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Clinical significance of modified unilateral
puncture percutaneous vertebroplasty
guided by 3D- printed guides in the treatment
of osteoporotic vertebral compression
fractures: a retrospective study
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Abstract

Objective To investigate the clinical significance of using 3D printing guides in modified unilateral puncture
percutaneous vertebroplasty (PVP) for the treatment of osteoporotic vertebral compression fractures (OVCF), and to
explore a new method for preventing paravertebral vein leakage during PVP in conjunction with a previous study of
the optimal puncture-side bone cement/vertebral volume ratio(PSBCV/VV%).

Methods This retrospective study analyzed 99 patients who underwent unilateral puncture PVP between January
2023 and December 2023. Patients were divided into a guide plate group (46 patients) and a conventional group
(53 patients). The guide plate group underwent modified unilateral puncture PVP with the guidance of 3D printing
guides, while the conventional group underwent unilateral puncture PVP using the conventional pedicle approach.
The distribution of bone cement, surgical outcomes, and the occurrence of cement leakage into paravertebral veins
were observed in both groups.

Results The guide plate group had significantly shorter operating time and required fewer fluoroscopies compared
to the conventional group. The amount of bone cement volume (BCV) used in the guide plate group was higher,
but the amount of bone cement volume on the puncture side(PSBCV), the PSBCV/VV%, and the rate of paravertebral
vein leakage were lower in the guide plate group compared to the conventional group (P <0.05). Within each

group, significant improvements in anterior vertebral margin height, Cobb angle, visual analog scale (VAS) score,
and Oswestry Disability Index (ODI) were observed at 1 day and 1 month postoperatively compared to preoperative
values (P<0.05).

*Correspondence:
Zhi-Yu Chen
gottead1331@163.com
Xu Lin
1695823217@qg.com

Full list of author information is available at the end of the article

© The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0
International License, which permits any non-commercial use, sharing, 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 you modified the

licensed material. You do not have permission under this licence to share adapted material derived from this article or parts of it 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://
creativecommons.org/licenses/by-nc-nd/4.0/.


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12891-024-07750-1&domain=pdf&date_stamp=2024-8-20

Gao et al. BMC Musculoskeletal Disorders (2024) 25:656

Page 2 of 10

Conclusion Using 3D printing guides in modified unilateral puncture PVP is a safe and effective method for treating
OVCF. And it has the advantages of short operation time, less fluoroscopy, even distribution of bone cement, and a

low rate of paravertebral vein leakage.

Keywords Vertebroplasty, 3D- printed guides, Veins, Cement leakage, Puncture-side bone cement/Vertebral volume

ratio

Introduction

Osteoporosis is a common global endocrine disease, the
incidence of which is increasing with the aging of the
population [1-4]. According to a recent large-scale epi-
demiologic survey conducted in China, involving 20,416
participants, the prevalence of osteoporosis in individu-
als over the age of 40 was found to be 20.6% in women
and 5% in men. Furthermore, the study highlighted that
the prevalence of osteoporosis progressively increased
with age [5]. Fractures are a common consequence of
osteoporosis, with vertebral fractures being the most
frequently observed [6-8]. Cui L [7] et al. reported that
postmenopausal women had an incidence rate of ver-
tebral fracture of 13.4% between the ages of 50 and 59,
which further increased to 58.1% among those aged 80
years and above. The treatment options for osteoporotic
vertebral compression fractures include conservative and
surgical approaches [9]. PVP is a commonly performed
surgical procedure for OVCF and is highly favored for its
ability to provide rapid pain relief, stabilize the spine, and
prevent complications associated with prolonged bed rest
[9, 10]. There are two main approaches for PVP, namely
unilateral puncture and bilateral puncture, and various
studies have determined that there is no significant dif-
ference in therapeutic effectiveness between the two
approaches [11, 12]. However, due to the shorter dura-
tion of the procedure and the reduced need for extensive
fluoroscopies, an increasing number of medical profes-
sionals are now recommending the unilateral puncture
approach [12-14]. The increasing recommendation of
the unilateral approach by physicians is supported by
several advantages, A meta-analysis by Yin P et al. [12].
showed that considering less operation time, less cement
volume, lower mean radiation dose of patients, a lower
rate of cement leakage and less surgery-related costs, we
suggest that a unilateral PKP approach is advantageous.
Another systematic review and meta-analysis by Sun H
et al. [13]. also showed that we still encourage the use of
the unipedicular approach as the preferred surgical tech-
nique for treatment of OVCFs due to less operation time,
limited X-ray exposure, and minimal cement introduc-
tion and extravasat. A prospective randomized study by
Zhang L et al. [14]. indicated that compared with bipe-
dicular PVP, unipedicular PVP entails a shorter surgical
time and lower X-ray irradiation. However, it is impor-
tant to consider the potential disadvantages associated
with unilateral puncture. One significant drawback is

