patients treated, respec-
tively. Kyphoplasty and vertebroplasty resulted in a more than 5 point drop in the VAS in the 
immediate postoperative period (p<0.00001). Between the two, the difference in early pain 
relief was not significant. At final follow-up, the long-term VAS was improved for both pro-
cedures, but the final follow-up VAS for vertebroplasty and kyphoplasty was not significant 
when compared to the initial postoperative VAS (p=0.25, p=0.38, respectively). 
 
Conclusions: The analysis demonstrates that both procedures reduce the amount of 
pain in the immediate postoperative period by approximately 50%. Both procedures re-
duce pain in symptomatic osteoporotic vertebral compression fractures that have failed 
conservative treatment. Randomized controlled trials are needed to provide definitive data 
on which procedure is the most effective for vertebral compression fractures. 
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The World Health Organization (WHO) has 
recently identified the need for a global 
strategy for prevention and control of 

osteoporosis (1). Once viewed as an inescapable 
consequence of aging, osteoporosis is an increasingly 
important disease due not only to its significant 
economic impact but also to the increasing age of our 
population. Estimates in 1995 attributed health care 
expenditures related to osteoporotic fractures at $13.8 
billion (2). This expenditure and the 700,000 estimated 
number of vertebral fractures each year in the U.S. 
will likely increase in accordance with our elderly 
population, which by the year 2030 will exceed 20% of 
the U.S. population (3,4). Thus, osteoporotic vertebral 
compression fractures constitute an important public 
health concern. 

Pain reduction and stabilization is of primary 
importance with osteoporotic vertebral compression 
fractures. Many patients heal with conservative treat-
ment consisting of rest or activity modification, an-
algesics, and bracing. For those patients with severe 
recalcitrant pain, vertebroplasty and kyphoplasty are 
alternative treatment options for the management of 
severe pain. Initially reported by Galibert et al in 1987, 
vertebroplasty involved the destruction of an angioma 
through consolidation of the vertebral column by per-
cutaneous injection of acrylic cement¬¬ (5); however, 
vertebroplasty is now commonly used in treatment of 
painful osteoporotic vertebral compression fractures 
(6). Kyphoplasty involves the use of an inflatable bone 
tamp that when introduced into the vertebral body, 
restores vertebral height and forms a space for injec-
tion of acrylic cement (7). 

There is debate over which procedure can most 
successfully reduce patients’ perception of pain. In 
this study, we conduct a systematic review and meta-
analysis of the available literature in order to quantify 
the amount of pain reduction between vertebroplasty 
and kyphoplasty for osteoporotic vertebral compres-
sion fractures. 

Methods

Prospective and retrospective clinical trials that 
met certain inclusion criteria were analyzed in this 
meta-analysis. The inclusion criteria were: a) all peer-
reviewed English literature up to April 2007, b) diag-
nosis of osteoporotic vertebral compression fractures 
as the major study population (studies exclusively 
examining osteolytic tumors were excluded), c) treat-
ment included vertebroplasty or kyphoplasty only, and 

d) use of the visual analog scale (VAS) as an objective 
measure of pain. Although the far majority of studies 
reported using a VAS, the studies actually used a nu-
merical rating scale (ordinal scale 0 – 10). A few stud-
ies did use an actual VAS (continuous scale 0-100). The 
studies that used the continuous scale were excluded 
from the analysis due to the fact that fewer studies 
used this scale. Although these two scales provide 
similar information in regards to pain perception, one 
cannot be substituted for the other (8). We initially 
also included articles measuring functional outcomes 
in patients after either procedure, but the reported 
data on functional outcomes was limited and varied. 
Therefore, we were unable to do an accurate and reli-
able meta-analysis for functional outcome data. 

We performed computerized searches, in dupli-
cate, of online databases PubMed MEDLINE and OVID 
MEDLINE with the following terms: “vertebroplasty,” 
“kyphoplasty,” and “compression fracture,” as well as, 
searched the Cochrane Center Register of Controlled 
Trials. Additionally, a manual search of English scien-
tific literature was performed by cross-checking the 
bibliographies of selected articles. From the selected 
articles, data extraction included: a) VAS obtained pre-
operatively, initial postoperatively, and final follow-up 
(minimum 6 months), b) type of compression fracture, 
c) mean age, and d) gender. 

