Journal of
INTERNATIONAL
MEDICAL RESEARCH

Retrospective Clinical Research Report

Journal of International Medical Research
49(12) 1-11
Vesselplasty versus © The Author(s) 2021

Article reuse guidelines:

Ve rte b rO p I aStY i n t h e sagepub.com/journals-permissions

DOI: 10.1177/030006052 1 1066303

treatment of osteoporotic journals agepub com/homelime
vertebral compression SSAGE
fractures with posterior

wall rupture

Kai Xu, Ya-Ling Li and Song-Hua Xiao

Abstract

Objective: This study was performed to compare the effectiveness and safety of vesselplasty
versus vertebroplasty in the treatment of osteoporotic compression fractures with posterior wall
rupture.

Methods: Patients who underwent treatment of a single osteoporotic vertebral compression
fracture with posterior wall rupture from January 2016 to February 2020 were retrospectively
reviewed. They were divided into a vesselplasty group (n=17) and a vertebroplasty group
(n=43). Pain relief, radiographic outcomes, and bone cement leakage were compared between
the two groups.

Results: There were no significant differences in the operation time, postoperative pain relief,
vertebral compression recovery, or local Cobb angle improvement between the two groups.
However, the overall bone cement leakage rate (29.4% vs. 67.4%) and spinal canal leakage rate
(0.0% vs. 30.2%) were significantly lower in the vesselplasty group than vertebroplasty group.
Conclusions: Vesselplasty offers similar pain relief and vertebral compression recovery but
lower spinal canal leakage compared with vertebroplasty. Vesselplasty is thus a better option
than vertebroplasty for patients with osteoporotic compression fractures with posterior wall
rupture.

Corresponding author:

Song-Hua Xiao, Department of Orthopedics, Beijing
Tsinghua Changgung Hospital, School of Clinical Medicine,
Department of Orthopedics, Beijing Tsinghua Changgung Tsinghua University, No. 168 Litang Road, Changping
Hospital, School of Clinical Medicine, Tsinghua University, District, Beijing 102218, China.

Beijing, China Email: fwzzyyx@ 163.com

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative

G Commons Attribution-NonCommercial 4.0 License (https://creativecommons.org/licenses/by-nc/4.0/) which permits
non-commercial use, reproduction and distribution of the work without further permission provided the original work is attributed
as specified on the SAGE and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).


https://orcid.org/0000-0001-6298-9633
mailto:fwzzyyx@163.com
http://uk.sagepub.com/en-gb/journals-permissions
http://dx.doi.org/10.1177/03000605211066303
journals.sagepub.com/home/imr

Journal of International Medical Research

Keywords

Osteoporotic compression fracture, vesselplasty, vertebroplasty, bone cement leakage, spinal

canal leakage, safety, effectiveness

Date received: 4 September 2021; accepted: 22 November 2021

Introduction

Osteoporotic vertebral compression frac-
tures (OVCFs) are common fractures in

patients of advanced age.!? Affected
patients experience significant  spinal
pain  when changing their position.

Conservative treatment can lead to pneu-
monia, bedsores, deep vein thrombosis,
and other complications related to long-
term bed rest. Vertebroplasty is a common
surgical method for the treatment of
OVCFs.® Bone cement leakage, especially
leakage into the spinal canal, is a common
complication of vertebroplasty.* Bone
cement can compress the spinal cord or
nerves with serious consequences.

Rupture of the posterior wall of the ver-
tebral body is common in pathological frac-
tures of the spine.”’ It can also be seen in
OVCFs.® Rupture of the posterior wall is a
risk factor for bone cement leakage into the
spinal canal.’ To avoid this complication,
great care should be taken when vertebro-
plasty is performed to treat OVCFs with
posterior wall rupture. Theoretically,
because of the restriction of the container,
vesselplasty can reduce the chance of bone
cement leakage when the posterior wall rup-
tures. However, few related studies have
been performed to date. Moreover,
although vertebroplasty has been shown
to have a high rate of bone cement leakage,
all existing articles compare vertebroplasty
with kyphoplasty rather than vessel-
plasty.'®!"" The present study was per-
formed to compare the effectiveness and
safety of vesselplasty and vertebroplasty in

the treatment of OVCFs with posterior wall
rupture.

