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АННОТАЦИЯ
Цель ― оценить результаты клинических и рентгенологических исследований в отношении безопасности и эф-

фективности устройства Vessel-X (Dragon Crown Medical Co., Ltd Shandong, Китай), применяемого для лечения симп-
томатичных переломов позвонков с повреждением и без повреждения задней стенки позвонка и/или обеих замыка-
тельных пластинок.

Материалы и методы. Ретроспективно обследовано 66 пациентов, перенёсших 92 хирургических вмешатель-
ства в связи с симптоматичными переломами тел позвонков в период с 19 марта по сентябрь 2020 г. Все переломы 
были разделены на 2 подгруппы: сложные (36 переломов с повреждением задней стенки и/или обеих замыкатель-
ных пластинок позвонков) и простые (все остальные). Результаты лечения оценивали по числовой рейтинговой шкале 
(Numerical rating scale, NRS) и индексу нетрудоспособности Освестри (Oswestry disability index, ODI) за день до хирурги-
ческого вмешательства и через 1, 6 и 12 мес наблюдения. Восстановление высоты позвонков также оценивали путём 
сравнения рентгенологических снимков до и после вмешательства.

Результаты. Всего пролечено 92 позвонка (58 поясничных и 34 грудных), в 24 случаях — с помощью многоуров-
невых процедур. Частота технического успеха составила 100%, выявлен лишь один случай бессимптомной параверте-
бральной утечки цемента. В обеих подгруппах отмечалась достоверная статистическая разница между показателями 
NRS и ODI в дооперационный период и через 1, 6 и 12 мес наблюдения (p <0,05), а также в отношении высоты позвон-
ков при сравнении данных до и после операции (p <0,05). Достоверно значимой разницы в отношении восстановления 
высоты позвонков среди сложных и простых переломов не наблюдалось.

Заключение. Сосудопластика ― безопасный и эффективный метод лечения простых и сложных болезненных 
переломов позвонков, обеспечивающий значительное уменьшение симптоматики, отличный контроль утечки цемента 
и надлежащее восстановление высоты позвонков.

Ключевые слова: сосудопластика; остеопластика; переломы позвонков; утечка цемента; восстановление высоты 
позвоночника.
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ABSTRACT
AIMS: to assess radiological and clinical outcomes, in terms of safety and efficacy, of symptomatic vertebral fractures with 

and without posterior wall and\or both endplates involvement, treated with vesselplasty technique (Vessel-X, Dragon Crown 
Medical Co., Ltd Shandong, China).

MATERIALS AND METHODS: We retrospectively evaluated 66 patients who underwent 92 vesselplasty procedures, 
performed for the treatment of symptomatic vertebral body fractures from March 19 to September 2020. We divided the 
fractures in two subgroups: 36 vertebral fractures with posterior wall and/or both endplates involvement, which we defined 
complex, while all the others were defined simple. Numerical Rating Scale (NRS) and Oswestry Disability Index (ODI) values has 
been registered 1 day before the procedure and at 1, 6 and 12 months follow-up. We also evaluated vertebral height restoration 
by comparing pre-interventional with post-interventional imaging.

RESULTS: 92 vertebrae were treated (58 lumbar, 34 thoracic), with 24 multilevel procedures. We observed a technical 
success rate of 100%, without major complications; a single case of asymptomatic paravertebral cement leak was reported. 
Both simple and complex subgroups registered a significative statistical difference in NRS and ODI between preoperative and at 
1, 6 and 12 months (p <0.05). A significant statistical difference was demonstrated in vertebral height comparing pre-operative 
and post-operative data (p <0.05). No significant difference in vertebral height restoration was observed between simple and 
complex vertebral fractures groups.

CONCLUSIONS: Vesselplasty represents a safe and effective technique for the treatment of both simple and complex painful 
vertebral fractures, granting a significant reduction of symptoms, excellent cement leakage control and proper vertebral height 
restoration.