the poor distribution of cement, as it tends to be mainly
concentrated on the puncture side [11]. This results in
insufficient filling of the contralateral vertebral body with
cement, which can compromise the effectiveness of the
procedure. Our team’s previous study showed that when
the PSBCV/VV% exceeded 13.68%, the risk of cement
leakage from the paravertebral vein increased signifi-
cantly [15]. Therefore, finding a solution to ensure bet-
ter distribution of bone cement in unilateral puncture
is an extremely crucial matter. As a part of this study,
we incorporated the utilization of a guide plate created
through 3D printing technology, which allowed us to
determine the most optimal puncture path based on the
specific computed tomography (CT) data of the patient
before the surgical procedure. By choosing a puncture
point that was positioned more laterally compared to
the commonly used pedicle approach, and by increasing
the internal inclination angle of the puncture, we aimed
to create a puncture channel that could reach the verte-
bral body on the opposite side. We expect that using this
method for PVP surgery will allow for a more even distri-
bution of the cement, thereby prevent serious complica-
tions such as paravertebral vein leakage and pulmonary
embolism.

Materials and methods

General Information

This is a retrospective analytical study in which we aimed
to analyze and compare the outcomes of patients with
OVCF who underwent PVP between January 2023 and
December 2023 at our institution. The patients were
divided into two groups: the guide plate group and the
conventional group. In the guide plate group, the optimal
puncture path was designed based on the patient’s CT
data before surgery, a personalized puncture guide plate
was printed, and unilateral puncture PVP was performed
under the guidance of the guide plate during surgery. In
the conventional group, unilateral puncture PVP was
performed using the conventional method. The study was
approved by the Ethics Committee of our hospital.

Inclusion and exclusion criteria

The inclusion criteria were as follows: (1) age greater than
55 years; (2) bone density findings suggestive of osteopo-
rosis; (3) clear history of trauma; (4) compression frac-
ture of a single vertebra; (5) CT and magnetic resonance
imaging (MRI) findings suggestive of a fresh fracture;
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and (6) absence of psychiatric disorders and coagulation
disorders.

The exclusion criteria were as follows: (1) vertebral
compression fracture not caused by trauma; (2) compres-
sion fracture of multiple vertebrae; (3) severe compres-
sion fracture causing difficulty in puncture; (4) infection
at the puncture site or combined with other systemic
infections; (5) patients with other diseases who could not
tolerate the surgery.

Surgical approach All surgeries were performed by
experienced surgeons.Unilateral puncture PVP was per-
formed in both groups. Bone cement and surgical instru-
ments were provided by the same company (Via Andrea
Doria).

The guide plate group: underwent modified unilateral
puncture PVP using 3D-printed guide plate guidance
Guiding plate production: The patient’s CT data were
imported into Mimics 21.0 software before the operation,
the corresponding sequence was selected, and 3D recon-
struction of the vertebral body was performed. The punc-
ture point was planned on the 3D reconstructed model.
The puncture point was more lateral than that of the
conventional pedicle approach, and the puncture path
was shaped along the lateral side of the pedicle to the
medial side and finally reached the opposite side of the
vertebral body. The reconstructed vertebral body model
with the planned puncture pathway was copied and
imported into 3-Matic software. To create the guide plate
on 3-Matic software, the corresponding skin position of
the patient was selected as the base of the guide plate,
and the planned puncture channel was converted into a
solid nail rod for Boolean operation to generate the guide
plate. The guide plate was then converted into an STL file
and imported into Materialise Magics 22.0 software for
slicing. The slices were imported into a black flame S600
light-curing printer for printing, and the processed guide
plate was sterilized preoperatively and prepared for intra-
operative use (Fig. 1).

