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Abstract. – OBJECTIVE: Osteoporotic verte-
bral compression fractures (OVCFs) are common 
diseases in elderly patients and can cause serious 
thoracolumbar compression fractures. For pa-
tients with such fractures, conservative treatment, 
nail-stick fixation, percutaneous vertebroplasty 
(PVP) and percutaneous kyphoplasty (PKP) can be 
selected as treatment methods. In this study, we 
aimed to compare the clinical efficacy of PKP and 
PVP in the treatment of osteoporotic thoracolum-
bar vertebral compression fractures.

PATIENTS AND METHODS: One hundred and 
sixty-one patients with single-stage osteoporotic 
vertebral compression fracture in thoracolumbar 
were enrolled and divided into two groups, percu-
taneous balloon kyphoplasty (PKP group) and per-
cutaneous vertebroplasty (PVP group). The sub-
jects were selected from patients who were once 
treated in our hospital from January 2012 to De-
cember 2015. There were 91 cases in PKP group 
and 70 cases in PVP group. The hospitalization 
time, operation-related index (including blood 
loss, bone cement injection, surgical time and 
number of intraoperative fluoroscopy), bedrest 
time, visual analog pain score (VAS), Cobb’s angle, 
vertebral anterior height, Oswestry Disability In-
dex (ODI) dysfunction index and quality of life 
score were compared to evaluate the clinical ef-
fects of the two treatment methods.

RESULTS: There were significant differences in 
hospitalization time, operation-related index (in-
cluding blood loss, bone cement injection, opera-
tion time, number of intraoperative fluoroscopies) 
and bed rest time between the two groups. Com-
pared with the patients in PVP group, patients of 
PKP group had less hospital stay (p<0.001), less 
time in bed (p<0.05) and less intraoperative blood 
loss (p<0.05). In addition, the number of times we 
used intraoperative fluoroscopy was significantly 
different between the two groups (p<0.001). How-
ever, the operation time of PKP group was longer 
than that of PVP group, and the amount of intraop-
erative cement injection was more than that of PVP 

group (p<0.05). After treatment, VAS scores in both 
groups were dramatically decreased, of which the 
scores in PKP group were markedly lower than that 
in PVP group and the difference was statistically 
significant (p<0.05). The changes of Cobb’s angle, 
the height of anterior vertebral body and ODI scores 
in PKP group were noticeably better than PVP 
group (p<0.05). There were 5 cases occurring intra-
operative cement leakage in PKP group and 12 cas-
es in PVP group, indicating that the former is rela-
tively better (p<0.001). However, no significant dif-
ference was found between the two groups in the 
occurrence of secondary vertebral fractures at 1 
month, 3 months, 6 months and 12 months after 
treatment (p>0.05).

CONCLUSIONS: The clinical effects of both PKP 
and PVP in the treatment of osteoporotic vertebral 
compression fractures are good, of which the re-
ductive and analgesic effect of PKP is superior to 
that of PVP and the former has less leakage of ce-
ment, higher safety and fewer complications.

Key Words
Osteoporosis, Vertebral compression fractures, Per-

cutaneous balloon kyphoplasty, PKP, Percutaneous 
vertebroplasty, PVP.

Introduction

Osteoporotic vertebral compression fractures 
(OVCFs) are common diseases in elderly patients, 
and can lead to thoracolumbar compression frac-
tures in the cases of serious trauma, cough or mild 
concussion, which were common type of injury 
in spinal fractures1. The occurrence of OVCFs in 
thoracolumbar in the elderly over 70 years old can 
reach 20%2,3, and about 1.4 million people suffer 
from OVCFs every year1.
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For patients with such fractures, conservative 
treatment, nail-stick fixation, percutaneous ver-
tebroplasty (PVP) and percutaneous kyphoplasty 
(PKP) can be performed to treat them clinically4,5. 
However, it takes a long bed rest time for patients 
who choose conservative treatment, which may 
lead to complications such as pulmonary infec-
tion, pulmonary embolism and venous thrombo-
sis, seriously affecting the quality of life of pa-
tients, and even endanger their lives6,7. Surgery is 
currently the main treatment way for the disease. 
PKP and PVP are two minimally invasive proce-
dures with advantages of simple, safe, stable and 
few complications, thus become two common 
surgical procedures for treatment of thoracolum-
bar vertebral compression fractures8,9. However, 
there are some complications such as secondary 
OVCFs, infection, nerve root injury, pulmonary 
embolism and bone cement leakage after the op-
eration. In addition, which one has a better thera-
peutic effect between the two procedures remains 
controversial. 

