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This study was to compare the clinical effects of high-viscosity with low-viscosity bone cement in percutaneous
vertebroplasty for the treatment of osteoporotic vertebral fracture. A total of 112 patients with osteoporotic
vertebral fracture received percutaneous vertebroplasty treatment from March 2015 to March 2017 in the
Zhongda Hospital Southeast University were enrolled and divided into the high-viscosity group (n=56)
and low-viscosity group (n=56) according to the cement used. Visual analogue scale, Oswestry disability
index, Cobb angle and leakage were observed before operation, 2 days after operation and 4 months after
operation. There was no significant difference in visual analogue scale score, Oswestry disability index score
or Cobb angle between the 2 groups before operation. However, the visual analogue scale score, Oswestry
disability index score and Cobb angle of the high-viscosity group were lower than those of the low-viscosity
group 2 d after operation and 4 months after operation. Besides, the proportion of leakage into the venous
area, intervertebral area, paravertebral area and the total leakage rates in the high-viscosity group were
lower than those in the low-viscosity group. In conclusion, compared to the low-viscosity bone cement, the
high-viscosity bone cement could significantly relieve the postoperative pain, restore the height of vertebrae
and reduce the venous, intervertebral and paravertebral leakage rate. Therefore, high-viscosity bone cement
can be used as the first choice for the treatment of osteoporotic vertebral fracture.
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Twenty percent of the osteoporosis (OP) patients over
70 y age suffer from osteoporotic vertebral compression
fractures (OVF) of different degrees[1]. With the rapid
growth of the aging population, the OP and the resulting
fractures are becoming more and more frequent, which
seriously affect the quality of life and the health of
the elderly. In particular, OVF is considered to be a
precursor to the deterioration of health of the elderly[2].
Percutaneous vertebroplasty (PVP) is an effective
and minimally invasive technique for the treatment of
OVF[3,4]. PVP can restore the stability of the vertebrae,
the Cobb angle, and improve the quality of life of the
patients. However, the incidence of bone cement leakage
can reach to 30-70 % after PVP. In fact, paravertebral
leakage can cause nerve damages and venous leakage
can cause fatal complications, such as pulmonary
embolism[5,6]. The viscosity of the bone cement is one of
the main reasons to avoid the leakage of the cement[7].
At present, there is no consensus on how to reduce the
leakage of bone cement. Some scholars[8,9] have applied
the high-viscosity bone cement to reduce the incidence
of bone cement leakage, but still no one has drawn a

reliable conclusion. In order to further explore whether
the effectiveness and safety of the high-viscosity bone
cement is greater than that of the low-viscosity bone
cement, patients underwent PVP surgery from March
2015 to March 2017 in Zhongda Hospital Southeast
University were enrolled and divided into the highviscosity group and low viscosity group according to
the cement applied and the effectiveness and safety
of PVP in these 2 groups were analyzed to provide
reference for the application of bone cement in PVP
surgery.
A total of 112 patients (62 male and 50 female, aged
54 to 79 y, with an average age of 67.5±2.1 y) with
OVF, who received PVP treatment from March 2015
to March 2017 were enrolled. Inclusion criteria were,
1. the clinical symptoms and imaging results meet with
the diagnostic criteria of OVF; 2. patients are who are
either 50 y old or above; 3. VAS score are equal to or
greater than 5 points; and 4. those who gave signed
informed consents to participate in this study. While
the exclusion criteria were, 1. patients who refused
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to participate in the study; 2. patients with injury in
spinal cord or nerve; 3. patients with vertebral fractures
caused by pathological diseases; 4. patients who cannot
tolerate PVP in general conditions; and 5. patients with
infection or dysfunction of coagulation function at the
site of puncture. Those patients were divided into the
high-viscosity group (n=56) and low-viscosity group
(n=56) according to the bone cement used. There was
no significant difference in the general conditions
between both the groups, as shown in Table 1.

cement leakage occurred. The assessments were
conducted by two diagnostic imaging specialists and
discussions would be held when there were different
opinions. Visual analogue scale (VAS) was used to
evaluate the lumbago changes before, 2 d and 4 mo
after operation. The Oswestry function index (ODI)
was used to evaluate the lumbar function. Meanwhile,
the X-ray examinations of the spinal column were
performed and the incidence of adjacent vertebral
fractures was evaluated.

