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A total of 112 patients with a single-level osteoporotic 
vertebral compression fracture who did not respond 
to conservative therapy were included and allocated 
to either kyphoplasty or vertebroplasty treatment. 
The Visual Analogue Scale (VAS) and Oswestry Dis-
ability Index (ODI) were used to assess back pain and 
disability. Anterior, midline, posterior vertebral body 
heights, and kyphotic angle at the fractured vertebra 
were measured for radiographic evaluation. Clinical 
and radiographic follow-up examinations were per-
formed postoperatively at 3, 6, 12 and 24 months. 
Complications and patient satisfaction with the surgi-
cal procedure were also recorded. 
The follow-up rate was 73.3% in the kyphoplasty 
group and 80.8% in the vertebroplasty group 
(P = 0.737). There were no significant differences be-
tween the 2 groups with regard to improvement in 
VAS and ODI scores (P > 0.05) at all postoperative 
intervals. Both treatment groups achieved marked 
vertebral height restoration and kyphotic angle re-
duction, but the radiographic parameters were 
significantly  better  in  the  kyphoplasty  group 
(P < 0.05). The incidence of asymptomatic cement 
leakage per treated vertebrae in the kyphoplasty 
group was 11.4% versus 31% in the vertebroplasty 
group (P < 0.001). Three adjacent level fractures in 
the kyphoplasty group and 2 in the vertebroplasty 
group occurred during 2-year follow-up, and no 

 difference in patient satisfaction was detected be-
tween the 2 groups. Kyphoplasty and vertebroplasty 
achieved similar improvement of clinical outcomes 
and patient satisfaction at 2 years after surgery, al-
beit kyphoplasty had more ability to markedly reduce 
vertebral deformity and resulted in less cement leaks 
compared with vertebroplasty. 

Keywords : osteoporotic ; vertebral fracture ; kypho-
plasty ; vertebroplasty.

InTrODuCTIOn 

Vertebral compression fractures (VCFs) are the 
most common fractures among the elderly with 
 osteoporosis (7). The consequences of osteoporotic 
VCFs include pain over that fracture region, and in 
many cases, progressive vertebral collapse with 
 resultant spinal deformity. Despite appropriate 
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 conservative treatment involving analgesics, bed 
rest, and external bracing, as many as one third of 
patients fail to obtain any symptomatic relief (34). 
Chronic pain and kyphotic deformity may lead to 
impaired physical function, decreased quality of life 
and increased mortality in this cohort (6,19,31,32).

Kyphoplasty and vertebroplasty are two mini-
mally invasive procedures that have been consis-
tently shown to be safe and effective in the treat-
ment of symptomatic osteoporotic VCFs (1,3,4,11,13,
18,20,22,24,33,44). While the benefits of both proce-
dures compared to conservative therapy are already 
documented in recent randomized controlled tri-
als (38,39,47), it remains uncertain whether one pro-
vides better treatment outcomes than the other. To 
date, there have been some clinical studies that di-
rectly compare kyphoplasty and vertebroplasty in 
the treatment of osteoporotic VCFs (8,9,12,14,27,28, 
37,40). Most of them, including one prospective ran-
domized trial, have found kyphoplasty and verte-
broplasty are equally effective in the short-term 
clinical improvement of pain and func-
tion (8,27,28,37,40). 

However, despite the similarly early clinical ef-
ficacy, radiographic findings in previous reports 
demonstrate that kyphoplasty can offer a substan-
tially higher degree of improvement in vertebral 
height or kyphotic angle than vertebroplas-
ty (27,28,37,40). The obvious advantage in this regard 
can be ascribed to the kyphoplasty procedure per se, 
in which a percutaneous inflatable balloon tamp 
(IBT) is used to elevate the end-plates of the col-
lapsed vertebral body, thereby allowing for superior 
vertebral deformity correction (11,24,33,41,44,46). Al-
though it appears that the magnitude of deformity 
correction does not significantly correlate with early 
symptomatic alleviation, many clinicians remain 
concerned about this difference in radiographic out-
comes between the 2 procedures and the potential 
resultant clinical impact in the long-term (27,37,40). 
It has been suggested that correction of existing ky-
photic deformity in the elderly patients with osteo-
porotic VCFs may have overwhelmingly theoretical 
benefits of decreasing disability, morbidity, or risk 
of subsequent VCFs (16,17,29). Logically, kypho-
plasty therefore may result in more advantageous 
long-term clinical outcomes than vertebroplasty, as 

