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Abstract 

Purpose  Bone cement augmentation surgery includes percutaneous vertebroplasty (PVP) and percutaneous 
kyphoplasty (PKP). In this study, we aimed to investigate the risk of sandwich vertebral fractures in the treatment 
of osteoporotic vertebral compression fractures via PVP and PKP.

Methods  We performed a retrospective analytical study and included 61 patients with osteoporotic vertebral 
compression fractures who underwent PVP and PKP at the Spinal Surgery Department of The Second Hospital 
of Liaocheng Affiliated with Shandong First Medical University from January 2019 to January 2022. These patients 
were divided into the following two groups by simple random sampling: group A (N = 30) underwent PVP treatment 
and group B (N = 31) underwent PKP treatment. The surgical time, fluoroscopy frequency, visual analog scale (VAS) 
score, amount of bone cement, the leakage rate of bone cement in intervertebral space, Cobb angle, and the inci-
dence of fractures in both groups of sandwich vertebral were recorded after 1 year of follow-up.

Results  No statistically significant difference was found in terms of surgical time, fluoroscopy frequency, and VAS 
score between the two groups (P > 0.05). However, a statistically significant difference was found in terms 
of the amount of bone cement, the leakage rate of bone cement intervertebral space, Cobb angle, and the incidence 
of vertebral body fractures in both groups (P < 0.05). The amount of bone cement, the leakage rate of bone cement 
in intervertebral space, Cobb angle, and sandwich vertebral fractures were higher in Group A than in Group B.

Conclusions  When PVP and PKP were performed to treat osteoporotic vertebral compression fractures, the sand-
wich vertebral exhibited a risk of fracture. PVP exhibited a greater relative risk than PKP, which may be due to the rela-
tively larger amount of bone cement, higher rate of bone cement leakage in the intervertebral space, and larger Cobb 
angle.
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Introduction
Osteoporosis is a common disease in elderly patients, 
which can lead to increased bone fragility and risk of 
fractures [1, 2]. Epidemiological investigations suggest 
that the incidence of senile vertebral compression frac-
tures in patients aged > 70  years is approximately 20%, 
whereas the rate in postmenopausal women is approxi-
mately 16% [3, 4]. With the advent of an aging society, 
osteoporosis treatment has become an important issue 
[5]. Unfortunately, the medical expenses of the treat-
ment of osteoporosis and its complications are high 
nationwide. The most common complication of osteo-
porosis is osteoporotic vertebral compression fracture, 
which occurs in the thoracic and lumbar vertebrae. It 
most commonly occurs in the thoracolumbar segment.

Osteoporotic vertebral compression fractures can 
lead to chronic low back pain, kyphosis, and posture 
restriction, which can seriously affect the quality of 
life and physical and mental health of patients [6]. For 
osteoporotic vertebral compression fractures that can-
not be treated with conservative treatment, minimally 
invasive percutaneous vertebroplasty (PVP) and per-
cutaneous kyphoplasty (PKP) are currently commonly 
used because it leads to small trauma and quick recov-
ery. These two surgical methods have considerable 
applicability and acceptance in clinical settings [7, 8]. 
Owing to the improvement in social living conditions 
and the gradual extension of population life, more and 
more elderly patients are suffering from multiple ver-
tebral compression fractures when they first visit hos-
pitals. The vertebral body without fracture between 
the two fractured vertebral bodies is defined as a sand-
wich vertebral body. Some literature reports define it 
as the “Hamburg vertebral body.” In clinical practice, 
the sandwich vertebral can be fractured after PVP or 
PKP treatment of two fractured vertebrae. In this study, 
we aimed to investigate the risk of sandwich vertebral 
fracture during the treatment of osteoporotic vertebral 
compression fractures via PVP and PKP.

Materials and methods
We performed a retrospective analytical study by includ-
ing 61 patients with osteoporotic vertebral compression 
fractures who underwent PVP and PKP treatment at 
the Spinal Surgery Department of The Second Hospi-
tal of Liaocheng Affiliated with Shandong First Medi-
cal University from January 2019 to January 2022. These 
patients were divided into the following two groups by 
simple random sampling: group A (N = 30) received PVP 
treatment and group B (N = 31) received PKP treatment. 
PVP was performed through bilateral pedicle puncture, 
whereas PKP was performed through unilateral pedicle 

puncture. After surgery, both groups were treated with 
anti-osteoporosis drugs.