Keywords: vesselplasty; osteoplasty; vertebral fractures; cement leakage; vertebral height restoration.
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简评

目的。评估有关Vessel-X设备（中国山东冠龙医疗用品有限公司）安全性和有效性的临床

和放射学研究结果，该设备用于治疗有和没有椎体后壁和/或两个终板损伤的症状性脊椎骨

折。

材料与方法。对2020年3月19日至9月期间因症状性椎体骨折而接受92次手术干预的共66名

患者进行了回顾性检查。所有骨折均分为2个亚组：“复杂”（36处骨折，后壁和/或椎骨的

两个终板受损）和“简单”（所有其他）。

在手术前一天和随访1、6和12个月后，使用数字评分量表(NRS)和Oswestry功能障碍指数

(ODI)评估治疗结果。椎体高度恢复（VHR）也是通过比较干预前后的X光片来评估的。

结果。共有92块椎骨（58块腰椎和34块胸椎）使用24次多级手术进行了治疗。技术成功

率为100%，仅发现无症状椎旁骨水泥渗漏1例。在两个亚组中，术前和随访1、6和12月后NRS

和ODI之间存在可靠的统计差异（p <0.05），在比较手术前后的数据时，椎体高度也是如此

（p <0.05）。复杂骨折与单纯骨折的椎体高度恢复差异无统计学意义。

结论。血管成形术是治疗简单和复杂疼痛性椎体骨折的一种安全有效的治疗方法，可以明

显减轻症状，确保良好的骨水泥渗漏的控制，并适当恢复椎体高度。

关键词：血管成形术; 骨整形术; 椎骨骨折; 水泥泄漏; 恢复脊柱高度。
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InTRoducTIon
In the last decades, a significant increase has been 

observed in the number of vertebral augmentation 
procedures (VAP) for the treatment of vertebral fractures 
(VFs), with the development of more advanced techniques. 
All these interventions cause excellent results, with reduced 
complication rates and a better cost–benefit ratio compared 
to open surgical procedures [1-3].

The VAP term comprises several treatment options that 
can be subdivided into simple percutaneous vertebroplasty 
(PVP), percutaneous kyphoplasty (PKP), and percutaneous 
implant techniques (PIT) [4], which all aim to reduce and 
possibly eliminate pain symptoms by fracture consolidation 
and, whenever is possible, to restore paraphysiological 
vertebral body height (VBH) by injecting bone-filling material 
(BFM) under image guidance [4].

Although BFM injection is thoroughly monitored via 
fluoroscopy imaging, it can leak outside the vertebrae into 
the adjacent spaces in 7%–30% of VAPs [5-7].

A correlation between high volume injections of BFM and 
its leakage has been demonstrated; the presence of cortical 
bone defects of the vertebra represents an additional risk 
factor for the occurrence of this complication. Moreover, to 
prevent an undesired BFM leakage in the epidural space with 
potentially serious complications, several studies excluded 
patients with posterior wall defects [8].

Many devices have been developed during the last years 
to reduce the incidence of this complication; therefore, 
our retrospective study aimed to share our experiences in 
using the vesselplasty technique (Vessel-X, Dragon Crown 
Medical Co., Ltd Shandong, China), a dedicated PIT with 
a container made of polyethylene terephthalate (PET), a 
non-stretchable material with 100-μm porosity, to restore 
the VBH and prevent BFM leakage. Furthermore, when the 
pressure inside the container is greater than the surrounding 
resistance, BFM starts to interdigitate through the pores 
equally in all directions, without concentrating in the locus 
of minor resistance of the vertebral body (Fig. 1).

MeThods And MATeRIAls

study design
A retrospective single-center study on a relatively small 

sample size.

Patients
In our study, 66 patients (16 males and 50 females, 

with a mean age of 73.1 year) with 92 painful dorsolumbar 
vertebral body fractures who were resistant to conservative 
management were included in the study; among them, 56 
were associated with severe osteoporosis, 4 with multiple 
myeloma, 2 with metastatic breast cancer, and 4 were 
traumatic.

