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Objective: To evaluate the feasibility, clinical efficacy and imaging results of preoperative
traction (PT) followed by percutaneous kyphoplasty (PKP) combined with percutaneous
cement discoplasty (PCD) for treating severe thoracolumbar osteoporotic vertebral compres-
sion fractures (OVCFs).

Methods: A total of 13 patients with severe thoracolumbar OVCFs treated by PT followed
by PKP combined with PCD were enrolled. General information, PT time, operation time,
postoperative hospital stay, perioperative complications, visual analog scale (VAS) score,
Oswestry disability index (ODI) score, local kyphosis angle, intervertebral angle (IVA),
anterior vertebral height (AVH) and posterior vertebral height (PVH) were recorded.
Results: The average VAS score at admission was 7.4+3.5, decreased to 4.3+1.7 after PT
and 2.3£0.7 three days after operation, and 1.5+0.9 at last follow-up. The average ODI score
was 73.7£21.4 before operation, decreased to 26.6+9.3 three days after operation and 13.7
+7.1 at last follow-up. Compared to VAS and ODI scores at admission, these at the third day
after operation and last follow-up were significantly different. At admission, the IVA was
3.4°+6.8°, the disc height was 5.7£1.2mm, the AVH was 10.7£3.2mm, and the PVH was
25.744.2 mm, which, after PT, changed to 8.1°+7.3°, 8.6+£2.6mm, 18.5+2.8mm, and 26.2
+7.1mm, respectively, and the differences were significant. The average kyphotic angle was
43.4°+17.8° at admission, and decreased to 26.3°+6.7° after PT, 17.5°+£8.4° three days after
operation and 19.1°+10.3° at last follow-up, and the differences were significant.
Conclusion: PT followed by PKP combined with PCD for the treatment of severe thor-
acolumbar OVCFs was an effective and simple procedure with satisfactory short-term
clinical outcomes by relieving pain and improving kyphosis.

Keywords: osteoporosis, spinal fracture, kyphosis, traction, percutaneous kyphoplasty,
percutaneous cement discoplasty

Introduction

Osteoporotic vertebral compression fractures (OVCFs) are the most common
pathological fractures caused by osteoporosis. The thoracolumbar segment under
greater pressure is located between the rigid thoracic vertebrae and the lumbar

vertebrae with a large range of motion, and is the most likely site for spinal
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fractures.' Clinically, severe OVCFs or continuous multi-
segmental OVCFs usually occur at the thoracolumbar
junction, leading to kyphosis. Secondary kyphosis often
causes a series of problems, such as local pressure con-
centration, fatigue and pain, and adjacent vertebrae
fractures.” For this, surgical treatment is usually required
to relieve symptoms and improve kyphosis.

Traditional open surgery not only requires osteotomy
to correct kyphosis but also requires extended segmental
fixation and/or bone cement reinforcement to improve
fixation strength, leading to increased hospitalization
costs and complications.* Percutaneous kyphoplasty
(PKP) has a direct effect on the stabilization and pain
relief of the fractured vertebrae, with the advantages of
minor trauma and early ambulation, but its roles in cor-
recting kyphosis are poor and the incidence of bone
cement leakage during the treatment of severe OVCFs
and kyphosis is high.>® For OVCFs with disc and endplate
injury, PKP cannot effectively relieve pain and prevent the
aggravation of kyphosis, and thus it might not be an
effective method to treat severe OVCFs with kyphosis.’
As an emerging minimally invasive surgery, percutaneous
cement discoplasty (PCD) has achieved satisfactory clin-
ical results in the treatment of discogenic pain in the
elderly and correction of degenerative scoliosis, which
has aroused strong people’s attention and has gradually
been used in clinical practice.® '

In the treatment of severe spinal deformity, preopera-
tive traction (PT) can effectively reduce the degree of
deformity and the difficulty of operation.''™"® PT can
loosen the contracture of the muscles and ligaments
around the fractured vertebral body, partially restore the
height of the vertebral body, increase the intervertebral
space and the intervertebral angle, thereby improving the
kyphosis. In addition, PT, as a simple and practical mea-
sure for the treatment of cervical spondylosis and lumbar
disc herniation syndrome, can effectively relieve symp-

toms, reduce the use of drugs, and delay or even avoid

surgery. 14-18

In order to make up for the deficiency of open surgery
and PKP in the treatment of severe thoracolumbar OVCFs,
PT followed by PKP combined with PCD was used to treat
severe thoracolumbar OVCFs. We performed this retro-
spective analysis of 13 cases with severe thoracolumbar
OVCFs treated by PT followed by PKP combined with
PCD to evaluate the feasibility, clinical efficacy and ima-
ging results of this treatment method.

Materials and Methods

This study was conducted in accordance with the declara-
tion of Helsinki. This study was conducted with approval
from the Ethics Committee of Xuzhou Central Hospital.
Written informed consent was obtained from the partici-
pants or their family members.