Surgical steps for the guide plate group

First, the patient was positioned in a prone position, with
soft cushions placed under the chest and pubic symphy-
sis to provide comfort and support. The abdomen was
allowed to hang naturally, utilizing the force of gravity to
restore the height of the vertebral body. Next, the opera-
tion area was prepared by sterilizing and laying a towel.
C-arm fluoroscopy was then used to locate the punc-
tured vertebral body. The side with clear visualization of
the pedicle was chosen as the punctured side. Anesthesia
was administered using 5 ml of lidocaine hydrochloride
diluted 1:1 with 5 ml of saline. Align the marking line of
the spinous process on the 3D printing guide with the top
of the spinous process. To position the vertebral body
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for puncture, a positioning needle was inserted into the
center of the guide plate puncture hole. The guide plate
had been pre-designed to determine the distance of the
puncture point from the midline and the internal inclina-
tion angle. These two parameters did not require adjust-
ment during the operation. Since the change of body
position causes the sagittal curvature of the vertebral
body to change, the sagittal puncture angle only needs
to be adjusted in the runway-shaped guide hole during
the operation. In the lateral position, when the puncture
needle is located at the posterior margin of the vertebral
body, the orthogonal image of the puncture needle is
precisely at the medial margin of the pedicle. The punc-
ture is then continued into the anterior 1/3 of the verte-
bral body. Once the working channel is placed, the bone
cement is prepared. The bone cement is injected while it
is in the cement pulling phase. The injection of the bone
cement is stopped when it approaches the posterior wall
of the vertebral body(Fig. 2).

Surgical steps for the conventional group

Surgical steps for the conventional group were performed
following the same positional repositioning, disinfection,
and anesthesia procedures as in the guide group. The
chosen puncture path involved the pedicle root approach.
In the orthostatic image, the puncture entry point was
located at the outer edge of the vertebral arch root, while
the lateral image was positioned in the posterior aspect
of the spinal canal. Adjustments were made to the punc-
ture inclination angle and sagittal angle. In the lateral
position, when the puncture needle was positioned at
the posterior edge of the vertebral body, the orthostatic
image showed it at the medial edge of the pedicle. The
puncture was then continued into the anterior third of
the vertebral body. The remaining steps of the procedure
were identical to those in the guide plate group.

Outcome measurements

The clinical data of patients in the 2 groups were
recorded, including age, sex, bone density, operation
time, BCV, PSBCV, VV, PSBCV/VV%, bone cement dis-
tribution score, number of fluoroscopies, amount of
anesthesia, as well as the height of anterior margin of
the vertebral body, Cobb’s angle of the injured vertebrae,
vas score, and ODI in the preoperative period, the first
day of the postoperative period, and the first month of
the postoperative period. Cement distribution score was
recorded using an 8-point scale based on the postopera-
tive frontal and lateral X-ray results (Fig. 3) [16].

The two surgeons imported the patient’s preoperative
CT data into Mimics 21.0 software, used the threshold
segmentation function to isolate the surgical vertebral
body, and calculated the VV. The patient’s postoperative
CT data were imported into the Mimics 21.0 software,
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Fig. 1 a The guide plate internal and external inclination design, with the design angle in yellow and the conventional angle in red. b The guide plate

sagittal inclination design. c-f The extracorporeal guide plate design

and the bone cement was isolated using the threshold
segmentation function, and the BCV and the PSBCV
were calculated. As described in our previous study, the
midpoints of the upper and lower vertebral endplates
were marked on coronal CT scans to divide the verte-
bral body into left and right parts. PSBCV was defined
as the volume of cement in half of the vertebral body on
the side of the entry point (i.e., the puncture side) [15].
The two surgeons judged whether there was a leakage of
cemented paravertebral veins based on postoperative CT
and radiographic findings.

Statistical analysis

Data on continuous variables for the two groups of
patients were expressed as y +s. The differences between
the two groups were assessed by paired t- tests. the nor-
mality of the distribution of all the data were tested using
the KS test. The differences between the two groups

in terms of sex and paravertebral venous leakage were
assessed using the X*- test. All of these were statistically
analyzed using SPSS 24.0 software. The differences in the
data between the preoperative and postoperative periods
for the two groups were plotted using GraphPad Prism 9
software.

Results

From January 2023 to December 2023, a total of 99
patients with OVCF were enrolled, including 46 patients
in the guide plate group and 53 patients in the conven-
tional group, and all patients completed the surgery
normally.

