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ABSTRACT

Objective: This study aimed to compare the clinical and radiological results of percutaneous mesh-container-plasty (PMCP) versus
percutaneous kyphoplasty (PKP) in the treatment of osteoporotic thoracolumbar burst fractures.

Methods: A prospective study of 122 patients with osteoporotic thoracolumbar burst fractures was conducted. The patients were non-
randomly assigned to receive PKP (62; 16 men, 46 women) and PMCP (60; 14 men, 46 women). The epidemiological data, surgical
outcomes, and clinical and radiological features were compared between the 2 groups. Cement leakage, height restoration, deformity
correction, canal compromise, and cement distribution were calculated from the radiographs. Visual pain analog scale (VAS), the
Oswestry disability index (ODI), and short-form 36 health survey domains role physical (SF-36 rp) and bodily pain (SF-36 bp) were
calculated before surgery and immediately and 2 years after surgery.

Results: Although VAS, ODI, SF-36 bp, and SF-36 rp scores improved from 7 (6-9), 71.28+16.38, 22 (0-32), and 25 (0-50) preoperatively to
2 (1-3), 20.02+8.97, 84 (84-84), and 75 (75-100) immediately postoperatively in the PMCP group (p<0.05) and from 7 (6-8), 71.40+13.52,
22(10.5-31.75), and 25 (0-50) preoperatively to 2 (1-3), 21.78+11.21, 84 (84-84), and 75 (75-100) immediately postoperatively in the PKP
group (p<0.05), there was no difference between the 2 groups. The mean cost in the PKP group was less than that in the PMCP group
($5109+231 vs. $6699+201, p<0.05). Anterior, middle, and posterior vertebral body height ratios in the PMCP group were greater than
those in the PKP group postoperatively (88.44%+3.76% vs. 81.10%+11.78%, 86.15%%3.50% vs. 82.30%+11.02%, and 93.91%+3.01%
vs. 91.43%+6.71%, respectively, p<0.05). The Cobb angle in the PMCP group was lower than that in the PKP group postoperatively
(6.67°+4.39° vs. 8.99°+4.06°, p<0.05). Cement distribution in the PMCP group was higher than that in the PKP group (30.48%+5.62% vs.
27.18%+4.87%, p<0.05). Cement leakage was observed to be lesser in the PMCP group (2/60) than in the PKP group (10 vs. 62, p<0.05).

Conclusion: Both PKP and PMCP treatments seem to have significant ability in pain relief and functional recovery. Despite its higher
cost, PMCP treatment may have a better inhibition ability of cement leakage, cement distribution, height restoration, and improvement
in segmental kyphosis than PKP treatment for osteoporotic thoracolumbar burst fractures.

Level of Evidence: Level 11, Therapeutic Study

Introduction the spinal canal is greater when the posterior wall has

been damaged.

Because of the demographic development toward an

To avoid these complications, a mesh container was de-
veloped with advantages of cement leakage, height res-
toration, and kyphotic angle reduction (7). During the
cement injection process, continuous cement injection
makes the mesh container produce a pressure; thereaf-
ter, the cement leaks outside of the mesh container and
enters the bone trabeculae. Therefore, better inhibition
ability of cement leakage can be achieved. The mesh
container remains within the newly created vertebral
cavity, and the balloon can be removed after deflation
while preventing the vertebral body from collapsing.
Thus, virtually, the physiological vertebral body height
and shape might be restored and preserved.

older society, the annual incidence of osteoporosis
and its associated fractures is prevalent. Osteoporot-
ic vertebral fractures (OVFs) can affect the patient’s
quality of life, including chronic back pain, function-
al limitations, depression, and disability, which have
grown to be an important health issue (1).

