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Abstract

Background: In order to reduce the occurrence of bone cement leakage, bone filling mesh container technique can be a prior
choice for the treatment of vertebral metastases with damaged posterior margin of the thoracolumbar vertebral body.
Objectives: The purpose of this retrospective study was to compare the efficacy and safety of percutaneous balloon kyphoplasty
(PKP) and bone filling mesh containers (BEMCS) in the treatment of vertebral metastases with posterior vertebral body damage.
Patients and Methods: This is a retrospective study. From October 2016 to January 2018, 40 cases (72 vertebral bodies) of thora-
columbar osteolytic metastases were treated with vertebroplasty. Among them, 20 cases (37 vertebral bodies) were treated with
PKP (PKP group), and 20 cases (35 vertebral bodies) were treated with BEMCS (BEMCS group). The operation time of the two groups
was recorded, and visual analog scale (VAS), Oswestry disability index (ODI), intraoperative bone cement leakage and complications
were observed before operation and 1day, 1 month and 6 months after operation.

Results: All patients underwent successful operation. The operation time of the PKP group was 42.65 + 7.84 minutes, and
42.95+48.48 minutes in the BFMCS group (P = 0.91). Both groups differed significantly when the results were compared with those
measured before treatment. VAS dropped from 7.50 & 0.95 points before operation to 1.20 & 0.41 points at 6 months follow up in
PKP group (P < 0.001), in the BFMCS group VAS dropped from 7.50 = 0.94 points before operation to 1.45 £ 0.51 points at 6 months
after operation (P < 0.001). The ODI of the PKP group dropped from 75.8044.76 before operation to 12.05 - 1.47, 6 months after
operation (P < 0.001), ODI dropped from 75.00 =+ 4.34 before operation to 11.60 % 1.39 at 6 months follow up in the BEMCS group (P <
0.001). In the PKP group, 15 vertebral bodies (40.5%,15/37) occurred bone cement leakage, but the patients had no clinical symptoms
of bone cement leakage. Cement leakage occurred in one case in the BFMCS group. There were no complications such as pulmonary
embolism, paraplegia or perioperative death.

Conclusion: The application of bone-filling mesh container for treating patients with thoracolumbar osseointegrated metastases
could significantly reduce the leakage rate of bone cement, and is similar to traditional PKP in pain relief and activity improvement.
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1. Background

The spine is a high-risk site for advanced tumor metas-
tasis, and in 5% to 10% of patients with malignant tumors
spinal metastases may occur (1), especially in the thora-
columbar vertebral body. Surgical treatment is often re-
quired when there is instability of the spine, severe pain
or insensitivity to radiotherapy and chemotherapy (2). At
present, minimally invasive surgery has become an impor-
tant treatment for spinal metastases (3). Percutaneous ver-
tebroplasty (PVP), as an important means of minimally in-
vasive surgery, has been widely used in vertebral compres-
sion fractures caused by osteoporosis, vertebral heman-
gioma, multiple myeloma and vertebral metastases (4, 5).
Bone cement leakage is the most common complication of

PVP, with an incidence of 22% to 82% (6). However, due to
the rich blood supply to the vertebral body, the vertebral
body and vertebral cortical bone destruction, the cement
leakage rate in treating patients with vertebral osteolytic
tumors is significantly higher than that in the treating os-
teoporotic vertebral fracture, and is as high as 37.5% in the
treatment of vertebral body metastasis (7). Infiltration of
cement into the spinal canal through the posterior wall of
the incomplete vertebral body may lead to serious compli-
cations such as paraplegia.

2. Objectives

In order to reduce the occurrence of bone cement leak-
age, bone-filling mesh bags came into being and are used
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to compare the efficacy and safety of percutaneous bal-
loon kyphoplasty (PKP) and bone filling mesh contain-
ers (BFMCS) in the treatment of vertebral metastases with
posterior vertebral body damage. From October 2016
to January 2018, 40 patients with thoracolumbar oste-
olytic metastases were treated with percutaneous balloon
kyphoplasty and bone-filling mesh bags in our depart-
ment. The cement leakage rate and visual analog scale
(VAS) score were evaluated. The disability index and other
indicators were studied to compare the clinical efficacy
of two surgical treatments for thoracolumbar osteolytic
metastases.

