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Objective: To evaluate the feasibility, safety, and efficacy of vessel-plasty using bone-filling mesh container (BFMC) for malignant
severe compression fractures of cervical vertebra.
Methods: This study prospectively recruited fifteen consecutive patients (eight men, seven women; mean age, 57.4 years) with severe
malignant compression fractures of cervical vertebrae for vessel-plasty. Procedure duration, incidence of cement leakage and other
complications, pain relief and improvement of neck function were analyzed. Pain was assessed using a visual analog scale (VAS) and
function by the neck disability index (NDI), with scores recorded before the procedure and at 3 days and 1, 3, 6 and 12 months after
the procedure.
Results: A total of 16 vertebrae were treated. All vertebrae had destruction of bone in more than one place as well as broken bone
walls. Mean procedure duration was 42.9±13.6 minutes. Bone cement leakage occurred in two vertebrae without any symptoms. No
procedure-related complications occurred. Mean VAS and NDI declined from 7.1 ± 1.4 and 63.6 ± 16.3, respectively, before the
procedure to 3.5 ± 1.1 and 37.4 ± 11.0, respectively, at three days after the procedure (P < 0.01). CT images at three months after the
procedure confirmed that there were no cases of refractures at the treated or adjacent levels, recurrence of vertebral collapse and
mobilization of bone cement block.
Conclusion: Vessel-plasty using BFMC appears to be effective and safe for malignant severe compression fractures in cervical
vertebrae. It is effective in stabilizing vertebral body, relieving pain.
Keywords: vessel-plasty, bone-filling mesh container, cervical spine, severe, compression fractures, metastasis, percutaneous
vertebroplasty

Introduction
More than two-thirds of patients with advanced malignancy will develop spinal metastasis.1 Spinal metastases with
pathological fractures need immediate treatment due to severe pain, destruction of spinal stability and potential compression
of spinal cord.2 The treatment methods mainly include open spinal surgery and minimal access spinal surgery. Open spinal
surgery is beneficial in terms of better local control, but it is a highly demanding and risky procedure. It may involve more
postoperative complications with a trend of lower survival rates and higher recurrence rates compared tominimal access spinal
surgery.3,4 Percutaneous vertebroplasty (PVP), as a minimally invasive procedure, has been recognized as an effective method
to relieve pain and stabilize the spine.5,6 There are several patterns of vertebral fractures. Severe compression fractures refer to
fractures in which the height of the vertebral body collapses less than one-third of its original height.7 Such fractures are
considered contraindications due to technical difficulty and high risk of cement leakage.8,9 In recent years, PVP and vertebral
augmentation with auxiliary device is gradually applied to severe compression fractures and extensive lytic lesions of thoracic
and lumbar spine with the progress of minimally invasive procedure.7,10–14 However, severe compression fractures of the
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cervical spine have always been considered high-risk fractures.15–17 The main reason is that they are located in the upper
vertebrae, close to the main blood vessels and nerve structures.18,19 The diameter of the puncture needle is similar to the height
of the severely compressed vertebral body, so it is difficult to penetrate into the vertebral body. In addition, metastatic fractures
are accompanied by serious collapse and destruction of bone wall, and there is no “bed” to hold bone cement during injection
and bone cement may easily enter the spinal canal along the posterior wall, aggravating the compression of the spinal cord
originally caused by compression fractures.

The treatment of such high-risk cases is very difficult. Studies specifically addressing to severe compression fractures of
the cervical spine are quite rare and only one article once reported five cervical vertebrae to be best knowledge of the authors.20

There is an urgent need for more experience and technology modification and updating of cementoplasty.15 In recent years,
a new minimally invasive approach of vertebral augmentation using Vessel-X Bone-Filling Mesh Container System has been
developed and applied.21–23 This technology has two theoretical advantages over PVP. First, an expander raises the collapsed
endplate, forms a cavity in the bone lesion area, and increases the filling space of bone cement. Second, the injection of bone
cement is performed through a bone-filling mesh container (BFMC), which creates the “bone wall” of the vertebral body and
reduces the risk of cement leakage (Figure 1). Due to technical difficulties, there is yet no reported application in cervical
spine. In view of the innovation of this new technology, we applied it to malignant severe compression fracture of cervical
spine, and reported the feasibility, safety and effectiveness of its application in such high-risk cases.

Materials and Methods
Patients
This study was a prospective, single-arm, observational study. From June 2019 to June 2021, fifteen consecutive patients
(eight males and seven females; mean age: 57.4±10.9 years) with malignant osteolytic lesions of the cervical spine and
severe compression fractures were treated with vessel-plasty using BFMC at our hospital.

