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Objective:  To  evaluate  the radiographic  outcomes  of  short-segment  posterior  instrumentation  plus  ver-
tebroplasty  using  injectable  calcium  sulfate  cement  (CSC)  for  thoracolumbar  compression  fractures.
Materials  and  methods:  Twenty-eight  patients  with  a single-level  thoracolumbar  compression  fracture,
who  underwent  short-segment  pedicle  screw  fixation  and  CSC  vertebroplasty,  were  included  in  the  study.
The  anterior  vertebral  body  height  ratio,  local  kyphosis  angle,  and  the  height  of  the  intervertebral  disc
adjacent  to  the  fractured  vertebra  were  used  to  evaluate  the  radiographic  results.  Complications  including
bone  nonunion,  instrument  failure,  cement  leakage,  and  disc  vacuum  formation  were  also  assessed.
Results:  The  patients  were  followed  up for an  average  of  24.20  ± 5.40  months.  The  relative  preoperative
anterior  body  height  was  55.71  ± 15.29%,  which  improved  to 94.93  ±  5.39%  immediately  after  surgery
(P  <  0.001),  and  at final  follow-up  showed  a 6.50  ±  3.89%  loss  of  height  correction  (P  < 0.001).  The  mean
preoperative  local  kyphosis  angle  was  22.23  ± 5.65◦, which  corrected  to  2.67  ± 4.43◦ immediately  after
surgery  (P  <  0.001),  but reverted  to 6.71 ± 4.95◦ at final  follow-up,  showing  a  4.04  ± 1.91◦ loss  of  cor-
rection  (P  <  0.001).  The  mean  height  of  the  intervertebral  disc proximal  to the fractured  vertebra  was
9.87  ± 0.91  mm  before  surgery,  12.53  ±  0.98  mm  after  operation  (P < 0.001),  and  the  loss  of  correction  at
final  follow-up  was  2.35 ± 1.15 mm  with  a significant  difference  compared  to  immediate  postoperative
values  (P  <  0.001).  Bone  nonunion  occurred  in  7 patients,  2 patients  had  hardware  failure,  9  patients  had

cement  leakage,  and  10 patients  had  disc vacuum  phenomenon  adjacent  to the  fractured  vertebra.
Conclusions:  The  patients  who  underwent  this  procedure  had  a  loss of  correction  of vertebral  height
and  local  kyphosis.  Complications  such  as bone  nonunion,  instrument  failure,  cement  leakage,  and  disc
vacuum  may  occur.  Rapid  CSC  resorption  accounts  for these  radiographic  outcomes  and  complications.
Level  of evidence:  Level  IV,  retrospective  study.
. Introduction
Thoracolumbar compression fracture caused by trauma is a
ommon spinal injury [1]. Surgical treatment is necessary if sta-
ility or neurological function is impaired. Compared with anterior
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surgical procedures, posterior short-segment pedicle screw fixa-
tion, which results in indirect reduction of the collapsed vertebra,
preservation of segment motion, lower blood loss, and a decrease in
postoperative morbidity, remains an ideal technique to treat tho-
racolumbar compression fractures [2,3]. However, higher implant
failure and loss of reduction are usually seen in patients with only
posterior pedicle screw fixation due to insufficient anterior col-
umn  support [4]. Therefore, anterior column augmentation via a
posterior procedure is essential.
Augmentation of the fractured vertebral body is usually
performed by injection of bone cement such as polymethyl-
methacrylate (PMMA), which provides good strength and fixation
of the vertebral fractures, and excellent clinical results have been
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Fig. 1. Radiograph of the fractured vertebra height and the regional kyphotic angle.
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eported [5]. Unfortunately, PMMA  has several disadvantages,
ncluding toxic monomers, thermal necrosis, non-bioabsorbability,
nd biomechanical mismatch between treated and untreated ver-
ebral levels [6,7]. Therefore, injectable bone cements such as CSC
calcium sulfate cement) with bioabsorbability has been devel-
ped, and used for augmenting the fractured vertebral body by
ertebroplasty [2]. A biomechanical study in a cadaverous ver-
ebral compression fracture model showed that CSC can provide
ertebral stiffness and strength immediately after surgery compa-
able to PMMA  [8]. And two clinical studies have demonstrated
hat posterior short-segment instrumentation and vertebroplasty
ith injectable CSC is an effective procedure for thoracolumbar

ompression fractures [2,9].
From 2007 to 2009, 28 patients with thoracolumbar compres-

ion fracture accepted posterior short-segment instrumentation
lus injectable CSC (MIIG X3; Wright Medical Inc., Arlington, TN)
ertebroplasty. In this group, the patients showed satisfactory
hort-time clinical results as reported in the literature [2,9]. How-
ver, some complications associated with this procedure were also
ound according to imaging findings. Therefore, the purpose of this
tudy was to evaluate the imaging outcomes of CSC vertebroplasty,
mportantly, to evaluate its complications.

