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Abstract

Background: Conventional percutaneous vertebroplasty (PVP) are mainly guided by C-arm fluoroscopy, and it
usually leads to excessive X-ray radiation exposure to patients, surgeons, and anesthetists. Moreover, multi-time
fluoroscope may prolong the operation time. 3D-printed template could help minimize fluoroscopy shot times and
fluoroscopy dosage during operation, and shorten operation time. We perform this study to compare the efficacy
and accuracy of PVP assisted by “three-dimensional printed individual guide template” versus conventional PVP.

Method: Patients who suffered acute painful single segment osteoporotic vertebral compression fracture(OVCF)
needed operative treatment were randomly assigned into three-dimensional printing individual guide template-
assisted percutaneous vertebroplasty group (group A) or conventional PVP guided by C-arm fluoroscopy group
(group B) at a 1:1 ratio. Fluoroscopy times for puncture points (FTPP), total radiation dosages (TRD), total
fluoroscopy time (TFT), and total operation time (TOT) were recorded as the main evaluation factors to evaluate the
two operation procedures.

Results: A total of 36 acute painful single segment OVCF patients were successfully operated on, and each group
has 18 patients. None of the patients presented symptomatic complications. The surgical success rate in group A
was 94.4%(17/18), one patient in the group A was failed and then operated by conventional procedure. FTPP (1.8 ±
0.8 in group A vs 5.2 ± 1.9 in group B, P < 0.05), TRD (4.9 ± 0.9 mGy vs 7.9 ± 1.6 mGy, P < 0.05), TFT (16.7 ± 2.9 vs
26.6 ± 5.3, P < 0.05), and total operation time (19.4 ± 2.4 min vs 27.8 ± 4.0 min, P < 0.05) were presented
statistically difference in the two groups. The incidence of cement leakage occurred in group A (3/18, 16.7%) was
less than that occurred in group B (7/18, 38.9%) (P > 0.05).

Conclusions: Compared with the conventional PVP, “three-dimensional-printed individual guide template-assisted
PVP” could minimize fluoroscopy shot times during operation and fluoroscopy dosage, shorten operation time, and
is a more precise and feasible operation method.
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Trial registration: The present study was registered with the Chinese Clinical Trial Registry (ChiCTR) (http://www.
chictr.org.cn), and its registration no. is ChiCTR1900024283.

Keywords: Osteoporotic vertebral compression fractures, Percutaneous vertebroplasty, Materialise Interactive
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Introduction
With aging of the population, osteoporosis becomes in-
creasingly common in the society. One of the most com-
mon problems with osteoporosis is the osteoporotic
vertebral compression fractures (OVCFs). It is reported
that OVCFs affect around 1.4 million patients in the
world annually [1, 2]. As OVCFs could lead to persistent
back pain and long-term morbidity [3, 4], making it a
highly concerning clinical problem nowadays. Since
1987, Galibert et al. [5] performed the percutaneous ver-
tebroplasty (PVP) for the treatment of an aggressive ver-
tebral hemangioma; this minimally invasive surgery
method that injects polymethylmethacrylate (PMMA)
into the fractured vertebral body became one of the
standard treatment measures for VCFs [6].
PVP is considered an effective treatment for the back

pain caused by OVCFs [7–11]. However, the accuracy of
the surgery mainly depends on the surgeons’ experience
and multiple C-arm fluoroscopes during a conventional
procedure. Thus, this procedure has the following draw-
backs: (1) during conventional PVP, repeated fluoro-
scopes are needed to determine the optimal puncture
points and to adjust the entry angles of puncture nee-
dles, which could lead to excessive X-ray radiation ex-
posure to patients, surgeons, and anesthetists. According
to a research of Niki T. Fitousi et al., throughout a trad-
itional PVP procedure, the mean exposure dose of the
surgeon’s hands was 1.661 mGy. This finding suggests
that one surgeon could only perform around 150 PVP
operations annually, without exceeding the annual safe
dose constraint value [12]. Roger Harstall et al. reported
that fluoroscopic imaging during percutaneous vertebro-
plasty requires longer beam-on-times than in other
orthopedic routine procedures; this places surgeons
under a higher risk of developing a thyroid cancer, sta-
tistically 25 times higher than the general population
[13]. (2) Puncture-related complications of PVP were
not rare. Almost 50% of patients have local complica-
tions from traditional PVP, with 95% of complications
coming from cement leakage into surrounding tissues
(paravertebral soft tissue, intervertebral disk, spinal
canal, etc.), nerve root injury, and intra-spinal hematoma
[14–18]. (3) For young surgeons, the learning curve to
master the percutaneous pedicle puncture technique is
quite long. (4) For complicated OVCF, like patient with
severe osteoporosis, severe kyphosis, scoliosis, or multi-
segment fractured vertebra, it commonly needs much

more time and fluoroscope during operation procedure.
Moreover, for elderly patients, they may not be capable
of staying in prone operation position for such a long
time.
Recently, various techniques have been introduced to