Patients and methods

This study was approved by the institution-
al review board of Beijing Tsinghua
Changgung Hospital (approval no. 21180-
0-01). Considering the retrospective nature
of the study, the need for informed consent
was waived. The reporting of this study
conforms to the STROBE guidelines.'?
We reviewed patients with a single OVCF
with posterior wall rupture who were
admitted to our hospital from January
2016 to February 2020. Patients with mul-
tiple spinal fractures and pathological frac-
tures were excluded. All patients had
preoperative and postoperative radiographs
and preoperative computed tomography
(CT) or magnetic resonance imaging
(MRI) data. The fracture line had low den-
sity on CT and low signal intensity in the
T1, T2, and fat-suppressed T2 sequences on
MRI. Bleeding and edema signals were seen
around the fracture line on MRI, showing
low signal intensity on T1 images, mixed
signal intensity on T2 images, and high
signal intensity on fat-suppressed T2
images. If the fracture line extended to the
posterior wall of the vertebral body on CT
or MRI or the posterior wall of the verte-
bral body showed morphological changes,
the posterior wall was considered to be rup-
tured (Figure 1). The patients were divided
into two groups based on their treatment
method, vesselplasty or vertebroplasty,
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Figure |. Example of an osteoporotic vertebral compression fracture with posterior wall rupture. These
images show the fracture line (arrow) extending to the posterior wall of the vertebral body on (a) computed

tomography and (b) magnetic resonance imaging.

which was chosen according to the sur-
geon’s preference. Low-viscosity bone
cement was used for both vesselplasty and
vertebroplasty. All patients were followed
up by telephone.

The vesselplasty procedure was per-
formed as follows. The patient was placed
in the prone position under local anesthesia.
The working channel was inserted into the
vertebral body through the unilateral pedi-
cle with the help of a puncture needle.
A precision drill was introduced, ensuring
that the tip did not extend beyond the ante-
rior edge of the vertebral body. The cement
container was then inserted, and the cement
was injected under fluoroscopic guidance.
A small quantity of bone cement sometimes
permeated through the container to better
cross-link the surrounding bone and
thus enhance stability (Figure 2). The injec-
tion system was a Vessel-X (Central
Medical Technologies, Taipei, Taiwan).

The vertebroplasty procedure was per-
formed as follows. As for the vesselplasty
procedure, the patient was placed in the
prone position under local anesthesia. The
puncture needle was inserted along the ped-
icle to the middle of the fractured vertebral
body, and cement was injected under C-arm
fluoroscopy (Figure 3). The injection
system was a Mendec Spine Kit (Tecres,
Verona, Italy).

The following demographic and clinical
characteristics of the patients in the two
groups were compared: sex, age, body
mass index, smoking status, Hounsfield
unit value (T12 or L1), albumin concentra-
tion, fracture location (T11-L1 or else-
where), intravertebral clefts, time to
surgery, operation time, and follow-up
time. The pain-related parameters included
the visual analog scale (VAS) score before
surgery, 24 hours after surgery, 6 months
after surgery, and at the final follow-up.
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Figure 2. (a) Anterior X-ray and (b) lateral X-ray after vesselplasty and illustration of the local Cobb angle
(o). Some bone cement could permeate through the cement container to enhance stability (arrow).

The postoperative pain relief rate
was calculated as (preoperative VAS
score — postoperative VAS score)/preopera-
tive VAS score x 100%. This calculation
method was used at 24 hours after surgery,
6 months after surgery, and at the final
follow-up.