. Subjects and methods

.1. Subjects

Twenty-eight patients between March 2007 and May  2009 were
nrolled in this retrospective study on the basis of the following
riteria. Inclusion criteria were: a single-level fracture at T12–L3
ithout neurological symptoms; posterior short-segment pedicle

crews fixation plus CSC vertebroplasty; type A3.1 or severely type
1.2 and 1.3 fracture according to Magerl classification [10]; local
yphotic angle >20◦, or anterior body height collapse >30%; less
han 60 years old and at least 12-month follow-up with imaging
ata. Exclusion criteria were: patients with spinal deformity; previ-
us vertebral fracture in the adjacent vertebra; severe degenerative
pinal disease; and previous spinal operation. Patients comprised
f 16 men  and 12 women with mean age of 41.64 ± 11.73 years
range: 19–60). Injury was caused by a fall in 22 patients, vehicle
ccident in 6 patients. The fracture level was T12 in 6 patients, L1
n 11 patients, L2 in 9 patients, L3 in 2 patients. Type A1.2.1 in 15
atients, type A1.2.2 in 1 patient, type A1.3 in 3 patients, and type
3.1.1 in 9 patients [10]. The mean time from injury to operation
as 3.21 ± 1.75 days (range: 1–10). This study design was approved

y the hospital’s ethics committee. All patients provided informed
onsent for the procedure. Patients’ clinical data are presented in
able 1.

.2. Surgical procedures

Surgical procedures were performed under general anesthesia.
he patients were placed in the prone position with the abdomen
uspended. Closed reduction was performed by compression of
he most prominent site in the thoracolumbar kyphosis with the
ands. After restoring the shape of the fractured vertebra under C-
rm fluoroscopy, a standard posterior midline approach was made
o expose the lamina and facet joints with the posterior verte-
ral column intact. Pedicle screws were inserted into the vertebral
ody one level above and below the injured vertebra. After con-
ecting the rods and pedicle screws, distraction force was  applied

sing spreader forceps to further restore the height of the anterior
olumn. After completing the fixation, a trocar in a cannula was
nserted unilaterally into the fractured vertebra until it reached
he optimal position. After removing the trocar, CSC was  slowly
A.  hf represents the anterior height of the fractured vertebra, hu and hl represent
the anterior height of the vertebra above and below the fractured vertebra. B. The
regional kyphotic angle.

injected into the defect in the fractured body through the cannula.
Before closing the incision, a negative-pressure catheter drain was
fitted. The surgical procedure was performed under continuous flu-
oroscopic monitoring. In this study, the fracture was Magerl type
A3.1.1, type A1.2.1 and type A1.3, posterior column is not seriously
damaged. Therefore, we did not perform posterior or posterolateral
fusion.

After surgery, the patients were immobilized in bed in a supine
position for 24 h. Drains were removed 48 hours postoperatively.
During the postoperative period, the patients were encouraged
to resume their daily routine but required to wear a brace for
12 weeks. Vigorous activities were restricted for six months after
surgery. All patients were assessed using X-ray radiographs and CT
scans before surgery and during follow-up.

2.3. Radiographic evaluations

Imaging was  performed before and after surgery using antero-
posterior and lateral radiograph and CT scans. The anterior height
of the fractured vertebra was defined as the height of the fractured
vertebra. The mean value of the anterior height of the vertebrae
above and below the fractured vertebra was defined as the nor-
mal  height of the fractured vertebra. The relative height of the
fractured vertebra was  defined as the height of the fractured ver-
tebra divided by the normal height of the fractured vertebra, and
was expressed as a percentage (Fig. 1A) [11]. The regional kyphotic
angle of the affected segments was defined as the measured angle
between the superior endplate of the upper vertebra and the infe-
rior endplate of the lower vertebra (Fig. 1B) [11]. The height of the
intervertebral disc above and below the fractured vertebra were
also measured. The radiological data were measured using DICOM
VIWERE software.