Selection criteria:

1.	 Osteoporotic vertebral compression fracture and 
non-traumatic fracture in elderly aged > 60 years.

2.	 Two or more thoracolumbar fractures including 
sandwich vertebral, as confirmed by MRI of fresh 
vertebral compression fractures; the posterior wall 
of the fractured vertebral body was complete without 
neurological symptoms.

3.	 All included cases showed obvious chest, waist, and 
back pain, with a VAS score > 5.

Exclusion criteria.

1.	 Pathological fractures such as vertebral tumors and 
vertebral hemangiomas.

2.	 Patients with a skin infection or abnormal coagula-
tion function in the surgical puncture area.

3.	 Old compression fracture of the vertebral body, 
incomplete posterior wall of the vertebral body, and 
neurological symptoms.

Surgical techniques
PVP surgical procedures in Group A
The patient was lying on the operating bed, with soft 
cushions placed in front of the chest and on both sides of 
the iliac spine to reduce abdominal pressure. A grid posi-
tioning plate was placed approximately at the position of 
the fracture vertebral body. A C-arm X-ray machine was 
used to perform fluoroscopy and locate the target frac-
tured vertebral body. The operating table was adjusted 
to position the fractured vertebral body in a standard 
anteroposterior lateral position. The surface projection 
of the pedicle on both sides of the fractured vertebral 
body was marked. Routine disinfection and sheet laying 
was performed. Local anesthesia with 1% lidocaine was 
administered at 2–2.5 cm outside the projection of the 
vertebral pedicle body surface. The anesthesia was infil-
trated layer by layer under C-arm fluoroscopy to the bone 
surface around the zygapophysial joint. Then, a 0.5  cm 
long incision was made using a sharp knife at the site of 
local anesthesia. A puncture needle was inserted into the 
outer edge of the articular process at both sides of the 
incision. After the C-arm fluoroscopy confirmed that 
the puncture point was in a good position, the puncture 
needle was rotated in the middle position of the vertebral 
pedicle when the fluoroscopy was in the right position. 
The C-arm was adjusted to the lateral position, and the 
fluoroscopy showed that the puncture needle was located 
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at the half of the vertebral pedicle. C-arm fluoroscopy lat-
eral view showed that the puncture needle was located at 
the posterior edge of the vertebral body, which indicated 
good internal and external inclination and head and tail 
inclination directions. The puncture needle continued to 
rotate into the vertebral body. Lateral fluoroscopy was 
used to locate the puncture needle at the front of 1/4th 
of the vertebral body. After the puncture needle posi-
tion was appropriate, C-arm fluoroscopy was performed 
while injecting bone cement. The amount of bone cement 
in the thoracic spine was approximately 2–4 mL, and the 
amount of bone cement in the lumbar spine was approxi-
mately 4–6 mL. The puncture needle was extracted, and 
the surgical incision was covered to complete the surgery.

PKP surgical procedures in Group B
Position and puncture methods were the same as that for 
PVP surgery. A guide wire was inserted into the needle 
tube and the inner core was removed. After removing the 
cannula, the expansion catheter and the working cannula 
were installed. The expansion catheter and guide wire 
were removed. The fine drill was pushed to the front edge 
of the vertebral body. The guide needle was inserted and 
a cannula was placed along the guide needle. An expand-
able spherical airbag was inserted along the sleeve, which 
was inflated to expand. The airbag terminated at the edge 
of any cortex of the vertebral body, and the gas from the 
airbag was released and removed to establish a bone cav-
ity in the vertebral body. Then, bone cement was injected 
into the cavity. After the hardening of the bone cement, 
the puncture needle was removed. The surgical incision 
was covered with sterile excipients and the surgery was 
completed.