The imaging-related parameters included
anterior vertebral compression, defined as
the vertebral anterior margin height divided
by the posterior margin height on the later-
al X-ray; middle vertebral compression,
defined as the vertebral middle height divid-
ed by the posterior margin height on the
lateral X-ray; and the local Cobb angle
(Figure 2), defined as the angle between
the proximal vertebral superior endplate
and the distal vertebral inferior endplate
in the sagittal plane. These parameters
were compared both before and after the
operation. The differences in these parame-
ters between the two groups were also
compared.

The complication-related parameters
included overall bone cement leakage,
spinal canal leakage, intervertebral disc
leakage, leakage in other areas, reoperation
due to leakage, bone cement volume, nerve
injury, and new vertebral fracture. Bone
cement leakage was assessed on the postop-
erative X-ray. If abnormal bone cement was
located in the spinal canal on the lateral
X-ray and the corresponding bone cement
on the anterior X-ray was located between
the two pedicles, spinal canal leakage was
diagnosed (Figure 3).

IBM SPSS Statistics for Windows,
Version 23.0 (IBM Corp., Armonk, NY,
USA) was used for data analysis. A chi-
square test was performed for categorical
data. If the conditions of the chi-square
test were not met, Fisher’s exact test was
used. Student’s t test was performed for
numerical data. A paired t test was used
to analyze the changes in the VAS score,
vertebral compression, and local Cobb
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Figure 3. (a) Anterior X-ray and (b) lateral X-ray after vertebroplasty and example of bone cement spinal
canal leakage (arrow), which was in the spinal canal on the lateral X-ray and between the two pedicles on the

anterior X-ray.

angle in the same group before and after the
procedure. A P value of <0.050 was consid-
ered statistically significant.

Results

In the vesselplasty group, 18 patients were
initially screened and 1 patient was lost to
follow-up; therefore, 17 patients were final-
ly enrolled. In the vertebroplasty group, 47
patients were initially screened and 4
patients were lost to follow-up; therefore,
43 patients were finally enrolled. Table 1
shows the demographic characteristics of
the two groups. There were no significant
differences in sex, age, body mass index,
smoking status, Hounsfield unit value,
albumin concentration, proportion of

thoracolumbar fractures, time to surgery,
or intravertebral clefts between the two
groups. The operation time was longer in
the vesselplasty group than vertebroplasty
group (46.76 +15.54 vs. 39.31414.60
minutes, respectively), but the difference
was not significant. The mean follow-up
time was 21.88 £+ 10.87 months in the ves-
selplasty group and 20.81 + 8.18 months in
the vertebroplasty group, also without a
significant difference.

The VAS scores in the vesselplasty group
and vertebroplasty group decreased from
7.94+1.64 to 1.88£2.37 and from 7.58 +
2.16 to 1.88+2.10 at 24 hours after the
procedure, respectively. Postoperative pain
was significantly relieved in both groups
(P<0.05). There were no significant
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Table |I. Patients’ demographic characteristics.

Characteristics Vesselplasty Vertebroplasty P
Age, years 7441 £7.97 75.79 £ 8.09 0.553
Female sex 14 (82.4) 34 (79.1) 1.000
Body mass index, kg/m> 24.19+£4.74 24.19 £3.42 1.000
Current smoker 2 (11.8) 1 (2.3) 0.191
Hounsfield unit value, T12 or LI 80.66 +32.77 83.68 +24.30 0.734
Albumin, g/L 39.81 +£4.11 40.32 £3.95 0.657
TII-LI 12 (70.6) 29 (67.4) 0.813
Intravertebral cleft 7 (41.2) 12 (27.9) 0319
Time to surgery, days 12.18 & 10.21 13.05 4+ 13.93 0.8l6
Operation time, minutes 46.76 + 15.54 39.30+ 1443 0.083
Follow-up duration, months 21.82+10.53 2081 +8.18 0.693
Data are presented as mean = standard deviation or n (%).
Table 2. Pain-related parameters.
Vesselplasy Vertebroplasty P