ensure the safety and accuracy of the PVP [19, 20]. Pre-
viously, our team already made modifications of the con-
ventional PVP procedures. In one published article [21],
based on the preoperative CT images, we reconstructed
the compressed vertebra, simulated the procedures in
the software, and recorded all the data (punctuation
depth, punctuation angle etc.), via measured those data
to determine the punctuation plan during the real oper-
ation, time duration of the operation were shortened.
After that, we made further improvements of the tech-
nique and introduced the 3D-printed template into the
operation, which simplified surgical procedures by mini-
mized the time of data measurements during operation.
Our team had finished two pre-experimental cases of
PVP assisted by 3D-printed guide templates and got suc-
cess [7, 8]. Building upon the previous innovated oper-
ation research on the 3D-printed guide template assisted
the PVP, we optimized the operation procedures. This
study was then developed to explore if applying 3D
printing guide template to PVP could indeed make the
surgical procedure more precise, decrease the radiation
exposure dosages, and shorten the operation time.

Materials and methods
Study design and participants
In this prospective, controlled study, a total of 36 single
segment painful acute osteoporotic vertebral compres-
sion fracture patients admitted into our department be-
tween September 2019 and February 2020 were enrolled.
All participants were randomly divided into group A
(PVP mainly assisted by three-dimensional-printed indi-
vidual guide template) and group B (PVP mainly guided
by C-arm fluoroscopy), the randomization ratio was 1:1
between group A and group B. The allocation was car-
ried out as a block randomization, researchers, and par-
ticipants were blinded from the allocation sequence,
which was saved in sequentially numbered, opaque
sealed envelopes. Only when the recruited patients were
satisfied with all inclusion criteria and needed to per-
form the intervention, the envelopes containing details
of the patients to be operated on were opened. An eth-
ical clearance was obtained from the institutional ethical
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committee of the hospital. Patients’ informed written
consent was obtained.
Two experienced spinal surgeons performed all oper-

ation procedures on these patients, and the operative
materials, including puncture needles, bone cement, and
percutaneous cement delivery system (Stryker Company,
USA), are the same.
The present study was registered with the Chinese

Clinical Trial Registry (ChiCTR) (http://www.chictr.org.
cn), and its registration no. is ChiCTR1900024283.

Inclusion criteria and exclusion criteria
The inclusion criteria are (1) presence of newly onset
acute single segment OVCF; (2) no previous PVP treat-
ment; (3) completed imaging data (including X-ray,
MRI, CT); (4) VAS (visual analog scale) score higher
than 6; and (5) patient request of operative treatment
and refusal of conservative treatment.
The exclusion criteria are (1) patients with old OVCF;

(2) patients with evidence of bone tumors and other
bone metabolic diseases; (3) CT shows an incomplete or
ruptured posterior wall of a fractured vertebral body;
and (4) presence of surgical contraindication.

Development of 3D printing guide templates
All of the patients in group A (PVP assisted by three-
dimensional printing individual guide template) were
conducted a prone computer tomography with three
radiopaque markers (as the index markers for the tem-
plate to attach to) placed in the midline of patient’s back
skin at the compressed vertebral level. The patient’s CT
scan body position was recorded by a gradienter on the
patient’s back, while the patient was instructed to stay in
the same position when doing the surgery (Fig. 1A). The
CT images were saved in DICOM format, and the
DICOM format files were exported into MIMICS (Ma-
terialise Interactive Medical Image Control System, Ma-
terialise Company) software for 3D reconstruction of the
compressed vertebra (Fig. 1B1). After the target vertebra
was reconstructed, we simulated a PVP procedure via a
bilateral transpedicular approach in the software. First,
the Medcad cylinder in the software was defined as the
puncture needle model. Then, we simulated the entry
point, the entry angle (head inclination angle and ab-
duction angle orientation), and the puncture needle
depth for a real PVP with the 3D views of the target
vertebra. Next, we adjusted the puncture needles to
its ideal position by using the move and rotate func-
tion (Fig. 1B2, B3).
After that, we saved all of the 3D template data and

sent it in the MCS format to a three-dimensional print-
ing company. They converted MCS data into STL for-
mat and applied 3-Matic software for computer-aided
design for the template. They then used rapid

prototyping technique to manufacture two same tem-
plates to sterilize for the operations (Fig. 1B4). The guide
templates were made by polylactic acid, which can be
sterilized by low-temperature steam disinfection.
The preoperative reconstruction of vertebra and simu-

lation of PVP in MIMICS took about 30 min. We sent
all the data to the 3D printing company 2 days before
the operation to ensure the company could have suffi-
cient time for the template printing and delivering tem-
plate back to us.

Procedures
The two groups of patients were all in the prone pos-
ition during operations and underwent local anesthesia
through the injection of a 5-ml mixture of 1% lidocaine
and 1% ropavicaine. Each segment of the vertebra was
injected 2 ml bone cement bilaterally and a total of 4 ml
bone cement was injected.