Results
In this study, the patients were divided into two groups, 
namely A and B, based on the treatment that they 
underwent. Patients in group A underwent PVP, which 
included 30 patients. Patients in group B underwent 
PKP, which included 31 patients. The follow-up period 
was 1 year. Statistical analysis was performed using SPSS 
26.0. The general characteristics of the patients in the two 
included age, gender, height, and weight. Age, height, and 
weight were compared using two independent sample 
t-tests, with P > 0.05, whereas gender was compared using 
a Chi-square test with P > 0.05. No statistically significant 
difference was found in the general characteristics of the 
two groups of patients (Table 1). Two independent sam-
ple t-tests were performed to compare surgical time, 
fluoroscopy frequency, VAS score, bone cement volume, 
and Cobb angle between the two groups of patients. 
The comparison of surgical time, fluoroscopy frequency, 
and VAS score between the two groups showed no 

statistically significant difference (P > 0.05). Conversely, 
the comparison of the amount of bone cement and Cobb 
angle between the two groups (Figs. 1, 2) showed a sta-
tistically significant difference (P < 0.05), with Group A 
being greater than Group B (Table  2). The leakage rate 
of bone cement intervertebral space in Group A was 20% 
(6/30), which was higher than that in Group B (3.23%, 
1/31). Following up for one year, the incidence rate of 
vertebral fractures in Group A (36.67%, 11/30) was sig-
nificantly higher than that in Group B (12.90%, 4/31). The 
leakage rate of bone cement intervertebral space and the 
incidence rate of vertebral fractures in the two groups 
were compared using the chi-square test (Significance at 
P < 0.05). The comparison between the two groups was 
statistically significant. The leakage rate of bone cement 
intervertebral space and the incidence rate of vertebral 
fractures in group A were both higher than those in 
group B (Table 2).

Discussion
Osteoporotic vertebral compression fracture, the most 
common complication of osteoporosis, mostly occurs in 
the thoracic and lumbar vertebrae in older patients. It 
causes pain at the fracture site, loss of vertebral height, 
and later kyphosis. The main symptoms are pain and lim-
ited mobility at the fracture site [9], often manifested as 
increased pain when spine position changes: severe pain 
when lying in bed, turning over, and from bed to sitting 
up, seriously affecting the quality of life, and leading to 
death in severe cases.

Conservative treatment strategies have been used 
to treat osteoporotic vertebral compression fractures. 
Informal conservative treatment cannot relieve the 
pain symptoms but instead, can aggravate them. Long-
term activity keeps the fractured vertebral body in a 
continuous compression state, and the slightly dis-
placed fractured vertebral body continuously stimu-
lates nerves around the vertebral body. Thoracic and 
lumbar fractures exhibit the highest compressive stress 
and subsequently develop deformities. These fractures 
mostly cause persistent back pain after the fracture. 

Table 1  General characteristics of the study cases

P < 0.05 was considered to indicate statistical significance

PVP PKP P

Cases 30 31

Age 78.90 ± 5.28 78.45 ± 5.32 0.78

Man/Female 8/22 8/23 0.96

Height(cm) 163.50 ± 7.41 163.45 ± 7.40 0.99

Weight (kg) 61.33 ± 11.11 62.51 ± 11.69 0.74
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Osteoporotic thoracic compression fractures often pre-
sent pain symptoms along the intercostal nerve: precor-
dial area, lower xiphoid process, epigastrium, and 
lower abdomen, which is why some patients are often 

first diagnosed at the department of gastroenterology. 
Therefore, preventing deformity progression and cor-
recting the existing deformity is crucial [10], for which 
they need to be diagnosed early so that reasonable sur-
gical methods can be suggested to the patients.

Fig. 1  Cobb angle after PVP surgery

Fig. 2  Cobb angle after PKP surgery
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Vertebral augmentation surgery, including PVP and 
PKP, is the widely used surgical treatment method. 
PVP and PKP can rapidly alleviate pain and restore a 
patient’s motor ability, mainly because bone cement 
eliminates the abnormal micromovement of the frac-
tured vertebral trabecula and increases vertebral 
strength. In a randomized trial and meta-analysis, PVP 
and PKP showed better clinical results for patients with 
osteoporotic vertebral compression fractures than did 
conservative treatment strategies [11, 12]. Vertebral 
augmentation surgery is widely used in clinical cases 
owing to its advantages such as simple operation, mini-
mal trauma, significant efficacy, and rapid recovery 
[13].

