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Objective: Whether the use of a balloon or stent in vertebroplasty for vertebral fractures, 
such as balloon kyphoplasty (BKP) or vertebral body stenting (VBS), actually contributes to 
the restoration of postoperative vertebral height is unclear. The aim of the current study was 
to compare the effectiveness of percutaneous vertebroplasty (PVP), BKP, and VBS in the 
correction of collapsed vertebrae in patients with painful vertebral fractures.
Methods: The cases studied involved 34 vertebrae in 28 patients treated with PVP, 43 verte-
brae in 38 patients treated with BKP, and 20 vertebrae in 20 patients treated with VBS at Iz-
inkai Takeda General Hospital. Changes in the vertebral height and local kyphosis angle 
were measured based on standing lumbar radiographs before and after surgery and were 
compared among the treatment groups.
Results: There were no differences in changes in the height of the anterior wall, middle body, 
or posterior wall of the treated vertebrae among the 3 treatment groups. The same was true 
for changes in the local kyphosis angle. The effectiveness of vertebral height restoration de-
pended heavily upon preoperative vertebral instability in all the treatment groups. Correc-
tion loss due to balloon deflation effect or balloon sinking was noted with VBS or BKP.
Conclusion: BKP and VBS have the advantage of reducing the risk of extravertebral leakage 
of injected bone cement, but they have a disadvantage in that they are no more effective than 
PVP in restoring collapsed vertebrae despite the use of a balloon or metal stent.

Keywords: Vertebral height restoration, Percutaneous vertebroplasty, Balloon kyphoplasty, 
Vertebral body stenting

INTRODUCTION

Vertebroplasty for osteoporotic vertebral fractures, whether 
in the form of percutaneous vertebroplasty (PVP).1-5 balloon 
kyphoplasty (BKP),3-7 or vertebral body stenting (VBS),8-14 is an 
excellent treatment that is minimally invasive and that is highly 
effective at immediate relief of pain. PVP is the most classic ver-
tebroplasty procedure,1-5 while BKP and VBS were developed 
for surgical safety and vertebral height restoration.3-14 Accord-
ing to the literature, all treatments are equally effective at pro-
viding pain relief, but whether the balloon used in BKP, or the 

stent used in VBS is effective at correcting the collapsed verte-
brae is unclear.3-14 The aim of the current study was to compare 
the 3 treatments in terms of the effectiveness of vertebral height 
restoration after vertebroplasty for osteoporotic vertebral frac-
tures.

MATERIALS AND METHODS

Subjects were 86 patients who underwent vertebroplasty at 
Izinkai Takeda General Hospital between January 2008 and May 
2022. All of the patients had received conservative treatment for 
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3 weeks or longer that failed to relieve pain, so they subsequent-
ly underwent surgery. Broken down by procedure, PVP was 
performed on 34 vertebrae in 28 patients, BKP was performed 
on 43 vertebrae in 38 patients, and VBS was performed on 20 
vertebrae in 20 patients. PVP was performed from January 2008 
to December 2010, BKP was performed from January 2011 to 
May 2021, and VBS was performed from June 2021 to May 2022. 
All patients underwent plain dynamic radiography of the lumbar 
spine, computed tomography (CT) of the lumbar spine, and mag-
netic resonance imaging of the lumbar spine before and after 
surgery. The height of the fractured vertebra was evaluated on 
standing radiographs. Postoperative imaging was performed 
within 7 days. The height of the fractured vertebra was mea-
sured at the anterior wall, middle body, and posterior wall, and 
the wedge angle was also measured (Fig. 1). Preoperative and 
postoperative changes in the vertebral height and wedge angle 
were compared among the 3 treatment groups. Next, the pa-
tients were classified based on the presence or absence of pre-
operative vertebral instability, and the relationship between 
changes in the vertebral height and changes in the kyphosis an-
gle was evaluated. The instability of the fractured vertebrae was 
evaluated based on preoperative dynamic radiographic images. 