favorable deformity reduction following this proce-
dure will contribute to further decrease the incidence 
of adverse events associated with spinal kyphosis. 
However, currently, there are few reports prospec-
tively comparing the 2-year follow-up outcomes of 
the two procedures. Therefore, we designed a pro-
spective study to compare the 2-year clinical and 
radiographic outcomes of kyphoplasty and verte-
broplasty in the treatment of painful osteoporotic 
VCFs, and to investigate if either of kyphoplasty or 
vertebroplasty provides a better treatment outcome 
than the other procedure. 

MATerIAlS AnD MeThODS

From February 2009 and April 2011, a total of 112 
patients with a single-level osteoporotic VCF who did 
not respond to conservative therapy were included in the 
study. The criterion for inclusion was a poor responsive 
to conservative treatment over at least 4-week period. 
The fracture was mainly confirmed by correlating the 
physical findings with marrow signal changes on Mag-
netic Resonance Imaging (MRI), such as hypointense 
signal on T1-weighted images, hyperintense signal on 
T2-weighted images, and short tau inversion recovery 
sequence. Bone scan and computerized tomography (CT) 
were used in patients medically unable to undergo MRI. 
Increased vertebral-body uptake on bone scan indicated 
high bone turnover. CT was used to help distinguish frac-
ture from tumors or infection. Exclusion criteria included 
a pathologic fracture due to metastasis or myeloma, ac-
tive infection, uncorrected therapeutic anticoagulation, 
neurological complications, osteoporotic vertebral col-
lapse of greater than 90%, destruction of posterior wall or 
major retropulsion of bony fragments into the spinal ca-
nal. We decided to exclude from this study the data from 
patients whose fractured vertebrae had a fracture age 
dated more than 3 months because previous studies have 
noted a potential influence of fracture age on vertebral 
fracture reduction (11,24). Patients were divided accord-
ing to the surgeon who they had been referred to. Each 
senior spine surgeon exclusively performed one type of 
procedure at our institution. Consequently, initially, the 
study population consisted of 60 patients in the kypho-
plasty group and 52 patients in the vertebroplasty group. 
Our institutional review board approved the present 
study, and all patients provided informed consent. 

All vertebroplasty and kyphoplasty procedures were 
performed under general anesthesia in the operating the-
ater, and patients were positioned prone on the radiolu-
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cent table with the spine extended by chest and pelvic 
bolsters. Simultaneous biplane fluoroscopy was used 
throughout the procedure. The surgical techniques for 
vertebroplasty and kyphoplasty were carried out as previ-
ously described (11,18). Briefly, vertebroplasty was ac-
complished through a transpedicular or extrapedicular 
approach to the vertebral body using an 11- to 13-gauge 
needle. Bone cement was injected under continuous fluo-
roscopy. Kyphoplasty involved inserting Inflatable Bone 
Tamps bilaterally into the fractured vertebral body. The 
IBTs were inflated until vertebral body height was re-
stored, the IBT contacted a vertebral body cortical wall, 
the IBT reached 300 psi, or the maximal balloon volume 
was reached. Then, the balloons were deflated and with-
drawn, and the resulting intravertebral cavity was filled 
with BMMA bone cement. After surgery, all patients 
were evaluated by a medical osteoporosis specialist who 
monitored their pharmacologic anti-osteoporosis treat-
ment.

Clinical evaluation was made on the improvement of 
back pain and disability. The intensity of back pain was 
measured with a 10-point visual analog scale (VAS) 
commencing preoperatively, and continuing postopera-
tively on the first day, at 3, 6, 12 and 24 months. The 
disability was assessed by means of the Oswestry Dis-
ability Index (ODI) before surgery and at 3, 6, 12 and 
24 months after surgery. Additionally, intraoperative and 
postoperative complications were recorded. At latest 
 follow-up, patients independently completed a question-
naire to determine how satisfied they were with the 
 procedure. Each patient was asked to rate this outcome 
as : very satisfaction, satisfaction, fair, or dissatisfaction. 