Owing to the widespread application of vertebral 
augmentation surgery, a standard surgical method for 
treating osteoporotic vertebral compressibility frac-
tures in clinical practice, Clinical doctors can manage 
associated complications efficiently. Pulmonary embo-
lism, spinal canal leakage, and postoperative infection 
have been consistently reported by many scholars. 
However, controversy exists about whether adjacent 
vertebral fractures are considered complications and 
the natural progression of osteoporosis. Recent studies 
suggest that vertebral augmentation surgery is associ-
ated with an increased risk of new fractures [14–16].

Many studies have compared the probability of frac-
tures in interlayered vertebral bodies with adjacent and 
non-adjacent vertebral bodies after bone cement rein-
forcement; however, no study is available on the risk of 
fractures in interlayered vertebral bodies after PVP and 
PKP.

In this study, patients were divided into Groups A and 
B. Patients in Group A were treated with PVP, whereas 
those in Group B were treated with PKP to explore the 
risk of PVP and PKP for osteoporotic vertebral com-
pression fractures on the occurrence of interbody frac-
tures. The general characteristics of patients in the two 

groups, including age, gender, height, and weight, were 
statistically analyzed and the results showed no statisti-
cally significant difference in the general characteristics 
of the two groups (P > 0.05). The surgical time, fluor-
oscopy frequency, and postoperative VAS score of the 
two groups showed no statistically significant differ-
ence (P > 0.05). Conversely, the amount of bone cement, 
Cobb angle, the leakage rate of the intervertebral space, 
and the fracture rate of the sandwich vertebral body 
showed statistically significant differences between the 
two groups (P < 0.05).

During PVP surgery, we performed a bilateral pedicle 
puncture. The amount of bone cement in the vertebral 
body was higher than that observed during PKP. The 
vertebral bodies at both ends of the interbody were filled 
with more bone cement. Researchers found that when 
bone cement was injected into vertebral bodies with 
compression fractures, the stress of adjacent vertebral 
bodies increased significantly, causing adjacent vertebral 
fractures [17, 18].

The diffusion area of bone cement in the vertebral body 
observed during PVP was larger than that observed dur-
ing PKP; owing to the higher amount of bone cement 
in PVP, bone cement can be easily distributed to the 
upper and lower endplates of the vertebral body during 
PVP. Studies have confirmed that the strength and hard-
ness of bone cement distributed in the upper and lower 
endplates are greater than those of undistributed bone 
cement in the vertebral body [19, 20]. Therefore, the 
strength and hardness of the vertebral body during PVP 
are greater, and the mechanical conductivity of the sand-
wich vertebral body is greater, making it more prone to 
fractures. Theoretically, bone cement might increase the 
pressure on the adjacent disk, resulting in the deforma-
tion of the adjacent endplate, causing fractures in the 
endplate and nearby cancellous bone. Thus, stress and 
strain changes can further exacerbate, ultimately lead-
ing to adjacent vertebral fractures [21]. In the present 
study, when the Cobb angle was large, the fracture rate 
of the dissected vertebral body was higher, and PVP was 
higher than PKP. When spinal kyphosis occurs, local bio-
mechanics change, and a body’s center of gravity shifts 
forward, requiring greater back muscle strength to main-
tain spinal balance. When the interlayered vertebral body 
cannot withstand the increased stress, fractures occur. 
In the present study, the leakage rates of bone cement in 
the intervertebral space of the two groups were 20% and 
3.23%, respectively. The leakage of intervertebral space 
may be through the endplate and hollow fissure of the 
fracture. When the bone cement leaks into the interver-
tebral space, the force of the intervertebral space is trans-
mitted to the sandwich vertebral body during the spinal 