As shown in Fig. 2, patients in whom the vertebral height changed 
in images of anteroposterior flexion were deemed to be positive 
for instability. The frequency of postoperative bone cement leak-
age from the vertebral body on postoperative CT scans was an-
alyzed and compared between the 3 treatment groups. The pres-
ence of cement leakage into the adjacent intervertebral disk, veins, 
paravertebral soft tissue, or epidural spaces was defined as any 
contrast detected beyond the cortical margin of the vertebral 
body on the postoperative CT scans.

Statistical analysis was performed with the software Stat View 
5.0. The Mann-Whitney U-test and Fisher exact test were per-
formed, and a p-value < 0.05 was considered to indicate a sig-
nificant difference. For comparison of demographic character-
istics, vertebral height restorations, and other factors between 
the 3 groups, we applied the Kruskal-Wallis test.

1. Surgical Procedures
1) Percutaneous vertebroplasty

Surgery was performed with the patient in the patient under 
local anesthesia and in the prone position. Under C-arm guid-
ance, a 13G biopsy needle was inserted via a unilateral transpe-
dicular route into the anterior third of the vertebral body. Con-
trast medium was injected through the needle, the position of 
the tip of the needle and the efflux pattern of the contrast medi-
um were checked. A polymethylmethacrylate mixture was then 
injected into the vertebral body. When the injected polymethyl-

Fig. 1. The change in the local kyphosis angle was defined as 
the difference between the postoperative and preoperative ky-
phosis angle. The vertebral height was measured at the anteri-
or wall, middle body, and posterior wall of the fractured ver-
tebrae, and vertebral height restoration was defined as the dif-
ference between the preoperative and postoperative vertebral 
height. X-P, lateral dynamic radiographs.

Preoperative X-P Postoperative X-P

Fig. 2. Preoperative lateral radiographs from a patient with a 
vertebral compression fracture with vertebral mobility. The col-
lapsed vertebra exhibited dynamic mobility. X-P, lateral dynam-
ic radiographs.

Flexion X-P Extension X-P

a1 < a2, b1 < b2 → mobility+
a1 = a2, b1 = b2 → mobility-
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methacrylate (PMMA) mixture contacted some part of cortical 
margin of the vertebral body, the surgery was completed by 
withdrawing the needle. During the PMMA injection, fluoro-
scopic monitoring was conducted in both planes with a C-arm 
unit.

2) Balloon kyphoplasty
Surgery was performed with the patient in the prone position 

under general anesthesia. All surgeries were performed with 
the patient under general anesthesia and placed in the prone 
position. In all cases, BKP was performed through the transpe-
dicular route on both sides by placement of working cannulas 
bilaterally by using standard kyphoplasty equipment. In the ver-
tebral body, the balloons on each side were inflated to create a 
space for injection of the bone cement, and then the balloons 
were deflated and removed. The PMMA mixture was also in-
jected into the vertebral body from both sides. When the bone 
cement contacted some part of cortical margin of the vertebral 
body, the surgery was completed by withdrawing the needles. 
During the bone cement injection, fluoroscopic monitoring was 
conducted in both planes with a C-arm unit.

3) Vertebral body stenting
Surgery was performed with the patient in the prone position 

under general anesthesia. All surgeries were performed with 
the patient under general anesthesia and placed in the prone 
position. In all cases, VBS was performed through the transpe-
dicular route on both sides by placement of working cannulas 
bilaterally by using standard VBS equipment. In the vertebral 
body, the balloons on each side were inflated to create a space 
for a balloon-expandable metal stent mounted on a balloon-cath-
eter which can be implanted and expanded inside the vertebral 
body. When the balloons were deflated and removed, the PM
MA mixture was also injected into the vertebral body from both 
sides. When the bone cement contacted some part of cortical 
margin of the vertebral body, the surgery was completed by with-
drawing the needles. During the bone cement injection, fluoro-
scopic monitoring was conducted in both planes with a C-arm 
unit.