All identified studies were reviewed by all of 
the authors. Using the pre-established inclusion cri-
teria, each article was evaluated for inclusion or ex-
clusion from the meta-analysis. Any disagreements 
between the authors were resolved by discussion 
to reach a consensus. If the articles did not report 
mean VAS and/or the standard deviation, then the 
authors were contacted to try and obtain the cor-
rect data. The outcome measures were recorded in 
a spreadsheet and checked by the authors to ensure 
that they were accurate and correct. These mea-
sures were then entered into The Cochrane Collab-
oration’s Review Manager (RevMan version 4.2) and 
cross-checked. Only studies with reported mean and 
standard deviation were included in the statistical 
analysis. Preoperative, initial postoperative, and fi-
nal follow-up VAS were reported as weighted mean 
difference using the random effect model. The mean 
difference in VAS between specific groups was used 
to calculate weighted mean difference (WMD). A 
test for heterogeneity was performed using the Chi-
square and a test for overall effect was performed 
using a student’s t test. 
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Results

The analysis yielded a total of 21 articles eligible 
for analysis (9-29). The 20 studies, 14 vertebroplasty 
and 7 kyphoplasty, that qualified for inclusion rep-

resented a total of 1,046 vertebroplasty and 263 ky-
phoplasty patients treated, respectively. A list of the 
accepted studies for the meta-analysis is provided in 
Table 1. 

Kyphoplasty          
Group

# 
of  
Pts

Study
Preop 
VAS

Postop 
VAS (2 

days; 1-30 
days)

Final Follow-
up VAS (1.25 
yrs; 1-2 yrs)

Mean 
Age

Female Male Osteoporosis
Tumor/ 

Metastasis

Berlemann et al10 27 Pro 8.4 (1.63) 3.8 (0.80) 1.5 (0.45) 65.5 12 12 27 0

Crandall et al11 47 Pro 7.3 (2.1) 4.3 (2.7) 74 35 12 47 0

Deen et al 12 10 Pro 9.3 (0.82) 3.2 (2.3) 2.9 (2.64) 62.600 3 7 10 0

Deen II et al12 10 Pro 7.7 (1.64) 1.5 (1.51) 2.0 (1.73) 74 9 1 10 0

Ledlie et al19 77 Retro 8.9 (1.5) 2.8 (2.9) 1.5 (1.8) 76.200 53 24 76 1

Machinis et al21 24 Retro 7.8(1.0) 1.4(0.9) 2.2(0.8) 72.600 16 8 24 0

Voggenreiter et al27 30 Pro 8.7 (1.4) 2.3 (0.9) 70.100 23 7 30 0

Zhang et al29 38 Retro 8.2 (1.6) 2.4 (0.84) 1.7 (0.76) 72 28 10 38 0

Total 263 262 1

Vertebroplasty 
Group

# 
of  
Pts

Study
Preop 
VAS

Postop 
VAS (7 

days;  1day 
- 30 days)          

Final Follow-
up VAS (2 

yrs;  6 months 
- 5yrs) 

Mean 
Age

Female Male Osteoporosis
Tumor/ 

Metastasis

Appel and Gilula9 23 Retro 7.6 (2.0) 1.7 (1.8) 72 17 6 16 7

Do et al13 167 Pro 8.71 (1.29) 2.77 (2.33) 74.600 127 40 167 0

Evans et al14 245 Retro 8.9 (1.7) 3.4 (2.7) 76 184 61 245 0

Heini et al15 17 Pro 7.5 (1.86) 3.2 (0.97) 3.4 (0.89) 74 15 2 17 0

Kalmes et al16 31 Retro 9.7 (1.0) 1.7(1.9) 0 0 31 0

Kobayashi et al17 196 Pro 7.22 (1.89) 2.07 (1.89) 77.900 0 0 196 0

Komemushi et al18 49 Pro 7.4 (2.2) 2.5 (2.7) 72.5 36 10 48 1

Liliang et al20 16 Pro 8.9 (0.6) 4.3 (3.1) 2.8 (2.2) 76.600 12 4 16 0

McGraw et al22 99 Pro 8.91 (1.12) 2.02 (1.95) 73.700 79 20 94 5

McKiernan et al23 46 Pro 7.7 (1.8) 2.8 (1.8) 74.300 32 14 46 0

Perez-Higueras et al24 13 Pro 9.07 (0.6) 2.07 (1.14) 2.15 (2.6) 67 10 3 13 0

Prather et al25 50 7.76 (2.18) 3.10 (2.90) 2.90 (7.00) 68.600 31 19 50 0

Tanigawa et al26 76 Pro 7.2 (2.0) 2.5 (2.3) 1.0 (0.2)