Table 2  Comparison between the two study groups

P < 0.05 was considered to indicate statistical significance

PVP PKP P

Surgical time (min) 56.92 ± 5.04 57.58 ± 4.04 0.64

Fluoroscopy frequency 98.53 ± 6.64 97.29 ± 4.16 0.41

VAS scores 2.03 ± 0.77 1.81 ± 0.79 0.36

Amount of bone cement(mL) 9.97 ± 0.62 7.79 ± 0.48  < 0.001

Cobb angle 20.20 ± 1.81 8.13 ± 1.67  < 0.001

Leakage rate of bone cement

 Intervertebral space 6/30 1/31 0.03

 Sandwich vertebral fracture 11/30 4/31 0.02
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load movement, subjecting the sandwich vertebral body 
to “double” force, making it prone to fractures. Herein, 
after the one-year follow-up, the fracture rates of the 
sandwich vertebral body in the two groups were 36.67% 
and 12.90%, respectively. Rates in the PVP group were 
significantly higher than those in the PKP group. Wang 
M et  al. have confirmed that intervertebral disc leakage 
of bone cement is a risk factor for subsequent vertebral 
fractures [22].

Limitations
Drug therapy for osteoporosis is particularly important 
after vertebroplasty for osteoporotic vertebral fractures; 
however, we did not study the effect of antiosteoporosis 
drug therapy on sandwich vertebral fractures. Further-
more, the number of cases in both groups was relatively 
small and the follow-up time was also short. Therefore, 
studies with expanded sample sizes and a long-term 
follow-up should be performed to verify the present 
findings.

Conclusions
When PVP and PKP are used to treat osteoporotic verte-
bral compression fractures, the sandwich vertebral body 
possess a risk of fracture. PVP leads to a greater rela-
tive risk than PKP, which may be related to the relatively 
larger amount of bone cement, the higher rate of bone 
cement leakage in the intervertebral space, and the larger 
Cobb angle.

Acknowledgements
We are extremely grateful to all those who helped in the study process.

Author contributions
YA and LL contributed to the paper’s ideation, study design, data acquisi-
tion, and statistical analyses, wrote the manuscript and revised it critically, 
and approved the final version for publication; XL and ZZ contributed to the 
design and management follow-up studies; ZZ and CW contributed to the 
preparation of the figures and tables. All authors read and approved the final 
manuscript.

Funding
No fund was granted to support this study.

Availability of data and materials
All data generated or analyzed during this study are included in this article.

Declarations

Ethics approval and consent to participate
All methods were performed in accordance with the relevant guidelines 
and regulations. The study was approved by the Institutional Review Board 
of The Second Hospital of Liaocheng Affiliated with Shandong First Medical 
University before data collection and analysis. The Institutional Review Board 
of The Second Hospital of Liaocheng Affiliated with Shandong First Medical 
University waived off the requirement for written informed consent consider-
ing the retrospective nature of this study.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing financial interests.

Received: 16 May 2023   Accepted: 13 July 2023

References
	1.	 Langella F, Balestrino A, Damilano M, Cecchinato R, Biber Z, Paoletta M, 

Iolascon G, Lamartina C, Peretti GM, Berjano P. The aging spine: the effect 
of vertebral fragility fracture on sagittal alignment. Arch Osteoporos. 
2021;16(1):109. https://​doi.​org/​10.​1007/​s11657-​021-​00975-w.

	2.	 Curtis EM, Moon RJ, Dennison EM, Harvey NC, Cooper C. Recent 
advances in the pathogenesis and treatment of osteoporosis. Clin Med. 
2016;16(4):360–4. https://​doi.​org/​10.​7861/​clinm​edici​ne.​16-4-​360.

	3.	 Karmakar A, Acharya S, Biswas D, Sau A. Evaluation of percutaneous ver-
tebroplasty for management of symptomatic osteoporotic compression 
fracture. J Clin Diagn Res. 2017;11(8):Rc07-Rc10. https://​doi.​org/​10.​7860/​
JCDR/​2017/​25886.​10461.

	4.	 Long Y, Yi W, Yang D. Advances in vertebral augmentation systems 
for osteoporotic vertebral compression fractures. Pain Res Manag. 
2020;2020:3947368. https://​doi.​org/​10.​1155/​2020/​39473​68.