The inclusion criteria were: 1) The primary malignant tumor with cervical metastasis or primary malignant tumor of
cervical spine diagnosis was clear; 2) patients presented with severe pain in the neck and functional impairment for at
least 1 month; 3) Preoperative CT images indicated osteolytic lesions of cervical spine with severe compression fractures.
The measurement of the vertebral body height is determined by the largest collapse layer on the sagittal CT image, and
the original height is estimated by the height of the adjacent vertebral body. When its height is less than one-third of the
original height, it is determined as a severe compression fracture; 4) ineffective treatments with opioids, chemotherapy or
radiotherapy; 5) A multidisciplinary team of orthopaedic specialists, neurosurgeons and interventional physicians
believed that the patient would benefit from the expected procedure and determined the treatment decision according
to the spinal instability neoplastic score (SINS) and Tomita score.24,25 The SINS is a practical classification system,
which aims to guide clinicians to determine the stability of spinal tumors for patients. The Tomita score is used to
determine the treatment plan accordingly for patients.

The exclusion criteria were: 1) persistent systemic infection; 2) uncorrectable coagulation disorders (platelet count
<90,000 mm3, international normalized ratio >1.5).

Enter patient information (age, sex, primary tumor, and so on) into the database. Severity and duration of pain and
functional impairment were assessed via a questionnaire. Computed tomography (CT) and contrast-enhanced magnetic
resonance imaging (MRI) were performed before the procedure to determine the characteristics, shape of the lesions and
the presence of bone wall damage and spinal canal invasion.

Procedure
The procedure was performed under strict aseptic conditions, with continuous monitoring of the electrocardiogram,
oxygen saturation, and blood pressure.

The puncture was performed under biplane fluoroscopic (Innova IGS 630, GE Medical Systems Scs, American)
guidance. The vertebral bodies were punctured through an anterolateral approach with the patient in the supine position.
The preoperative unenhanced CT and enhanced MRI images were used to determine the entry point and the angle and
depth of needle insertion.
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The procedure was performed under local anesthesia and conscious sedation (mix of 2% lidocaine and ropivacaine).26

Disinfect the puncture site and anesthetize the puncture approach. The needle was advanced slowly, with intermittent
aspiration performed to prevent accidental injection of the anaesthetic into a blood vessel.

Because of the proximity of the cervical spine to vital structures, all punctures were performed using a 17G coaxial
biopsy needle (Bard Peripheral Vascular Inc., Arizona, USA), which consists of an additional blunt tip stylet and
a conventional puncture needle. The index and middle fingers were placed between the trachea and carotid sheath,
and pressure was applied so that the carotid artery was pushed posterolaterally and the trachea was pushed contralaterally.
The puncture needle was slowly passed along the medial border of the carotid artery at an angle of approximately 15°-
25° under fluoroscopic guidance monitoring. The blunt tip stylet helped avoid damage to important blood vessels and
nerves. The patient’s general condition, blood pressure, respiration, articulation, swallowing function and sensory motor
function of limbs were continuously monitored during the procedure.

After the 17G puncture needle safely reached the target site, exchange 11G trocar through the expansion tube to establish
a working path with the same diameter as an expander. The solid core vertebral drill (Shandong Guanlong Medical Products

Figure 1 Main instruments of vessel-plasty and in vitro demonstration of bone cement injection. (A) image of an expander and a bone-filling mesh container, (B) image when
the expander is extended, (C) image when the bone-filling mesh container is filled with bone cement, (D) image of bone cement slowly seep from the mesh to the outside,
with the continuous injection of bone cement.
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Co., Shandong, China) was used to gradually rotate and cut surrounding bone tissue to establish the channel under fluoroscopy.
The expander (Shandong Guanlong Medical Products Co., Shandong, China) was inserted to expand the vertebral body in
multiple directions and establish a cavity. The collapsed endplates and vertebral body were restored, and the expander was
removed. Then, the BFMC (Shandong Guanlong Medical Products Co., Shandong, China) was placed in the created cavity.
Bone cement was prepared and loaded into the screw-syringe, which was connected to the BFMC. The bone cement
(OSTEOPAL® V, Heraeus Medical GmbH, Hanau, Germany) —was then injected in very small increments under fluoro-
scopy. As the cement was injected, the BFMC expanded and small amounts of bone cement slowly exuded through the mesh
into the vertebral body. When the bone cement had spread to the edge of the vertebral body, the injection was stopped. The
BFMC was released and the procedure was terminated (Figures 2 and 3).