Radiographic evaluation included change of vertebral 
body height and kyphotic angle of the spine lateral view 
taken before surgery, at the time of discharge and postop-
eratively at 3, 6, 12 and 24 months. The method of height 
measurement recommended by McKiernan was cho-
sen (30). Briefly, standard 6-point, semi-quantitative ver-
tebral body height measurements (anterior, Ha ; midline, 
Hm ; and posterior, Hp) were obtained from lateral radio-
graphs before and after surgery for fractured and the 
nearest nonfractured vertebra. The normal height of the 
fractured vertebra was estimated from the measurements 
of the adjacent nonfractured referent vertebra. Thus, frac-
tured heights were expressed as fractions of the adjacent 
normal referent vertebral height : (fractured vertebral 
height/ adjacent normal referent vertebral height) ×100. 
The vertebral kyphotic angle measurement was taken 
from the superior and inferior endplates of the fractured 
vertebra, and the correlation between change of kyphotic 
angle and clinical result was analyzed. Intraoperative 

fluoroscopic and postoperative radiographic images were 
used to monitor cement leakage from all treated vertebral 
levels. New VCFs occurring after initial intervention 
were identified based on changes from baseline imaging 
data. A vertebral height reduction of 10% or more com-
pared with the initial vertebral height of the next adjacent 
normal vertebrae was defined as a new vertebral fracture.

All of radiographic analyses were performed using the 
measurement software. The digitization precision error 
was calculated for each dimension kypotic angle, Ha, 
Hm, and Hp by measurement of 15 randomly selected 
fractured and nonfractured osteoporotic vertebrae and 
expressed as percent coefficient of variation (CV) and 
standard deviation (SD). 

Continuous data were expressed as means ± standard 
deviation. Analyses of continuous variables were per-
formed with the independent Student t test, the paired 
Student’s t test, Mann-Whitney U test, and Spearman 
rank correlation. Categorical data are presented as per-
centages and were analyzed with the χ2 test or the Fisher 
exact tests. SPSS version 13.0 software was used for the 
statistical analysis. A P value of less than 0.05 was con-
sidered significant.

reSulTS

Of the 112 patients, 26 (23.2%) were lost before 
completing 2-year follow-up and were excluded 
from this study. This involved 18 cases (16.1%) 
died of causes unrelated to the procedure ; 8 (7.1%) 
could not be contacted for additional evaluation be-
cause of changes in address or telephone number. 
The remaining 86 patients (76.8%) who could be 
followed up regularly comprised the patient cohort 
in this study. They consisted of 44 patients (73.3%) 
in the kyphoplasty group and 42 (80.8%) in the ver-
tebroplasty group (P = 0.737). Baseline characteris-
tics were presented in Table I. Patients age 
(P = 0.042) and fracture age (P = 0.016) were over-
represented in the kyphoplasty group, but no sig-
nificant difference was observed between the 
2 groups with respect to gender, location of the frac-
tured vertebrae, height loss, VAS and ODI scores.

The graph of VAS pain score was shown in Fig-
ure 1A. All patients in both groups had significantly 
less pain after surgery compared with their preop-
erative scores, and the pain relief was better main-
tained for 2 years. The preoperative average VAS 
score was 7.6 ± 1.2 (range, 5-10) in the kyphoplasty 
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angle, Ha, Hm and Hp, respectively. All these para-
meters compared favorably with previously pub-
lished measurement errors (41,46). 

Height correction of the fractured vertebra was 
summarized in Table II. Compared to the preopera-
tive vertebral heights, mean Ha, Hm, and Hp showed 
statistically significant increases in both groups. 
The height correction was preserved after surgery : 
there was no significant difference (P > 0.05) be-
tween the immediately postoperative and final 
height measurement in both groups. However, the 
postoperative increase of vertebral body height in 
each dimension was higher in the kyphoplasty 
group than in the vertebroplasty group (P < 0.05). 
These differences between the groups were more 
remarkable in measurement of Ha and Hm 
(P < 0.01). At final follow-up, 36 of 44 fractured 
vertebrae (81.8%) in the kyphoplasty group and 20 
of 42 (47.6%) in the vertebroplasty group had more 
than 10% restoration of height in at least one dimen-
sion measure, which was statistically significant 
(P = 0.004). 