Group A operation procedures
Surgeons first made the patient lie prone on the oper-
ation table and maintain in the same position as for the
CT examination in accordance with the gradienter rec-
ord (no. 9 case in Table 1, Fig. 1C1). One template was
matched with the target location according to the three
radiopaque markers, and two swabs were inserted
through the needle’s trajectories on the template
(Fig. 1C3). The swabs were pressed to mark the insertion
points on the skin, and drawn by a marker as point A
and point B (Fig. 1C2). After the skin was disinfected,
the surgical area was draped and put the tips of two
puncture needles at the insertion points (Fig. 1C4). One
shot of the anteroposterior view of C-arm fluoroscopy
was used to confirm whether the puncture points deter-
mined by the template are the optimal insertion points
(Fig. 1D1). After local anesthesia, another sterilized tem-
plate was fixed on the patient's back by the sterilized
film (Fig. 1C5). The two puncture needles were tapped
into the target vertebra slightly via insertions through
the guiding cylinders, and the C-arm fluoroscope was
used to verify that the trajectories are suitable for inser-
tion (Fig. 1D2, D3). After making sure the punctuation
is within the pedicles, the needles were tapped to ad-
vance further until the end of the trajectories (Fig. 1C6,
D3, D4). When the whole needles were completely
inserted into the guiding cylinders, the C-arm fluoro-
scope was used to check if the needle tips have reached
their ideal location (Fig. 1D5, D6). Bone cement was
injected to the vertebra (Fig. 1C7, C8). Finally, the last
two shots of anteroposterior and lateral views were per-
formed to check the distribution of the bone cement
within the vertebral (Fig. 1D8), and then the insertions
were stitched.
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Group B operation procedures
Surgeons selected transpedicular bilateral approach for
PVP. Kirschner wires were used to confirm the skin
puncture points of bilateral pedicles of target vertebra
under the anteroposterior fluoroscopy view (no. 29 case
in Table 1, Fig. 2B1, B2, B3). To guarantee the punctu-
ation with satisfied abduction angles of the puncture
needles, the skin entry points were about 0.5–1.0 cm
outside the superior-lateral points of bilateral pedicles.
With the assistance of repeated fluoroscopy, surgeons
adjusted the direction of the puncture needles to avoid
the injury of the spinal cord, nerve roots, and found the
optimal puncture trajectories (Fig. 2B4, B5, B6). Re-
peated fluoroscopy was used during the punctuation

until the puncture needles reached the ideal location
(Fig. 2C1–C6). Two shots of anteroposterior and lateral
views fluoroscopy were performed to recheck (Fig. 2C7,
C8). Bone cement was injected into the vertebra
(Fig. 2C9, C10). Finally, the last two shots of anteropos-
terior and lateral views were performed to check the dis-
tribution of the bone cement within the vertebral body
(Fig. 2C11) and stitched insertions.

Outcome measure and statistical analysis
We collected all of the data of fluoroscopy times for
puncture points (FTPP), total radiation dosages (TRD),
total fluoroscopy times (TFT), pre-operative and post-
operative visual analog scale (VAS) score, and total

Fig. 1 A case (no. 9 case in Table 1) in group A. A The patient did prone CT scanning with three markers located at the back skin near the
fractured vertebra, the gradienter record the parameters of posture. B1 The reconstruction of the target vertebra in the coronal, transverse,
sagittal plane in the MIMICS software, and the model of reconstructed vertebra. B2 The simulation of PVP in the MIMICS. B3 The parameters of
guiding cylinders of the template. B4 The real template. C1 Using the gradienter to make sure the patient is in the same position when she did
the CT. C2 Final puncture points. C3 Match one template with skin to determine the puncture points. C4 Using puncture needles to double
check the puncture points. C5 Fixing the other sterilized template and insert the needles. C6 Tapping the needles to the end of the trajectories.
C7–8 Injecting bone cement bilaterally via the needles. D1 One time fluoroscope for skin entry points. D2–6 With confirmation of fluoroscopy
views, the needles were gradually tapped through the pedicle. D7 Injection of bone cement. D8 Fluoroscope for the check of the bone
cement distribution
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operation times (TOT) of both groups as the evaluation
factors to evaluate two operation procedures. The post-
operative radiographs of patients were used to check the
leakage of bone cement. TFT and TOT are the main indi-
cators to evaluate the accuracy and effectiveness of PVP
assisted by three-dimensional printing individual guide

template. FTPP means the number of X-ray fluoroscope
that we used to determine the puncture points.
IBM SPSS 22.0 (SPSS Inc., USA) software was used for

statistical analysis. Measurement data distribution was
described in the mean ± SD (‾X±SD) form. A P value <
0.05 was considered statistically significant.