The patients were prone to lie on the 4 point scaffold
in spinal surgery, suspended in the chest and abdomen.
The fractured vertebrae area was locally anesthetized
with 1 % lidocaine after finishing the location procedure
using the C-arm X-ray machine. The puncture needle
was inserted to the proper position of the fractured
vertebrae through the pedicle of the vertebral arch.
When the position was confirmed by the C-arm X-ray
machine, the prepared polymethyl methacrylate
(PMMA) bone cement would consistently be injected
into the vertebrae by a special injector and special
hydraulic propulsion under the monitor of the above
machine. The injection volume was 2.5~5.0 ml and
the average of which was 2.5±1.0 ml. The injection
position was located in the central front (1/3) of the
vertebrae. PALACOSR+G high-viscosity PMMA bone
cement (Heraeus Medical GmbH, Germany) was used
in the high-viscosity group and MENDEC spine lowviscosity PMMA bone cement (Tecres SPA, Italy) was
applied in the low-viscosity group.

All data were analysed using SPSS 21.0. VAS, ODI
and Cobb angle were analysed by repeated analysis of
variance at different time periods after operation. The
paired-t test was used between the two groups. Chisquare test was applied in the analysis of leakage rates
of the two groups. p<0.05 showed that the difference
was statistically significant.

Spinal X-ray examinations were conducted in 2 d
after operation and the patients received spinal X-ray
examinations and CT examinations on discharge
postoperatively, which aimed at evaluating the
distribution of the bone cement and whether bone

There was no significant difference in the preoperative
Cobb angle between the two groups. However, the
Cobb angle of the high-viscosity group was lower than
that of the low-viscosity group in 2 d and 4 mo after
operation, as shown in Table 4.

There was no significant difference between the 2
groups in VAS scores before surgery. However, there
was significant difference in VAS score of the 2 groups
in 2 d and 4 mo after operation. In particular, The
VAS score of high-viscosity group was lower than
that of low-viscosity group, as shown in Table 2. No
significant difference was observed between the 2
groups in the ODI scores before operation. However,
statistically significant difference was observed in ODI
scores of the 2 groups in 2 d and 4 mo after operation.
Specifically, the ODI scores of the high-viscosity
group were lower than that of the low-viscosity group,
as shown in Table 3.

TABLE 1: COMPARISON OF GENERAL CHARACTERISTICS IN THE TWO GROUPS
Parameter
Male/female
Age (y)
BMI (kg/m2)
Course of disease (day)
Operation time (min)
Injection volume (ml)

High-viscosity group, (n=56)
30/26
67.8±2.6
24.1±2.7
4.6±2.1
46.9±8.2
3.5±0.4

Low-viscosity group, (n=56)
31/25
66.9±2.4
24.2±2.4
4.4±1.8
45.6±7.5
3.4±0.7

t/X2
0.036
1.45
0.67
1.03
1.14
0.58

P
>0.05
>0.05
>0.05
>0.05
>0.05
>0.05

TABLE 2: COMPARISON OF THE VAS SCORES IN THE TWO GROUPS
Group
High-viscosity group
Low-viscosity group
t
P
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n
56
56

Before operation
18.2±1.1
18.3±0.9
0.46

2 d after operation
3.3±2.2
4.5±1.7
5.07

4 mo after operation
2.1±0.6
3.1±0.5
6.48

>0.05

<0.05

<0.05
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F
21.75
24.29

P
<0.05
<0.05
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Ninety five and 96 segments were treated in the highviscosity group and low-viscosity group, respectively.
Statistically significant differences were observed in
the proportions of the leakage into the venous area,
intervertebral area, paravertebral area as well as the
total leakage rates, with all the above values lower in
the high-viscosity group when compared to the lowviscosity group. The detailed data were shown in
Table 5.
Traditional operation methods for OVF mainly
included the posterior pedicle internal fixation and
fixation of injured vertebrae[10]. Two pedicle screws
are inserted into both sides of the adjacent vertebra
of the injured vertebrae in a posterior pedicle internal
fixation, with the aim to indirectly restore the injured
vertebrae with the help of the anterior and posterior
longitudinal ligaments and the adjacent intervertebral
disks of the injured vertebrae. The procedure is simple
and can fix the spine and have less influence on the
spine. Besides, it can restore the height of the injured
vertebrae. However, the procedure could not restore
the complete structure of the trabecular bone, leading
to the formation of the eggshell shaped vertebrae[11].
Compared with the traditional open surgery, PVP
under C-arm fluoroscopy can bring less trauma,
promote faster recovery and have less influence on
the cardiorespiratory function of patients. As a result,
it has become the mainstream choice nowad[12,13]. For
patients with OVF, PVP operation should be performed