3. Patients and Methods

This was a retrospective study. In clinical practice,
these two surgical methods are used to treat vertebral
metastases with vertebral body posterior marginal dam-
age. Patients voluntarily chose the surgical method. We
took a sample with simple random sampling methods
from patients with the same type of surgery.

A total of 40 patients with thoracolumbar osteolytic
metastases (72 vertebral bodies) who underwent vertebro-
plasty from October 2016 to January 2018 were enrolled, in-
cluding 47 thoracic vertebrae and 25 lumbar vertebrae.

3.1. General Information

Inclusion criteria were as follows: (1) The whole body
bone scan and CT or MRI examination confirmed the oste-
olytic changes of the thoracolumbar vertebrae in no more
than three vertebral bodies, the lesion was confined to
the vertebral body, and the pathological examination con-
firmed the metastatic tumor, (2) CT showed the posterior
marginal cortical bone was damaged, (3) Patients had se-
vere chest and back pain and no symptoms of neurological
damage of the lower extremities. Exclusion criteria were as
follows: vertebral compression fracture caused by simple
osteoporosis, pathological results of vertebral body biopsy
could not confirm the source of metastatic tumor, poor
cardiopulmonary function and not tolerating surgery, dis-
turbances of blood coagulation that were difficult to be
corrected.

Twenty patients (37 vertebral bodies) were treated with
PKP (PKP group). In the PKP group, there were 11 males and
nine females with age ranging from 36 to 78 years (aver-
age, 61.8 years). Vertebral body distribution: T9, one ver-
tebral body, T10, four vertebral bodies, Tii, six vertebral
bodies, T12, ten vertebral bodies, L1, eight vertebral bodies,
L2, six vertebral bodies, L3, two vertebral bodies. Twenty
patients (35 vertebral bodies) were treated with BFMCS
(BEMCs group). In the BEMCs group, there were 12 males

and eight females with age ranging from 38 to 80 years
(average, 62.4years). Vertebral body distribution: T9, two
vertebral bodies, T10, two vertebral bodies, T11, nine verte-
bral bodies, T12, eleven vertebral bodies, L1, six vertebral
bodies, L2, four vertebral bodies, L3, one vertebral body.
There were no significant differences in age, gender, and
vertebral body distribution between the two groups. Pri-
mary tumors distribution showed 13 cases (32.5%) of lung
cancer, eight cases (20.0%) of breast cancer, seven cases
(17.5%) of liver cancer, three cases (7.5%) of kidney cancer,
three cases (7.5%) of thyroid cancer, two colorectal cancer
patients (5.0%), one case of prostate cancer (2.5%),and three
cases of other malignant tumors (7.5%). Twenty cases had
single vertebral lesions, 23 cases had two vertebral lesions,
and two cases had three vertebral lesions.

3.2. Surgical Methods

All patients were placed in a prone position and rou-
tinely sterilized. The needle position was selected accord-
ing to preoperative measurements, the position of the dis-
eased vertebra was determined by X-ray fluoroscopy, and
the anterioposterior and lateral film was obtained. After
local anesthesia with 1% lidocaine, the puncture needle
was used to puncture into to the posterior edge of the ver-
tebral body through the pedicle, and the puncture nee-
dle was properly abducted and the needle tail was tilted
to the head side. The needling direction and depth were
continuously observed until achieving satisfactory loca-
tion through monitoring the perspective of positive and
lateral position. By combining the patient’s basic disease
with pathological examination, we could prove the source
of the tumor. Each patient underwent pathological biopsy
at the time of surgery. After obtaining the biopsy with a
hollow drill, the solid vertebral body was drilled to the one
third of the vertebral body, and the balloon was placed for
expansion. In the PKP group, after the balloon was with-
drawn, the polymethyl methacrylate bone cement was
blended to the "drawing period", and the bone cement was
injected under the C-arm fluoroscopy. In the BEMCS group,
the balloon was taken out and a bone-filling mesh con-
tainer was placed. The polymethyl methacrylate bone ce-
ment was blended to the "drawing period", and the bone
cement was injected under the C-arm fluoroscopy with a
spiral pressure pusher. The lateral fluoroscopy was used to
examine the distribution of bone cement. After operation,
the puncture needle was pulled out and partially covered
with a sterile applicator. The patient’s symptoms of lower
limbs and respiratory discomfort were observed. Patients
stayed in bed 6 hours after operation.