Visual analog scale score

Before the procedure 794+ 1.64 7.65+1.95 0.590

24 hours after the procedure 1.88 £2.37 1.88£2.10 0.998

P (before — 24 hours after) 0.000 0.000

6 months after the procedure 0.88 £ 1.36 .14+ 1.85 0.605
Follow-up 082+ 1.13 .14+ 1.89 0.521
Pain relief rate
24 hours after the procedure (%) 76.58 £28.51 74.51 £35.09 0.829
6 months after the procedure (%) 87.67 +18.51 83.25 1+ 348l 0.623
Follow-up (%) 88.37 £ 16.49 82.06 +37.13 0.504

Data are presented as mean =+ standard deviation.

differences in the VAS scores or pain relief
rates between the two groups at different
time points (Table 2).

Both the anterior and middle vertebral
compression in the two groups were
improved after the procedure (P <0.05).
The difference before and after the proce-
dure did not differ between the two groups.
The postoperative local Cobb angles in the
two groups were also significantly reduced
(P <0.05). There was no significant differ-
ence in the postoperative reduction between
the two groups (Table 3).

The overall bone cement leakage rate in
the vesselplasty group was 29.4%, which

was significantly lower than that in the ver-
tebroplasty group (67.4%) (P <0.05). No
bone cement leakage into the spinal canal
occurred in the vesselplasty group. Thirteen
patients in the vertebroplasty group had
spinal canal leakage, with an incidence
rate of 30.2%. The difference between the
two groups was statistically significant
(P <0.05). There was no significant differ-
ence in intervertebral disc leakage. The rate
of leakage in other areas was 23.5% in the
vesselplasty group and 65.1% in the verte-
broplasty group with a significant differ-
ence (P<0.05). None of the patients
in either group underwent reoperation
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Table 3. Imaging-related parameters.

Before operation After operation P Difference
Anterior compression
Vesselplasty (%) 58.17 £ 16.31 66.17 £9.36 0.017 801 £1244
Vertebroplasty (%) 69.45+15.18 76.38 + 14.60 0.002 6.93 £+ 13.64
P 0.779
Middle compression
Vesselplasty (%) 60.48+9.17 70.09+7.78 <0.001 9.61 +7.58
Vertebroplasty (%) 70.04 £ 11.61 7581 +£9.75 0.004 5.77 £12.35
P 0.238
Local Cobb angle
Vesselplasty 19.72+9.71 15.99 +8.79 0.017 3.73£5.79
Vertebroplasty 1522+13.22 11.69+12.97 <0.001 3.53+4.17
P 0.885
Data are presented as mean = standard deviation.
Table 4. Complication-related parameters.
Vesselplasty Vertebroplasty P
Bone cement volume, mL 3.79+044 426 +0.85 0.008
Bone cement leakage
Overall 5(294) 29 (67.4) 0.007
Spinal canal 0 (0.0) 13 (30.2) 0.012
Intervertebral disc 2 (11.8) 3(7) 0.616
Other area 4 (23.5) 28 (65.1) 0.004
Reoperation due to leakage 0 (0.0) 0 (0.0 -
Nerve injury 0 (0.0) 1 (2.3) 1.000
New vertebral fracture 1 (5.9) 1 (2.3) 0.490

Data are presented as mean = standard deviation or n (%).

because of bone cement leakage. The bone
cement volume was significantly lower in
the vesselplasty group than vertebroplasty
group (3.79+0.44 vs. 4.26+0.85mL,
respectively; P < 0.05). The incidence of
nerve injury and new vertebral fracture
during follow-up was not different between
the two groups (Table 4).

Discussion

Bone cement leakage is a common compli-
cation of vertebroplasty. Nieuwenhuijse
et al."? found that the bone cement leakage
rate in vertebroplasty reached 75.1%.