Patients were also monitored for radiographic complications
including the development of nonunion which express no bone
tissue growing into the defect of the vertebra at the final follow-
up time; cement leakage into the paravertebral soft tissues, spinal
canal, paravertebral vein and intervertebral disc; instrument failure
which express implant breakage; and disc vacuum phenomenon
adjacent to fractured vertebra.

2.4. Statistical analysis
Data are presented as mean ± standard deviation. A paired Stu-
dent’s t-test and the Wilcoxon nonparametric test were used
to evaluate data changes before and after surgery. Statistical
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Table  1
Clinical demographic data of the patients.

Case Gender Age (years) Cause Level Classification
(Magerl/AO)

Injury-surgery
interval (days)

Blood loss
(ml)

CSC volume
(ml)

Operation time
(min)

CSC absorption
time (days)

Follow-up
(months)

1 F 19 Fall L1 A1.2 2 210 4 80 29 24
2  F 45 Fall L1 A1.2 3 260 3.8 70 55 26
3  F 30 Fall L1 A1.2 1 250 4 80 60 38
4  F 23 Fall L2 A3.1 4 220 4.3 80 45 23
5  M 38 MVA  L1 A1.3 6 300 4.2 86 36 24
6  F 60 Fall L1 A1.2 4 220 5 78 38 24
7  M 35 MVA  L1 A1.2 3 190 4.5 85 43 32
8  M 41 Fall L1 A3.1 2 250 4 68 50 19
9  F 37 Fall L1 A1.2 3 189 3.8 70 35 32
10  M 56 Fall L2 A1.3 3 267 4.6 89 45 22
11  F 43 MVA  L2 A1.2 10 250 4.8 90 40 18
12  M 56 Fall L1 A3.1 2 190 5 70 50 26
13  M 28 Fall T12 A1.2 4 200 3.6 68 45 32
14  M 41 Fall T12 A3.1 3 210 3.7 80 52 25
15  M 38 Fall T12 A1.2 2 260 4.8 80 35 30
16  F 56 Fall L3 A3.1 3 185 5 75 50 18
17  F 58 Fall T12 A1.2 3 200 4.5 76 45 24
18  M 52 Fall L1 A3.1 3 210 4 75 40 24
19  M 33 Fall L2 A1.3 3 198 3.9 75 36 14
20  F 51 Fall L2 A1.2 3 210 5.5 80 38 26
21  M 37 MVA  T12 A3.1 3 260 5 86 45 14
22  M 24 Fall L3 A1.2 2 220 4 66 50 22
23  M 30 Fall L2 A1.2 3 250 4.5 74 45 23
24  M 43 Fall L2 A1.2 3 200 4.7 64 39 24
25  F 60 MVA  L1 A1.2 6 250 5 78 39 25
26  F 51 MVA  L2 A3.1 1 200 4 68 40 22
27  M 36 Fall L2 A1.2 2 210 4.5 75 45 28
28  M 45 Fall T12 A3.1 3 198 4.3 78 38 19

5 223.5 ± 30.20 4.39 ± 0.49 76.57 ± 6.93 43.14 ± 6.92 24.2 ± 5.4
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Table 2
Radiographic data of the patients (mean ± standard deviation).

Variable Anterior body height (%) Local kyphosis degree (◦)

Preoperative 55.71 ± 15.29 22.23 ± 5.65
Postoperative 94.93 ± 5.39 2.67 ± 4.43
Final follow-up 88.43 ± 7.32 6.71 ± 4.95
Correction by surgery 39.21 ± 14.84a 20.55 ± 5.22a

Loss of correction at final 6.50 ± 3.89b 4.04 ± 1.91b

a Denotes a significant difference between the preoperative and postoperative
results (P < 0.001).
Mean  ± SD 41.64 ± 11.73 3.21 ± 1.7

: male; F: female; MVA: motor vehicle accident.

nalyses were performed using SPSS 15.0. The results were con-
idered significant at a level of P < 0.05.

