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Role of percutaneous 
vertebroplasty with high‑viscosity 
cement in the treatment of severe 
osteoporotic vertebral compression 
fractures
Kunpeng Li1, Changbin Ji1, Dawei Luo1, Wen Zhang2, Hongyong Feng1, Keshi Yang1 & 
Hui Xu1*

Severe osteoporotic vertebral compression fractures (OVCFs) were considered as relative or even 
absolute contraindication for vertebroplasty and kyphoplasty and these relevant reports are very 
limited. This study aimed to evaluate and compare the efficacy of vertebroplasty with high-viscosity 
cement and conventional kyphoplasty in managing severe OVCFs. 37 patients of severe OVCFs 
experiencing vertebroplasty or kyphoplasty were reviewed and divided into two groups, according to 
the procedural technique, 18 in high-viscosity cement percutaneous vertebroplasty (hPVP) group and 
19 in conventional percutaneous kyphoplasty (cPKP) group. The operative time, and injected bone 
cement volume were recorded. Anterior vertebral height (AVH), Cobb angle and cement leakage were 
also evaluated in the radiograph. The rate of cement leakage was lower in hPVP group, compared with 
cPKP group (16.7% vs 47.4%, P = 0.046). The patients in cPKP group achieved more improvement in 
AVH and Cobb angle than those in hPVP group postoperatively (37.2 ± 7.9% vs 43.0 ± 8.9% for AVH, 
P = 0.044; 15.5 ± 4.7 vs 12.7 ± 3.3, for Cobb angle, P = 0.042). At one year postoperatively, there was 
difference observed in AVH between two groups (34.1 ± 7.4 vs 40.5 ± 8.7 for hPVP and cPKP groups, 
P = 0.021), but no difference was found in Cobb angle (16.6 ± 5.0 vs 13.8 ± 3.8, P = 0.068). Similar cement 
volume was injected in two groups (2.9 ± 0.5 ml vs 2.8 ± 0.6 ml, P = 0.511). However, the operative time 
was 37.8 ± 6.8 min in the hPVP group, which was shorter than that in the cPKP group (43.8 ± 8.2 min, 
P = 0.021). In conclusion, conventional PKP achieved better in restoring anterior vertebral height and 
improving kyphotic angle, but PVP with high-viscosity cement had lower rate of cement leakage and 
shorter operative time with similar volume of injected cement.

Osteoporotic vertebral compression fractures (OVCFs) are the most common fractures in patients with osteo-
porosis, which usually cause pain, deformities, and even mortality in elderly populations. The prevalence is 
increasing as population age, about 1.4 million new fractures every year1,2. Percutaneous vertebroplasty (PVP) 
has achieved satisfactory outcome in relieving pain and improving life quality for patients with OVCFs. How-
ever, severe OVCFs, the vertebral body collapsed to less than one-third of its original height, were regarded as 
contraindication for technical difficulties3,4. Therefore, these populations have to receive conservative treatment, 
but long-term bed rest may result in increased bone loss and secondary complications such as infection, bedsores, 
and muscles atrophy5.

Percutaneous kyphoplasty (PKP), a modified version of vertebroplasty, involves inflation of a balloon within 
the fractured vertebrae to create a cavity before bone cement injection. Several studies have reported that PKP 
could reduce the cement leakage rate, with equally better result in pain relief and life improvement, compared 
with PVP6–8. Recently, Baroud and his colleagues9 found in their experimental study that the leakage of bone 
cement reduced when the viscosity of the injected cement increased, and there was a strong relationship between 
them. Laboratory tests and clinical trials10–12 reported that the use of high-viscosity bone cement could reduce 
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the leakage of bone cement in the PVP. However, reports that explicitly investigate the efficacy and safety of these 
modifications in severe OVCFs are limited.

This retrospective study presents the clinical and radiological outcomes of patients with severe OVCFs, who 
received PVP with high-viscosity cement and conventional PKP, in order to evaluate and compare efficacy and 
safety of conventional PKP and high-viscosity cement PVP in managing severe OVCFs.