RESULTS

Preoperative demographic data for the 3 treatment groups 
are shown in Table 1. There were no significant differences in 
age, sex, the location of the treated vertebrae, preoperative visu-
al analogue scale (VAS) score, the duration of pain, or preoper-
ative vertebral height among the treatment groups (p > 0.05). 
The postoperative results are shown in Table 2. The change in 
the height of the anterior wall was 3.6± 3.5 mm in the group un-
dergoing BKP and 3.7± 2.7 mm in the group undergoing VBS 

Table 1. Baseline characteristics of patients treated for verte-
bral compression fractures

Characteristic PVP BKP VBS p-value

No. of patients 28 38 20

No. of bodies 34 43 20

Age (yr) 74 ± 8.3 75.5 ± 6.3 79.7 ± 8.9 0.20

Sex, male:female 4:24 6:32 10:10 0.37

T12, L1 23 (68) 24 (56) 16 (80) 0.19

Interval before surgery  
   (day)

105.6 ± 99 75.5 ± 101 76.1 ± 120 0.12

Vertebral mobility (+) 19 (56) 19 (44) 10 (50) 0.21

Vertebral height (mm)

   Anterior 14.6 ± 4.6 16.2 ± 5.5 16.1 ± 4.3 0.16

   Middle 12.3 ± 3.9 13.4 ± 4.6 13.8 ± 3.8 0.29

   Posterior 22.8 ± 3.6 23.9 ± 3.6 26.2 ± 3.5 0.19

VAS

   Total 7.81 ± 2.5 7.98 ± 1.7 7.50 ± 1.3 0.91

   Vertebral mobility (+) 7.67 ± 2.4 7.92 ± 1.6 7.86 ± 1.7 0.94

   Vertebral mobility (-) 8.15 ± 2.6 8.21 ± 2.0 7.22 ± 0.9 0.84

Values are presented as mean± standard deviation or number (%) un-
less otherwise indicated.
PVP, percutaneous vertebroplasty; BKP, balloon kyphoplasty; VBS, 
vertebral body stenting; VAS, visual analogue scale.

Table 2. Postoperative data of patients treated for vertebral 
compression fractures

Characteristic PVP BKP VBS p-value

VAS

   Total 1.6 ± 1.4 2.4 ± 2.1 1.7 ± 1.3 0.19

   Vertebral mobility (+) 1.8 ± 1.4 2.1 ± 1.8 2.3 ± 0.8 0.81

   Vertebral mobility (-) 1.3 ± 0.5 2.6 ± 2.4 1.2 ± 1.5 0.31

Cement leak (+) 16 (47.1) 9 (21) 4 (20) 0.02

Cement volume (mL) 3.7 ± 1.7 3.5 ± 1.0 3.5 ± 1.0 0.58

Kyphotic change (°) 7.0 ± 5.7 6.9 ± 7.0 5.4 ± 3.4 0.51

Vertebral height changes (mm)

   Anterior 3.6 ± 3.4 3.6 ± 3.5 3.7 ± 2.7 0.89

   Central 2.5 ± 2.3 2.0 ± 2.2 2.2 ± 2.6 0.29

   Posterior 0.9 ± 1.7 0.5 ± 0.8 0.8 ± 1.6 0.62

Values are presented as mean ± standard deviation or number (%).
PVP, percutaneous vertebroplasty; BKP, balloon kyphoplasty; VBS, 
vertebral body stenting; VAS, visual analogue scale.
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versus 3.6 ± 3.4 mm in the group undergoing PVP (p = 0.89). 
The change in the height of the middle body was 2.0± 2.2 mm 
in the group undergoing BKP and 2.2± 2.6 mm in the group 
undergoing VBS versus 2.5± 2.3 mm in the group undergoing 
PVP (p= 0.29). The change in the height of the posterior wall 
0.5± 0.8 mm in the group undergoing BKP and 0.8± 1.6 mm in 
the group undergoing VBS versus 0.9± 1.7 mm in the group un-
dergoing PVP (p= 0.62). There were no significant differences 
in the height of each site among the treatment groups. The change 
in the local kyphosis angle was 7.0°± 5.7° in the group under-
going PVP, 6.9°± 7.0° in the group undergoing BKP, and 5.4°±  
3.4° in the group undergoing VBS (p=0.51). Similarly, there were 
no significant differences in the local kyphosis angle among the 
treatment groups. Next, patients were classified based on the 
presence or absence of vertebral instability, and changes in the 
height of the anterior wall and the local kyphosis angle were 
compared among the treatment groups and between the group 
with vertebral instability and the group without vertebral insta-
bility (Fig. 3A, B). Changes in the vertebral height and local ky-
phosis angle were significantly better in patients with instability 
in both treatment groups (change in vertebral height: p= 0.0024 
for PVP, p= 0.0004 for BKP, and p= 0.0004 for VBS; change in 
the local kyphosis angle: p= 0.0046 for PVP, p= 0.003 for BKP, 
and p= 0.0009 for VBS). On the other hand, comparison of the 
vertebral height restoration in the anterior portion of the verte-
bral body in the patients with vertebral instability and those with-
out vertebral instability between the 3 treatment groups revealed 
no significant differences (with vertebral mobility: p=0.63, with-
out vertebral mobility: p = 0.57). Comparison of the kyphotic 
changes in the patients with vertebral instability and those with-