Osteoporotic thoracolumbar burst fractures are se-
vere type of OVFs. The management of osteoporotic
thoracolumbar burst fractures has not been proper-
ly coded to date. However, the surgical treatment of
these fractures seems to reduce pain and mobilize the
patients more quickly; therefore, the hospital stay is

shorter in this case. Many patients with osteoporot- o the basis of these previous studies, we hypothesize

that there will be differences in the clinical efficacy
and safety of percutaneous mesh-container-plasty
(PMCP) and percutaneous kyphoplasty (PKP) for treat-
ment of osteoporotic thoracolumbar burst fractures.
To test this hypothesis, we compared the clinical and
radiological results of PMCP and PKP for treatment of
osteoporotic thoracolumbar burst fractures.

ic thoracolumbar burst fractures without neurologic
deficit have recently undergone kyphoplasty with
good clinical and radiological results (2, 3). Howev-
er, there have been some complications, including
cement leakage, loss of the restored height, and ky-
photic alignment after balloon deflation before ce-
ment injection (4-6). The risk of cement leaking into
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Materials and Methods

Study design

Ethical approval for this prospective, nonrandomized study was pro-
vided by the ethics committee of the authors’ institute. The patients
were given sufficient explanation of the study goals, and they signed
a consent form. The inclusion criteria were as follows: 1) elderly (=60
years), 2) thoracolumbar (T10 to L2) single fresh burst fractures (type
A3 or A4 according to the AOSpine thoracolumbar spine injury clas-
sification system) (8), 3) minor injury or no history of trauma without
neurological deficit, 4) constant ache and fatigue in the thoracolum-
bar vertebrae that can significantly affect daily life, and 5) diagnosed
with osteoporosis according to the T value of dual-energy X-ray ab-
sorptiometry (DXA) less than —2.5. The exclusion criteria were as
follows: 1) symptoms of neurological deficits, 2) polytraumatized pa-
tients, 3) patients with pre-existing spinal deformity or previous spi-
nal operation, 4) clinical or imaging evidence of the metastatic bone
tumor or multiple myeloma, 5) asymptomatic fractures, 6) systemic
or local infections and severe bleeding disorders, and 7) other OVF

types.

From January 2016 to December 2017, 170 consecutive patients who
sustained the osteoporotic thoracolumbar burst fractures without
neurologic deficit were included in this study. After a comprehen-
sive explanation of this study and expected benefits and risks, 32 pa-
tients refused to participate in the study. After applying the exclusion
criteria, we analyzed 122 patients who underwent PKP (PKP group,
n=62) and PMCP (PMCP group, n=60). The differences between PKP
and PMCP were explained to all the patients before surgery, and the
surgical methods were selected according to patient preference.

Preoperatively, standard clinical examination and evaluation, includ-
ing the medical history, physical examination of percussion pain, as-
sessment of the pain intensity (visual pain analog scale [VAS]) and
activity level (Oswestry disability index [ODI]) (9), and short-form
36 health survey domains role physical (SF-36 rp) and bodily pain
(SF-36 bp) (10) were evaluated. X-rays of the relevant spinal region
in 2 planes, computed tomography (CT) scan, magnetic resonance
imaging (MRI) (T1-weighted and T2-weighted sequences including
short tau inversion recovery sequences), and DXA were performed.

All the patients underwent operations within 4 days of admission to
relieve pain, restore the vertebral body height, and correct the seg-
mental kyphosis. All patients received a calcium supplementation
(1,000 mg of elemental calcium daily), vitamin D (600 UI daily), and
alendronate (70 mg weekly).

Surgical technique

All surgical procedures were performed under local anesthesia. The
patients were positioned in a prone position on 4 bolsters placed on a
radiolucent operating table with the abdomen freely suspended.

A 1-cm skin incision was made lateral to the desired entry point of
the pedicle percutaneously. A trocar (Shandong Guanlong Medical
Utensils Co., Ltd., Jinan City, Shandong Province, China) in a can-

HIGHLIGHTS

Both PKP and PMCP treatments seems to have significant ability in pain relief
and functional recovery.

PMCP treatment may have a better inhibition ability of cement leakage, ce-
ment distribution, height restoration, improvement in segmental kyphosis
than PKP treatments for osteoporotic thoracolumbar burst fractures.

The cost of PMCP treatment is higher than that of PKP treatment.
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nula was inserted into the pedicle at the fractured vertebra through
pedicular approach as a working channel. After removing the trocar,
a balloon was placed into the working channel and slowly inflated
to create a low-pressure cavity for cement injection. Inflation contin-
ued until the balloon pressure reached 300 psi. The anteroposterior
radiograph showed that the balloon size exceeded the midline of the
vertebra. Then, the balloon was deflated and removed. If the balloon
does not exceed the midline of the vertebra, a bilateral puncture is
required.