In this study, the aim was to compare the clin-
ical efficacy of PKP and PVP in the treatment of 
osteoporotic thoracolumbar vertebral compres-
sion fractures.

Patients and Methods

General Information
We selected patients with single-stage thora-

columbar osteoporotic compression fractures as 
our research subjects. All of them were admitted 
in our hospital from January 2012 to December 
2015. A total of 161 patients were effectively fol-
lowed up, of which there were 91 patients in PKP 
group, including 38 males and 53 females, and 79 
patients in PVP group, including 24 males and 
46 females. Bone mineral density, X-ray, verte-
bral Computed Tomography (CT) and Magnetic 
Resonance Imaging (MRI) examination were 
performed on all the subjects. As a result, each 
of them was found to have different degrees of 
osteoporosis and vertebral compression fractures 
without spinal nerve injury. This study was ap-
proved by the Ethics Committee of Weifang Peo-
ple’s Hospital. Signed written informed consents 
were obtained from all participants before the 
study.

Treatment of PKP
PKP operation was performed under gener-

al anesthesia by using prone position. C-arm of 

x-ray machine was used in PKP group to deter-
mine the location of injured vertebrae. Cannulae 
placed percutaneously into the vertebral body 
allowed the insertion of two inflatable bone 
tamps. The balloons compacted the surrounding 
trabecular bone and created an enclosed cavity 
during inflation, which was filled with bone ce-
ment under low manual pressure after removal 
of the balloons. By percutaneous insertion of a 
needle through the pedicles into the vertebral 
body and the injection of bone cement into the 
cancellous bone, this surgery could alleviate 
pain, stabilize the fracture and prevent progres-
sion of kyphotic deformity or further loss of 
vertebral body height.

Treatment of PVP
The cement followed the path of least resis-

tance and the procedure was monitored directly 
by fluoroscopy. Conventional preparation was 
performed following the same procedure as the 
PKP group. When the tip was located in the 1/3 
height of anterior vertebral and the needle mon-
itored through fluoroscopy was near the median 
line of the limb, the core was removed and the 
bone cement was injected into the spine.

Efficacy Evaluation 
Index

The following indexes of patients in PVP and 
PKP group were recorded: the duration of hos-
pital stay, operation-related indexes (including 
amount of blood loss and bone cement injection, 
operation time, intraoperative fluoroscopy times), 
postoperative bed rest time, visual analog pain 
score (VAS) before and after surgery, Cobb’s an-
gle, vertebral height, Oswestry Disability Index 
(ODI) and quality of life index. The VAS10 and 
ODI11 were recorded preoperatively and 1 day, 
3 days, 1 week, 1 month, 3 months, 6 months, 
and 12 months after surgery, while Cobb’s angle, 
anterior height of vertebral body and quality of 
life scores were recorded preoperatively and 12 
months after treatment.

Statistical Analysis
Statistical product and service solutions 

(SPSS) 21.0 software (IBM, Armonk, NY, USA) 
package was used to analyze the data. All the 
measurement data were presented as mean ± stan-
dard deviation (x–±s). t-test was used to analyze 
measurement data and x2-test was performed to 
evaluate count data. p<0.05 indicated the differ-
ence was statistically significant.
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Results

General Information Comparison
In this study, a total of 161 patients who suf-

fered from single-stage thoracolumbar osteopo-
rotic compression fractures were enrolled in our 
study. All of them were admitted to our hospital 
from January 2012 to December 2015. The fol-
low-up time was ranged from 1 to 3 years with 
an average of 2.1 years. There were 91 patients in 
the PKP group, aged 55-83 years, with an average 
of (70.55 ± 9.30) years and 79 patients in the PVP 
group, aged 56-85 years, with an average of (71.38 
± 8.53) years. Gender, age, vertebral injury sites 
and other general information of patients in the two 
groups showed no significant statistical difference 
(p>0.05), which made them comparable (Table I).

Hospitalization and Surgery 
Status Compared

To investigate the hospitalization and surgical 
status of the two groups of patients, we compared 
their information and found that PKP effectively 
shortened the duration of hospitalization (mean 
reduction, 2.16 days, p<0.001) and bed rest time 
(mean reduction, 0.34 days, p<0.05). At the same 
time, the amount of intraoperative blood loss and 
intraoperative fluoroscopy times in PKP group 
were especially less than those in PVP group. In 
addition, PKP significantly increased the space 
to accommodate cement by balloon dilatation to 
achieve adequate bone cement injection, which 
was conducive to the recovery of vertebral height 
and early self-care ability (Figure 1).

Table I. The General data of the two group.