Iran ] Radiol. 2019; 16(4):e86417.


http://iranjradiol.com

Duan ZK et al.

3.3. Observation Indicators and Assessment Methods

The operation time was recorded for the two groups.
Patient pain was assessed by VAS score as preoperative
(T1), 1 day postoperative (T2), 1 month postoperative (T3),
and 6 months postoperative (T4). Improvement of activ-
ities was evaluated according to Oswestry disability in-
dex (ODI) (5), including 10 activities such as face washing,
weightlifting, walking, sleeping, sexual life, and social ac-
tivities. Each part includes six options, representing 0 - 5
points. ODI = actual score/50 (maximum possible score) x
100%. If there is a question that is not answered, the scor-
ing method would be the actual score[45 (highest possi-
ble score) x 100%. Patients were followed up in the clinic1
and 6 months after discharge. X-ray examination was per-
formed. If necessary, CT or MRI was performed. The pain
VAS score and ODI were evaluated at each follow-up.

During the operation, the leakage of cement was ob-
served under the C-arm fluoroscopy, the incidence of bone
cement leakage and the leakage site (type I is the leakage
of cementinto the spinal canal, type Il is leakage of cement
into the paravertebral vein, type Il is leakage of the cement
into the paravertebral soft tissue, and type IV is leakage of
the cement into the adjacent intervertebral disc), and the
complications occurring during and after operation were
recorded.

3.4. Statistical Analysis

Statistical analysis was performed using SPSS statistics
for Windows version 17 (SPSS Inc., Chicago, Il. USA). Con-
tinuous and ordinal data were expressed as mean =+ stan-
dard deviation. Preoperative and postoperative ODI score
were normally distributed and compared between differ-
ent time sessions using repeated measure ANOVA, while
VAS score were not normally distributed and compared be-
tween successive time sessions using Friedman test and
Wilcoxon signed-rank test. In addition, comparison of ODI
and VAS between the two groups in the same time sessions
were accomplished by T-test and U-Mann Whitney tests.
Leakage and its grade in two groups were compared using
the chi-square test. Plower than 0.05 was considered as sig-
nificant.

4. Results

The average operation time of the PKP group was 42.65
+ 7.84 minutes, which was 42.95 £ 8.48 minutes in the
BFMCS group. There was no significant difference between
the two groups (P =0.91).

The VAS scores of the two groups were lower than those
before surgery, and the difference was statistically signifi-
cant (P < 0.001). There was no significant difference in VAS
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scores between the two groups (Table 1). The Oswesty dis-
abilityindex before surgery was higher than thatatall time
points after surgery, and the difference was statistically sig-
nificant (P < 0.001). There was no significant difference
in Oswesty disability index between the two groups at the
same time point (Table 2).

In the PKP group, 15 (40.5%, 15/37) vertebral bodies
showed bone cement leakage to the intervertebral discand
paravertebral tissue, but no clinical symptoms were ob-
served. Eleven of them were in the intervertebral space,
three were in the paravertebral or paraspinal veins, and
one leaked in the spinal canal. In the BEMCs group, only
one vertebral body showed bone cement leakage to the
paravertebral tissue, and the cement leakage rate was sig-
nificantly lower than that in the PKP group, and the differ-
ence was statistically significant (Table 3).