Table 1 Patient clinical data

No. Group Age (years) OVCF level BMI(kg/m2) Preoperative
VAS

FTPP
(times)

TRD
(mGy)

TRT
(times)

Operation time
(min)

Cement
leakage

Postoperative
VAS

1 A 68 L2 24.30 8 1 4.77 16 18 No 3

2 A 59 L1 21.23 9 1 3.57 12 17 No 3

3 A 53 L1 27.22 8 2 4.47 15 19 No 2

4 A 62 T10 28.35 8 2 5.06 17 23 No 2

5 A 58 L1 22.72 8 1 4.47 15 18 No 3

6 A 65 T12 21.48 9 2 5.96 20 21 No 1

7 A 80 L3 24.65 9 1 5.36 18 21 No 2

8 A 68 L1 37.78 9 2 5.96 20 20 Yes 2

9 A 67 T11 28.88 8 1 3.57 12 17 No 2

10 A 55 L1 23.44 8 2 4.47 15 16 Yes 3

11 A 65 L1 19.56 8 2 6.55 22 21 No 2

12 A 64 T11 20.20 8 2 4.47 15 17 No 3

13 A 79 T12 23.61 9 1 4.77 16 19 No 3

14 A 71 T12 23.88 9 1 4.77 16 17 No 2

15 A 79 T6 19.98 9 4 4.77 16 20 No 3

16 A 66 L1 26.14 8 2 6.55 22 25 No 3

17 A 81 L3 26.12 8 3 5.36 18 20 Yes 2

18 A 61 L2 28.58 8 2 4.77 16 21 No 2

19 B 70 T12 23.44 9 5 8.64 29 26 Yes 1

20 B 80 T9 23.81 8 8 7.45 25 26 No 3

21 B 72 L4 28.69 9 4 7.45 25 29 No 3

22 B 53 T12 26.67 8 3 7.15 24 25 Yes 3

23 B 71 L4 32.05 8 6 11.02 37 32 No 3

24 B 70 T10 20.03 8 2 8.34 28 23 Yes 2

25 B 83 T12 21.48 9 6 6.26 21 22 No 2

26 B 61 T12 22.89 9 6 6.26 21 26 No 3

27 B 73 T12 27.36 9 4 6.26 21 26 No 2

28 B 58 L1 22.58 8 7 7.15 24 23 Yes 2

29 B 73 L1 24.61 8 5 8.34 28 27 Yes 3

30 B 85 T12 29.30 8 6 10.43 35 37 No 2

31 B 60 L1 25.39 9 8 8.64 29 31 No 3

32 B 75 T12 28.91 9 3 6.55 22 30 No 2

33 B 86 T11 17.35 9 8 11.02 37 35 Yes 3

34 B 76 T12 16.44 8 6 8.04 27 30 No 2

35 B 80 T12 28.06 8 3 6.85 23 25 Yes 2

36 B 67 T12 27.34 8 4 6.55 22 27 No 1

Notes: Group A, three-dimensional printing individual guide template-assisted PVP, Group B conventional PVP guided by C-arm fluoroscopy
Abbreviations: FTPP fluoroscopy times for puncture points, TRD total radiation dosages, TFT total fluoroscopy times, TOT total operation times, VAS visual
analog scale
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Result
A total of 36 acute painful single segment osteoporotic
vertebral compression fracture patients were recruited
and randomly assigned to treatment groups. Patients’
data are shown in Table 1. One sample in group A (no.
6 in Table 1) was failed by the operation of PVP assisted
by 3D printing guide template, then was finished by the
conventional measure, and no complications happened
on this patient. The surgery success rate in group A was
94.4%(17/18), the surgery success rate in group B was
100%(18/18).

Clinical data
Group A consisted of 18 patients (2 males and 16 fe-
males) with a mean age of 67.1 ± 8.9 years (range 53–
81) and mean BMI of 24.9 ± 4.4 kg/m2. Group B con-
sisted of 18 patients (2 males and 16 females) with a
mean age of 71.8 ± 9.4 years (range 53–86) and mean
BMI of 24.8 ± 4.2 kg/m2. There were no significant

differences between the two groups in terms of mean
patient age, male/female ratio, and mean BMI (Table 2,
P > 0.05).
The FTPP (1.8 ± 0.8 in group A vs 5.2 ± 1.9 in group

B, P < 0.05), TRD (4.9 ± 0.9 vs 7.9 ± 1.6, P < 0.05), TFT
(16.7 ± 2.9 vs 26.6 ± 5.3, P < 0.05), and operation time
(19.4 ± 2.4 vs 27.8 ± 4.0, P < 0.05) were significantly dif-
ferent between group A and group B. There were no
neurological complications or infections in both groups.
No secondary surgical procedures were performed for
any reason.

