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Osteoporotic vertebral compression fractures (OVCFs) 
are common fractures in the elderly. The most common 
symptom is severe pain in the back and lumbar spine, 
which severely restricted their actions. There are 1.4 
million patients of vertebral compression fractures 
received clinical treatment all of the world per year 
and most patients can obtain satisfactory results 
by conservative or surgical treatment. However, 
conservative treatment requires long-term bed rest, 
which will aggravate osteoporosis, increase the risk of 
complications and death[1,2]. Percutaneous vertebroplasty 
(PVP) is an important minimally invasive surgical 
treatment for OVCFs and has the advantages of fast 
pain relief and early functional exercise. Nevertheless, 

the leakage rate of bone cement after PVP can reach 
25.8-65 %. Nowadays, there is still no consensus on 
how to reduce bone cement leakage. A small amount 
of bone cement leakage generally does not cause 
clinical symptoms. But if bone cement seeps into nerve 
root or big blood vessel, it can cause heat injury and 
compression of nerve root and blood vessel, pulmonary 
embolism and other serious complications. Though 
the efficacy of low viscosity and high viscosity bone 
cement for the treatment of OVCFs is similar in PVP[3], 
the leakage rate of low viscosity bone cement in vein 
and paravertebral was higher than that in viscosity bone 
cement[4,5]. However, the current clinical application of 
high viscosity bone cement in the treatment of vertebral 
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compression fractures in China is still not mature 
enough and the injection volume of high viscosity bone 
cement is controversial. The purpose of this study was 
to compare the clinical effect of different injection 
volumes of high viscosity bone cement in PVP on the 
treatment of OVCFs, so as to find an effective treatment 
scheme to reduce the postoperative leakage rate.

One hundred and fifty cases of patients with OVCFs 
treated in the Third Affiliated Hospital of Soochow 
University from January 2017 to October 2018 were 
enrolled, including 78 males and 72 females, aged 
at 60-79 y with a mean age at 71.3±2.5 y. Vertebral 
collapse degree was 52.8±7.6 %. Inclusion criteria 
were bone mineral density examination indicated 
osteoporosis; all patients underwent strict physical 
examination and imaging examination to confirm a 
diagnosis of thoracolumbar vertebral compression 
fractures. Persistent lumbar and back pain and limited 
activity despite of many treatments such as drugs 
and physical therapy and no spinal cord or nerve 
root injury or compression symptoms and signs; CT 
showed no obvious damage to the posterior wall of the 
vertebral body compression, vertebral collapse degree 
was less than 75 %; without coagulation dysfunction 
contraindication. Exclusion criteria were patients with 
spinal cord injury, cauda equina injury or neurological 
injury; accompanied by spinal stenosis, spinal 
tuberculosis and spinal cord tumor; vertebral fracture 
line across the vertebral or incomplete vertebral; 
accompanied by severe hypertension, diabetes, 
coronary heart disease and other major diseases, cannot 
afford surgery according to systemic evaluation. The 
150 patients were randomly divided into the high 
dose group (50 cases), the medium dose group (50 
cases) and low the dose group (50 cases). There were 
no significant differences in gender, age and disease 
condition between all the 3 groups. All patients or their 
families have signed informed consent.

The patients were taken prone position with 
electrocardiogram monitoring, local anesthesia and 
fluoroscopy positioning using C arm. Inserting needle 
from the more severe compression side and performing 
surgery using bilateral percutaneous pedicle approach. 
The injection cannula was attached to the high viscosity 
bone cement and injected with a pressure injection 
pump. The whole injection was performed under the 
fluoroscopy, and the injection was stopped immediately 
after the leakage from the posterior edge of the vertebral 
body occurring. Injection volume of vertebral bone 
cement in the high dose group was 5.0-7.0 ml; injection 

volume of vertebral bone cement in the median dose 
group was 3.0-5.0 ml; Injection volume of vertebral 
bone cement in the low dose group was less than  
3.0 ml. Bone cement is high viscosity bone cement 
from Palacos R+G in German.

The visual analogue score (VAS) and Oswestry disability 
index (ODI) were used to evaluate the pain degree and 
motor function before, 5 d and 12 mo after surgery. 
Measuring vertebral height and the Cobb’s angel with 
CT measurements before, 5 d and 3 mo after surgery. 
Record and analyze the occurrence of bone cement 
leakage and other complications. SPSS13.0 statistical 
software was adopted for statistical analysis. The 
measurement data were expressed as mean±standard 
deviation. Comparisons among the three groups were 
conducted using one-way ANOVA. Enumeration data 
were expressed by percentage (%) and comparisons 
on enumeration data were conducted using Chi-Square 
test. p<0.05 means a significant difference. All the 150 
patients received the operation successfully. Injection 
volume of bone cement was 5.3±0.5 ml in high dose 
group, 4.3±0.2 ml in middle dose group and 2.3±0.4 ml 
in low dose group. There were significant differences 
on the injection volume of bone cement among the 
three groups. There were no significant differences on 
operation time and bleeding volume, as shown in Table 1. 
Typical cases in each group were shown in fig 1.