Data Collection
Patient Characteristics
Site of primary tumor, level of involved cervical spine, and lesion characteristics (bone wall breakage, involvement of the
spinal canal) were recorded.

Procedure-Related Variables
Technical success, duration of the procedure, volume of cement injected into each vertebral body, and distribution of
cement were recorded. Cement leakage was evaluated and documented with nonenhanced CT scan in the immediate
postoperative period. The leakage sites were classified as prevertebral area, paravertebral area, puncture path, inter-
vertebral disc area, paravertebral vein, and epidural area. Procedure-related complications were recorded and graded
according to the Cardiovascular and Interventional Radiological Society of Europe and Society of Interventional
Radiology guidelines.27 Non-enhanced CT examination was performed at three months after the procedure. Imaging
data were used to evaluate new spinal events such as refractures at the treated or adjacent levels, recurrence of vertebral
collapse and mobilization of bone cement block. When the patient has sudden neck dysfunction, urgentclinical and
imaging examination should be performed to exclude any recurrent or new spinal events.

Clinical Evaluation
Visual analog scale (VAS) scores were used to assess the severity of subjective pain. The VAS score could range from
0 to 10, with 0 indicating no pain and 10 indicating the most severe pain. Neck Disability Index (NDI) were used to
assess neck dysfunction.28 The NDI comprises 10 items, each with six possible responses. The total score of NDI
ranges from 1 to 100. The higher the score, the more serious the neck dysfunction. VAS and NDI scores were
recorded before the procedure (baseline) and at 3 days, 1 month, 3 months, 6 months and 12 months after the
procedure. Scores at baseline and at 3 days after the procedure were recorded via face-to-face interview with
a clinician. Scores at 1 month and thereafter were recorded by the same clinician via postal questionnaires and
telephone interviews.

Statistical Analysis
Statistical analysis was performed using SPSS 25.0 (IBM Corp., Armonk, NY, USA). Data were expressed as means ±
standard deviations. The paired t-test was used to compare differences between the preoperative and postoperative
vertebral body heights and the differences in VAS and NDI scores between time points. Statistical significance was at
P < 0.05.

Results
Patient Characteristics
Of the fifteen patients, fourteen had primary tumor metastasis to cervical spine, with the primary tumors being in lung
(seven patients), liver (three patients), stomach (two patient), breast (one patient), and thyroid (one patient). One patient
had multiple myeloma involving the cervical spine. A total of 16 vertebral bodies were treated. The involved vertebrae
were C3 (n = 2), C4 (n = 1), C5 (n = 6), C6 (n = 4), and C7 (n = 3). All 16 vertebral bodies had malignant severe
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fractures with broken bone walls; in thirteen cases there was associated spinal canal stenosis. There was rupture of the
anterior bone wall in ten cases, the posterior wall in twelve cases, the upper endplate in twelve cases, the lower endplate
in eleven cases, and the lateral wall in ten cases. Table 1 summarizes the patient demographics and lesion characteristics.

Figure 2 A patient with cervical spine metastasis from lung carcinoma. (A–C) CT images: (A) reconstructed sagittal and (B) coronal and (C) axial images in bone window
show osteolytic lesions in the body of C6, with severe compression fracture, destruction of bone walls, and spinal stenosis. (D, E) MR images: (D) Sagittal l T2-weighted fat
suppression sequence, (E) sagittal T1-weighted non-fat suppression enhanced sequence show bone destruction and severe compression fracture of C6 body. There is
cervical spinal stenosis and compression of cervical spinal cord at the level of C6. (F–I) Peri-procedural images: (F) lateral radiographs show that after the 17G puncture
needle entered into the center of C6 vertebral body (black arrow), the working path is established through the expansion tube (white arrow) and (G) lateral radiographs
show insertion of the expander through the anterolateral approach. (H) Anteroposterior and (I) lateral radiographs demonstrate the injection of bone cement through
a bone-filling mesh container. (J–L) CT images immediately post procedure: (J) reconstructed sagittal, (K) reconstructed coronal and (L) axial images show satisfactory
distribution of bone cement, without leakage.
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Procedure-Related Variables
Vessel-plasty was technically successful in all sixteen vertebral bodies in the study group, with a success rate of 100%.
Outside the study group of vessel-plasty, there are three vertebral bodies (one C4 and two C7) with osteolytic metastatic
were treated with traditional PVP.