Radiographic data
According to the postoperative radiography of patients,
one physician who was blinded to the treatment group
was asked to check the incidence of cement leakage. The
results showed that the cement leakage occurred in
group A (3/18, 16.7%) was less than that occurred in
group B (7/18, 38.9%) (P > 0.05). All bone cement

Fig. 2 A case (no. 29 case in Table 1) in group BA The imaging of compressed vertebra. A1 TIWI view. A2 T2WI view. A3 FS view. A4
Posterioanterior view. A5 Lateral view. B1 Place Kirschner’s needles to determine the puncture points. B2 Skin puncture points. B3 Fluoroscope
image of using Kirschner’s needles to determine the puncture points. B4 Using puncture needles to double check the puncture points. B5
Fluoroscope image of check the puncture points. B6, C1 Tapping the needles for the punctuation. C2–3 Injecting bone cement bilaterally via the
needles. C4-C8 With confirmation of fluoroscopy views, the needles were gradually tapped through the pedicle. C9–C11 Injection of bone
cement. D1–2) After the operation, lateral and anteroposterior view of fluoroscopy to check the bone cement distribution
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leakages are asymptomatic, which means the leakage did
not induce spinal cord compression or any other neuro-
logical symptoms.

Discussion
PVP was recommended by guideline as one of the most
effective treatments for the back pain caused by OVCFs
[22]. Nevertheless, some opinions point out that there is
no significant difference in pain relief and quality of life
enhancement between PVP and conservative treatment
for acute OVCF patients [23]. However, Andrei [24] and
Zhu [25] et al. hold the idea that PVP performs better
than conservative treatment, which can rapidly relieve
the pain caused by OVCFs. Before recruiting patients in
the study, we informed all of them about the advantages
and disadvantages of PVP and conservative treatment.
All of the recruited patients requested for the PVP treat-
ment refused conservative treatment.
With the rapid development of precision surgery, 3D

techniques were increasingly applied in clinical practice
to assist traditional operation procedures, including a
3D-printed model of bone fracture, reverse template, in-
dividualized implants, and so on [26, 27]. To treat
OVCFs patients, a transpedicular approach guided by C-
arm fluoroscope percutaneous vertebroplasty is the most
commonly used technique [28]. To increase the success
rate of traditional PVP procedure and to minimize the
puncture-related complications, it is essential to deter-
mine the optimal puncture points, which requires
repeated fluoroscopy. It is reported that inferior
localization of puncture points of traditional PVP could
lead to various kinds of complications [18]. Thus, in this
study, our team designed and produced 3D printing
guiding templates to assist the percutaneous vertebro-
plasty to improve the precision and safety of puncture
technology of PVP, and got an ideal therapeutic effect.
The total operation time (TOT), fluoroscopy times for

puncture points (FTPP), total radiation dosages (TRD),

and total fluoroscopy times (TFT) were compared be-
tween group A and group B. The finding suggests that
with the 3D-guided plate applied in the surgery, the
average total operation time in group A was 19.4 ± 2.4
min, a statistically significant reduction from the total
operation time in group B: 27.8 ± 4.0 min. In group A,
the average fluoroscopy times during the operation were
16.7 ± 2.9 times, and the total radiation dosages were 4.9
± 0.9 mGy, and the fluoroscopy times for puncture
points were 1.8 ± 0.8 times. All of which were signifi-
cantly lower than those in group B. These data proved
that with the applied of 3D printing template, we turned
traditional PVP into a more accurate and convenient
surgical procedure, and it is indeed feasible to model a
3D individualized guide template to assist PVP
procedure.
Comparing with the conventional C-arm fluoroscope

assisted PVP, we concluded that there are some advan-
tages in 3D-printed templates for assisting PVP: (1) a
preoperative reconstruction of the target vertebra in the
MIMICS software could let surgeons comprehensively
grasp the morphology features of the fractured vertebra,
and surgeons could make individualized punctuation tra-
jectories in the software to simulate the punctuation of
PVP. Modeling a patient-specific guide template and ap-
plying it during a real procedure could minimize the
time of fluoroscopy during the operation, since the guid-
ing cylinders on the template could predetermine the
puncture needles’ orientations and depths. In contrast
with the traditional way, we only need several fluoro-
scopes to check the accuracy of the guiding cylinders on
the template, eliminating the needs of adjusting the
puncture needles to determine the suitable entry points
before surgery, furthermore, saving the time to adjust
the direction and depth of the puncture needles during
operation. Therefore, 3D-printed template could help
shortening the PVP operation time, minimizing the
fluoroscope times, and decreasing the radiation exposure
for both doctors and patients during the procedure. (2)
Through preoperative simulation of the transpedicular
PVP approach in the software, we could establish opti-
mal skin entry points, needle trajectories, insertion
depths, and make the best puncture plan. Following the
accurate puncture pathway, the incidence of cement
leakage could be reduced. In our research, we could find
that the incidence of cement leakage in group A (3/18,
16.7%) was significantly less than that in group B (7/18,
38.9%). Although there is no significant difference be-
tween the two groups, we suppose with the increase of
recruited samples, it may present the statistical differ-
ence at the incidence of cement leakage. (3) Via pre-
operative simulation of the real operation, it turns the
PVP from an experience-dependent operation method
to a numerical, individual, precise operation method,