. Results

.1. Clinical data

The mean operation time was 76.57 ± 6.93 min  (range: 64–90),
olume of CSC injected into the vertebral body was 4.39 ± 0.50 ml
range: 3.6–5), blood loss was 223.5 ± 30.20 ml  (range: 185–300).
he average follow-up time was 24.2 ± 5.4 months (range: 14–38).
he absorptive time of the CSC was 43.14 ± 6.92 days (range: 29–60;
able 1). No neurologic deficit was noted.

.2. Radiographic outcomes

The relative mean preoperative anterior body height was
5.71 ± 15.29% (range: 30–75%), which improved to 94.93 ± 5.39%
range: 78–99%) immediately after surgery (P < 0.001). There was a

ean correction of 39.21 ± 14.84% (range: 23–74%). However, the
eight had collapsed significantly to 88.43 ± 7.32% (range: 68–97%)
t final follow-up (P < 0.001). The average loss of height correction
as 6.50 ± 3.89% (range: 2–15%). From injury to final follow-up,
owever, there was still a statistically significant 32.71 ± 16.29%
range: 15–65%) correction (P < 0.001; Table 2).

The mean preoperative local kyphosis angle was 22.23 ± 5.65◦

range: 5–30◦), which was corrected to 2.67 ± 4.43◦ (range:
3–15◦) immediately after surgery (P < 0.001). The mean angle
ecame 6.71 ± 4.95◦ (range: 2–22◦) at final visit with a signifi-
ant difference compared with the immediate postoperative values

P < 0.001). Loss of kyphosis correction was 4.04 ± 1.91◦ (range:
–10◦). However, the mean angle at final follow-up still showed

 16.52 ± 5.97◦ (range: 2–25◦) correction from injury to final visit
ith a statistically significant difference (P < 0.001; Table 2).
b Denotes a significant difference between the postoperative and final results
(P  < 0.001).

The mean height of the intervertebral disc proximal to the frac-
tured vertebra was 9.87 ± 0.91 mm (range: 9–11.5) before surgery,
12.53 ± 0.98 mm (range: 11–14) at immediate postoperative time,
and 10.18 ± 1.21 mm (range: 8–13) at final visit. There was a
2.65 ± 0.95 mm (range: 2–5) height correction with a significant
difference between preoperative and immediate postoperative
values (P < 0.001). The loss of correction at final follow-up was
2.35 ± 1.15 mm (range: 0–4) with a significant difference compared
to immediate postoperative values (P < 0.001; Fig. 2A). There was
no significant difference between the mean height of the interver-
tebral disc distal to the fractured vertebra before and after surgery
(Fig. 2B).

3.3. Radiographic complications

Bone nonunion occurred in 7 patients. According to CT scans, the
shape of the fractured vertebrae was  restored immediately after
surgery, and the CSC was well filled into the body void. After a

mean of 43.14 days, the CSC was entirely absorbed. At an average
of 15 months after surgery, no obvious bone tissue was  observed
growing into the defect. Mean 8 months after implant removal, the
bone defect was  still present (Fig. 3).
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ig. 2. Height of the intervertebral disc proximal (A) and distal (B) to the fractured
ertebra. The asterisk (*) indicates a statistically significant difference (P < 0.001)
ompared with the value at immediate postoperative time.

Two patients suffered hardware failure with screw breakage.
e initially discovered that the screw was broken on one side at

he 12-month follow-up. The implant was left in situ owing to the
ack of any clinical symptoms, and was removed 18 months after
urgery (Fig. 4).
Nine patients suffered cement leakage. In detail, leakage into
djacent superior disc in 1 patient, paravertebral soft tissues in 5
atients, paravertebral veins in 2 patients, and spinal canal in 1
atient (Fig. 5).

ig. 3. CT scans of L1 compression fracture. A. Preoperative image showing type A1.2 frac
urgery. D. No bone tissue growing into the defect at final follow-up.
urgery & Research 101 (2015) 227–233

Ten patients had disc vacuum phenomenon (Fig. 6). Interverte-
bral disc in 8 patients, both proximal and distal intervertebral disc in
2 patients. The vacuum phenomenon emerged after CSC absorption
and disappeared at final follow-up.