Method and materials
Patient population.  This retrospective study was conducted in Liaocheng People’s Hospital between Jan 
2014 and Dec 2016, in which 37 patients of the severe OVCFs were reviewed. It was approved by the Ethics Com-
mittee of our Hospital and all patients provided written informed consents. All procedures in this study were 
performed according to the relevant guidelines and regulations.

In this study, all patients receiving PVP and PKP were reviewed. The inclusion criteria were as follow: 1. age 
above 65 years; 2. single-level OVCFs involving T10-L5 and absence of spinal cord or nerve compression symp-
toms; 3. fractured vertebrae collapsed to less than one third of its original height; 4. osteoporosis diagnosed by 
dual-energy X-ray absorptiometry, and bone mineral density (BMD) was less than 2.5 SD; 5. acute back pain 
associated with vertebral fracture (lasting less than 4 weeks) and visual analogue scale (VAS) ≥ 5; Patients were 
excluded if meeting to the following criteria: traumatic fracture, bone metastases, infectious diseases, tubercu-
losis, and a history of vertebroplasty and other thoracic or lumbar surgeries.

37 patients of severe OVCFs were divided into two groups, 18 patients who received the PVP with high-
viscosity cement in the hPVP group and 19 patients who received the conventional PKP in the cPKP group.

Procedural technique.  The procedures were performed as described in previous reports12,13. Each patient 
was positioned prone on a radiolucent operating table. We adopted unilateral approach for all patients. 1% lido-
caine was used to perform local infiltration anesthesia. An incision was made at the skin and then the needle was 
inserted to the junction of the anterior three quarters of the vertebral body carefully. The needle position was 
confirmed with C-arm fluoroscopy until it was satisfactory, then the needle was fixed in satisfactory position.

PVP: High-viscosity bone cement was adjusted to wiredrawing stage according to the instruction, and was 
then injected into vertebral body with special hydraulic propulsion pump (Fig. 1).

Figure 1.   Preoperative and postoperative films of a 65-year-old woman with OVCFs of L1 vertebral body, 
treated with high-viscosity cement PVP. Preoperative sagittal MR image showing significant loss of the anterior 
vertebral body height at the L1 level (A), (B). Anterior–posterior and lateral films showing no leakage of bone 
cement postoperatively (C), (D) and at 1 year postoperatively (E), (F).
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PKP: Balloon tamp was inserted through the previous needle channel and placed in the anterior three quarters 
of vertebrae body. The balloon was then inflated slowly until it contacted the endplate or the inflation pressure 
reached 200 psi. Conventional low-viscosity bone cement was manually injected to the cavity with a high pres-
sure pump after removal of the balloon (Fig. 2).

Whenever the cement leakage occurred in epidural or paravertebral area or the bone cement reached the 
dorsal part of the vertebral body, the cement injection was stopped. The entire process was guided by C-arm 
fluoroscopy and bone cement spread out gradually.

Postoperative managements.  Patients were encouraged to start out-of-bed activities with lumbar brace 
after 24 h postoperatively. All patients received treatment with calcium and vitamin D supplements after sur-
gery. Clinical and radiological assessments were performed for each patient in the outpatient clinic every three 
months since discharge from hospital.

Observation index.  Clinical outcome was measured with VAS score for back pain and Oswestry Disability 
Index (ODI) questionnaire. Operative time and volume of bone cement were also recorded.

Assessment of Cobb’s angle, anterior vertebral height (AVH) and bone cement leakage were based on pre-
operative and postoperative radiographs. Cobb’s angle was measured by the kyphotic angle from the superior 
endplate of the vertebral body one level above the fractured vertebra to the inferior endplate of the vertebral body 
one level below. AVH was measured and calculated according to previous report14. The location and severity of 
cement leakage were recorded. The severity of leakage was characterized as mild, moderate, or severe according 
to Georgy15. Additionally, the location was classified as the following: (1) the disk space, (2) the paravertebral 
areas, (3) the epidural space, and (4) the peripheral veins.