In the PKP group, poly-(methyl methacrylate) (PMMA) cement was
injected into the defect of the fractured body through the cannula
under continuous fluoroscopic monitoring. The PMMA insertion
was considered complete when it reached the posterior third of the
vertebral body or had a potential tendency of cortical, epidural, and
anterior venous cement leakage. In the PMCP group, a mesh contain-
er (Shandong Guanlong Medical Utensils Co., Ltd.) was advanced
into the cavity. The mesh container was made of polyethylene tere-
phthalate. Thereafter, the PMMA cement was manually injected into
the mesh container within the treated vertebral body by applying a
cement perfusion apparatus under fluoroscopic guidance. With the
continuous injection of PMMA, the mesh container was inflated, and
the height of the fractured vertebra was restored. At a certain injec-
tion amount, the PMMA cement leaked outside of the mesh contain-
er from the meshes and entered the bone trabeculae (Figure 1 and
Supplementary figure 1).

A neurologic examination was performed soon after the operation.
The patients were encouraged to walk while wearing a 3-point fixa-
tion brace after surgery. Radiographs and CT images were obtained
to evaluate the reduction of the fracture, improvement in the segmen-

Figure 1. a-i. Percutaneous mesh-container-plasty surgical procedure for the treat-
ment of a 75-year-old female patient with a single osteoporotic thoracolumbar burst
fracture in the L1 vertebra. (a) Lateral radiograph showing a burst fracture of L1. (b,
c) Preoperative computed tomography (CT) images (plain and sagittal reconstruc-
tion) showing the burst fracture with spinal canal compromise. (d) Preoperative
magnetic resonance image (T2-weighted sequences) showing the burst fracture with
spinal canal compromise. (e) Intraoperative view. (f) Postoperative lateral radio-
graph showing better alignment after cement injection and adequate vertebral body
reduction. (g, h) Postoperative CT images (plain and sagittal reconstruction) show-
ing no worse spinal canal compromise and better alignment and adequate vertebral
body reduction. (i) Lateral radiograph 2 years after surgery showing reduced spinal
canal compromise, excellent alignment, and adequate vertebral body reduction
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Supplementary figure 1. a-c. Intraoperative view of percutaneous mesh-container-plasty for the treatment of a 69-year-old male patient with a single osteoporotic thoracolum-
bar burst fracture in the L1 vertebra. (a) Intraoperative lateral radiograph showing collapse of the superior endplate of L1. (b) Intraoperative lateral radiograph showing re-
duction of the collapsed superior endplate of L1. (c) Intraoperative lateral radiograph showing that the mesh cage has remained in shape and restored the collapsed superior

endplate of L1 after the balloon deflation

Figure 2. a-c. Methods of measurements on images. (a) Lateral radiograph showing
evaluation of the Cobb angle, anterior vertebral body height ratio (AVBHr), middle
vertebral body height ratio (MVBHTr), and posterior vertebral body height ratio
(PVBHTr). The Cobb angle=a, AVBHr=2xA, /(A +A,), MVBHr=2xM,/(M +M,), and
PVBHr=2xP,/(P,+P,). (b) Computed tomography (CT) plain image showing the eval-
uation of cement distribution. Cement distribution of a single CT section=a/(a+b).
Cement distribution was calculated as the mean of all CT sections of the fractured
vertebra. (c) CT plain image showing the evaluation of canal compromise. Canal
compromise=1-2xd,/(d +d,)

tal kyphosis, and distribution of the cement. Operation time, estimat-
ed blood loss, cost, hospital stay, cement volume, and complications
(cement leakage, cerebrospinal fluid leakage, and infection) were
also noted. Back pain intensity was recorded on VAS (0=no pain,
10=worst pain). Functional outcome was evaluated using ODI, SF-36
rp, and SF-36 bp. All the patients were postoperatively followed up
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clinically and radiologically immediately; at 1, 3, and 6 months; and
at 1 and 2 years.

The Cobb angle and the anterior, middle, and posterior vertebral body
height ratios (AVBHr, MVBHr, and PVBHr, respectively) were mea-
sured using the lateral radiograph as described in a previous study
(11, 12) Cement distribution and canal compromise were calculated
using the CT images (Figure 2). Cement leakage was determined us-
ing the CT images of all the sections of the fractured vertebra.