Characterization of baseline data

There was no statistically significant difference in sex,
age, and bone mineral density of the patients in the two
groups (Table 1).
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Fig. 2 Surgical steps in the intraoperative guide group
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Fig. 3 In lateral and frontal radiographs, the vertebra was partitioned into four quadrants. If a quadrant consisted of more than one-third bone cement,
it received a score of 1 point. The sum of these scores determined the bone cement distribution score

Table 1 Patients'basic characteristics

Characteristics Guide plate group Conventional group /2 P

Sex (M/F) 17/29 21/32 0.074 0.786
Age (years) 74.35+8.55 72.89+7.51 0.905 0.368
Bone density -3.18+0.52 -3.12+049 -0.614 0.541

Table 2 Comparison of surgical operation data between the two groups

Characteristics Guide plate group Conventional group t/x? P

Operation time 27.13+6.53 33.19+6.76 -4.517 0.000
Number of fluoroscopies 21.17+6.75 27.55+6.44 -4.802 0.000
Amount of anesthesia 6.02+£1.67 6.05+1.31 -0.117 0.907

Table 3 Comparison of bone cement and paravertebral vein leakage rates between the two groups

Characteristics Guide plate group Conventional group t/x? P

BCV (cm3) 497+1.05 4.20+0.80 4.107 0.000
PSBCV(cm3) 2684048 295+0.50 -2.700 0.008
W(cm3) 25.01+2.50 2486+191 0329 0.743
PSBCV /VV(%) 10.67+£1.12 11.83+1.64 -4.073 0.000
Bone cement distribution score 7.61+£0.65 7.30+0.67 2310 0.023
Paravertebral leakage 1 7 4.036 0.045

Comparison of surgical operation data

The operating time in the guide plate group were sig-
nificantly lower than thatin the conventional group
(P=0.000). The number of intraoperative fluoroscopies in
the guide plate group were significantly lower than that in
the conventional group (P=0.000). The difference in the
amount of surgical anesthetics used by the two groups of
patients was not statistically significant (Table 2).

Comparison of bone cement and paravertebral vein
leakage rates

The difference in VV between the two groups was not
statistically significant. The BCV and cement distribu-
tion score were greater in the guide plate group than in

the conventional group, but the PSBCV and the PSBCV/
VV% were significantly lower in the guide plate group
than in the conventional group. The rate of cemented
paravertebral vein leakage was significantly greater in
the conventional group than in the guide plate group
(P=0.045, Table 3).

Imaging analysis

The differences in the preoperative, 1-day postopera-
tive, and 1-month postoperative heights of the anterior
margin of the vertebral body and the Cobb angle of the
injured vertebra were not statistically significant between
the two groups of patients (Table 4). However, intragroup
comparisons between the two groups of patients revealed
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Table 4 Comparison of imaging characteristics between the two groups
Characteristics Guide plate group Conventional group t/x? P
Preoperative anterior vertebral height (mm) 19.74+3.72 18.99+3.71 0.997 0321
1-day postoperative anterior vertebral height (mm) 2147 +342 21.11+3.89 0481 0.632
1-month postoperative anterior vertebral height (mm) 21.29+342 20.90+3.88 0.530 0.597
Preoperative Cobb angle (°) 12.26+£5.88 11.75+£5.86 0430 0.668
1-day postoperative Cobb angle (°) 9.19+5.15 8.62+5.06 0.561 0.576
1-month postoperative Cobb angle (°) 9.46+5.30 8.97+531 0.456 0.650
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Fig. 4 Preoperative, 1-day postoperative, and 1-month postoperative height of anterior vertebrae (a) and Cobb angle (b). *Indicates a difference within
a group between preoperative and 1-day postoperative, 1-month postoperative (P<0.001)

Table 5 Comparison of prognosis characteristics between the two groups

Characteristics Guide plate group Conventional group t/x? P
Preoperative VAS score 8.13+0.72 8.06+0.72 0510 0611
1-day postoperative VAS score 3.17+£0.80 3.19+0.74 -0.096 0924
1-month postoperative VAS score 1.52+1.03 1.89+0.94 -1.813 0.073
Preoperative ODI 70.00+11.62 67.58+11.89 1.020 0310
1-day postoperative ODI 36.25+8.06 34.58+853 0.996 0322
1-month postoperative ODI 2524+6.30 2500+7.13 0.177 0.860
statistically significant differences in the height of the Discussion

anterior margin of the vertebral body and the Cobb angle
of the injured vertebra at 1 day and 1 month postopera-
tively compared to the preoperative period (Fig. 4).