Statistical analyses.  Data analyses were performed with SPSS statistical package, Windows V17.0 (SPSS, 
Chicago, IL, U.S.A.). In this study, continuous data, including VAS, ODI, operative time, injected cement vol-
ume, AVH and Cobb angle were demonstrated as mean ± standard deviation and analyzed with two-sample 

Figure 2.   Preoperative and postoperative films of a 60-year-old woman with OVCFs of L1 vertebral body, 
treated with low-viscosity cement PKP. Preoperative MR image showing the compression fracture at the L1 
level (A), (B). Anterior–posterior and lateral film showing the leakage of bone cement into the upper disc space 
postoperatively (C), (D) and at 1 year postoperatively (E), (F).
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t-test and ANOVA. Chi-squared test was used for categorical data analyses, such as the rate of cement leakage. 
For all analyses, a P value lower than 0.05 was considered as statistically significant.

Result
In this series, 37 patients of severe OVCFs receiving PVP or PKP were included, with 18 in hPVP group and 19 
in cPKP group. Patients’ demographics and basic characteristics, including age, gender and fracture level were 
shown in the Table 1, and no difference was observed between two groups.

Clinical outcomes.  The average VAS score for back pain in the hPVP group was 3.1 ± 0.9 at two days post-
operatively, which was similar to that in the cPKP group (3.2 ± 0.6, P = 0.557). There was no significant difference 
in VAS score at one year after surgery between the two groups (1.3 ± 0.6 vs 1.5 ± 0.6, P = 0.416) (Table 2).

Similar results were found in term of ODI scores at two days and one year after surgery (P = 0.637 and 
P = 0.822) (Table 3).

Operative index.  The operative time was 37.8 ± 6.8 min in the hPVP group, and 43.8 ± 8.2 min in the cPKP 
group. There was significant difference between the two groups (P = 0.021), suggesting that conventional PKP 
required longer time than PVP using high-viscosity bone cement. The injected bone cement volume was similar 
in two groups (2.9 ± 0.5 ml vs 2.8 ± 0.6 ml, P = 0.511) (Table 1).

Radiological evaluation.  The average AVH was 37.2 ± 7.9% in the hPVP, which was lower than cPKP 
group (43.0 ± 8.9%), and significant difference was found between the two groups (P = 0.044). At one year after 
surgery, there was also difference observed between two groups (34.1 ± 7.4 vs 40.5 ± 8.7 for hPVP and cPKP 
groups, P = 0.021) (Table 4).

Similar change occurred in Cobb’s angle. There was significant difference detected between the hPVP and 
cPKP groups postoperatively (15.5 ± 4.7 vs 12.7 ± 3.3, for hPVP and cPKP groups, P = 0.042). However, at one 
year postoperatively, no significant difference was found in term of Cobb’s angle between both groups (P = 0.068) 
(Table 5).

Leakage rates and locations.  Leakage rates and locations were presented in Table 6. The rate of cement 
leakage was 16.7% (3 of 18 patients) in the hPVP group, which was lower than 47.4% (9 of 19 patients) in the 
cPKP group. There was significant difference detected between two groups (P = 0.046). In the hPVP group, no 

Table 1.   Characteristics of the patient cohort in both groups.

Parameter hPVP group cPKP group P value

Number of patients 18 19

Age, years 73.9 ± 7.0 (66–87) 73.2 ± 6.2 (66–88) 0.758

Gender, males/females 4/14 6/13 0.535

Fracture level 0.858

Thoracic 8 9

Lumbar 10 10

Operative time (min) 37.8 ± 6.8 43.8 ± 8.2 0.021

Cement volume (ml) 2.9 ± 0.5 2.8 ± 0.6 0.511

Table 2.   The change of VAS for back pain in the pre-and post-operative period.