Patients with active infection, a fracture, or an abnormal 
vertebral body that is not causing pain or clinical problem; 
with very old fractures, coagulopathy, spinal cord or nerve 
impingement causing radicular pain, osteoblastic metastasis, 
and bone metastasis that extended to the epidural space; and 
who already underwent other VAP were excluded.

Patients with endplate interruption and/or posterior wall 
defect documented with magnetic resonance (MR) and/or 
computed tomography (CT) were classified to the “complex” 
subgroup, which had VFs related to osteoporosis (N = 19), 
traumatic fracture (N = 3), multiple myeloma (N = 2), and 
metastatic breast cancer (N = 2).

A total of 24 patients underwent a multilevel procedure 
in the same intervention (3 levels, N = 2; 2 levels, N = 22).

The numerical rating scale (NRS) score and Oswestry 
disability index (ODI) have been evaluated 1 day before the 
procedure and at 1, 6, and 12 months after.

MRI follow-up was performed at 1, 6, and 12 months, 
whereas CT was performed at 1 and 12 months post-
intervention.

Imaging analysis
Preoperative VBH was obtained by measuring anterior, 

central, and posterior heights with MRI and/or CT; 
postoperative VBH was calculated immediately after the 
Vessel-X implantation with fluoroscopic images and at 1, 6, 
and 12 months post-intervention with MRI and at 1 and 12 
months with CT.

Vertebral height restoration (VHR) was calculated by 
measuring the difference between pre- and postoperative 
height, with control measurement of the adjacent untreated 
vertebral bodies as a reference.

Procedure
Procedures have been performed in our dedicated 

angiosuite under local anesthesia and ongoing antibiotic 
prophylaxis based on CIRSE guidelines [4].

Fig. 1. Vessel-X device, made of a mesh of Polyethylene 
Terephthalate (PET), a non-stretchable material that has a porosity 
of 100-μm.

https://doi.org/10.17816/DD
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Fig. 2. (a–d): Intraoperatory positioning of Vessel-X device. BMF starts to spread out of the PET container only after it reached its 
maximum size. (e): VR reconstruction of Vessel-X.

a

c

b

d e
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The patient was placed in the prone position, and, under 
fluoroscopic guidance, the target vertebra was centered and 
the arc rotated to display the chosen transpedicular path. Then, 
the trocar, a spinal needle of 8-G with a variable length of 
90–150 mm was advanced until it reached the vertebral body.

The target position lies immediately after the posterior 
wall in lateral projection and toward the midline in A–P 
projection and at midway between the two endplates. 

Vessel-X has two dimensions and we chose which one to 
use in the preoperative based on the vertebral size. Then, it 
was positioned and filled with BFM (mean quantity = 3.3±0.8 
mL/vertebra). BFM is a high viscosity acrylic-based radiopaque 
bone cement.

After injecting BFM, Vessel-X loses its tubular shape in favor 
of a cylindrical conformation until a predefined size is reached.

The BFM maximum pressure inside the container, before 
it starts to spread outside, is associated with the relative 
resistance of the surrounding bone density, which is different 
between fresh and old fractures or young and osteoporotic 
bone. Once this pressure is reached, it starts to penetrate 
the micropores interdigitating between the trabecular spaces 
and stabilizing the container with the subsequent lifting of 
vertebral endplates.

Technical success was defined as the correct placement 
and implant of the Vessel-X (Fig. 2).

ethical statement
Formal consent is not required for this type of study.

statistical analysis
NRS and ODI were presented as descriptive statistics, 

such as the mean, standard deviation, median, and 

interquartile range, before and at 1-, 6-, and 12-months 
follow-up.

To detect statistically significant changes in NRS and ODI 
in the post-treatment period and to compare the results with 
the pre-treatment period, both paired t-test and Wilcoxon 
matched-paired signed-rank test were used. 

The null hypothesis of no difference between pre- and 
post-treatment was then assumed for each series of scores.

All analyses were performed using Matlab (The 
MathWorks Inc., Natick, MA, USA).