4. Discussion

Injectable CSC is currently used to augment anterior column of
fractured vertebra [2,9]. In this study, although local kyphosis and
anterior vertebral body height demonstrated immediate improve-
ment after surgery, loss of correction at the final follow-up visit
was 4.04 ± 1.91◦ for local kyphosis, and 6.50 ± 3.89% for anterior
vertebral body height. The radiographic results were in agreement
with the data reported by others [2,9]. However, in these studies,
the authors did not explain the reasons for the correction loss. As
we know, transpedicular screw fixation plus grafting in fractured
vertebrae can restore vertebral body height. However, maintain-
ing body height requires a balance between bone healing and graft
reabsorption. If graft absorption occurs faster than new bone for-
mation, bone height will gradually collapse. Injectable CSC with its
biocompatible, biodegradable, and easily moldable properties, is
widely used as a filler for bone defects. However, one of the dis-
advantages of using it in vivo is that its resorption rate is faster
than the rate of new bone formation, which leads to the develop-
ment of immature bone in the bone defect [12,13]. According to the
results of our present research, CSC was  completely resorbed within
43.14 days, which was  in accordance with the literature [14], while
no obvious bone tissue had formed in the body void on CT. Fur-
thermore, the rapid resorption of CSC significantly influenced the
quantity of newly formed bone due to occupation of the bone defect
by avascular fibrous tissue [15], thus decreasing the mechanical
properties of the fractured vertebral body, and ultimately pro-
moting the loss of correction of local kyphosis and vertebral body
height.

When analysing the height of the adjacent vertebral disc, the
restoration of proximal disc height was not maintained at the final
evaluation. In our study, fractures were mainly type A3.1.1 and type
A1.2.1, characterized by proximal terminal vertebral plate injury
and the introjection of the adjacent disc into the vertebral body
[16]. Although the height of the vertebral body and adjacent verte-
bral disc were nearly restored, the CSC was rapidly resorbed and the
bone tissue did not form in the vertebral void, leading to reinstruc-
tion of the proximal intervertebral disc into the vertebral defect and

the loss of correction of the intervertebral disc. The latter is further
a main factor related to the loss of local kyphosis.

Complications associated with this technique were the spe-
cific focus in this study. Two  patients suffered hardware failure.

ture. B. The shape of the fractured vertebra was restored. C. CSC was absorbed after
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ig. 4. Radiograph and CT scans of L2 compression fracture. A. Preoperative image
urgery,  and the superior endplate collapsed. D. The bone defect existed and screw br
he  superior disc space gradually narrowed.

adiographs obtained during follow-up showed that the superior
isc space narrowed, and rapid resorption of the CSC without suffi-
ient formation of new bone tissue led to recurrence of insufficient
nterior column support. These factors increased the strength-
oading of the instrument and finally caused its failure. Nonunion
f the fractured vertebra occurred in 7 patients. In these patients,
SC was resorbed by 43 days postoperatively, and the disc could
e-enter the fractured vertebra through the injured endplate and
bliterate bone union [17]. In addition, the fibrous tissue occupying
he bone defect also inhibits bone union [15].

CSC leakage into the soft tissue, adjacent disc and paraverte-
ral veins was asymptomatic, which conformed to previous reports
f PMMA  leakage [18]. In this study, one patient suffered cement
eakage into the spinal canal with no neurologic deterioration

fter surgery. Analysis of the cement leakage into the spinal canal
howed that the compression was not serious and the cement
as completely absorbed soon after surgery. Unlike PMMA  with
igh polymerization temperature [6], CSC has a lower setting

Fig. 5. CSC leakage. A. Paravertebral soft tissues. B. Spinal canal. C. Paravertebra
ing type A3.1 fracture. B. CSC filled into the body defect. C. CSC was absorbed after
e occurred. E. Eight months after implant removal, the bone defect was  still present.

temperature, which incurs no obvious damage to the soft tissue,
although leakage into the spinal canal.