	5.	 Lou S, Shi X, Zhang X, Lyu H, Li Z, Wang Y. Percutaneous vertebroplasty 
versus non-operative treatment for osteoporotic vertebral compression 
fractures: a meta-analysis of randomized controlled trials. Osteoporos Int. 
2019;30(12):2369–80. https://​doi.​org/​10.​1007/​s00198-​019-​05101-8.

	6.	 McCarthy J, Davis A. Diagnosis and management of vertebral compres-
sion fractures. Am Fam Phys. 2016;94(1):44–50.

	7.	 Yu WB, Jiang XB, Liang D. Risk factors and score for recollapse of the 
augmented vertebrae after percutaneous vertebroplasty in osteoporotic 
vertebral compression fractures. Osteoporos Int. 2019;30(2):423–30. 
https://​doi.​org/​10.​1007/​s00198-​018-​4754-8.

	8.	 Wang X, Kou JM, Yue Y. Clinical outcome comparison of polymethyl 
methacrylate bone cement with and without mineralized collagen 
modifcation for osteoporotic vertebral compression fractures. Medicine. 
2018;97(37):e12204-12212. https://​doi.​org/​10.​1097/​MD.​00000​00000​
012204.

	9.	 Zhao P, Guo A, Tan Z, et al. The evaluation of the treatment for old osteo-
porotic vertebral compression fracture pain by percutaneous vertebro-
plasty. Medicine. 2020;99:27. https://​doi.​org/​10.​1097/​MD.​00000​00000​
020479.

	10.	 Ge C, Chen Z, Cao P. Efficacy of percutaneous kyphoplasty on vertebral 
compression fractures with different bone mineral densities: a retrospec-
tive study. BMC Musculoskelet Disord. 2023;24:276. https://​doi.​org/​10.​
1186/​s12891-​023-​06341-w.

	11.	 VanMeirhaeghe J, Bastian L, Boonen S, et al. A randomized trial of balloon 
kyphoplasty and non-surgical management for treating acute vertebral 
compression fractures: vertebral body kyphosis correction and surgical 
parameters. Spine. 2013;38(12):971–83. https://​doi.​org/​10.​1097/​BRS.​
0b013​e3182​8e8e22.

	12.	 Anderson P, Froyshteter A, Tontz W. Meta-analysis of vertebral augmen-
tation compared to conservative treatment for osteoporotic spinal 
fractures. J Bone Miner Res. 2013;28:372–82. https://​doi.​org/​10.​1002/​jbmr.​
1762.

	13.	 Itshayek E, Miller P, Barzilay Y, Hasharoni A, Kaplan L, Fraifeld S, Cohen 
JE. Vertebral augmentation in the treatment of vertebral compression 
fractures: review and new insights from recent studies. Clin Neurosci. 
2012;19(6):786–91. https://​doi.​org/​10.​1016/j.​jocn.​2011.​12.​015.

	14.	 Yang W, Song J, Liang M, Cui H, Chen H, et al. Functional outcomes and 
new vertebral fractures in percutaneous vertebroplasty and conservative 
treatment of acute symptomatic osteoporotic vertebral compression 
fractures. World Neurosurg. 2019;131:e346–52. https://​doi.​org/​10.​1016/j.​
wneu.​2019.​07.​153.

	15.	 Zhao C, Liu X, Wang Y, et al. The efects of biomechanical factors on adja-
cent vertebral compression fractures after percutaneous kyphoplasty: a 
propensity score matching analysis. Osteoporosis Int. 2022;33(8):1795–
806. https://​doi.​org/​10.​1007/​s00198-​022-​06428-5.