ResulTs
A total of 92 vertebrae have been treated (58 lumbar and 

34 thoracic; range, D5–L5) using Vessel-X with a technical 
success rate of 100%.

The bipedicular approach was the preferred method at 
lumbar levels, whereas the monopedicular approach was 
performed in the thoracic vertebrae.

A multilevel procedure was performed in 24 patients 
(3 levels in 2; 2 levels in 22).

No major complication occurred; a single case of 
asymptomatic paravertebral leak in a L1 traumatic complex 
fracture without involving the spinal canal or nerve roots was 
observed in both MRI and CT control at 1 month.

No new fractures in the adjacent vertebral bodies were 
reported during the 12-month follow-up period.

In 10 patients with pathological and traumatic fractures, 
MRI scan at 6 and 12 months confirmed the absence of bone 
marrow edema in the target vertebra and the adjacent ones.

We observed a significant decrease in ODI values from 
a preoperative mean of 73.2±7.9 to the mean values of 

https://doi.org/10.17816/DD
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14.1±3.3, 13.8±3.6, and 14.0±2.9 at 1-, 6-, and 12-months 
follow-up, respectively (p < 0.05) (Fig. 3).

The preoperative mean NRS of 7.3±1.2 dropped to 1.8±1.3, 
2.1±0.8, and 1.7±1.0 at 1, 6, and 12 months (p < 0.05). (Fig. 4)

No statistically significant difference was observed in the 
two VF subgroups based on standard deviation.

The mean preoperative anterior VBH was 11.3±2.2 (range 
7–15) mm and increased to 14.0±1.7 (range 10–19) mm) at 
post-procedure (p < 0.05).

The mean preoperative central VBH was 11.9±2.5 (range 
6–17) mm and increased to 16.1±1.8 mm at post-procedure 
(p < 0.05).

Mean preoperative posterior VBH was 16.4±2.5 (range 
10–22) mm and increased to 19.5±1.6 (range 23–16) mm at 
post-procedure (p < 0.05).

No statistically significant differences were observed 
based on VHR between the simple and complex VF subgroups.

In VBs treated with bilateral access, the distribution of 
BFM was more homogeneous than in the monopedicular 

approach. However, no difference was observed in VBH 
restoration between bipedicular and monopedicular groups.

dIscussIon
One of the main complications of VAP is represented by 

undesired cement leakage outside the target vertebral body. 
A large meta-analysis conducted by Zhan Y. et al. showed 
an incidence rate of cement leakage of 54.7% and 18.4% 
for percutaneous vertebroplasty and percutaneous balloon 
kyphoplasty, respectively [9].

To reduce the risk of cement leakage, many devices 
have been developed including the Vessel-X. In our study, 
short-term follow-up results are promising; the complete 
technical success with just a single case of asymptomatic 
cement leakage (1.08%) indicates that vesselplasty is a safe 
and effective technique for VF treatment, including those 
with endplates and/or posterior wall interruption highly at 
risk for adverse events. No clinically significant side effects, 
infection, or neural damages were observed.

Additionally, intradiscal cement leak has been shown 
to increase the risk of subsequent new fractures of the 
adjacent vertebral bodies [10–16]; in our study, no intradiscal 
cement leak occurred and no subsequent fracture has been 
demonstrated at the 12-month follow-up. We believe this is 
related to Vessel-X properties of a controlled BFM distribution 
due to a homogeneous spread through its mesh pores, in 
contrast to other PIT devices in which the cement expansion 
privileges the weakest areas of the fracture, causing leakage 
[17, 18].

Beyond complication prevention, vesselplasty has 
shown excellent clinical results, supported by the significant 
reduction in NRS and ODI values during follow-up evaluations.