Ryu et al.'* reported that bone cement
leaked into the epidural space in 26.5% of
treated vertebrae in 40.3% of patients
undergoing percutaneous vertebroplasty.
Our study showed that in the vertebroplasty
group, the overall bone cement leakage rate
was 67.4% and the spinal canal leakage rate
was 30.2%, which are similar to the above-
reported data. According to Yeom et al.,*
bone cement leakage can be divided into
three types: leakage via the basivertebral
vein (type B), leakage via the segmental
vein (type S), and leakage through a cortical
defect (type C). Bone cement can leak into
any place through a cortical defect.
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If cement is present in the foraminal area on
the lateral X-ray, the positive prediction
rate for spinal canal leakage is 86%. Bone
cement leakage in the spinal canal can cause
nerve injury with serious consequences.
Intervertebral disc leakage can increase the
probability of adjacent vertebral fracture.'”
Considering these facts, bone cement leak-
age in the present study was divided into
spinal canal leakage, intervertebral disc
leakage, and other area leakage. Spinal
canal leakage usually occurs in the extra-
dural area, but intradural leakage has also
been reported.'® Intravertebral clefts, corti-
cal disruption, low cement viscosity, and
high bone cement volume are major risk
factors for cement leakage in vertebro-
plasty.!>!*1718 1n this study, the higher
bone cement volume in the vertebroplasty
group than in the vesselplasty group may
have contributed to the higher bone
cement leakage rate.

Vertebroplasty is associated with a high
rate of bone cement leakage into the spinal
canal in the treatment of OVCFs with pos-
terior wall rupture. Ozsoy et al.® performed
vertebroplasty to treat osteoporotic thora-
columbar fractures involving the posterior
wall, and spinal canal leakage occurred in 1
of 12 patients. Vertebroplasty for the treat-
ment of vertebral tumors with posterior
wall rupture has been widely reported.
Sun et al.” found that the risk of bone
cement leakage was high when vertebro-
plasty was performed for metastatic spinal
tumors with posterior wall deficiency. The
risk increased with increasing severity of
posterior wall defects. Some measures can
be taken to reduce the probability of bone
cement leakage. Cui et al.'” stated that the
bone cement volume should be reduced in
patients with vertebral metastases with pos-
terior wall rupture who undergo vertebro-
plasty. Basile et al.® reported that delayed
bone cement injection was safe and effective
in the treatment of osteolytic destruction or
fracture of the posterior vertebral wall in

patients with multiple myeloma. Dorsal
leakage occurred in 2 of 34 vertebral
bodies, but neurological symptoms were
not aggravated.

The literature on vesselplasty is scarce.
Vesselplasty has the advantage of a low
bone cement leakage rate.’® In 2007,
Zheng et al.?' conducted cadaver studies
and found that treatment by the Vessel-X
and kyphoplasty were similar in terms of
restoring the mechanical strength and
height of the fractured vertebra and that
the Vessel-X was associated with less bone
cement leakage. Flors et al.*? applied the
Vessel-X Bone Filling Container System to
treat OVCFs and found that this treatment
could significantly relieve pain, improve
activity, and reduce the need for analgesia
with no evidence of clinical complications.
However, their study did not include
patients with posterior wall rupture, nor
did it establish a control group. In the pre-
sent study, we compared vesselplasty and
vertebroplasty for treatment of OVCFs
with posterior wall rupture. We found
that vesselplasty had a lower bone cement
leakage rate, possibly because of the
restraint effect of the cement container
during injection. Notably, the vesselplasty
group had a lower bone cement volume,
which also decreased the possibility of
bone cement leakage.