Group preop 2d postop 1y postop

hPVP 6.9 ± 1.1 3.1 ± 0.9 1.3 ± 0.6

cPKP 7.1 ± 1.1 3.2 ± 0.6 1.5 ± 0.6

P value 0.559 0.557 0.416

Table 3.   The change of ODI (%) in the pre- and post-operative period.

Group preop 2d postop 1y postop

hPVP 78.2 ± 7.8 25.9 ± 6.3 18.5 ± 5.6

cPKP 78.6 ± 7.9 27.0 ± 7.0 18.9 ± 4.4

P value 0.896 0.637 0.822
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patient had severe leakage (2 patients with mild leakage; one patient with moderate leakage). However, there are 
one patients of severe leakage, 3 moderate leakages, 5 mild leakages in the cPKP group.

Complications.  No severe complications or postprocedural sequelae were encountered. There were two 
cases of new nonadjacent fracture in hPVP group and one case in cPKP group respectively, within one year 
postoperatively.

Discussion
In the current study, we compare the efficacy and safety of conventional PKP and PVP with high-viscosity cement 
in the management of severe OVCFs. From the available data, the results showed that conventional PKP achieved 
better in the restoration of anterior vertebral height and kyphotic angle, but PVP with high-viscosity cement had 
lower rate of cement leakage and shorter operation time.

A great deal of clinical trials and systematic reviews16–18 had shown that PVP was a safe and effective choice for 
pain relief and quality of life improvement in the patients with OVCFs. However, severe OVCFs had been cited as 
relative or even absolute contraindication for technical difficulties to perform and resultant high risk of cement 
leakage. Several studies have reported that cement leakage in severe OVCFs, ranged from 43 to 45% detected 
by radiography to 78–91.9% detected by computed tomography, and was still the main risk of complication for 
conventional PVP19–21. Nevertheless, some authors adopted modifications of PVP or other methods to manage 
the patients of severe OVCFs, such as PKP, the use of high-viscosity bone cement in PVP and partial reduction 
before inserting the needle21–23. We retrospectively reviewed patients of severe OVCFs treated by conventional 
PKP or PVP with high-viscosity cement to compare the efficacy and safety of these two methods.

In this trial, both conventional PKP and PVP with high-viscosity cement gained satisfactory outcome in the 
patients of severe OVCFs. The results showed that the average ODI and VAS score decreased significantly after 
surgery in both groups. However, no difference was observed in terms of VAS and ODI between two groups, 
which indicated that both conventional PKP and high-viscosity PVP obtained equally better outcome in pain 
relief and life improvement. The similar effect of conventional PKP and PVP with high-viscosity cement may be 
attributed to the same mechanism of pain relief.

Major complications arising from PVP were closely associated with bone cement leakage24,25. Although most 
leakages were clinically asymptomatic, cement leakage was reported up to 91.9% in severe OVCFs and serious 
complications occurred in 3.9–7.5% of the patients who received vertebroplasty4,21. In our study, the rate of 
cement leakage was 16.7% in hPVP group, which was lower than 47.4% of cPKP group, indicating that PVP 
with high-viscosity cement resulted in lower rate of leakage compared with low-viscosity cement PKP in severe 

Table 4.   The change of AVH (%) in the pre- and post-operative period.

Group preop 2d postop 1y postop

hPVP 22.9 ± 6.0 37.2 ± 7.9 34.1 ± 7.4

cPKP 22.1 ± 5.7 43.0 ± 8.9 40.5 ± 8.7

P value 0.687 0.044 0.021

Table 5.   The change of Cobb’s angle in the pre- and post-operative period.

Group preop 2d postop 1y postop

hPVP 20.8 ± 5.8 15.5 ± 4.7 16.6 ± 5.0

cPKP 21.5 ± 5.6 12.7 ± 3.3 13.8 ± 3.8

P value 0.715 0.042 0.068

Table 6.   The location and grade of bone cement leakage in two groups.