“Vacuum disc” is the accumulation of gas within the inter-
vertebral disc. The gas, containing 90–92% nitrogen, along with
oxygen, carbon dioxide, and traces of other gases, is usually a
direct product of the liberation of gas from the surrounding tis-
sue [19]. The vacuum phenomenon is usually seen in elderly
patients because of degenerative disc disease or osteoporotic ver-
tebral fracture [20]. One theory of the pathogenesis is cartilaginous
endplate degeneration, which interferes with disc nutrition and
aggravates intervertebral disc degeneration [21]. In our cohort of
patients with a mean age of 41.64 years, we  speculated that the
vacuum phenomenon was a consequence of vertebral fracture, in
which the intervertebral disc and the cartilaginous endplate were

damaged. In addition, CSC was  completely resorbed and thus the
endplate collapsed and interfered with disc nutrition, promoting
the disc degeneration and vacuum formation. As shown in Fig. 6C,
the vacuum formation may  also be closely associated with CSC

l vein. D. Intervertebral disc. The white arrows indicate cement leakage.
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ig. 6. The formation of the disc vacuum phenomenon. A. In proximal interverteb
ccompanying with CSC absorption.

iodegradation, which also promotes disc degeneration and leads
o loss of intervertebral height.

In summary, patients who underwent this technique had a loss
f correction of vertebral height and local kyphosis angle. In addi-
ion, complications such as bone nonunion, instrument failure,
ement leakage, and the disc vacuum phenomenon may  occur.
apid CSC resorption accounts for these radiographic outcomes

nd complications. Therefore, injectable CSC may  not be the ideal
ugmentation material for thoracolumbar compression fractures.
imitations of this study included its small sample size and the lack
f a control group; therefore, the results may  be biased.
c. B. In proximal and distal intervertebral disc. C. Vacuum phenomenon formation

Disclosure of interest

The authors declare that they have no conflicts of interest con-
cerning this article.

This research was supported by Henan Basic and Advanced
Technology Research Program (2015), China.
References

[1] Bai B, Jazrawi LM,  Kummer FJ, Spivak JM.  The use of an injectable, biodegrad-
able calcium phosphate bone substitute for the prophylactic augmentation of

http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0005
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0005
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0005
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0005
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0005
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0005
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0005
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0005
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0005
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0005
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0005
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0005
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0005
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0005
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0005
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0005
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0005
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0005
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0005
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0005
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0005
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0005
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0005
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0005


logy: S

[

[

[

[

[

[

[

[

[

[

[20] LaBan MM,  Zaidan S. Vacuum lumbosacral discs leaking nitrogen bubbles into
B.X. Bu et al. / Orthopaedics & Traumato

osteoporotic vertebrae and the management of vertebral compression frac-
tures. Spine 1999;24(15):1521–6.

[2] Liao JC, Fan KF, Keorochana G, Chen WJ,  Chen LH. Transpedicular graft-
ing after short-segment pedicle instrumentation for thoracolumbar burst
fracture: calcium sulfate cement versus autogenous iliac bone graft. Spine
2010;35(15):1482–8.

[3] Dong SH, Chen HN, Tian JW,  Xia T, Wang L, Zhao QH, et al. Effects of
minimally invasive percutaneous and trans-spatium intermuscular short-
segment pedicle instrumentation on thoracolumbar monosegmental vertebral
fractures without neurological compromise. Orthop Traumatol Surg Res
2013;99(4):405–11.

[4] McLain RF, Sparling E, Benson DR. Early failure of short-segment pedicle instru-
mentation for thoracolumbar fractures. A preliminary report. J Bone Joint Surg
Am  1993;75(2):162–7.

[5] Tsai YW,  Hsiao FY, Wen  YW,  Kao YH, Chang LC, Huang WF,  et al. Clini-
cal  outcomes of vertebroplasty or kyphoplasty for patients with vertebral
compression fractures: a nationwide cohort study. J Am Med  Dir Assoc
2013;14(1):41–7.

[6] Belkoff SM,  Molloy S. Temperature measurement during polymeriza-
tion  of polymethylmethacrylate cement used for vertebroplasty. Spine
2003;28(4):1555–9.

[7] Nieuwenhuijse MJ,  Putter H, van Erkel AR, Dijkstra PD. New vertebral fractures
after percutaneous vertebroplasty for painful osteoporotic vertebral compres-
sion  fractures: a clustered analysis and the relevance of intradiskal cement
leakage. Radiology 2013;266(3):862–70.

[8] Perry A, Mahar A, Massie J, Arrieta N, Garfin S, Kim C. Biomechanical evalua-

tion of kyphoplasty with calcium sulfate cement in a cadaveric osteoporotic
vertebral compression fracture model. Spine J 2005;5(5):489–93.

[9] Liao JC, Fan KF, Chen WJ,  Chen HL. Posterior instrumentation with transpedic-
ular calcium sulphate graft for thoracolumbar burst fracture. Int Orthop
2009;33(6):1669–75.