Furthermore, 2 independent blinded spine surgeons performed the
clinical evaluation of patients. Additionally, 3 other independent
blinded spine surgeons assessed the radiographs.

Statistical analysis

Statistical analysis was performed using the Statistical Package for
the Social Sciences version 18.0 software IBM SPSS Corp.; Armonk,
NY, USA). The numerical variables were presented as meanststan-
dard deviation or median (interquartile range). The Student’s t or
Wilcoxon signed-rank test was used to compare the measurements
between the 2 groups. Repeated measures analysis of variance was
used to compare the measurements of VAS, ODI, SF-36, AVBHT,
MVBHTr, PVBHr, and the Cobb angle preoperatively, postoperative-
ly, and 2 years postoperatively. The nominal variables (sex, distribu-
tion of the fractured vertebra, fracture type, and cement leakages)
were presented as numbers (percentages) and compared using the
chi-square test. A two-sided p-value of <0.05 was considered statis-
tically significant.

Results

The clinical characteristics of the 122 patients are summarized in
Table 1. There were no statistical differences in the demographic
data including age, sex, distribution of the fractured vertebra, frac-
ture type, T-score, body mass index, and injury time between the 2
groups. The mean cost in the PKP group was less than that in the
PMCP group ($5109+231 vs. $6699+201, p<0.05). There were no sig-
nificant differences in the blood loss, operation time, and hospital
stay between the 2 groups. The details are shown in Table 2.

Clinical evaluation

The VAS scores decreased from preoperative 7 (6-9) to postoperative
2 (1-3) in the PMCP group (p<0.05) and from preoperative 7 (6-8) to
postoperative 2 (1-3) in the PKP group (p<0.05). The ODI scores de-
creased from preoperative 71.28+16.38 to postoperative 20.02+8.97
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Table 1. Basic characteristics and comparative analysis between PKP and PMCP for
the treatment of the 122 patients with osteoporotic thoracolumbar burst fractures in
this study (x+s)

Table 4. Radiologic comparisons between the PKP and PMCP groups for treatment
of the 122 patients with osteoporotic thoracolumbar burst fractures in this study
(x+s)

PKP (n=62) PMCP (n=60)  t(x2) P PKP (n=62) PMCP (n=60) t P
Age (years) 71.37+7.04 71.18+6.63 0.151 0.88 AVBHTr (%)
Male/female 16/46 14/46 0.101 0.835 Preoperative 65.69+10.51 66.7245.35 -0.678 0.499
Distribution 1.839 0.765 Postoperative 81.10+11.78* 88.44+3.76* -4.597  <0.001
T10 5 5 2 years postoperative 79.08+11.26* 87.10+4.16* -5.171  <0.001
T11 6 8 MVBHT (%)
T12 17 12 Preoperative 68.34+12.74 67.81+5.04 0.298 0.766
L1 20 24 Postoperative 82.30+11.02* 86.15+3.5% -2.58 0.012
L2 14 11 2 years postoperative 78.70+11.76* 84.75+3.78* -3.793  <0.001
Fracture type 0.141 0.721 PVBHr (%)
A3 30 27 Preoperative 86.69+6.78 87.314+3.30 -0.635 0.527
A4 32 33 postoperative 91.43+6.71* 93.91+3.01* —2.607 0.011
T-score —2.96+0.38 —3.04+0.46 1.09 0.278 2 years postoperative 89.04+6.92* 93.11+2.85* —4.215  <0.001
BMI 23.77+4.25 23.51+3.71 0.357 0.722 The Cobb angle (°)
Injury time (days) 4+2.31 4.30+2.21 -0.733  0.465 Preoperative 11.88+4.28 13.31+6.46 -1.439  0.153
PKP: percutaneous kyphoplasty; PMCP: percutaneous mesh-container-plasty; BMI: body mass index Postoperative 8.99+4.06* 6.67+4.39* 3.007 0.003
2 years postoperative 9.52+4.07* 7.35+4.41* 2.82 0.006
Table 2. Comparison of perioperative parameters between the PKP and PMCP Canal compromise (%)
groups for the treatment of the 122 patients with osteoporotic thoracolumbar burst Preoperative 20.70+6.38 19.44+5.33 2.855 0.230
fractures in this study(Xts or median [interquartile range]) Postoperative 20.6546.58 10.7045.23 1.396 0.373
: PKP (n=62)  PMCP (n=60) t/z) p 2 years postoperative 20.55:6.3 19524544 1074  0.325
gg‘:}r?ﬁ?; 31.7144.23 32.47£5.57 t=-0.843 0.401 Cement distribution (%) 27.18+4.87 30.48+5.62  -3.477  0.001
*Repeated measures variance analysis was used for the statistical analysis. There were significant differences
Blood loss (mL) 6.34+1.87 6.20+2.1 t=0.386 0.700 (p<0.05) between postoperative or 2 years postoperative and preoperative values of these 2 groups.
Hospital stay (days) ~ 4.24#151 4374183 (=0411  0.682 hoight ratto; MVBTHE: midil vorebra body hight rao: PYBH: posemor verebral body heght .
Cost (dollar) 5109+231 6699+201 1=—40.477 <0.001
Cement leakage 10/62 2/60 %*=6.629 0.018 Table 5. Comparison of cement leakage between PKP and PMCP groups with
Cement volume (mL) 7.5 7.5 7=-0.348 0.727 respect to the fracture type
(4.5-8.63) (4.5-7.5) PKP (n=62)  PMCP (n=60) ¥ P
PKP: percutaneous kyphoplasty; PMCP: percutaneous mesh-container-plasty Fracture type
A3 2/30 1/27 0.256 0.613
Table 3. Clinical comparisons between the PKP and PMCP groups for the treatment A4 8/32 1/33 4.861 0.027