Group Leakage rate

Grade of leakage

Mild Moderate Severe

hPVP 3/18 2 1 0

cPKP 9/19 5 3 1

P value 0.046

Group

Location of leakage

Disc space Epidural space Paravertebra Peripheral vein

hPVP 2 0 1 0

cPKP 6 1 2 0
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OVCFs. Habib10 reported that the filling uniformity increased and cement leakage reduced in all high-viscosity 
cement compared to the low-viscosity cement and he attributed the decrease of cement leakage in vertebral aug-
mentation procedures to the uniform cement filling of high-viscosity system. We concluded that high-viscosity 
cement could reach maximum viscosity at a quicker rate and remain at this higher viscosity for a longer duration, 
which allows for a longer injection time and therefore easier injection.

Zhu et al.26 previously reported that the volume of injected bone cement was determined to be a strongly 
associated factor with bone cement leakage, and the volume of cement in vertebroplasty was related to cement 
viscosity. This was not consistent with our results. In our study, similar volume of bone cement was injected in 
two groups (2.9 ± 0.5 ml vs 2.8 ± 0.6 ml), but less cement leakage occurred in patients receiving the high-viscosity 
cement PVP. This may indicate that lower incidence of cement leakage in hPVP group was not due to the injec-
tion volume, but the high viscosity of injected cement.

The restoration of vertebral body height and kyphotic deformity was very important, especially for patients 
of severe OVCFs. A previous study reported that the PVP with the high-viscosity bone cement and PKP could 
restore the anterior vertebrae height and improve the kyphotic angle in the patients of severe OVCFs21. Our 
radiologic results showed that the initial correction of AVH in the cPKP group increased to 43.0 ± 8.9 from 
22.1 ± 5.7, and to 37.2 ± 7.9 from 22.9 ± 6.0 in the hPVP group, and Cobb’s angle decreased to 12.7 ± 3.3 from 
21.5 ± 5.6 in the cPKP group, and to 15.5 ± 4.7 from 20.8 ± 5.8 in the hPVP group respectively, which suggested 
that both the AVH and Cobb had been significantly improved in two groups after surgery. These were consistent 
with the previous reports. However, conventional PKP achieved greater correction of anterior vertebral height 
and kyphotic angle compared to high-viscosity PVP in the severe OVCFs. At the last follow-up, there was sig-
nificant difference in AVH between two groups, but no difference in Cobb’s angle.

In this series, the operative time in the hPVP group was shorter than that of the cPKP group, suggesting that 
the use of high viscosity cement enabled the procedure of PVP to complete more easily. Georgy15 believed that 
high-viscosity cement may alleviate the need for bone tamps and cavity creation within the vertebral body, thus 
significantly reducing the number of steps and procedure time. Furthermore, no inflation of a balloon within a 
collapsed vertebral body also reduced the duration of this procedure.

There are several limitations to this study. First, the chief limitation was small number of patients enrolled in 
this trial, which may impair the ability to assess the effect of high viscosity cement vertebroplasty on manage-
ment of severe OVCFs when compared to low viscosity kyphoplasty. Second, this study was a retrospective trial 
at a single center, not prospective, blinded and randomized. In addition, it only focused on short-term results 
(within one year), and findings may not be indicative of long-term results. In the future, prospective randomized 
controlled studies, enrolling more patients and a long-time follow-up period, will be necessary to properly evalu-
ate the efficacy and safety of the high-viscosity in severe OVCFs.

Conclusion
The results of this study confirmed that high-viscosity PVP and conventional PKP were both safe and effec-
tive treatments in improving the quality of life and relieving pain for patients of severe OVCFs. Based on these 
available data, conventional PKP achieved better in restoring anterior vertebral height and improving kyphotic 
angle, but high-viscosity PVP had lower rate of cement leakage and shorter operative time with similar volume 
of injected cement.