[

urgery & Research 101 (2015) 227–233 233

10] Magerl F, Aebi M,  Gertzbein SD, Harms J, Nazarian S. A comprehensive classifi-
cation of thoracic and lumbar injuries. Eur Spine J 1994;3(4):184–201.

11] Tian JW,  Wang L, Xia T, Liu CY, Zhao QH, Dong SH. Posterior short-
segmental fixation combined with intermediate screws vs conventional
intersegmental fixation for monosegmental thoracolumbar fractures. Ortho-
pedics 2011;34(8):e389–96.

12] Walsh WR,  Morberg P, Yu Y, Yang JL, Haggard W,  Sheath PC, et al. Response
of a calcium sulfate bone graft substitute in a confined cancellous defect. Clin
Orthop Relat Res 2003;406(1):228–36.

13] Hu GF, Xiao LW,  Fu H, Bi D, Ma H, Tong P. Study on injectable and degradable
cement of calcium sulphate and calcium phosphate for bone repair. J Mater Sci
Mater Med  2010;21(2):627–34.

14] Parikh SN. Bone graft substitutes in modern orthopedics. Orthopedics
2002;25(11):1301–9.

15] Hing KA, Wilson LF, Buckland T. Comparative performance of three ceramic
bone substitutes. Spine J 2007;7(4):475–90.

16] Defino HL, Canto FR. Low thoracic and lumbar burst fractures: radiographic and
functional outcomes. Eur Spine J 2007;16(11):1934–43.

17] Oner FC, Van der Rijt RR, Ramos LM,  Dhert WJ,  Verbout AJ. Changes in the
disc space after fractures of the thoracolumbar spine. J Bone Joint Surg Br
1998;80(5):833–9.

18] Laredo JD, Hamze B. Complications of percutaneous vertebroplasty and their
prevention. Skeletal Radiol 2004;33(9):493–505.

19] Sarli M,  Pérez Manghi FC, Gallo R, Zanchetta JR. The vacuum cleft sign: an
uncommon radiological sign. Osteoporos Int 2005;16:1210–4.
spinal fluid. Am J Phys Med  Rehabil 2011;90(1):87.
21] Li FC, Zhang N, Chen WS,  Chen QX. Endplate degeneration may be the orig-

ination of the vacuum phenomenonin intervertebral discs. Med  Hypotheses
2010;75(2):169–71.