Voormolem et al28 18 Pro 7.1 (1.3) 4.7 (2.1) 72 14 4 18 0

Total 1046 957 13

Table 1. Accepted Studies for Meta-analysis

# = number; VAS = visual analog scale; () = standard deviation; Retro = retrospective; Pro = prospective
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Demographics

The analysis of the demographic data revealed that 
the average age of a patient that undergoes kyphoplasty 
or vertebroplasty is 72.3 years. Overall, females are 3 times 
more likely than males to undergo these procedures as 
well. More detailed demographic data can be found in 
Table 2. When the kyphoplasty studies are compared to 
the vertebroplasty studies no statistically significant dif-
ference is found between the groups in regards to age, 
gender, or the etiology of the vertebral compression frac-
tures (osteoporosis or tumor/metastasis). 

Age # of  Females # of  Males # of  Osteoporosis 
Fractures

# of  Tumor/Metastasis 
Fractures

Kyphoplasty 70.9 (4.63) 22.4 (16.18) 10.1 (6.62) 32.8 (21.56) 0.1 (0.35)

Vertebroplasty 73.3 (3.14) 50.6 (56.79) 16.6 (18.48) 73.6 (78.47) 1.0  (2.27

P-value 0.23 0.23 0.48 0.1 0.2

# of  
Studies

Weighted Mean 
Difference

95% Confidence 
Interval

P-value

Kyphoplasty

     Preop VAS vs. Initial Postop VAS 7 5.62 4.84, 6.40 <0.00001

     Preop VAS vs. Final Postop VAS 6 6.57 5.83, 7.31 <0.00001

     Initial Postop VAS vs. Final Postop VAS 6 0.55 -0.69, 1.78 0.38

Vertebroplasty

     Preop VAS vs. Initial Postop VAS 14 5.44 4.87, 6.02 <0.00001

     Preop VAS vs. Final Postop VAS 5 5.67 4.68, 6.66 <0.00001

     Initial Postop VAS vs. Final Postop VAS 5 0.60 -0.42, 1.61 0.25

Table 2. Demographic Data

Values are expressed as mean (standard deviation); # = number; P-value compares the kyphoplasty group to the vertebroplasty group;

Table 3. Analysis Results

# = number; preop = preoperative; postop = postoperative; VAS = visual analog scale

Analysis Results
Three comparisons were conducted: the change 

in preoperative VAS to initial postoperative VAS, pre-
operative VAS to final follow-up VAS, and initial post-
operative VAS to final follow-up VAS. Table 3 shows 
the detailed analysis results and the confidence inter-
vals for both kyphoplasty and vertebroplasty WMD. 
Figure 1 is a graphical representation of the average 
VAS and standard deviations provided by the included 
studies for the preoperative, immediate postoperative 
and final follow-up periods, respectively. 
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Kyphoplasty WMD
The findings showed that patients’ perception 

of pain was significantly improved in 2 comparisons: 
preoperative VAS to initial postoperative VAS and pre-
operative VAS to final follow-up VAS. The mean im-
provement on the VAS scale was 5.44 (p<.00001), 6.90 
(p<.00001), and 0.55 (p=.38), respectively. 

Vertebroplasty WMD
The findings showed that patients’ change in per-

ception of pain was significantly improved in 2 com-
parisons, preoperative VAS to initial postoperative 
VAS and preoperative VAS to final follow-up VAS. No 
significant improvement in pain reduction was found 
on a long-term basis. The mean improvement on the 
VAS scale was 5.44 (p<.00001), 5.67 (p<.00001), and 
0.60 (p=0.25), respectively. 

Discussion

Several options exist for the treatment of com-
pression fractures of the spine. Each treatment option 
however has its own utility. Conservative therapy, an-
algesic medication and bracing, was widely used for 
the treatment of symptomatic vertebral compression 
fractures. Formal open procedures, on the other hand, 
allow for decompression of neural structures in frac-

tures with a progressive neurologic deficit and allow 
for stabilization if instability exists. Kyphoplasty and 
verterbroplasty are 2 treatments that are generally re-
served for compression fractures of the spine that are 
associated with intractable pain without a progressive 
neurological deficit. In comparison to vertebroplasty, 
kyphoplasty has a potential advantage in that it may 
partially reestablish vertebral height thereby restor-
ing stability to the spine (11,30). The benefit of this 
however remains unknown. No study has correlated 
the amount of height correction to improved spinal 
stability. 