Comparison of prognosis

The differences in the preoperative, 1-day postoperative,
and 1-month postoperative VAS scores and ODI dys-
function indices of the two groups of patients were not
statistically significant (Table 5). However, intragroup
comparisons between the two groups of patients revealed
statistically significant differences in the VAS score and
ODI at 1 day and 1 month postoperatively compared to
the preoperative period (Fig. 5).

Analysis of the therapeutic effect of unilateral puncture
PVP guided by 3D- printed guide plate

This study showed no difference in the treatment of
OVCEF between the guide plate group and the conven-
tional group. There was no significant difference in post-
operative vertebral body height, postoperative Cobb
angle, postoperative VAS score, and ODI between the
two groups. However, all these parameters showed signif-
icant improvement compared to the preoperative period,
indicating that both the guide plate group and the con-
ventional group achieved good results in the treatment of
OVCE



Gao et al. BMC Musculoskeletal Disorders (2024) 25:656

15+
=3 Guide plate group

=3 Traditional Group

VAS score
T

o{o—
oo

<o

-{Ho—
00—
OO0~

Page 8 of 10

*
E] —
*
N |
*
—
*
|
150~ g
=3 Guide plate group
=3 Traditional Group
© 100
<]
Qo
)
o
O 50+ é 0
0 L] ] 1
& < ©
& & s
R of R
@ &° o
4 o o
*Q ,QQ
g &
N (&)
&

Fig.5 Preoperative, 1-day postoperative, and 1-month postoperative VAS score (c) and ODI (d). *Indicates a difference within a group between preopera-

tive and 1-day postoperative, 1-month postoperative (P<0.001)

The role of 3D-printed guide-guided unilateral puncture
PVP in the prevention of cemented paravertebral vein
leakage

Leakage of bone cement into the paravertebral veins is
a common complication of PVP [15, 17]. This leakage
can easily transfer cement to other locations, eventually
entering the pulmonary vasculature and potentially caus-
ing life-threatening pulmonary embolism [18, 19]. There-
fore, it is crucial to prevent leakage of bone cement into
the paravertebral veins. Our research team showed that
the PSBCV/VV% is an important risk factor for paraver-
tebral vein leakage. We suggested that the risk of cement
paravertebral vein leakage increases when the PSBCV/
VV% exceeds 13.68% [15]. In this study, the incidence of
paravertebral vein leakage in the guide plate group was
significantly lower than that in the conventional group.
The total amount of BCV injected in the guide plate
group was greater, but the PSBCV and the PSBCV/VV%
were lower compared to the conventional group. This is
because the cement in the guide plate group was better
distributed contralaterally, while the cement in the con-
ventional group was mainly distributed on the puncture
side. As a result, the PSBCV/VV% was higher in the con-
ventional group, making it more prone to paravertebral
vein leakage.

Advantages and disadvantages of conventional unilateral
puncture PVP

PVP is a procedure in which bone cement is injected
into the vertebral body through a special puncture tool
and channel. This procedure provides quick pain relief,

stabilizes the spine, and avoids complications associated
with bed rest [9, 10]. In the past, PVP required bilateral
puncture, which increased the operation time and fluo-
roscopic radiation dose. Some patients were unable to
tolerate the prolonged prone position, preventing the
surgery from being performed. In recent years, unilat-
eral puncture PVP has been increasingly used in clinics.
Numerous reports have shown that unilateral puncture
PVP has the advantages of shorter operation time, fewer
fluoroscopies, and lower operation risk, while achieving
the same therapeutic effect as bilateral puncture [11, 14,
20, 21]. However, unilateral puncture PVP also has some
disadvantages, with the most common being the distri-
bution of bone cement. Due to the limited width of the
pedicle root, it is difficult to reach the contralateral ver-
tebral body during unilateral puncture, resulting in poor
dispersion of cement in the contralateral vertebral body
[20, 22]. Increasing the internal inclination angle of the
puncture may lead to nerve injury and cemented spinal
canal leakage. Therefore, improving the distribution of
bone cement to the contralateral side in unilateral punc-
ture PVP has become a recent research focus. Shi X et al.
[20]. performed unilateral PVP using a puncture device
with a bendable tip, which resulted in cement diffusion
to the contralateral side, but the cement distribution was
not controlled. Zhu D et al. [23]. used the extracorporeal
puncture route for unilateral puncture, which allowed the
puncture channel to reach the contralateral vertebrae.
The study showed no difference in the distribution of
bone cement compared to bilateral puncture, but it also
pointed out that extracorporeal puncture may cause bone
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cement leakage through the puncture point of the verte-
bral body. Previous studies have shown that thoracic lat-
eral pedicle puncture may cause pneumothorax, [24] and
lateral lumbar pedicle puncture may cause arterial injury
[25-27]. Therefore, the application of these methods is
limited.