Likewise, both groups showed some degrees of 
decrease in kyphotic angle in all postoperative 

group and 8.1 ± 1.3 (range, 6-10) in the vertebro-
plasty group. At final follow-up, the average VAS 
score decreased to 2.8 ± 0.8 (range, 1-4) in the ky-
phoplasty group and 2.7 ± 1.0 (range, 1-4) in the 
vertebroplasty group. There were no statistically 
significant differences (P < 0.05) when comparing 
the VAS scores between the 2 groups at all follow-
up time intervals. No patients had increased pain 
unless additional, symptomatic VCFs occurred. 

Results of analysis for function showed an im-
provement of ODI score in the postoperative peri-
ods. The average preoperative ODI score was 
66.2 ± 12.9 (range, 50-82) in the kyphoplasty group 
and 68.5 ± 13.2 (range, 52-88) in the vertebroplasty 
group. At final follow-up, the average ODI score 
was 32.2 ± 11.6 (range, 14-46) in the kyphoplasty 
group compared with 32.9 ± 12.1 (range, 16-48) in 
the vertebroplasty group. We found no difference in 
ODI score between the 2 groups at any time inter-
vals (Fig. 1B). 

Digitization precision errors expressed as %CV 
were 6.2%, 3.6%, 3.8% and 2.3% for kyphotic an-
gle, Ha, Hm and Hp, respectively. These correspond 
to SD of 0.7°, 1.5%, 1.6% and 1.2% for kyphotic 

Table I. — The baseline characteristics of the study population
Kyphoplasty Vertebroplasty P (t test)

No. patients 44 42
Patient age (yr) [mean ± SD (range)] 75.6 ± 8.2 (65-89) 72.1 ± 7.9 (60-88) 0.042
Gender [No. (%)]

Male 8 (18.2) 9 (21.4)
Female 36 (81.8) 33 (78.6)

Age of fracture* (day) [mean ± SD (range)] 45.2 ± 17.6 (5-81) 32.5 ± 12.3 (7-74) 0.016
Location of the fractured vertebrae [No. (%)]

Thoracic (T6 to T9) 7 (15.9) 6 (14.3)
Thoracolumber (T10 to L2) 26 (59.1) 23 (54.7)
Lumber (L3 to L5) 11 (25.0) 13 (31.0)

Height loss [No. (%)]
≥ 30% 13 (29.5) 14 (33.3)
≥ 50% 22 (50.0) 20 (47.6)
70% to 90% 9 (20.5) 8 (19.1)

Pain VAS [mean ± SD (range)] 7.6 ± 1.2 (5-10) 8.1 ± 1.3 (6-10) 0.33
Oswestry disability index [mean ± SD (range)] 66.2 ± 12.9 (50-82) 68.5 ± 13.2 (52-88) 0.28

* Age of fracture was the time between the onset of pain and surgery.
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plasty group and 2 levels (28.6%) in the vertebro-
plasty group were adjacent to the vertebrae previ-
ously treated (P = 0.677). And 2 adjacent level 
fractures (40%) occurred within 3 months of the 
initial fracture treatment. Finally, six of these 14 pa-
tients required a second operation (2 were treated by 
kyphoplasty and 4 by vertebroplasty), and the re-
maining 8 patients underwent conservative treat-
ment. 

The graph of patient satisfaction is shown in Fig-
ure 3. The majority of patients in both groups were 
very satisfied or satisfied with the surgery overall. 
At final follow-up, the satisfaction rate was 81.8% 
in the kyphoplasty group and 78.6% in the vertebro-
plasty group, respectively. Differences between the 
groups in terms of patient satisfaction were not sta-
tistically significant (P = 0.571). However, it is 
noteworthy that two patients in each group were 
dissatisfied with the procedure, although the clinical 
results improved during the follow-up but still fall 
short of these patients’ expectations for returning to 
their prefracture function. 

DISCuSSIOn 

Kyphoplasty and vertebroplasty are elective al-
ternatives for the treatment of painful osteoporotic 

 periods (Table III). There was a greater reduction in 
postoperative kyphotic angle in the kyphoplasty 
group than in the vertebroplasty group at every fol-
low-up time point. At final follow-up, 34 of 44 frac-
tured vertebrae (77.3%) in the kyphoplasty group 
and 22 of 42 (52.4%) in the vertebroplasty group 
had more than 5° reduction of kyphotic angle 
(P = 0.001). However, there was no substantial cor-
relation between change of kyphotic angle and clin-
ical outcomes (P > 0.05, P > 0.05).