Table 2 Comparative demographic and surgical data of both
groups

Group A Group B P value

Age (years) 67.1 ± 8.9 71.8 ± 9.4 P > 0.05

Male/female (n) 2/16 2/16 P > 0.05

BMI (kg/m2) 24.9 ± 4.4 24.8 ± 4.2 P > 0.05

Preoperative VAS 8.4 ± 0.5 8.4 ± 0.5 P > 0.05

FTPP (times) 1.8 ± 0.8 5.2 ± 1.9 P < 0.05

TRD (mGy) 4.9 ± 0.9 7.9 ± 1.6 P < 0.05

TFT (times) 16.7 ± 2.9 26.6 ± 5.3 P < 0.05

TOT (min) 19.4 ± 2.4 27.8 ± 4.0 P < 0.05

Postoperative VAS 2.4 ± 0.6 2.3 ± 0.7 P > 0.05

Complication incidence rate (%) 3/18, 16.7% 7/18, 38.9% P > 0.05
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which could minimize the risk of the procedure, as well
as improving the accuracy and security of PVP. In this
research, only single-segment vertebral compression
fracture patients were included; we suppose there is a
high possibility that a more valuable improvement would
present on the complicated OVCF patients, like OVCF
combine with scoliosis, kyphosis, vertebra rotation, or
multiple segment OVCF. Even for experienced surgeons,
performing those complicated OVCF operations still re-
quire multiple fluoroscopy scans and long operational
times. (4) For young residents with fewer opportunity to
perform the operation on patients, this technique may
help shorten the learning curve of PVP and assist them
to find the puncture points easier that needs further
research.
In our study, one sample in group A failed by using

3D printing template to assist the operation. The guiding
cylinders on the template along with the junction part of
cylinders and base of the template got deformation after
low-temperature steam disinfection (Fig. 3, no. 6); thus,
the puncture needles could not perfectly pass through

the cylinders to make punctuation. The main reason was
in this suit of template, the guiding cylinders and the
base of template were designed and integrated, instead
of these parts could be separated and disinfected
respectively. From this failed case, we concluded that
template in this design type uses less material; it com-
promised the firmness of the template, so the template
was so fragile for the disinfection. Therefore, in the rest
of the cases, we designed the templates in the manner
that cylinders and base were separated and could be dis-
infected respectively, so the usage of material could be
sufficient enough to support the firmness of templates
for the disinfection. Moreover, we are also exploring the
other better materials to make templates more firm to
replace the polylactic acid, which we are using now.
Besides, there are some other limitations of the appli-

cation of a three-dimensional printing guide template in
the PVP. (1) It takes time to master the use of the MIMI
CS software. During the template design, any single mis-
take made by surgeons unfamiliar with the software may
lead to an unsuccessful surgery. Therefore, this method

Fig. 3 All of the templates in group A. No. 6 is the deformed template
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requires at least one surgeon in the team who is familiar
with the software as well as the operation procedures.
(2) Preoperative design of the template and template
printing increased patients’ costs and the surgeon’s
workload; each template will costs patient 1000 RMB.

Conclusion
Collectively, 3D printing guide template-assisted percu-
taneous vertebroplasty is a more precise operation
method compared to the traditional procedure. It could
minimize the surgical time, radiation times, radiation ex-
posure. This method also helps surgeons comprehen-
sively visualize the fractured vertebra and develop an
individualized surgical plan for the patient; therefore, we
suppose it maybe more beneficial for complex cases.

Abbreviations
PVP: Percutaneous vertebroplasty; OVCF: Osteoporotic vertebral compression
fracture; FTPP: Fluoroscopy times for puncture points; TRD: Total radiation
dosages; TFT: Total fluoroscopy times; TOT: Total operation times; VAS: Visual
analog scale

Authors’ contributions
Peilun Hu and Jisheng Lin carried out the study, participated in the 3D
template modeling, drafted the manuscript, and conducted the statistical
analysis. Hai Meng and Nan Su assisted in data collecting and carried
surgical operation. Yong Yang participated in the design of the study. Qi Fei
conceived the study, participated in its design and coordination. All authors
have read and approved of the final manuscript.

Funding
The study was funded by the Beijing Municipal Science & Technology
Commission (No.Z181100001718078), China.

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

Declarations

Ethics approval and consent to participate
The present study was registered with the Chinese Clinical Trial Registry
(ChiCTR) (http://www.chictr.org.cn), and its registration no. is
ChiCTR1900024283. An ethical clearance was obtained from the institutional
ethical committee of the hospital. Patients’ informed written consent was
obtained.

Consent for publication
All authors agreed for the publication.

Competing interests
The authors have no conflict of interest regarding any drugs, materials, or
devices described in this study.

Received: 3 April 2021 Accepted: 6 May 2021

References
1. Johnell O, Kanis JA. An estimate of the worldwide prevalence and disability

associated with osteoporotic fractures. Osteoporos Int. 2006;17:1726–33.
https://doi.org/10.1007/s00198-004-1627-0.

2. Ballane G, Cauley JA, Luckey MM, et al. Worldwide prevalence and
incidence of osteoporotic vertebral fractures. Osteoporos Int. 2017;28(5):1–
12. https://doi.org/10.1007/s00198-017-3909-3.