In this study, vesselplasty was performed
exclusively with a unilateral approach. If
vesselplasty is performed with a bilateral
approach, two containers are used. This
increases the cost and prolongs the opera-
tion time. In the unilateral approach, we
attempted to place the container in the cen-
tral part of the vertebral body to avoid
deviating to the puncture side, thus obtain-
ing a more balanced distribution of bone
cement and ensuring a good treatment
effect. Generally, vesselplasty takes less
time to perform. However, the operation
time was not statistically significant in our
study. The reason for this may be the small
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sample size. In addition, vertebroplasty had
been performed in our hospital for a longer
time than vesselplasty. Our surgeons are
more familiar with vertebroplasty proce-
dures, thus reducing the operation time.
This may also explain the lack of difference
in the operation time in our study.
Vesselplasty is also suitable for the treat-
ment of pathological vertebral fractures.
Klingler et al.>* reported that vesselplasty
was beneficial to spinal stability, pain con-
trol, and improvement of body function in
patients with pathological vertebral frac-
tures, even in the case of posterior wall defi-
ciency. In addition, no symptomatic bone
cement leakage was found in their study.
However, vesselplasty is also associated
with a risk of bone cement leakage in the
spinal canal. Yeh et al.** reported a case of
an acute T6 compression fracture treated
with vesselplasty. The balloon ruptured
during the operation, and the bone cement
leaked into the spinal canal. Despite emer-
gency laminectomy and removal of the
bone cement, the patient still developed
paraplegia. Balloon rupture may be related
to the heat generated from polymethyl
methacrylate during polymerization.
Vertebral augmentation in the treatment
of chronic OVCFs achieves short-term pain
improvement and kyphotic angle recovery
similar to those achieved for recent OVCFs.
In the long term, however, a more severe
kyphotic angle may rebound in patients
with chronic OVCFs.>> Cement leakage is
generally similar in chronic OVCFs and
recent OVCFs. Epidural vein leakage is
dominant in recent OVCFs, whereas inter-
vertebral disc leakage is dominant in chron-
ic OVCFs.”*?” Two meta-analyses of
Kummell’s disease were published this
year. Zhang et al.*® found that kyphoplasty
and vertebroplasty had similar clinical
effects in patients with Kummell’s disease
but that kyphoplasty had less bone cement
leakage, greater radiographic improvement,
and more resource consumption.

Cabrera et al.?® reported that compared
with vertebral augmentation alone, vertebral
augmentation plus short-segment fixation
might have better clinical and radiological
outcomes for Kummell’s disease but is asso-
ciated with more blood loss, a longer length
of stay, and a longer operative time. A cleft
in the vertebra is a typical imaging manifes-
tation of chronic OVCFs. To avoid the influ-
ence of chronic OVCFs on our study results,
we compared the proportion of clefts
between the two groups and found no signif-
icant differences (Table 1).

The study has several limitations. First,
OVCFs with posterior wall rupture are not
common. Vesselplasty was introduced to
our hospital only a short time before this
study. The sample size in this study was
small. However, there was a significant dif-
ference in the bone cement leakage rate
between the two groups. The overall leak-
age rate was 29.4% in the vesselplasty
group and 67.4% in the vertebroplasty
group (P <0.01). No spinal canal leakage
occurred in the vesselplasty group, whereas
the spinal canal leakage rate in the vertebro-
plasty group was 30.2%. In the future, ran-
domized studies with large samples are
needed to confirm this finding. Second, CT
is certainly more accurate in assessing
cement leakage than X-ray. However, to
reduce the patient’s exposure to radiation
and considering the low reoperation rate
for bone cement leakage, we routinely per-
form X-ray examination, not CT, to assess
radiological outcomes after vertebral aug-
mentation. Thus, the true leakage rate may
have been underestimated in this study.™
Third, considering the short follow-up time
in this study, long-term follow-up is needed
to further compare the advantages and dis-
advantages of the two treatment methods.

Conclusions

Vesselplasty is a better treatment option
than vertebroplasty for OVCFs with
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posterior wall rupture. Its overall bone
cement leakage rate and spinal canal leak-
age rate are significantly lower. The pain
relief and vertebral height recovery are sim-
ilar between the two procedures.
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