The mean duration of the procedure was 42.9±13.6 minutes (range, 24–67 minutes). Each vertebral body was injected
with a mean of 2.8 ± 0.6 mL (range, 1.8–3.4 mL) of bone cement. Cement distribution was satisfactory in all cases.

Figure 3 A patient with cervical spine metastasis from lung carcinoma. (A–C) CT images: (A) axial and (B)reconstructed sagittal and (C) coronal images in bone window
show osteolytic lesions in the body of C3, with severe compression fracture, destruction of bone walls, and spinal stenosis. (D–F) MR images: (D) Axial T1-weighted fat
suppression enhanced sequence, (E) sagittal T2-weighted fat suppression sequence, and a (F) coronal T1-weighted non-fat suppression enhanced sequence show bone
destruction and pathological fracture of C3 body and the shape of the soft tissue mass. There is cervical spinal stenosis and compression of cervical spinal cord at the level of
C3. (G–I) Peri-procedural images: (G) lateral and (H) anteroposterior radiographs show insertion of the expander through the anterolateral approach. (I) Lateral
radiographs demonstrate the injection of bone cement through a bone-filling mesh container. (J–L) CT images immediately post procedure: (J) axial, (K) reconstructed
coronal and (L) sagittal images show satisfactory distribution of bone cement, with a small leakage into the right paravertebral soft tissue (K, white arrow).
Note: percutaneous vertebroplasty was used for the lesion in C4.
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Cement leakage occurred in two cases (12.5%), with the sites of leakage being to the paravertebral vein (one case) and
the paravertebral area (one case); however, there were no associated symptoms in these cases. No neurological or severe
vascular injuries were recorded. No pulmonary embolism, infection or other systemic complications occurred. No patient
needed additional surgical procedures such as spinal fixation or surgical decompression.

All patients underwent CT scanning at 3 months after the procedure. The images confirmed that there were no cases
of refractures at the treated or adjacent levels, recurrence of vertebral collapse and mobilization of bone cement block.

Clinical Evaluation
Mean follow-up was for 5.9 ± 3.1 months (range, 3–12 months). Two patients died of their primary tumor during the
follow-up period.

Mean VAS score decreased from 7.1 ± 1.4 before the procedure to 3.5 ± 1.1 at 3 days after the procedure and to 2.4 ±
0.7 at 1 month after the procedure. Mean NDI score decreased from 63.6 ± 16.3 before the procedure to 37.4 ± 11.0 at 3
days after the procedure and to 24.8 ± 7.5 at 1 month after the procedure. The decreases in the scores were statistically
significant (P < 0.01; Table 2).

As of the last follow-up, no patients in the study group underwent urgent clinical and imaging examination due to
sudden neck dysfunction.

Discussion
Malignant severe compression fractures of the cervical spine have rarely been reported due to the challenging nature of
treatment in this region. In this study, 16 vertebral bodies of 15 patients were successfully treated with vessel-plasty.
The success rate of this technology was 100% with remarkable effect of pain alleviation and vertebral body
stabilization.

At present, there are no comparable relevant researches on the same subject. Our results showed that, in terms of
pain relief and recovery of function, this approach is as effective as PVP in the treatment of cervical spine
metastases.15,18,29 However, Bone cement leakage occurred in two of sixteen vertebral bodies with a leakage rate
of 12.5%, which is lower than the rates reported with PVP of cervical spine metastases.18,30 In particular, all
vertebrae had multiple bone wall destruction and collapse in this study. In clinical practice, such cases are vulnerable
to multiple leaks along the bone wall cracks while injecting, including epidural leakage, which is the main risk of
traditional PVP.31 This leakage will aggravate compression symptoms, and emergency surgical decompression is
required in case of spinal cord or nerve root injury. In our study, there is only one case of cement leakage into the
paravertebral vein and another case into the paravertebral area, but no leakage into the epidural space. This reflects
the superior anti-leakage performance of BFMC.For cases of extreme osteolysis and severe compression fractures,

Table 1 Characteristics of the Patients

Characteristics Data

Age, years, mean ± SD 57.4±10.9

Male/female, n 8/7

Tumor types (lung/liver/stomach/thyroid/ breast/multiple myeloma), n 7/3/2/1/1/1

Site of lesions (C3/C4/C5/C6/C7), n 2/1/6/4/3

With bone wall destruction, n (%) 16 (100)

Technical success, n (%) 16 (100)

Procedure time for each vertebral body, min, mean ± SD (range) 42.9±13.6 (24–67)