out vertebral instability between the 3 treatment groups also re-
vealed no significant differences (with vertebral mobility: p=0.86, 
without vertebral mobility: p= 0.79). As in the preoperative pe-
riod, there were no differences in the postoperative VAS scores 
between 3 treatment groups (p= 0.91). The amount of bone ce-
ment injected did not differ significantly among the 3 treatment 
groups (p=0.58). Bone cement leaked outside 16 vertebrae (47%) 
in the group undergoing PVP and 9 vertebrae (21%) in the group 
undergoing BKP; it leaked in 4 patients (20%) in the group un-
dergoing VBS. Leakage of bone cement decreased significantly 
in the groups undergoing BKP or VBS (p= 0.02).

DISCUSSION

The current authors have long believed that the effectiveness 
of vertebral height restoration by vertebroplasty is closely asso-
ciated with the presence of vertebral instability.15-20 In vertebral 
fractures with instability, a cavity in the fractured vertebra is en-
larged by the supine position during surgery, so bone cement is 
injected to fill the cavity and act as an anchor, resulting in better 
restoration of the vertebral height after injection.15,16 In cases of 
vertebral fractures without instability, however, the injected bone 
cement diffuses through the gaps in the cancellous bone, limit-
ing enlargement of the vertebral height.15,16 Therefore, the effec-
tiveness of vertebral height restoration after vertebroplasty is 
heavily influenced by preoperative vertebral instability. When 
comparing different treatments in terms of the effectiveness of 
vertebral height restoration, the element of preoperative verte-
bral instability must be taken into account in the patients being 
studied. However, most of the previous studies did not mention 

Fig. 3. (A) Postoperative restoration of the height of the anterior wall. (B) Postoperative change in the kyphosis angle in a treated 
vertebral compression fracture. PVP, percutaneous vertebroplasty; BKP, balloon kyphoplasty; VBS, vertebral body stenting.

	 Mobility+	 Mobility-	 Mobility+	Mobility-	Mobility+	Mobility-

PVP m+ vs. BKP m+ vs. VBS m+ p = 0.629
BKP m- vs. BKP m- vs. VBS m- p = 0.566

12

10

8

6

4

2

0

-2

Ve
rt

eb
ra

l h
ei

gh
t r

es
to

ra
tio

n 
(m

m
)

PVP

BKP

VBS

5.19 ± 3.3

1.66 ± 2.2

5.59 ± 3.7

1.84 ± 2.0

5.58 ± 2.7

1.81 ± 0.8

p = 0.0024 p = 0.0004 p = 0.0004

A 	 Mobility+	 Mobility-	Mobility+	Mobility-	Mobility+	Mobility-

PVP m+ vs. BKP m+ vs. VBS m+ p = 0.835
BKP m- vs. BKP m- vs. VBS m- p = 0.790

20

18

16

14

12

10

8

6

4

2

0

-2

Ky
ph

ot
ic

 ch
an

ge
 (d

eg
re

e)