Bipedicular injection of BFM is reported to provide better 
results based on VB stiffness restoration, albeit no significant 

odI score odI score
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Post 6 months

Post 12 months

10.2 73.2
13.8 81.1

Fig. 4. The index is expressed in percentage points and ranges from 0% to 100%, with the lower limit related to the absence of disability 
and the upper limit to the maximum degree of disability (patients are bed-bound). 
At pretreatment, the median ODI score was 78% (25th percentile, 70.5%; 75th percentile, 84%); no outliers were identified.
At 1 month post-treatment, the median ODI score was 14% (25th percentile, 12.7%; 75th percentile, 17%); no outliers were identified.
At 6 months post-procedure, the median ODI score was 13% (25th percentile, 12%; 75th percentile, 16%); no outliers were identified.
At 12 months post-procedure, the median ODI score was 13% (25th percentile, 12.4%; 75th percentile, 16%); no outliers were identified.
The mean ODI scores decreased from 73.2±7.9 to 14.1±3.3 at 1 month and 13.8±3.6 at 6 months (p < 0.001).
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Fig. 3. (a): CT scan: Sagittal reconstruction of a complex vertebral 
fracture. (b): Post-operative CT control. Vessel-X is perfectly placed 
without BFM leakage.

a b

https://doi.org/10.17816/DD


DOi: https://doi.org/10.17816/DD88685

104
Digital DiagnosticsVol 3 (2) 2022

difference in VB strength, due to the greater volume of BFM 
applied and the symmetric distribution [18]. When possible, 
we opted for a monopedicular access at the thoracic level 
and a bipedicular for lumbar procedures, mainly for the 
higher axial load forces at this level, in which we believed 
that a greater quantity of BFM was required. As for VHR, 
no significant difference was observed between the two 
approaches.

Regarding VHR, stability at post-treatment represents 
an important target. Several studies have shown that after 
percutaneous kyphoplasty, an important reduction in VBH 
routinely occurs, probably due to an inhomogeneous BFM 
distribution. PKP procedure requires balloon inflation inside 
the VB and successive withdrawal to allow cement injection 
of cement, causing a partial collapse of the vertebral body, 
resulting in negative effects on height restoration [5,17,18].

Conversely, this event is more common in standard PVP 
when the fracture remains unstable. In this case, a new PVP 
intervention is advocated; however, it must be noted that 
the risk of undesired cement leakage is greatly increased 
[9, 19–22].

In our series, we did not observe any perceivable 
difference in VBH between the procedure final control 
and follow-up assessment, suggesting how the Vessel-X 
device offers good support for the fractured vertebral body 
preventing its collapse.

Furthermore, vesselplasty guarantees shorter exposure 
time to ionizing radiation, as for the first 2 mL of injected 
BFM, no fluoroscopic control is required. Then, a fluoroscopy 
examination is necessary for every 0.25 mL of BFM injected 
until the desired VBH is reached [17].

limitations
Our study presents some limitations: it is a retrospective 

single-center study and on relatively small sample size. 

However, our results are encouraging and, if confirmed, 
would allow patients with exclusion criteria like interrupted 
posterior wall to be treated.

conclusIon
Vesselplasty technique using Vessel-X may be considered 

an effective and safe option for the treatment of standard and 
complex VFs.

Due to its design, Vessel-X guarantees optimal control 
of BFM distribution with a reduced rate of cement leakage 
and shorter fluoroscopy time compared to PVP and PKP 
procedures.

Vessel-X has also shown good clinical results with a 
significant reduction of NRS and ODI values post-treatment.

However, to further validate these results, prospective 
randomized trials are necessary.
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Fig. 5. At pretreatment, NRS scores were mostly concentrated on the upper limits of the scale (median, 8; 25th percentile, 7; and 75th 

percentile, 8). The distribution of NRS scores in the post-treatment survey at 1 month (median, 2; 25th percentile, 2; and 75th percentile, 
3) at 6 months (median, 2; 25th percentile, 2; and 75th percentile, 3), and 12 months (median, 2; 25th percentile, 2; and 75th percentile, 
3); no outlier was identified. The mean NRS score was 7.3±1.2 at pre-procedure and decreased to 1.8±1.3 at 1 month, 2.1±0.8 at 
6 months, and 1.7±1.0 at 12 months (p < 0.001).
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