Clinical features	 Number of cases	 PKP	 PVP	 p-value

Age (years)				  
    ≥ 65	 134	 75	 59	 0.75312193    < 65	 27	 16	 11	

Sex				  
    Male	 62	 38	 24	 0.33408914    Female	 99	 53	 46	

Fractural vertebrae				  
    T12	 53	 32	 21
    L1	 92	 50	 42	 0.77957474	
    Others	 16	 9	 7	

C
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D

Figure 1. Two groups of patients’ hospitalization, surgery and postoperative bed time comparison. A, Patients in the PKP group 
had shorter hospital stays than those in the PVP group. B, Patients in the PKP group had longer operation time than patients in 
the PVP group. C, Patients in the PKP group had shorter bedtime than those in the PVP group. D, Patients in the PKP group had 
less blood loss during surgery than those in the PVP group. E, Patients in the PKP group had higher intraoperative cement usage 
than patients in the PVP group. F, PKP group of patients with less X-ray projection than PVP patients
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Comparison of the Treatment 
Effect of Two Groups of Patients

The postoperative VAS score, ODI dysfunction 
index, Cobb’s angle, vertebral anterior height and 
quality of life in both groups were dramatically 
improved (p<0.05). There was no significant dif-
ference between the two groups before treatment 
(p>0.05), which made them comparable. VAS 
scores in PKP group were obviously better than 
that in PVP group (t=2.41, 2.44, 2.26, p<0.05) on 
the 1st day, the 7th day and 1 month after opera-
tion. The index of ODI dysfunction in PKP group 
was significantly lower than that in PVP group on 
the first day, the seventh day, the first month and 
the third month after treatment (t=2.49, 2.58, 3.32, 
3.20 p<0.05). What’s more, there was a significant 
difference between the two groups in postoper-
ative vertebral height and Cobb’s angle. (t=7.26, 
16.26 p<0.001). Meanwhile, the quality of life 
scores of patients in PKP group was higher than 
those in PVP group (t=5.87 p<0.05) (Figure 2 and 
Figure 3).

Comparison of Complications 
of the two Group Patients 

Bone cement leakage occurred during opera-
tion in both the two groups, of which 5 cases in 
PKP group and 12 cases in PVP group, indicat-
ing a higher leakage occurrence in PVP group 
(p<0.001). There was no statistically significant 
difference in the occurrence of secondary ver-
tebral fractures at 1 month, 3 months, 6 months, 
and 12 months after treatment (p>0.05) (Table II). 

Patients with cement leakage did not occur signif-
icant clinical symptoms.

Discussion

At present, PVP and PKP are widely used in 
the treatment of OVCFs worldwide. Both of the 
two surgical procedures can increase the strength 
of vertebral body and the stability of spine, re-
lieving patients’ pain quickly. Meanwhile, PKP 
can better restore the compressed vertebral body 
height as well as correct kyphosis of the spine so 
as to enable patients to walk early as soon as pos-
sible12,13. With the efficiency up to 90%14, a sat-
isfactory clinical effect can be achieved by PKP. 
The main purpose of this two surgery is to relieve 
postoperative pain and restore self-care ability 
of the patients. PKP and PVP surgery amelio-
rate pain of patients mainly through the follow-
ing ways. (1) Injection of bone cement can fix the 
vertebral of patients, strengthen their bone and 
ameliorate pain through reducing the stimulus of 
movement to nerve. (2) The thermal energy re-
leased by the cement polymerization can cause 
damage to the nerve endings so as to relieve pain15. 
VAS scores one day after surgery of the 161 pa-
tients were significantly lower than preoperative, 
indicating that the effect of surgery was obvious 
and the pain was effectively alleviated. The VASs 
of patients in PKP group were lower than those 
in PVP group at 1 day, 1 week and 1 month after 
operation, indicating that the short-term efficacy 

BA

Figure 2. Vertebral body height recovery and Cobb’s angle changes in both groups. A, There was a significant difference in the 
recovery of the anterior vertebral height before and after the operation between the two groups. There was no difference between 
the two groups before operation, but the height of the anterior vertebral body in PKP group was significantly higher than that 
in PVP group. B, The Cobb’s angle of vertebral body in the two groups was significantly different before and after operation, 
there was no difference between the two groups before operation, but difference of Cobb’s angle after operation between the two 
groups appeared.
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of PKP on pain relief was better than that of PVP, 
which could help the patients restore normal life 
as soon as possible. At the same time, the postop-
erative ODI index in PKP group was significantly 
lower than that in PVP group, while the quality of 
life scores were higher, indicating that PKP was 
superior to PVP in alleviating pain and restoring 
self-care ability of patients.