3. Prather H, Watson JO, Gilula LA. Nonoperative management of osteoporotic
vertebral compression fractures. Injury. 2007;38(3-supp-S):40–8. https://doi.
org/10.1016/j.injury.2007.08.010.

4. Hasserius R, Karlsson MK, Jonsson B, et al. Long-term morbidity and
mortality after a clinically diagnosed vertebral fracture in the elderly– a 12-
and 22-year follow-up of 257 patients. Calcif Tissue Int. 2005;76:235–42.
https://doi.org/10.1007/s00223-004-2222-2.

5. Galibert P, Deramond H, Rosat P, Le Gars D. Note préliminaire sur le
traitement des angiomes vertébraux par vertébroplastie acrylique
percutanée [Preliminary note on the treatment of vertebral angioma by
percutaneous acrylic vertebroplasty]. Neurochirurgie. 1987;33(2):166–8.
French. PMID: 3600949.

6. Anselmetti GC, Manca A, Hirsch J, et al. Percutaneous vertebroplasty in
osteoporotic patients: an institutional experience of 1,634 patients with
long-term follow-up. J Vasc Interv Radiol. 2011;22:1714–20. https://doi.org/1
0.1016/j.jvir.2011.09.001.

7. Li J, Lin JS, Yang Y, et al. 3-Dimensional printing guide template assisted
percutaneous vertebroplasty: Technical note. J Clin Neurosci. 2008;52:159–
64. https://doi.org/10.1016/j.jocn.2018.03.012.

8. Hu P, Lin J, Xu J, et al. Three-dimensional printing guide template assisted
percutaneous vertebroplasty (PVP). J Vis Exp. 2019;152:e60010. https://doi.
org/10.3791/60010.

9. Yang EZ, Xu JG, Huang GZ, et al. Percutaneous vertebroplasty versus
conservative treatment in aged patients with acute osteoporotic vertebral
compression fractures: a prospective randomized controlled clinical study.
Spine. 2016;41:653–60. https://doi.org/10.1097/BRS.0000000000001298.

10. Jun YH, Hoon JJ, Bin IS, et al. Percutaneous vertebroplasty versus conservative
treatment for one level thoracolumbar osteoporotic compression fracture:
results of an over 2-year follow-up. Pain Phys. 2016;19:E743–50.

11. Joseph RN, Swift AJ, Maliakal PJ. Single center prospective study of the
efficacy of percutaneous cement augmentation in the treatment of
vertebral compression fractures. Br J Neurosurg. 2013;27:459–64. https://doi.
org/10.3109/02688697.2012.752431.

12. Fitousi NT, Efstathopoulos EP, Delis HB, et al. Patient and staff dosimetry in
vertebroplasty. Spine. 2006;31(23):E884–9. https://doi.org/10.1097/01.brs.
0000244586.02151.18.

13. Harstall R, Heini PE, Mini RL, et al. Radiation exposure to the surgeon
during fluoroscopically assisted percutaneous vertebroplasty: a
prospective study. Spine. 2005;30:1893–8. https://doi.org/10.1097/01.brs.
0000174121.48306.16.

14. Balkarli H, Demirtas H, Kilic M, et al. Treatment of osteoporotic vertebral
compression fractures with percutaneous vertebroplasty under local anesthesia:
clinical and radiological results. Int J Clin Exp Med. 2015;8(9):16287–93.

15. Corcos G, Dbjay J, Mastier C, et al. Cement leakage in percutaneous
vertebroplasty for spinal metastases: a retrospective evaluation of incidence
and risk factors. Spine. 2014;39:E332–8. https://doi.org/10.1097/BRS.
0000000000000134.

16. Tome-Bermejo F, Alvarez L, Pinera AR, et al. Identification of risk factors for
the occurrence of cement leakage during percutaneous vertebroplasty for
painful osteoporotic or malignant vertebral fractures. Spine J. 2013;39:E693–
700. https://doi.org/10.1016/j.spinee.2013.07.246.

17. Sidhu GS, Kepler CK, Savage KE, et al. Neurological deficit due to cement
extravasation following a vertebral augmentation procedure. J Neurosurg
Spine. 2013;19:61–70. https://doi.org/10.3171/2013.4.SPINE12978.

18. Saracen A, Kotwica Z. Complications of percutaneous vertebroplasty: An
analysis of 1100 procedures performed in 616 patients. Medicine. 2016;
95(24):e3850. https://doi.org/10.1097/MD.0000000000003850.

19. Schils Frédéric. O-arm–guided balloon kyphoplasty: prospective single-
center case series of 54 consecutive patients. Oper Neurosurg 2011,:suppl_2.
doi: https://doi.org/10.1227/NEU.0b013e31821421b9

20. Ringer AJ, Bhamidipaty SV. Percutaneous access to the vertebral bodies: a
video and fluoroscopic overview of access techniques for trans-, extra-, and
infrapedicular approaches. World Neurosurg. 2013;80:428–35. https://doi.
org/10.1016/j.wneu.2012.09.005.