Unilateral puncture PVP guided by 3D- printed guide
plates

In recent years, 3D printing technology has rapidly
developed and is increasingly used in orthopedic sur-
gery [28-30]. Among the applications, the use of 3D
printing guide plates to assist surgery has become a
research hotspot. Currently, 3D printing guide plates are
mainly used to assist spinal pedicle screw implantation.
Research has shown that 3D printing guide plate-assisted
nail placement has the advantages of high accuracy and
shorter operation time [31-33]. However, there is limited
research on the application of 3D guides to assist punc-
ture in PVP. The 3D guide plate designed in this study
is personalized, based on the CT examination results of
the patient before the operation. It is designed to have a
more lateral puncture entry point compared to the con-
ventional pedicle approach. The puncture path is shaped
along the lateral side of the pedicle to the medial side,
ultimately reaching the opposite side of the vertebral
body. This design avoids the complications caused by
lateral puncture of the pedicle root and the problem of
poor cement dispersion in the interpedicular puncture
of the pedicle root. Due to the greater internal inclina-
tion angle of the 3D guide plate group, the cement can
be better dispersed to the contralateral side of the verte-
bral body. In this study, the cement distribution score in
the guide plate group was significantly higher than that
in the conventional group. The design of the guide plate
in this study was based on preoperative CT planning of
the internal inclination angle and sagittal angle of the
puncture. As the sagittal angle of the vertebral body may
change during the surgery, the guide plate was designed
with a 1-cm-long runway shape for the sagittal angle,
allowing for intraoperative adjustment. Because the
guide plate group did not require intraoperative adjust-
ment of the internal inclination angle and only required
slight adjustment of the sagittal angle, the operative time
was significantly shortened. The results of this study
also showed that the operative time and the number of
fluoroscopies were significantly lower in the guide plate
group than in the conventional group.

Research shortcomings

One shortcoming of this study is that some intraop-
erative cemented venous leaks travelled distally with the
blood flow and were therefore not detected on postop-
erative vertebral CT, which led to the speculation that
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the incidence of postoperative paravertebral venous leaks
might be higher. Another shortcoming is that 3D-printed
guides require a certain cost, and this study, because of
research funding, can reduce some of the patients’ medi-
cal costs, which need to be evaluated for use in patients
with poor financial ability. A final shortcoming of this
study is that the study only included 1-month postop-
erative imaging data and lacked longer-term follow-up
results, so it is not known whether there were differences
in long-term complications between the 2 groups.

Conclusion

Both 3D printing guide plate-guided modified unilateral
puncture PVP and conventional unilateral puncture PVP
have good results in the treatment of OVCFE. Compared
to conventional unilateral puncture PVDP, the 3D printing
guide-guided modified unilateral puncture PVP has the
advantages of shorter operation time, fewer fluorosco-
pies, and better distribution of bone cement. Due to the
better cement distribution and lower PSBCV/VV% in the
3D printing guide plate-guided modified unilateral punc-
ture PVD, it plays an important role in preventing cement
leakage into the paravertebral veins.

Abbreviations
PVP Percutaneous vertebroplasty

OVCF Osteoporotic vertebral compression fractures
PSBCV/W%  Puncture-side bone cement/vertebral volume ratio
PSBCV Puncture-side bone cement volume

W Vertebral volume

BCV Bone cement volume

VAS Visual analogue scale

ODI Oswestry dysfunction index

cT Computed tomography

MRI Magnetic resonance imaging
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