PVP

BKP

VBS

9.11 ± 5.5

4.34 ± 5.0

10.1 ± 7.8

3.34 ± 4.3 7.95 ± 2.5

2.90 ± 2.1

p = 0.0046 p = 0.003 p = 0.0009
B



Vertebral Height Restoration After VertebroplastyYokoyama K, et al.

https://doi.org/10.14245/ns.2346754.377 � www.e-neurospine.org   1163

preoperative vertebral instability in the patients being studied. 
The results of this study indicated that, overall, there were no 
differences between BKP and VBS and PVP in the effectiveness 
of vertebral height restoration. Like with PVP, the effectiveness 
with which BKP and VBS restored vertebral height postopera-
tively depended heavily on preoperative vertebral instability. 
Even when patients were divided into those with or without ver-
tebral instability, there were no differences in the effectiveness 
of vertebral height restoration among the 3 treatment groups. 
The lack of differences among the 3 treatment groups was pre-
sumably due to sinking of metal stent or balloon deflation ef-
fect within the vertebral body. The balloon, which had expand-
ed within the fractured vertebral body during surgery, tended 
to be buried within the cancellous bone, limiting the effective-
ness with which balloon expansion increased vertebral height 
(Fig. 4). When stent balloon used, the balloon inside the stent 
was expanded within the vertebral body and then deflated, but 
the expanded stent then shrank, resulting in loss of vertebral 
height correction (Fig. 5). These results suggest that there is not 
as much of an advantage to using a balloon or stent, in terms of 
vertebral height restoration, as one would expect. VBS was de-
veloped to solve the problem of balloon deflation effect in BKP, 
but its effectiveness was not evident in the change in vertebral 
height. In the current study, however, bone cement leakage out 
of the vertebral body decreased significantly in conjunction with 
VBS or BKP compared to that with PVP. This is presumably 

because the stent or balloon is expanded to form a cavity, allow-
ing the safe injection of high-viscosity bone cement. The unex-
pected dispersion of bone cement is likely to occur during PVP 
but less likely to occur with VBS or BKP. What can be expected 
from VBS or BKP is safe treatment rather than effective verte-
bral height restoration. That said, the distribution of bone ce-
ment clearly differs between BKP and VBS, in which bone ce-
ment is injected into the cavity formed by a balloon or stent, and 
PVP, in which bone cement is injected directly into the fractured 
vertebral body. Thus, further verification is needed to determine 
whether they have similar effectiveness or not.

The present study has several limitations. First, it included 
only a small number of patients, and the patients were not ran-
domized into the 3 treatment groups; rather the patients were 
assigned to the procedures depending on the time of enrollment. 
Thus, despite the lack of randomization, minimal bias might be 
expected from the assignment of the patients to the procedures. 
Moreover, because surgery was performed for all patients by 
the same surgeon at the same institution, there is a good reason 
to believe that the 3 groups were comparable. Next, the present 
study was a retrospective study, and vertebral mobility, vertebral 
heights, and kyphotic angles were not measured and analyzed 
in a blinded manner. However, the measurements obtained in 
the present study were consistent with those in previous reports; 
thus, we consider that there was no problem related to this limi-
tation.

Fig. 4. Representative images demonstrated the subsidence of 
the metal stent in a vertebral compression fracture without ver-
tebral mobility treated with vertebral body stenting. X-P, lateral 
dynamic radiographs.

Preoperative X-P Postoperative X-P

Fig. 5. Representative lateral radiographs from patients treat-
ed with vertebral body stenting indicated that the metal stent 
shrank and the vertebral height decreased after stent balloon 
deflation.
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CONCLUSION

This study examined the effectiveness of vertebral height res-
toration in 3 groups of patients with painful vertebral fractures 
treated with PVP, BKP, or VBS. The effectiveness of vertebral 
height restoration did not differ between groups undergoing 
BKP or VBS and a group undergoing PVP. All the treatments 
improved the vertebral height postoperatively when the frac-
tured vertebrae were unstable preoperatively. The use of a bal-
loon or metal stent itself contributes little to the correction of 
collapsed vertebrae. BKP and VBS have an advantage in terms 
of safety by preventing the excessive dispersion of bone cement.
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