There were no procedure related adverse events 
observed in this study. Evaluation of intraoperative 
and postoperative radiographs revealed extraverte-
bral cement leaks in 5 of 44 treated fractures (11.4%) 
in the kyphoplasty group and in 13 of 42 treated 
fractures (31.0%) in the vertebroplasty group 
(P = 0.011). Of these 18 levels, 3 from the vertebro-
plasty group had cement leaks into both the adjacent 
vertebral disc and paravertebral tissues (Fig. 2). 
However, none of the cement leaks had any appar-
ent clinical consequence. 

During the 2-year follow-up, 14 patients (16.3%) 
suffered a new symptomatic fracture in 16 levels. 
This was compromised of 8 patients (18.2%), 9 lev-
els in the kyphoplasty group and 6 patients (14.3%), 
7 levels in the vertebroplasty group. Of these new 
fractured vertebrae, 3 levels (33.3%) in the kypho-

Fig. 1A, B

A B
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VCFs. Several studies have demonstrated the bene-
fits of these 2 procedures using validated outcome 
measures (1,3,4,11,13,18,20,22,24,33,44). Vertebroplas-
ty entails the image-guided percutaneous injection 
of cement into a fractured vertebra to alleviate pain 
and stabilize the fracture. Kyphoplasty is introduced 
to address some disadvantages of vertebroplasty by 
percutaneous expansion of an IBT to effect fracture 
reduction before cement deposition in a fractured 
vertebra. Height restoration with resultant kyphosis 
correction is touted as the most important point that 
differentiates this technique from vertebroplasty. 
Therefore, kyphoplasty has been considered more 
advantageous in the management of osteoporotic 
VCFs than vertebroplasty (11,33,44).

However, despite higher degree of height restora-
tion or kyphotic angle reduction, many investigators 
have described that early clinical results of kypho-
plasty were not superior to those of vertebroplas-
ty (8,27,28,37,40), and that vertebroplasty is a more 

Table II. — Vertebral body Height in the Kyphoplasty and Vertebroplasty Groups (%)
Time intervals 

Group preoperative postoperative 3 months 6 months 12 months 24 months
Ha Kyphoplasty 58.7 ± 21.2 82.3 ± 14.3* 82.7 ± 13.4* 81.9 ± 13.2* 82.6 ± 12.8* 80.7 ± 12.2*

Vertebroplasty 56.4 ± 18.5 71.2 ± 12.5 70.6 ± 11.6 70.8 ± 13.8 70.2 ± 12.5 69.8 ± 11.2
Hm Kyphoplasty 57.2 ± 20.5 79.1 ± 14.4$ 79.2 ± 13.2$ 78.6 ± 14.5$ 78.3 ± 13.2$ 77.5 ± 11.2$

Vertebroplasty 56.8 ± 17.6 68.5 ± 13.8 68.2 ± 12.1 67.1 ± 12.5 66.9 ± 13.1 66.1 ± 11.4
Hp Kyphoplasty 78.5 ± 12.7 85.3 ± 6.5# 85.6 ± 4.5# 85.1 ± 6.2# 86.1 ± 5.1# 85.3 ± 5.7#

Vertebroplasty 79.3 ± 11.6 82.7 ± 5.4 82.9 ± 6.2 82.4 ± 5.6 82.1 ± 4.2 81.9 ± 5.5 

Values are given as mean ± SD; comparisons by means of paired t test or independent t test; Ha = anterior vertebral body height; 
Hm = middle vertebral body height; Hp = posterior vertebral body height; mean postoperative vertebral body height in each dimension 
at all time intervals increased significantly compared to the corresponding preoperative value (P < 0.05).

* P < 0.01 for kyphoplasty vs. vertebroplasty in the measurement of anterior body height.
$ P < 0.01 for kyphoplasty vs. vertebroplasty in the measurement of middle body height.
# P < 0.05 for kyphoplasty vs. vertebroplasty in the measurement of posterior body height.