Reliable, immediate postoperative pain relief in 
osteoporotic compression fractures has been shown 
in the literature using either kyphoplasty or vertebro-
plasty. Greater than 90% of patients had an immediate 
decrease in symptoms after either procedure (31-33). 
With reduced pain, patients experience an immedi-
ate improvement in the quality of life (23). Moreover, 
mobility of the elderly patients is necessary to reduce 
the possibility of blood clots, pulmonary compromise, 
and decubitus ulcers. Ledlie and Renfro (19) reported 
that out of 12 wheelchair-bound patients secondary 
to pain as a result of a spinal compression fracture, 
10 became ambulatory at one week after kyphoplasty. 
Furthermore, 9 out of the 10 patients who underwent 

Fig.1. Graphical representation of  average VAS and standard deviations.
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kyphoplasty remained ambulatory at one year after 
surgery). 

The WMD analysis specifically evaluated each 
VAS comparison within one of the two groups (ky-
phoplasty or vertebroplasty) so the results could be 
compared across each group. In our analysis, we 
found that both kyphoplasty and vertebroplasty re-
duced pain by more than 5 points as measured in the 
VAS in the immediate postoperative and at the final 
follow-up period according to WMD. This reduction 
of pain was significant for each procedure. The final 
comparison of initial postoperative to final follow-
up VAS reveals that no statistical significant change 
in pain reduction occurs in kyphoplasty (p=0.38) and 
vertebroplasty (p=0.25). Our review agrees with the 
study by Grohs et al (33) that also demonstrated a 
50% reduction in pain for both procedures in the 
immediate postoperative period. Intuitively, we feel 
the common denominator for early pain relief after 
both kyphoplasty and vertebroplasty is the internal 
cement splint. 

A limitation of this analysis is the lack of pro-
spective, blinded randomized controlled trials com-
paring vertebroplasty and kyphoplasty in the English 
published literature. Therefore, the included studies 
are of lesser quality but still yield valid results. The 
strength of this analysis would be enhanced if there 
were available prospective blinded randomized con-
trolled trials comparing vertebroplasty to kyphoplas-
ty to conservative modalities. This is the next step to 
further investigate these procedures. 

Other limitations of this study potentially leading 
to bias consist of comparing studies that measured 
outcomes based on the VAS as a numerical rating 
scale. Due to the multitude of scoring systems, those 
studies not reporting outcomes on the basis of the 
VAS were excluded from the study thereby possibly 
compromising the results. Additionally, some studies 
were excluded from the analysis because of the lack 
of sufficient data although multiple attempts were 

made to contact the authors of those studies. More-
over, functional outcomes were not compared due 
to the lack of a standard reporting scale represented 
in the literature. Finally, the final follow-up period 
was not consistent between the studies, but was a 
minimum of 6 months. In the available studies, final 
follow up ranged from 6 months to 2 years perhaps 
biasing the VAS rating scale for the follow-up peri-
ods. The inclusion of English only literature limits the 
inclusion of data from other countries where these 
procedures are preformed creating a selection bias. 
Their results could be similar or differ compared to 
the English literature. However, we did not have ac-
cess to translators to evaluate and translate articles 
from various countries where English is not the pri-
mary language. 

A visual analog scale and numerical rating scale 
provide similar information about pain. However, 
one scale cannot be directly converted into another 
since the VAS is a continuous scale and the numerical 
rating scale is an ordinal scale. For example, a change 
from 51 to 48 mm on the VAS is a percentage change 
of approximately 6%. On an 11-point scale this could 
be represented as a change from 5 to 4; represent-
ing a change of 20%, suggesting a much greater re-
sponse to treatment. 

In conclusion, our analysis demonstrates that 
both procedures reduce pain in the immediate post-
operative period by approximately 50%. Either pro-
cedure is appropriate for treating osteoporotic verte-
bral compression fractures. Randomized, controlled 
clinical trials with several years follow-up comparing 
conservative treatment, vertebroplasty, and kypho-
plasty are needed to provide definitive data on how 
to treat osteoporotic vertebral compression fractures 
the most effectively. Although this study cannot pro-
vide definitive recommendations on how to treat 
vertebral compression fractures, it will aid clinicians 
in their discussions with patients who have this injury 
on what the current data shows. 
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