In this paper, patients in PKP group had less 
postoperative bed rest time than those in PVP 
group, which could effectively prevent and reduce 
complications such as pressure sores and hypo-
static pneumonia caused by long time bed rest. 
And the amount of intraoperative blood loss and 
intraoperative fluoroscopy times in PKP group 
were less than those in PVP group, which could 
effectively reduce the patient’s injury and opera-
tion risk as well as protect the medical staff from 
the excessive radiation damage. Biomechanical 
studies have confirmed that the restoration of 
vertebral body strength requires 4-6 mL of bone 
cement. Therefore, on the premise of ensuring no 
leakage of cement, adequate bone cement should 
be injected into the spine of patients in PKP or 
PVP surgery16. As a result of the application of a 
balloon to create a cavity in the vertebral body pri-
or to injection of cement, a low-pressure injection 
environment is created in PKP. Therefore com-
pared to the high-pressure environment in PVP, 
it is possible to inject a more sufficient amount of 
bone cement and reduce the rate of bone cement 
leakage in PKP. In addition, the expansion of the 

balloon in vertebral body can squeeze the cancel-
lous bone to make it denser, thereby sealing the 
bone fissures and venous access to reduce leakage 
of bone cement.

PKP and PVP can not only relieve pain and 
improve function, but also restore vertebral 
height and reduce kyphosis. PKP uses balloon 
dilatation and sufficient amount of bone cement 
to restore the height of the vertebral body, while 
some scholars think PVP can only reinforce the 
vertebral body without restoring the vertebral 
height9. However, in recent years, studies have 
indicated that PVP still have a certain degree of 
effect on the restoration of vertebral height and 
correction of kyphosis, especially in fresh tho-
racolumbar compression fractures17. The results 
of our study showed that the average height of 
vertebral body restored by PKP was 4.5 mm and 
the average Cobb’s angle corrected by PKP was 
12.92°, while the two index was 1.9 mm and 7.51° 
in PVP group, indicating that PKP could restore 
vertebral height and correct the kyphosis more ef-
fectively than PVP did. In this study, patients in 
PKP group showed a better recovery of vertebral 
body height and correction of kyphosis than those 
in PVP group, which is consistent with the litera-
ture reported18.

Bone cement leakage is the most common 
complication of bone cement vertebroplasty. The 
reported occurrence of cement leakage of PVP is 
about 30%, while that of PKP is 1.0%-2.0%19,20. In 
this paper, there were 17 cases occurred intraop-

B

C

A

Figure 3. VAS score, ODI index and quality of life score of two groups before and after operation. A A, There was no diffe-
rence in VAS score between the two groups before and after operation. The VAS scores of the two groups had no significant 
difference before operation, and the VAS scores at 1 day, 1 week and 1 month after operation were significantly different. B, 
There was no significant difference in ODI index between before and after operation in group B and before operation, there was 
a significant difference in ODI index at 1 day, 1 week, 1 month and 3 months after operation. C, There was significant difference 
between the two groups in preoperative and postoperative groups, there was no significant difference between the two groups be-
fore operation, and the postoperative quality of life score of patients in PKP group was higher than that of patients in PVP group.
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erative leakage of cement among 161 cases with 
the occurrence rate of 10.56%. Among the 17 cas-
es, there were 5 cases in PKP group, significantly 
less than 12 cases in PVP group. Taylor et al21 also 
found that the occurrence rate of complications 
such as bone cement leakage in PKP surgery was 
significantly lower than that in PVP operation. In 
our study, bone cement leakage occurred mainly 
in the intervertebral space and paravertebral soft 
tissue, without occurring in the spinal canal. In 
addition, patients who occurred cement leakage 
showed no obvious clinical symptoms.

In summary, both PKP and PVP in the treat-
ment of elderly patients with osteoporotic verte-
bral compression fractures have good efficacy, 
allowing patients to early get out of bed to reduce 
the complications caused by long-term bed rest 
after fracture. Compared with PVP, PKP, with 
lower bone cement leakage rate, higher safety 
and fewer complications, has obvious advantages 
in vertebral height restoration and improvement 
of Cobb’s angle and can ameliorate pain more 
effectively, thus improving the clinical curative 
effects. However, the selection of treatment meth-
od should still be associated with the specific pa-
tient’s condition in order to ensure the effective-
ness of clinical treatment.

Conclusions

The clinical efficacy of both PKP and PVP in 
the treatment of osteoporotic vertebral compres-
sion fractures was compared. Compared with 
PVP, PKP achieves superior fracture reduction 
and analgesic effects with less leakage of cement, 
higher safety and fewer complications.
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