	16.	 Deibert CP, Gandhoke GS, Paschel EE, Gerszten PC. A longitudinal 
cohort investigation of the development of symptomatic adjacent level 

https://doi.org/10.1007/s11657-021-00975-w
https://doi.org/10.7861/clinmedicine.16-4-360
https://doi.org/10.7860/JCDR/2017/25886.10461
https://doi.org/10.7860/JCDR/2017/25886.10461
https://doi.org/10.1155/2020/3947368
https://doi.org/10.1007/s00198-019-05101-8
https://doi.org/10.1007/s00198-018-4754-8
https://doi.org/10.1097/MD.0000000000012204
https://doi.org/10.1097/MD.0000000000012204
https://doi.org/10.1097/MD.0000000000020479
https://doi.org/10.1097/MD.0000000000020479
https://doi.org/10.1186/s12891-023-06341-w
https://doi.org/10.1186/s12891-023-06341-w
https://doi.org/10.1097/BRS.0b013e31828e8e22
https://doi.org/10.1097/BRS.0b013e31828e8e22
https://doi.org/10.1002/jbmr.1762
https://doi.org/10.1002/jbmr.1762
https://doi.org/10.1016/j.jocn.2011.12.015
https://doi.org/10.1016/j.wneu.2019.07.153
https://doi.org/10.1016/j.wneu.2019.07.153
https://doi.org/10.1007/s00198-022-06428-5


Page 7 of 7An et al. Journal of Orthopaedic Surgery and Research          (2023) 18:524 	

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

compression fractures following Balloon-assisted kyphoplasty in a series 
of 726 patients. Pain Phys. 2016;19(8):E1167–72.

	17.	 Nagaraja S, Awada HK, Dreher ML, Gupta S, Miller SW. Vertebroplasty 
increases compression of adjacent IVDs and vertebrae inosteoporotic 
spines. Spine J. 2013;13(12):1872–80. https://​doi.​org/​10.​1016/j.​spinee.​
2013.​06.​007.

	18.	 Hu L, Sun H, Wang H, Cai J, Tao Y, Feng X, Wang Y. Cement injection and 
postoperative vertebral fractures during vertebroplasty. J Orthop Surg 
Res. 2019;14(1):228. https://​doi.​org/​10.​1186/​s13018-​019-​1273-z.

	19.	 Steens J, Verdonschot N, Aalsma AM, et al. The influence of endplate-
to-endplate cement augmentation on vertebral strength and stiffness 
in verte broplasty. Spine. 2007;32:E419–22. https://​doi.​org/​10.​1097/​BRS.​
0b013​e3180​74d4b9.

	20.	 Chevalier Y, Pahr D, Charlebois M, et al. Cement distribution, volume, and 
compliance in vertebroplasty: some answers from an anatomy-based 
nonlinear finite element study. Spine. 2008;33:1722–30. https://​doi.​org/​
10.​1097/​BRS.​0b013​e3181​7c750b.

	21.	 Chen X-S, Jiang J-M, Sun P-D, et al. How the clinical dosage of bone 
cement biomechanically affects adjacent vertebrae. J Orthop Surg Res. 
2020;15(1):370. https://​doi.​org/​10.​1186/​s13018-​020-​01906-0.

	22.	 Wang M, Li B, Wang Y, et al. The effects of bone cement volume in percu-
taneous vertebroplasty for thoracolumbar junction vertebral compres-
sion fractures: a clinical comparative study. Mediat Inflam. 2022. https://​
doi.​org/​10.​1155/​2022/​42300​65.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1016/j.spinee.2013.06.007
https://doi.org/10.1016/j.spinee.2013.06.007
https://doi.org/10.1186/s13018-019-1273-z
https://doi.org/10.1097/BRS.0b013e318074d4b9
https://doi.org/10.1097/BRS.0b013e318074d4b9
https://doi.org/10.1097/BRS.0b013e31817c750b
https://doi.org/10.1097/BRS.0b013e31817c750b
https://doi.org/10.1186/s13018-020-01906-0
https://doi.org/10.1155/2022/4230065
https://doi.org/10.1155/2022/4230065

	Risk assessment for sandwich vertebral fractures in the treatment of osteoporosis vertebral compression fractures using two methods of bone cement reinforcement
	Abstract 
	Purpose 
	Methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Surgical techniques
	PVP surgical procedures in Group A
	PKP surgical procedures in Group B


	Results
	Discussion
	Limitations

	Conclusions
	Acknowledgements
	References