immediately when OVF occurred so as to relieve the
lumbago and back pain, restore their daily life and
reduce the complications related to bedridden status.
The results of this study showed that the VAS scores
of the 2 groups improved significantly in 2 d and 4 mo
after operation, with more obvious changes occurred
in the high-viscosity group, and the same trends were
observed in the ODI scores. The main reason is that lowviscosity and high-viscosity bone cement have the same
mechanism in relieving lumbago caused by OVF. PVP
treatment can improve the thermochemical damage to
nerve terminals after OVF and the mechanical stability
of the whole vertebrae is enhanced after the application
of bone cement. Previous studies[14] have pointed out
that the efficacy of low-viscosity bone cement and
high-viscosity bone cement is comparable in the
treatment of OVF. Whereas, the incidence of venous
leakage and paravertebral leakage with low-viscosity
bone cement is high as well as fatal[15]. Bone cement
leakage can damage the nerve root, lead to pulmonary
embolism, or even death. Therefore, the reduction of
PVP leakage has become the focus of researchers.
Although gelatin sponge has been applied to the vein
embolization in the vertebrae[16], which can reduce the
venous leakage, it will lengthen the operation time
and increase the operation difficulty, thus limiting the
clinical application. The viscosity of the bone cement
is the main factor affecting the leakage from the veins.
This study found that high-viscosity bone cement
can reduce the venous leakage, vertebral leakage and

TABLE 3: COMPARISON OF ODI SCORES IN THE TWO GROUPS
Groups
High-viscosity group
Low-viscosity group
t

n
56
56

Before operation
82.7±8.2
83.1±9.4
0.61

Postoperative 2 d
24.5±3.6
27.3±3.2
4.92

Postoperative 4 mo
22.3±2.5
26.8±3.4
5.16

>0.05

<0.05

<0.05

P

F
32.48
25.16

P
<0.05
<0.05

TABLE 4: COMPARISON OF THE CHANGES IN COBB ANGLE IN THE TWO GROUPS OF PATIENTS
Groups
High-viscosity group
Low-viscosity group
t

n
56
56

before operation
27.3±3.7
27.5±3.4
0.51

postoperative 2 d
15.5±1.7
20.3±2.2
5.16

postoperative 4 mo
14.8±1.9
18.4±2.3
6.74

>0.05

<0.05

<0.05

P

F
22.7
24.5

P
<0.05
<0.05

TABLE 5: COMPARISON OF POSTOPERATIVE BONE CEMENT LEAKAGE RATE IN THE TWO GROUPS
7/96 (7.3 %)
22/95 (23.2 %)
8.34

Intervertebral
leakage
7/96 (7.3 %)
26/95 (27.4 %)
10.17

Paravertebral
leakage
8/96 (8.3 %)
15/95 (15.6 %)
5.26

22/96 (22.9 %)
63/95 (66.3 %)
11.08

<0.05

<0.05

<0.05

<0.05

Groups

n

Segments

Venous leakage

High-viscosity group
Low-viscosity group
X2

56
56

96
95

P
14
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paravertebral leakage rates. The reason may be that
high-viscosity bone cement can increase the viscosity
between the bone tissue and the material and thus
reduce the leakage rate. Compared to the low-viscosity
bone cement, high-viscosity bone cement can be
evenly distributed in the vertebrae, thereby reducing
the leakage rates.
Compared to the low-viscosity bone cement, highviscosity bone cement can significantly relieve the
postoperative pain, restore the height of vertebrae and
reduce the incidences of venous leakage, intervertebral
leakage and paravertebral leakage, which can be used
as the first choice for the treatment of OVF.
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