Table III. — Kyphotic Angle in the Kyphoplasty and Vertebroplasty Groups (°)
Time intervals 

Group preoperative postoperative 3 months 6 months 12 months 24 months
Kyphoplasty 12.2 ± 6.3 6.5 ± 4.2* 6.4 ± 4.8* 6.2 ± 4.2* 6.7 ± 4.1* 6.9 ± 4.5*
Vertebroplasty 12.7 ± 7.2 8.4 ± 4.6 8.8 ± 5.2 8.7 ± 4.6 8.9 ± 3.2 9.1 ± 5.6

Values are given as mean ± SD; comparisons by means of paired t test or independent t test; mean postoperative kyphotic angle at 
each time interval decreased significantly compared to the corresponding preoperative value (P < 0.01).

* P < 0.05 for kyphoplasty vs. vertebroplasty.

Fig. 2
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considered attributable to marked kyphosis reduc-
tion following the kyphoplasty procedure, which 
leaded to less compensating activity of the paraspi-
nal muscle. These findings had not been confirmed 
by one subsequent nonrandomized study undertak-
en to assess the long-lasting effects of kyphoplasty 
and vertebroplasty. It demonstrated no difference in 
back pain alleviation and functional recovery be-
tween the 2 treatment groups at a minimum of 
2 year’s follow-up, although favorable correction of 
vertebral deformity was achieved with kyphoplasty 
throughout the follow-up (28). However, a specific 
treatment algorithm in this study introduces a no-
ticeable selection bias toward a greater many of pa-
tients who have pain for longer than 3 months in the 
vertebroplasty group, on the contrary, a larger num-
ber of cases with severe vertebral height loss in the 
kyphoplasty group, which adversely affects the sta-
tistical power. 

In the present study, we describe the clinical out-
comes in 2 patient cohorts with intractable back 
pain from one single-level osteoporotic VCF who 
had a less-than-satisfactory response to conserva-
tive therapy for at least 4 weeks but not more than 3 
months. And patient selection criteria for each sur-
gical treatment are identical to ensure the compara-
bility of the 2 groups. Our results show a compara-
ble 2-year clinical outcomes and patient satisfaction 
of both groups, thus suggesting that long-lasting 
clinical improvement are not affected by technical 
differences between the 2 procedures. These find-
ings support data from previous nonrandomized 
studies with short-term follow-up (8,27,28,37,40).

As expected, this study proves the advantage of 
kyphoplasty in the correction of vertebral deformity 
associated with VCFs. However, it is worth noting 
that some patients in the vertebroplasty group can 
achieve considerable height restoration and kyphot-
ic angle reduction, which is also found by other au-
thors (5,27,28,37,40,43). The improvement observed in 
this group may be due to the reduction effect result-
ing from patient positioning or the insertion of bol-
sters to induce lordosis, while deformity correction 
following the kyphoplasty procedure is attributed to 
this mechanism of spontaneous reduction as well as 
expansion of the inserted balloon tamp. That may 
account for a difference in radiographic outcomes 

rapid procedure with a lower cost. In one recent 
clinical randomized study of 100 patients undergo-
ing kyphoplasty or vertebroplasty treatment, Liu et 
al confirmed that similar improvement of clinical 
results were obtained for both groups during the 
6-month follow-up, and therefore recommended 
vertebroplasty over kyphoplasty for the treatment of 
osteoporotic VCFs considering higher cost of the 
balloon tamp (27). But few studies prospectively 
compare the long-term outcomes of the 2 proce-
dures, in order to clarify the potential influence of 
deformity correction on outcome of the cement aug-
mentation procedure. 

Grohs et al compared kyphoplasty and vertebro-
plasty in the treatment of 51 patients with osteopo-
rotic VCFs at regular intervals for 2 years, looking 
specifically into relevant differences between the 
2 procedures during the long-term follow-up (12). 
They found both kyphoplasty and vertebroplasty 
provided pain relief, but it was more pronounced for 
kyphoplasty at 2-year follow-up. This result was 