After PVP treatment, the VAS and ODI were significantly 
improved 5 d and 12 mo later in all 3 groups. However, 
no significant differences were found on the VAS score 

Group N Operation 
time (min)

Bleeding 
(ml)

Injection 
volumes (ml)

High dose 50 47.3±3.6 9.2±1.5 5.3±0.5
Median dose 50 46.9±4.5 9.3±1.2 4.3±0.2
Low dose 50 47.1±3.4 9.2±1.4 2.3±0.4
F 1.267 0.975 1.032

P >0.05 >0.05 >0.05

TABLE 1: COMPARISONS ON GENERAL CONDITION 
AMONG THE THREE GROUPS

Fig. 1: The positive and lateral radiographs after percutaneous 
vertebroplasty
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and ODI among these 3 groups before surgery and 5 d 
and 12 m later, as shown in Table 2. The vertebral height 
and Cobb angle of injured vertebrae were significantly 
improved 5 d and 3 mo after operation in all 3 groups. 
However, the improvement had no correlation with the 
dose of high viscosity bone cement, as shown in Table 3. 
After treatment, there were 14, 9 and 2 cases of bone 
cement leakage in high dose, middle dose and low dose 
groups, respectively. The leak rates were 28, 18 and 
4 % and there were significant differences among the 
3 groups. Low dose group has the least leakage rate, 
while high dose group has the highest leakage rate, as 
shown in Table 4.

Compared with the traditional treatment, PVP has 
been widely used because of its advantages of less 
trauma, quick response and less complications[6]. 
Bone cement leakage is one of the most common and 
most serious complications in PVP treatment and may 
cause catastrophic damage to the spinal cord and nerve 
root, and may even lead to life-threatening pulmonary 
embolism. With the maturity and wide application 
of this technology, the extravasation of bone cement 
is mainly prevented by the choice of bone cement 
material, the improvement of surgical instruments, 
the dosage and time of bone cement injection[7]. High 
viscosity bone cement possesses instant high viscosity, 
low polymerization temperature and can be injected 
longtime[8]. It can reduce the polymerization effects of 

bone cement and thermal of bone cement leakage in the 
PVP treatment, which may greatly improve the safety 
of PVP, so as to avoid the occurrence of nerve injury 
and pulmonary embolism. In fact, high viscosity bone 
cement has higher safety and efficacy than traditional 
bone cement in the treatment of OVCFs[9]. The most 
common and serious complication of bone cement in 
the treatment of vertebral compression fractures is the 
loosening of the prosthesis. The medium and long-term 
prosthesis loosening rate in the use of high viscosity 
bone cement is much lower than the use of ordinary 
bone cement, and appropriate rehabilitation treatment 
is helpful to reduce the incidence of medium and long-
term complications[10,11].

It is still controversial on the injection volume on 
high viscosity bone cement for the treatment, clinical 
study showed that there was no significant correlation 
between the injection volume of bone cement and 
clinical efficacy. A vertebral body filling rate less than 
30 % can reduce the pain and stability of vertebral 
fracture[12-15]. In our study, there were 14, 9 and 2 cases 
of bone cement leakage in high dose, middle dose 
and low dose group respectively. The leak rates were 
28, 18 and 4 % and there were significant differences 
among the 3 groups. The lowest leak rate was only 4 % 
when the injection volume does not exceed the 3.0 ml, 
which showed a reduction in bone cement leakage rate 
when reducing the amount of bone cement injection. 

Group N
VAS

P
ODI (%)

P
Before 5 d 12 mo Before 5 d 12 mo

High dose 50 8.1±1.3 2.9±1.2 2.1±0.6 <0.05 67.8±9.7 46.1±6.8 30.4±4.5 <0.05
Median dose 50 7.9±1.2 2.9±0.9 2.0±0.7 <0.05 65.5±8.7 44.7±5.4 29.6±5.3 <0.05
Low dose 50 8.0±1.3 2.9±1.0 2.0±0.8 <0.05 66.9±9.2 46.7±7.7 29.4±6.1 <0.05
P >0.05 >0.05 >0.05 >0.05 >0.05 >0.05

TABLE 2: COMPARISONS ON VAS SCORE AND ODI AMONG THE THREE GROUPS

Group N
Vertebral height (mm)

P
Cobb's angel

P
Before 5 d 3 mo Before 5 d 3 mo

High dose 50 8.0±1.2 3.1±1.3 2.2±0.3 <0.05 66.6±10.2 45.4±6.2 30.1±4.3 <0.05
Median dose 50 7.8±1.4 3.0±0.6 2.0±0.4 <0.05 64.1±7.8 43.5±5.1 28.5±5.1 <0.05
Low dose 50 8.1±1.1 2.9±1.1 2.0±0.5 <0.05 66.2±9.2 46.8±4.9 29.1±5.7 <0.05
P >0.05 >0.05 >0.05 >0.05 >0.05 >0.05

TABLE 3: COMPARISONS ON VERTEBRAL HEIGHT AND THE COBB'S ANGEL AMONG GROUPS

Group N Intervertebral disc leakage* Venous leakage* Paravertebral leakage* Leakage rate*
High dose 50 5 (10) 4 (8) 5 (10) 14 (28)
Median dose 50 4 (8) 3 (6) 2 (4) 9 (18)
Low dose 50 1 (2) - 1 (2) 2 (4)
X2 10.464

P <0.01

TABLE 4: COMPARISONS ON BONE CEMENT LEAKAGE AMONG THE THREE GROUPS 

Number of cases and the numerals in parenthesis is % leakage
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VAS and ODI improved significantly in low dose 
bone cement injection group 5 d and 12 mo after the 
surgery when compared with preoperative evaluation. 
But there was no significant difference when compared 
with high and middle dose of bone cement injection 
group. Besides, the vertebral height and Cobb angle 
of injured vertebrae were significantly improved 5 
d and 3 mo after operation in all 3 groups. However, 
the improvement had no correlation with the dose of 
high viscosity bone cement. These results confirmed 
that there was no significant correlation between the 
bone cement injection volume and clinical efficacy. It 
can also achieve good curative effect with an injection 
volume less than 3.0 ml. 

In conclusion, different injection volumes of high 
viscosity bone cement in PVP all reached a good 
effect in the treatment of OVCFs and low dose could 
significantly reduce the leakage of bone cement. 
Therefore, low dose of high viscosity bone cement 
could be the first choice for the treatment of OVCFs 
for its safety.
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