of the 122 patients with osteoporotic thoracolumbar burst fractures in this study
(x+s or median [interquartile range])

PKP (n=62) PMCP (n=60) t(Z) P

VAS

Preoperative 7 (6-8) 7 (6-9) 7=-0.547 0.584
Postoperative 2 (1-3)* 2 (1-3)* 7Z=-0.451 0.652
2 years postoperative 2 (1-2)* 2 (1-2)* 7Z=-3.05 0.652
ODI

Preoperative 71.40+13.52 71.28+16.38 t=0.043 0.996
Postoperative 21.78+11.21* 20.02+8.97*  t=0.953  0.342
2 years postoperative 16.02+7.76* 16.13+7.27*  t=-0.085 0.932
SF-36 bp

Preoperative 22 (10.5-31.75)  22(0-32) Z=0.547 0.584
Postoperative 84 (84-84)* 84 (84-84)* Z=-1.580 0.114
2 years postoperative 84 (84-91.5)* 84 (84-94)* Z=-0.109 0.913
SF-36 rp

Preoperative 25 (0-50) 25 (0-50) 7=-0.045 0.964
Postoperative 75 (75-100)* 75 (75-100)* Z=-0.159 0.874
2 year postoperative 75 (75-100)* 75 (75-100)* Z=-0.012 0.99

*Repeated measures variance analysis was used for the statistical analysis. There were significant differences
(p<0.05) between the postoperative or 2 years postoperative and preoperative values of these 2 groups

PKP: percutaneous kyphoplasty; PMCP: percutaneous mesh-container-plasty; VAS: visual pain analog scale;
ODI: Oswestry disability index; SF-36 rp: short-form 36 health survey domains role physical; SF-36 bp: short-
form 36 health survey domains bodily pain

in the PMCP group (p<0.05) and from preoperative 71.40+13.52 to
postoperative 21.78+11.21 in the PKP group (p<0.05). The SF-36 bp
scores improved from preoperative 22 (0-32) to postoperative 84
(84-84) in the PMCP group (p<0.05) and from preoperative 22 (10.5-
31.75) to postoperative 84 (84-84) in the PKP group (p<0.05). The SF-
36 rp scores improved from preoperative 25 (0-50) to postoperative
75 (75-100) in the PMCP group (p<0.05) and from preoperative 25
(0-50) to postoperative 75 (75-100) in the PKP group (p<0.05). More-
over, follow-up results showed that the VAS, ODI, and SF-36 scores
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PKP: percutaneous kyphoplasty; PMCP: percutaneous mesh-container-plasty

did not obviously change at 2 years postoperatively. There were no
significant differences in the VAS, ODI, and SF-36 scores between
the 2 groups both postoperatively and at 2 years postoperatively. The
details are shown in Table 3.