Received: 8 April 2020; Accepted: 15 February 2021

References
	 1.	 Yang, E. Z. et al. Percutaneous vertebroplasty versus conservative treatment in aged patients with acute osteoporotic vertebral 

compression fractures: a prospective randomized controlled clinical study. Spine 41, 653–660 (2016).
	 2.	 Chen, X. et al. Is unilateral percutaneous kyphoplasty superior to bilateral percutaneous kyphoplasty for osteoporotic vertebral 

compression fractures? Evidence from a systematic review of discordant meta-analyses. Pain Physician 21, 327–336 (2018).
	 3.	 Fuentes, S. et al. Open kyphoplasty for management of severe osteoporotic spinal fractures. Neurosurgery 64, 350–354; discussion 

354–355 (2009).
	 4.	 Nieuwenhuijse, M. J., van Erkel, A. R. & Dijkstra, P. D. Percutaneous vertebroplasty in very severe osteoporotic vertebral compres-

sion fractures: feasible and beneficial. J. Vasc. Intervent. Radiol.: JVIR 22, 1017–1023 (2011).
	 5.	 Clark, W. et al. Safety and efficacy of vertebroplasty for acute painful osteoporotic fractures (VAPOUR): a multicentre, randomised, 

double-blind, placebo-controlled trial. Lancet (London, England) 388, 1408–1416 (2016).
	 6.	 Zhao, G., Liu, X. & Li, F. Balloon kyphoplasty versus percutaneous vertebroplasty for treatment of osteoporotic vertebral compres-

sion fractures (OVCFs). Osteoporos. Int.: A J. Establ. Result Cooper. Between Eur. Found. Osteoporos. Natl. Osteoporos. Found. USA 
27, 2823–2834 (2016).

	 7.	 Xiao, H. et al. Comparing complications of vertebroplasty and kyphoplasty for treating osteoporotic vertebral compression frac-
tures: a meta-analysis of the randomized and non-randomized controlled studies. Eur. J. Orthop. Surg. Traumatol.: Orthopedie 
Traumatologie 25 Suppl 1, S77–85 (2015).

	 8.	 Liang, L. et al. Balloon kyphoplasty or percutaneous vertebroplasty for osteoporotic vertebral compression fracture? An updated 
systematic review and meta-analysis. Ann. Saudi Med. 36, 165–174 (2016).

	 9.	 Baroud, G., Crookshank, M. & Bohner, M. High-viscosity cement significantly enhances uniformity of cement filling in vertebro-
plasty: an experimental model and study on cement leakage. Spine 31, 2562–2568 (2006).

	10.	 Habib, M., Serhan, H., Marchek, C. & Baroud, G. Cement leakage and filling pattern study of low viscous vertebroplastic versus 
high viscous confidence cement. SAS J 4, 26–33 (2010).

	11.	 Sun, K. et al. A comparative study of high-viscosity cement percutaneous vertebroplasty vs. low-viscosity cement percutaneous 
kyphoplasty for treatment of osteoporotic vertebral compression fractures. J. Huazhong Univ. Sci. Technol. Med. Sci. 36, 389–394 
(2016).

	12.	 Wang, C. H., Ma, J. Z., Zhang, C. C. & Nie, L. Comparison of high-viscosity cement vertebroplasty and balloon kyphoplasty for 
the treatment of osteoporotic vertebral compression fractures. Pain Physician 18, E187-194 (2015).



7

Vol.:(0123456789)

Scientific Reports |         (2021) 11:4602  | https://doi.org/10.1038/s41598-021-84314-6

www.nature.com/scientificreports/

	13.	 Wang, F., Wang, L. F., Miao, D. C., Dong, Z. & Shen, Y. Which one is more effective for the treatment of very severe osteoporotic 
vertebral compression fractures: PVP or PKP?. J. Pain Res. 11, 2625–2631 (2018).

	14.	 Mumford, J., Weinstein, J. N., Spratt, K. F. & Goel, V. K. Thoracolumbar burst fractures. The clinical efficacy and outcome of 
nonoperative management. Spine 18, 955–970 (1993).