http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0005
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0005
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0005
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0005
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0005
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0005
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0005
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0005
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0005
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0005
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0005
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0005
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0005
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0005
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0010
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0010
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0010
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0010
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0010
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0010
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0010
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0010
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0010
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0010
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0010
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0010
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0010
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0010
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0010
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0010
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0010
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0010
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0010
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0010
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0010
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0010
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0010
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0010
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0010
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0010
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0010
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0010
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0010
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0010
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0010
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0010
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0010
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0015
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0015
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0015
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0015
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0015
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0015
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0015
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0015
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0015
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0015
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0015
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0015
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0015
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0015
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0015
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0015
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0015
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0015
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0015
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0015
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0015
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0015
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0015
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0015
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0015
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0015
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0015
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0015
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0015
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0015
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0015
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0015
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0015
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0015
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0015
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0015
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0015
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0015
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0015
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0015
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0015
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0020
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0020
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0020
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0020
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0020
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0020
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0020
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0020
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0020
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0020
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0020
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0020
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0020
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0020
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0020
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0020
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0020
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0020
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0020
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0020
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0020
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0020
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0020
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0020
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0020
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0020
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0020
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0025
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0025
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0025
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0025
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0025
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0025
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0025
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0025
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0025
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0025
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0025
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0025
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0025
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0025
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0025
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0025
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0025
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0025
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0025
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0025
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0025
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0025
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0025
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0025
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0025
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0025
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0025
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0025
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0025
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0025
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0025
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0025
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0025
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0025
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0025
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0025
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0025
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0025
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0025
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0030
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0030
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0030
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0030
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0030
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0030
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0030
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0030
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0030
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0030
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0030
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0030
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0030
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0030
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0030
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0030
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0030
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0030
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0030
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0035
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0035
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0035
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0035
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0035
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0035
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0035
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0035
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0035
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0035
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0035
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0035
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0035
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0035
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0035
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0035
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0035
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0035
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0035
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0035
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0035
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0035
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0035
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0035
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0035
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0035
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0035
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0035
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0035
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0035
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0035
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0035
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0035
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0035
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0035
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0035
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0040
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0040
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0040
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0040
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0040
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0040
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0040
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0040
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0040
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0040
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0040
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0040
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0040
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0040
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0040
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0040
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0040
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0040
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0040
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0040
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0040
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0040
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0040
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0040
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0040
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0040
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0040
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0040
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0040
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0040
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0040
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0040
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0040
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0040
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0045
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0045
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0045
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0045
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0045
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0045
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0045
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0045
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0045
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0045
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0045
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0045
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0045
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0045
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0045
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0045
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0045
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0045
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0045
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0045
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0045
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0045
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0045
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0045
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0045
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0050
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0050
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0050
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0050
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0050
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0050
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0050
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0050
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0050
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0050
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0050
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0050
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0050
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0050
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0050
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0050
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0050
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0050
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0050
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0050
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0050
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0050
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0050
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0050
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0050
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0055
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0055
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0055
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0055
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0055
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0055
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0055
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0055
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0055
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0055
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0055
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0055
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0055
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0055
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0055
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0055
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0055
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0055
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0055
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0055
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0055
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0055
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0055
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0055
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0055
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0055
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0055
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0055
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0055
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0055
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0055
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0055
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0055
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0060
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0060
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0060
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0060
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0060
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0060
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0060
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0060
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0060
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0060
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0060
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0060
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0060
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0060
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0060
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0060
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0060
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0060
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0060
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0060
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0060
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0060
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0060
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0060
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0060
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0060
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0060
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0060
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0060
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0060
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0060
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0060
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0060
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0060
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0065
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0065
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0065
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0065
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0065
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0065
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0065
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0065
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0065
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0065
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0065
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0065
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0065
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0065
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0065
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0065
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0065
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0065
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0065
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0065
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0065
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0065
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0065
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0065
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0065
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0065
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0065
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0065
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0065
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0065
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0065
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0065
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0065
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0065
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0065
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0070
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0070
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0070
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0070
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0070
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0070
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0070
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0070
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0070
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0070
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0070
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0070
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0075
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0075
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0075
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0075
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0075
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0075
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0075
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0075
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0075
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0075
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0075
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0075
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0075
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0075
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0075
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0075
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0075
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0075
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0080
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0080
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0080
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0080
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0080
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0080
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0080
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0080
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0080
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0080
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0080
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0080
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0080
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0080
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0080
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0080
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0080
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0080
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0080
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0080
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0085
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0085
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0085
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0085
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0085
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0085
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0085
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0085
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0085
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0085
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0085
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0085
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0085
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0085
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0085
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0085
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0085
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0085
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0085
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0085
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0085
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0085
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0085
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0085
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0085
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0085
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0085
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0085
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0085
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0085
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0085
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0090
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0090
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0090
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0090
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0090
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0090
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0090
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0090
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0090
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0090
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0090
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0090
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0090
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0090
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0090
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0090
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0095
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0095
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0095
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0095
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0095
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0095
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0095
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0095
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0095
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0095
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0095
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0095
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0095
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0095
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0095
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0095
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0095
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0095
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0095
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0095
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0095
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0095
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0100
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0100
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0100
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0100
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0100
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0100
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0100
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0100
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0100
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0100
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0100
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0100
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0100
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0100
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0100
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0100
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0100
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0100
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0100
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0105
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0105
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0105
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0105
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0105
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0105
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0105
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0105
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0105
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0105
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0105
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0105
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0105
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0105
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0105
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0105
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0105
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0105
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0105
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0105
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0105
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0105
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0105
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0105
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0105
http://refhub.elsevier.com/S1877-0568(15)00047-X/sbref0105

	Short-segment posterior instrumentation combined with calcium sulfate cement vertebroplasty for thoracolumbar compression ...
	1 Introduction
	2 Subjects and methods
	2.1 Subjects
	2.2 Surgical procedures
	2.3 Radiographic evaluations
	2.4 Statistical analysis

	3 Results
	3.1 Clinical data
	3.2 Radiographic outcomes
	3.3 Radiographic complications

	4 Discussion
	Disclosure of interest
	References