Therefore, although both PKP and PMCP treatments had a signifi-
cant ability for pain relief and functional recovery postoperatively
and at 2 years postoperatively, there was no difference between the
2 groups.

Radiologic evaluation

The AVBHr, MVBHr, PVBHr, and Cobb angle scores improved
from preoperative (66.72%+5.35%, 67.81%+5.04%, 87.31%+3.30%,
and 13.31%+6.46%, respectively) to postoperative (88.44%+3.76%,
86.15%+3.50%, 93.91%+3.01%, and 6.67%*4.39%, respectively) in
the PMCP group (p<0.05) and from preoperative (65.69%+10.51%,
68.34%+12.74%, 86.69%+6.78%, and 11.88%+4.28%, respectively) to
postoperative (81.10%+11.78%, 82.30%+11.02%, 91.43%+6.71%, and
8.99%+4.06%, respectively) in the PKP group (p<0.05). Moreover,
long-term follow-up results showed that AVBHr, MVBHr, PVBHTr,
and the Cobb angle did not obviously change even after 2 years
postoperatively. AVBHr, MVBHr, and PVBHr in the PMCP group
were greater than those in the PKP group postoperatively (p<0.05).
The Cobb angle in the PMCP group was lower than that in the PKP
group postoperatively (p<0.05). The CT images demonstrated that
cement distribution in the PMCP group was higher than that in the
PKP group (30.48%:+5.62% vs. 27.18%+4.87%, p<0.05). There were no
significant differences in the canal compromise both postoperatively
and at 2 years postoperatively between the 2 groups. All the radio-
graphic results are shown in Table 4.
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Therefore, PKP and PMCP treatments could significantly restore the
height and improve the segmental kyphosis of the fractured vertebral
body. The PMCP group had significantly higher height restoration,
improvement in the segmental kyphosis, and cement distribution
than the PKP group, which indicated that PMCP treatment had a bet-
ter ability to treat the vertebral body than PKP treatment.

Surgical complications

After the surgeries, CT was performed immediately to assess PMMA
cement leakage. PMMA cement leakage was observed in 16% (10/62)
patients of the PKP group (2 anterior to the vertebral body, 1 lateral
to the vertebral body, and 7 into the disk without sequelae) and in
3.33% (2/60) of patients in the PMCP group (1 anterior to the verte-
bral body and 1 into the disk without sequelae) (p<0.05) (Table 2).
Furthermore, cement leakage was observed in 6.67% (2/30) patients
of the PKP group and 3.70% (1/27) patients of the PMCP group of
fracture type A3 (p>0.05) and 25% (8/32) patients of the PKP group
and 3.03% (1/33) patients of the PMCP group of fracture type A4
(p<0.05) (Table 5). All the cement leakages were asymptomatic, and
no surgical intervention was required to remove the extravasated ce-
ment. Postoperative complications, such as neurological functional
aggravation, hemorrhage, wound healing abnormalities, infection,
and pulmonary embolism, were not observed during the 2-year fol-
low-up period. These analyses indicate that PMCP treatment had bet-
ter safety than PKP treatment for A4 fractures.

Discussion

Osteoporosis and associated fractures are prevalent in clinics. A stan-
dardized treatment strategy for osteoporotic thoracolumbar burst
fractures does not exist at present (2, 13-16). PKP has been increas-
ingly used in older people currently because it is a minimally inva-
sive treatment. However, the major disadvantages of PKP are cement
leakage and loss of the restored height and kyphotic alignment after
balloon deflation before cement injection. Therefore, the mesh con-
tainer was developed (7).

This research showed that PMCP treatment had better safety than
PKP treatment in terms of cement leakage, ability in cement distribu-
tion, height restoration, and improvement in the segmental kyphosis.
Cementoplasty involves risks of complications, including pulmo-
nary embolism, intradiscal cement leakage, neurological deficit, and
even paraplegia (4, 6, 17). The cavity created in PKP treatment may
decrease the cement perfusion pressure as well as the possibility of
cement leakage. A4 fractures are complete burst fractures involving
the posterior wall with an increased risk of cement leakage into the
vertebral canal during the classical vertebroplasty and kyphoplasty
interventions. The mesh container in PMCP treatment keeps the
PMMA cement inside the container, and only partial cement leaks
outside from the mesh to the bone trabeculae. In this study, cement
leakage was observed in 6.67% (2/30) patients of the PKP group and
3.70% (1/27) patients of the PMCP group of fracture type A3 (p>0.05)
and 25% (8/32) patients of the PKP group and 3.03% (1/33) patients
of the PMCP group of fracture type A4 (p<0.05). The difference might
be as a result of the mechanical difference of these 2 treatments.
Therefore, PMCP treatment had a better inhibition ability of cement
leakage than PKP treatment for A4 fractures.