	15.	 Georgy, B. A. Clinical experience with high-viscosity cements for percutaneous vertebral body augmentation: occurrence, degree, 
and location of cement leakage compared with kyphoplasty. AJNR. Am. J. Neuroradiol. 31, 504–508 (2010).

	16.	 Balkarli, H., Kilic, M., Balkarli, A. & Erdogan, M. An evaluation of the functional and radiological results of percutaneous verte-
broplasty versus conservative treatment for acute symptomatic osteoporotic spinal fractures. Injury 47, 865–871 (2016).

	17.	 Wang, B. et al. A prospective randomized controlled study comparing the pain relief in patients with osteoporotic vertebral com-
pression fractures with the use of vertebroplasty or facet blocking. Eur. Spine J.: Off. Publ. Eur. Spine Soc. Eur. Spinal Deform. Soc. 
Eur. Sect. Cerv. Spine Res. Soc. 25, 3486–3494 (2016).

	18.	 Chew, C., Craig, L., Edwards, R., Moss, J. & O’Dwyer, P. J. Safety and efficacy of percutaneous vertebroplasty in malignancy: a 
systematic review. Clin. Radiol. 66, 63–72 (2011).

	19.	 Chen, C. et al. Unilateral versus bilateral vertebroplasty for severe osteoporotic vertebral compression fractures. J. Spinal Disord. 
Tech. 27, E301–E304 (2014).

	20.	 Young, C. et al. Treatment of severe vertebral body compression fractures with percutaneous vertebroplasty. Skelet. Radiol. 40, 
1531–1536 (2011).

	21.	 Zhang, L. et al. A comparison of high viscosity bone cement and low viscosity bone cement vertebroplasty for severe osteoporotic 
vertebral compression fractures. Clin. Neurol. Neurosurg. 129, 10–16 (2015).

	22.	 Lee, J. K., Jeong, H. W., Joo, I. H., Ko, Y. I. & Kang, C. N. Percutaneous balloon kyphoplasty for the treatment of very severe osteo-
porotic vertebral compression fractures: a case-control study. Spine J.: Off. J. N. Am. Spine Soc. (2017).

	23.	 Zhang, H. T. et al. Kyphoplasty for the treatment of very severe osteoporotic vertebral compression fracture. J. Int. Med. Res. 40, 
2394–2400 (2012).

	24.	 Cosar, M. et al. The major complications of transpedicular vertebroplasty. J. Neurosurg. Spine 11, 607–613 (2009).
	25.	 Baumann, C., Fuchs, H., Kiwit, J., Westphalen, K. & Hierholzer, J. Complications in percutaneous vertebroplasty associated with 

puncture or cement leakage. Cardiovasc. Intervent. Radiol. 30, 161–168 (2007).
	26.	 Zhu, S. Y., Zhong, Z. M., Wu, Q. & Chen, J. T. Risk factors for bone cement leakage in percutaneous vertebroplasty: a retrospective 

study of four hundred and eighty five patients. Int. Orthop. 40, 1205–1210 (2016).

Author contributions
X.H. and L.K.P. conceived and designed the study. L.K.P., F.H.Y. and X.H. wrote and revised the main manuscript. 
J.C.B., L.D.W. and Y.K.S. collected and analyzed the data. L.D.W., and Z.W. prepared the figures. All authors 
reviewed the manuscript

Competing interests 
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to H.X.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note  Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access   This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http://creat​iveco​mmons​.org/licen​ses/by/4.0/.

© The Author(s) 2021

www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Role of percutaneous vertebroplasty with high-viscosity cement in the treatment of severe osteoporotic vertebral compression fractures
	Method and materials
	Patient population. 
	Procedural technique. 
	Postoperative managements. 
	Observation index. 
	Statistical analyses. 

	Result
	Clinical outcomes. 
	Operative index. 
	Radiological evaluation. 
	Leakage rates and locations. 
	Complications. 

	Discussion
	Conclusion
	References