Fig. 3
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asymptomatic cement leaks need further research.
Several studies have reported an increased risk of 

adjacent level fracture after an index fracture has 
been augmented by either kyphoplasty or vertebro-
plasty (10,45), and suggest the biomechanical effect 
of injected PMMA cement has been postulated as 
one important cause of new fracture in adjacent ver-
tebrae (2,35). However, adjacent level fracture can 
also reflect systematic weakening of bone in osteo-
porotic spine. Lindsay et al reported around 19.2% 
of patients with one initial VCF on baseline imaging 
will experience a new fracture within a year, this 
incidence increased to 24% if there were two or 
more VCFs present on the initial radiograph (25). 
Compared with this natural history of untreated pri-
mary osteoporotic VCFs, we did not observe an in-
creased risk of subsequent fractures in the 2 patient 
cohorts during the follow-up. Moreover, only a mi-
nority of these new fractures occurred in an adjacent 
level (33.3% vs. 25%). These data appeared to dif-
fer from that reported by others, who found that 
most of the observed new fractures in patients un-
dergoing the cement augmentation procedure oc-
curred in vertebrae adjacent to those previously 
treated (10,45). We therefore believe this phenome-
non may represent the natural progression of osteo-
porosis in this series. 

There are some limitations in this study. Firstly, 
it is not a prospectively randomized study. Non-
randomized design may not discount the selection 
bias and confounding in the study. However, small 
differences in the baseline characteristics seem to 
favor the vertebroplasty group, which would not ex-
plain our results. Secondly, relatively low follow-up 
rate affects the sample size for patients included in 
this study. Higher comorbidities and mortalities 
among this elder population limit the number of 
cases who can be followed for at least 2 years. That 
means a 10 to 15 years study period may be even 
more impractical. Therefore, a study with a follow-
up of 2 to 5 years has been recommended for evalu-
ating the long-lasting effects of the 2 techniques (27). 

Additionally, spinal kyphosis as measured by Cobb 
angle is not analyzed in this study, because we note 
the measurement of Cobb angle may have been sig-
nificantly affected by a slight change in the patient’s 
body position at the time of the lateral radiographs 

between the groups. However, significantly differ-
ent measures of kyphotic angle reduction as well as 
vertebral height restoration in the vertebroplasty 
group did not affect the overall clinical outcome and 
patient satisfaction in this cohort. Furthermore, the 
present study fails to provide evidence of an asso-
ciation between the correction of kyphotic angle 
and the clinical improvement at 2-year follow-up 
overall. These findings seems to contradict the pre-
vious conclusion that a consistent and significant 
association of vertebral deformities with adverse 
health outcomes (29). The possible explanation may 
be that such changes of local kyphotic angle follow-
ing either kyphoplasty or vertebroplasty, especially 
for a single level procedure like our series, are poor-
ly predictive of improvement in overall spinal align-
ment, which may have more importantly physiolog-
ical effects on the consequence of patients with 
osteoporotic VCFs (36,43). However, a longer inves-
tigation with more participants is needed to further 
evaluate the clinical relevance of vertebral defor-
mity correction during the course of kyphoplasty 
and vertebroplasty. 

Based on indirect comparison of kyphoplasty and 
vertebroplasty case series, previous systematic re-
views or meta-analyses showed that kyphoplasty 
appears to have a substantially lower incidence of 
cement leakage than vertebroplasty (15,23,42). The 
presumed differences in leakage rate were con-
firmed in current study, in which cement leakage 
occurred in 11.4% and 31% of treated levels after 
kyphoplasty and vertebroplasty, as seen on plain ra-
diographs. The less frequent cement leakage with 
kyphoplasty is probably because this technique cre-
ated a cavity which allowed for a more viscous ce-
ment to be injected under the lower pressure (48). 
Additionally, the expansion of the balloon tamp by 
compacting cancellous bone in the intravertebral 
cavity might also reduce the rate of cement leakage. 
None of the cement leaks in current study caused 
clinical consequences, but the significance of an as-
ymptomatic leak remained unclear. It had been sug-
gested that cement leaks into the adjacent interver-
tebral disc space affect the mechanical loading of 
either the disc or adjacent vertebrae, which might 
predispose the patient to an adjacent-level frac-
ture (21,43). Hence, the long-term impacts of these 
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taken. Others have reported similar problems when 
attempting to evaluate this parameter (36,43). Given 
similarly clinical efficacy, relative cost may be an 
important indicator of the more appropriate proce-
dure. Therefore, the cost-effectiveness of kypho-
plasty versus vertebroplasty needs to be investigat-
ed in future study.
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