There was no pulmonary embolism, paraplegia or peri-
operative death, and no complications such as pneumoth-
orax, puncture site bleeding and wound infection.

4.1. Typical Cases

A 71-year-old man was hospitalized because of back
pain and right lower limb pain for half a month. He was di-
agnosed with lung cancer and in his thoracic vertebrae tu-
mor metastasis was found, and bone cement was injected
while applying the bone-filling mesh container. The poste-
rior wall of the incomplete vertebral body was filled with
bone cement, and no bone cement leakage was observed.
VAS scores before operation and at day 1, 1 month, and 6
months were 7, 2,1, and 1 point, respectively. Oswestry dis-
ability scores before operation and at day 1,1 month and 6
months were 81,20, 9, and 8, respectively (Figure 1).

5. Discussion

The spine is a high-risk site for advanced tumor metas-
tasis. The vertebral metastatic tumor commonly origi-
nates from lung cancer, breast cancer, gastrointestinal ma-
lignant tumor, prostate cancer, lymphoma and renal can-
cer(8). Thoracicand lumbar vertebrae are common sites of
spinal metastases, with thoracic vertebrae being the most
common (70%), followed by lumbar vertebrae (20%) and
cervical vertebrae (10%) (9). Vertebral metastases often in-
vade the sclerotin to cause osteolytic destruction, result-
ing in vertebral pathological fractures, spinal instability,
spinal cord and nerve root compression and other compli-
cations. These complications often require surgical treat-
ment (2). Minimally invasive surgery has become an im-
portant treatment for spinal metastases (3). Percutaneous
vertebroplasty (PVP) is an important tool for minimally in-
vasive surgery and can be treated with PVP and PKP (10-13).
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Figure 1. A 71-year-old man was hospitalized because of back pain and right lower limb pain for half month. He was diagnosed with lung cancer and in his thoracic vertebrae
tumor metastasis was found. Visual analog scale (VAS), scores before operation and at day 1,1 month and 6 months were 7,2,1, and 1 points, respectively. Oswestry dysfunction
scores before operation and at day 1, 1 month and 6 months were 81, 20, 9, and 8, respectively. A and B, Before operation, MRI showed T5 vertebral slight wedge, a long T2
signal change, obscure boundary. CT showed a T5 vertebral osteolytic damage, soft tissue density shadow in vertebral body, and obscure boundary. C-F, During operation, the
vertebral body was punctured through the bilateral vertebral pedicle approach, the mesh bag implanted, and the bone cement filled well without leakage. G-J, After operation,
MRI showed T5 vertebral was filled with bone cement, both sides of vertebra with strip short signal change. CT showed both sides of T5 vertebral with high density shadow,
and bone cement filled well without leakage.
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Table 1. Comparison of Preoperative and Postoperative VAS Scores Between the Two Groups“‘b

Groups T1 T2 3 Ta1
PKP group 7.50 +0.95 230 £ 0.66° 1.60 & 0.50° 120 & 0.41°
BEMCS group 7.50 £ 0.94 235 4 0.59¢ 1.55 & 0.51° 1.45 + 0.51°
Pvalue 0.73 0.77 0.75 0.10

Abbreviations: BFMCS, bone filling mesh containers; PKP, percutaneous balloon kyphoplasty; SD, standard deviation; VAS, visual analog scale

#Values are expressed as mean =+ SD.

°T1 = before operation; T2 =1day after operation; T3 =1 month after operation, T4 = 6 months after operation.

“Statistical significance in comparison with T1.

Table 2. Comparison of Preoperative and Postoperative ODI Values Between the Two Groupsz”b

Groups T1 T2 3 T41
PKP group 75.80 = 4.76 26.25 1 2.86° 16.85 1 1.66° 12.05 +1.47°
BFMCS group 75.00 434 2635 £ 2.78° 16.10 £ 1.62° 11.60 +1.39°
tvalue 0.56 -0.11 145 0.99
Pvalue 0.58 0.91 0.16 033

Abbreviations: BEMCS, bone filling mesh containers; PKP, percutaneous balloon kyphoplasty; SD, standard deviation; ODI, Oswestry disability index

Values are expressed as mean =+ SD.