21. Xu J, Lin J, Li J, et al. “Targeted percutaneous vertebroplasty” versus traditional
percutaneous vertebroplasty for osteoporotic vertebral compression fracture.
Surgical Innov. 2019;26(5):1–9. https://doi.org/10.1177/1553350619853134.

22. Orthopaedic Society of the Chinese Medical Association. Guidelines for the
diagnosis and treatment of osteoporotic fractures. Chinese J Orthop. 2017;
37(1):1–10.

23. Firanescu CE, Vries JD, Lodder P, et al. Vertebroplasty versus sham
procedure for painful acute osteoporotic vertebral compression fractures
(VERTOS IV): randomised sham controlled clinical trial. BMJ. 2018;361:k2937.
https://doi.org/10.1136/bmj.k1551.

Hu et al. Journal of Orthopaedic Surgery and Research          (2021) 16:326 Page 9 of 10

http://www.chictr.org.cn
https://doi.org/10.1007/s00198-004-1627-0
https://doi.org/10.1007/s00198-017-3909-3
https://doi.org/10.1016/j.injury.2007.08.010
https://doi.org/10.1016/j.injury.2007.08.010
https://doi.org/10.1007/s00223-004-2222-2
https://doi.org/10.1016/j.jvir.2011.09.001
https://doi.org/10.1016/j.jvir.2011.09.001
https://doi.org/10.1016/j.jocn.2018.03.012
https://doi.org/10.3791/60010
https://doi.org/10.3791/60010
https://doi.org/10.1097/BRS.0000000000001298
https://doi.org/10.3109/02688697.2012.752431
https://doi.org/10.3109/02688697.2012.752431
https://doi.org/10.1097/01.brs.0000244586.02151.18
https://doi.org/10.1097/01.brs.0000244586.02151.18
https://doi.org/10.1097/01.brs.0000174121.48306.16
https://doi.org/10.1097/01.brs.0000174121.48306.16
https://doi.org/10.1097/BRS.0000000000000134
https://doi.org/10.1097/BRS.0000000000000134
https://doi.org/10.1016/j.spinee.2013.07.246
https://doi.org/10.3171/2013.4.SPINE12978
https://doi.org/10.1097/MD.0000000000003850
https://doi.org/10.1227/NEU.0b013e31821421b9
https://doi.org/10.1016/j.wneu.2012.09.005
https://doi.org/10.1016/j.wneu.2012.09.005
https://doi.org/10.1177/1553350619853134
https://doi.org/10.1136/bmj.k1551


24. Andrei D, Popa I, Brad S, et al. The variability of vertebral body volume and
pain associated with osteoporotic vertebral fractures: conservative
treatment versus percutaneous transpedicular vertebroplasty. Int Orthop.
2017;41(5):963–8. https://doi.org/10.1007/s00264-017-3409-2.

25. Zhu RS, Kan SL, Ning GZ, et al. Which is the best treatment of osteoporotic
vertebral compression fractures: balloon kyphoplasty, percutaneous
vertebroplasty, or non-surgical treatment? A Bayesian network meta-
analysis. Osteoporos Int. 2019;30(2):287–98. https://doi.org/10.1007/s00198-
018-4804-2.

26. Shen C, Liu G, Hu JZ, et al. Cardiac Perforation and Multiple Emboli After
Percutaneous Vertebroplasty. Orthopedics. 2015;38(10):e947–50. https://doi.
org/10.3928/01477447-20151002-93.

27. Zhang Y, Zhang L, Sun R, et al. A new 3D printed titanium metal trabecular
bone reconstruction system for early osteo-necrosis of the femoral head.
Medicine. 2018;97(26):e11088. https://doi.org/10.1097/MD.0000000000011088.

28. Zheng P, Yao Q, Xu P, et al. Application of computer-aided design and 3D-
printed navigation template in Locking Compression Pediatric Hip Plate TM
placement for pediatric hip disease. Int J Comput Assist Radiol Surg. 2017;
12(5):865–71. https://doi.org/10.1007/s11548-017-1535-3.

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

Hu et al. Journal of Orthopaedic Surgery and Research          (2021) 16:326 Page 10 of 10

https://doi.org/10.1007/s00264-017-3409-2
https://doi.org/10.1007/s00198-018-4804-2
https://doi.org/10.1007/s00198-018-4804-2
https://doi.org/10.3928/01477447-20151002-93
https://doi.org/10.3928/01477447-20151002-93
https://doi.org/10.1097/MD.0000000000011088
https://doi.org/10.1007/s11548-017-1535-3

	Abstract
	Background
	Method
	Results
	Conclusions
	Trial registration

	Introduction
	Materials and methods
	Study design and participants
	Inclusion criteria and exclusion criteria
	Development of 3D printing guide templates
	Procedures
	Group A operation procedures
	Group B operation procedures
	Outcome measure and statistical analysis

	Result
	Clinical data
	Radiographic data

	Discussion
	Conclusion
	Abbreviations
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	References
	Publisher’s Note