Volume of bone cement injected, mL, mean ± SD (range) 2.8±0. 6 (1.8–3.4)

Bone cement leakage, n (%) 2(12.5)
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there are reports of some new technologies, such as stent assisted cementoplasty.12–14 Our results seem to have
a lower leakage rate than some reports.13,14 However, the sites involved in these reports are the thoracic and lumbar
vertebrae. In addition, the auxiliary devices used in these reports are metallic stent, and the BFMC used in this study
is made of Polyethylene terephthalate. To the knowledge of the authors, there is no biomechanical study on the
effects of vessel-plasty on refractures at the treated or adjacent levels.The follow-up period of this study was 1–11
months, with a mean period of 5 months.During the follow-up period, no fractures or loosening of bone cement
blocks in the vertebral body secondary to this procedure was recorded, which seems to indicate its good medium and
long-term effect, but this result may be limited by the small number of cases. Larger sample size studies may be
required to confirm our result. In terms of the injection volume of bone cement, the only study on the same subject
reported that the mean injection volume of bone cement was 1.8mL,17 which was quite small due to severe
compression of the cervical vertebral body. In this study, the mean volume of cement per cervical vertebral body
reached 2.8 mL, which was a relatively large volume, ensuring more sufficient augmentation. We believe that this
result is achieved through the repair and elevation of the vertebral collapse endplate by the expander. In our
experience, good coverage of the lesion area by bone cement ensures better long-term results. Our view supports
that it is a oversimplification to assume that any minimal amount of injected bone cement will have a clinical effect.32

However, there are different opinions in the literature.22 The relationship between the amount of bone cement
injection and long-term efficacy needs to be further studied.

The volume of cervical vertebra is smaller than that of thoracic vertebra and lumbar vertebra. The model of puncture
needle of BFMC system is 11G. When the vertebral body is seriously compressed fracture, it will be not possible for the
puncture needle to penetrate and reach the center of the focus inside the vertebral body. In addition, the cervical spine is located
in the upper vertebrae, and the 11G puncture needle is more likely to damage important blood vessels and nerves. This is the
technical difficulty of vessel-plasty in cervical fractures. This study adopts improved exchange technology. Firstly, 17G
puncture needle is selected to puncture into the vertebral body. When puncture around important blood vessels before entering
the bone, the additional blunt needle shall be used alternately to protect important blood vessels. After the 17G puncture needle
was safely inserted into the center of the vertebral body, replace it with 11G trocar through the expansion tube to establish
a working path with the same diameter of expander. The expander was rotated in multiple directions to repair the collapsed
endplate, and thus raising the height of the vertebral body. Rotation in multiple directions will form as much space as possible
and most importantly to prevent the BFMC from being pierced by bone fragments. It can also reduce the pressure of bone
cement injection. In the process of injection, the bone cement is firstly wrapped by the BFMC to avoid multi-directional flow.
As the injection continues, the cement slowly exudes through the mesh and forms interdigitations with the surrounding bone
trabeculae, which avoids the loosening of the bone cement block.

Limitations
Obvious limitations of this study are the small sample size and the lack of a control group. Another limitation is that new
metastasis at other vertebral levels with the progress of the primary tumor or taking antigenic tumor medicine may affect
the clinical follow-up results as confounding factors in the long-term follow-up after discharge. Finally, it should be
noted that all procedures in this study were performed by doctors with rich experience in osteoarticular interventions;
similar results may not be achieved by doctors unfamiliar with this technique.

Table 2 Clinical Outcomes as Assessed by Changes in VAS and NDI Scores

Before Treatment
(n = 15)

3 Days
(n = 15)

1 Month
(n = 15)

3 Months
(n = 15)

6 Months
(n = 6)

12 Months
(n = 2)

VAS 7.1 ± 1.4 3.5 ± 1.1* 2.4 ± 0.7* 2.0 ± 0.8* 2.2 ± 0.5* 2.5±0.7*

NDI 63.6 ± 16.3 37.4 ± 11.0* 24.8 ± 7.5* 23.0 ± 6.6* 24.0 ± 8.7* 26.0±2.8*

Note: *P < 0.01 compared with score before treatment.
Abbreviations: VAS, Visual Analog Scale; NDI, Neck Disability Index.
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Conclusion
Vessel-plasty using BFMC appears to be safe and effective for cervical malignant severe compression fractures. It can
relieve pain, stabilize the vertebral body. It may be a new treatment option for these high-risk patients.
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