°T1=before operation; T2 =1day after operation; T3 =1 month after operation, T4 = 6 months after operation

“Statistical significance in comparison with T1.

Table 3. Bone Cement Leakage in Both Groups

Group 1 1) 11 A% Percentage of bone cement leakage
PKP group 1 3 1 0 40.5%

BEMCS group 1 0 0 0 2.9%°

X’ value 51.00

Pvalue < 0.001

Abbreviations: BEMCS, bone filling mesh containers, PKP, percutaneous balloon kyphoplasty

?Statistical significance in comparison with PKP.

PVP was first used in clinical practice in 1985. Because
of its advantages such as significant pain relief, short time,
less bleeding, and quick recovery, PVP has been widely used
and achieved good results (14-22). The most common com-
plication of PVP is bone cement leakage, and its incidence
is up to 11% - 76% (23, 24). It most often occurs in verte-
bral bone damage or weakness (25, 26). The leakage rate
of spinal metastases is often higher than that of osteo-
porotic vertebral fractures, which may be caused because
tumor destructs cortical bone of the vertebral body or that
tumor richens blood vessels and blood supply (27). Per-
cutaneous balloon dilatation vertebral kyphoplasty is im-
proved based on PVP, which can reduce the leakage rate to
8.4% (28-31). In order to further reduce the leakage of bone
cement, bone filling mesh bags were made.

In this study, the VAS scores of the two groups were
lower than those before surgery, and the difference was
statistically significant. There was no significant differ-
ence in VAS scores between the two groups. The Oswesty
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disability index at all time points after surgery was lower
than that before operation, and the difference was statis-
tically significant. There was no significant difference in
Oswesty disability index between the two groups at the
same time point. It shows that the use of bone filling mesh
bags and simple percutaneous balloon dilatation vertebro-
plasty have good curative effects, which can effectively re-
lieve pain and improve motor.

In this study, bone cement leakage was observed in
only one patient in the bone filling mesh container ver-
tebroplasty group, and the leakage rate was significantly
lower than that in the PKP group. The mesh container used
in the research is a newly developed domestic expandable
mesh bag-shaped bone material filler, which is intertwined
into a mesh tubular structure by polyethylene terephtha-
late (PET), so as to utilize the wrapping role of the net con-
tainer to reduce the leakage of bone cement caused by
traditional PVP. After the bone filling mesh container is
placed in the vertebral body, the bone cement is directly


http://iranjradiol.com

Duan ZK et al.

injected into the mesh bag, and the bone cement causes
the mesh container structure to slowly expand. Similar to
the PKP balloon expansion, it could raise partial height of
the vertebral body, improve the stability of the spine, so
as to achieve the purpose of relieving pain; meanwhile, it
could also make the bone cement extend into the trabec-
ular bone gap to form a micro-locking, which hinders the
further exudation of the bone cement, thereby reducing
the leakage rate of the bone cement. Its mechanical action
also blocks the blood supply of the tumor, allowing the tu-
mor to form ischemic or congestive necrosis. When the
bone cement reaches a temperature of 70°C during poly-
merization, it could directly kill the tumor, and the cyto-
toxicity of the monomer could also kill the tumor.

In summary, the bone filling mesh container group
achieves satisfactory clinical results in terms of postop-
erative pain improvement, and greatly reduces the inci-
dence of intraoperative cement leakage. Therefore, con-
sidering of the effectiveness and safety of the patient’s
surgery, bone filling mesh container technique could be
a prior choice for the treatment of vertebral metastases
with damaged posterior margin of the thoracolumbar ver-
tebral body. However, the application time of bone fill-
ing mesh container technology in clinical practice is short,
the related reports are few, the long-term follow-up data is
insufficient, and it is unclear whether the dispersion and
distribution of bone cement are limited. Therefore, large-
sample, multi-center, and long-term follow-up studies are
needed.
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