Height restoration and improvement in the segmental kyphosis of the
treated fractured vertebral body might be the important parameters to
evaluate the clinical efficacy of minimally invasive techniques. How-
ever, previous studies found no correlation between the reconstitution
of the vertebral body and the clinical outcome (pain reduction) (18,
19). In this study, height restoration and improvement in the segmental
kyphosis in the PMCP group were both higher than those in the PKP
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Supplementary Table 1. Comparison of the Cobb angle (°) between the PKP and PMCP
groups with respect to the fracture type

PKP (n=62) PMCP (n=60) t P
Fracture type
A3
Preoperative 11.45+4.37 13.98+6.07 -1.823 0.074
Postoperative 8.88+4.13 6.89+4.43 1.756 0.085
% Changes 23.66+12.73  52.59+21.17 —6.168  <0.001
2 years postoperative 9.2+4.19 7.77+4.24 1.272 0.209
% Changes 20.95+12.7 40.53+28.81  —3.259 0.002
A4
Preoperative 12.27+4.08 12.77+6.81 —0.358  0.722
Postoperative 8.92+3.98 6.49+4.41 2.331 0.023
% Changes 28.22+15.98 50.68+16.76 ~ -5.527  <0.001
2 years postoperative 9.81+4 7+4.58 2.634 0.011
% Changes 20.68+13.69 44.04+22.15 —-5.132  <0.001

PKP: percutaneous kyphoplasty; PMCP: percutaneous mesh-container-plasty

group. However, the clinical outcome was not significantly different
between these 2 groups. Previous studies indicated that PKP was not
useful for height restoration and improvement in the segmental kypho-
sis. The improvement in segmental kyphosis was attributed to postural
reduction with cement strengthening. The most significant factors af-
fecting the improvement in segmental kyphosis were the fracture type
and the volume of cement injected (11, 20, 21). This study showed that
improvement in the segmental kyphosis in the PMCP group was high-
er than that in the PKP group with respect to both A3 and A4 fractures
(Supplementary Table 1). The possible mechanism for height resto-
ration and kyphosis correlation is the inflation of the mesh container.

Cement is the key factor for stabilizing the injured vertebrae by fill-
ing the bone cavity. When the cement volume (22) remains constant,
the more extensive cement distribution leads to better surgical out-
comes (23-25). In this study, cement distribution in the PMCP group
was higher than that in the PKP group. An extensive cement distribu-
tion can improve the kyphotic angle and vertebral height effectively,
without causing cement leakage or adjacent vertebral fractures (25).
High distribution of the cement in the vertebral body in the PMCP
group could possibly affect height restoration and improvement in
the segmental kyphosis of the treated fractured vertebral body and
the rate of new fracture.

In this study, although both PKP and PMCP treatments had signifi-
cant ability in pain relief and functional recovery for the treatment of
osteoporotic thoracolumbar burst fractures, there was no difference
between the 2 groups. Previous studies also found that there was no
significant difference of clinical outcome between shield kyphoplas-
ty, vertebroplasty, and balloon kyphoplasty (26).

For patients using PMCP as our preceding operative method, the av-
erage cost is relatively higher than that for patients using PKP.

The major shortcomings of this study are that the results were avail-
able from a small patient population and a short follow-up duration.
Another limitation of this study is its nonrandom nature. Prospective,
randomized controlled studies enrolling more patients with long-
term follow-ups are needed to evaluate the clinical and radiographic
efficiency of PMCP more reliably and objectively.

In conclusion, both PKP and PMCP treatments seem to have signif-
icant ability in pain relief and functional recovery. Despite higher
cost, PMCP treatment may have a better inhibition ability of cement
leakage, cement distribution, height restoration, and improvement in
the segmental kyphosis than PKP treatment for osteoporotic thoraco-
lumbar burst fractures.
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