Subjects
From September 2017 to October 2019, 20 cases of severe
thoracolumbar OVCFs with kyphosis were treated in our
department. All patients received the treatment of PT
followed by PKP combined with PCD. Thirteen cases
with complete follow-up data and the follow-up time of
more than 12 months were retrospectively analyzed. Of
the 13 cases, 5 were males and 8 were females, with an
average age of 71.3 years old. Six patients had no obvious
history of trauma and 7 patients had a history of minor
trauma, which were caused by a fall for 3 cases and lifting
heavy objects for 4 cases, with an average ill course of
15.5 days (2—70 days). All patients had at least one ver-
tebral compression fracture in the range of T10-L3, the
compression rate was more than 75%, and grade 3 of
Classification.'” The bone

(BMD) was measured by dual-energy X-ray absorptiome-

Genant mineral density
try (DXA). The baseline demographics of the patients are
shown in Table 1.

Surgical indications: D osteoporosis was diagnosed by
DXA BMD (T value < —2.5); @ OVCFs in the T10-L3
segment with compression rate more than 75%, and grade
3 of Genant Classification,'® were identified as fresh frac-
ture or fracture nonunions by MRI; @3 pathological frac-
tures diseases, such as

caused by other tumor,

hematological diseases, inflammation, etc., were excluded.

PT

All patients were treated with lumbar traction firstly after
admission to hospital. The traction weight was about one-
fifth of the body weight, and a soft pillow was placed at
the top of the kyphosis to maintain a mild hyperextension
position. The bedside X-ray was performed every three
days, and the timing of surgery was determined by the
effects of traction. The traction procedure generally lasted
for 3—6 days. The traction method is shown in Figure 1.

Evaluation Index
The baseline parameters, clinical outcomes and imaging
results of the patients were recorded.
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Table 1 Summary of Demographics in 13 Patients with OVCFs and Kyphosis at Thoracolumbar Spine

Patient Gender/ Disease Fracture BMD Traction Operation Stay of Follow-Up

Number Age Course Level (T-Valuelg/ Duration Duration Hospital Duration

(Days) cm?2) (Days) (Minutes) (Days) (Months)

| M/73y 2 TI0-11 —2.6/ 0.703 3 60 8 13

2 M/69y TIO —3.4/0.642 7 105 10 18

3 M/8ly I TIHI-12 —2.5/0.712 5 85 9 20

4 M/7ly 33 TII —2.8/0.672 4 75 I 16

5 M/76y TI2 —2.8/0.672 5 65 15 15

6 Fl6ly 6 LI —=3.1/0.621 9 60 10 17

7 F/65y TI2-LI —4.0/0.0.634 8 75 14 23

8 Fi77y 70 TI2-LI —3.6/0.613 6 80 13 21

9 Fi72y I5 LI-2 —2.9/0.703 7 100 16 14

10 F/65y I5 LI —2.7/0.793 6 95 12 13

I F/69y 4 L2 —3.3/0.633 5 90 14 16

12 F/78y 8 LI-2 —2.8/0.672 4 85 I 18

13 F/70y 25 L2 —2.6/0.703 6 70 9 15

Abbreviations: M, male; F, female; y, years old; OVCFs, osteoporosis vertebral compression fractures; BMD, bone mineral density.

The baseline parameters included sex, ages, duration of
symptoms, PT time, operation time, postoperative hospital
stay and complications.

Clinical outcomes: the visual analog scale (VAS) scores
and Oswestry disability index (ODI) scores were recorded on
admission, three days after operation and at the last follow-up.

Imaging results: BMD was measured by DXA. Magnetic
resonance imaging (MRI) was performed before operation to
confirm the diagnosis. X-ray and two-dimensional computed
tomography scans (2D-CT) examination of thoracolumbar
segment and the whole spine. 2D-CT were performed before

operation, three days after operation and at the last follow-up.
The local kyphosis angle, the vertebral wedge angle, interver-
tebral angle (IVA), the anterior vertebral height (AVH) and
posterior vertebral height (PVH) were recorded on admission,
after traction, and at the last follow-up. The distribution of
bone cement in vertebral body and inter-vertebral disc was
observed.

Surgical Procedure
All operations were performed under general anesthesia.
The patients took a prone position and the operating bed

<o "t“"..- L B4
i\ < "~

Figure | Preoperative traction (PT) using lumbar traction apparatus for the treatment of severe thoracolumbar osteoporotic vertebral compression fractures (OVCFs).
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was adjusted to make the thoracolumbar segment in a mild
hyperextension. For the cases refractory to the postural
reduction and traction, intraoperative traction using trac-
tion bed under general anesthesia was performed
(Figure 2).

The extrapedicular approach was used for all cases,
and we adopted the approach introduced by Song Wang
et al to perform percutaneous intervertebral bridging
cementoplasty.?’

Firstly, the fractured vertebrae was punctured, the dis-
tance and angle between the needle tip and the midline
was confirmed by the cross-section CT imaging. The
puncture was performed using extrapedicular approach to
keep the puncture needle in the center of the vertebral
body and make it stop at the anterior cortex of the verteb-
ral body. Then, the balloon was implanted into the verteb-
ral body and dilated, and the cement was injected.

Secondly, the working channel was shifted cranially,
the puncture needle was inserted into the upper interver-
tebral space through the upper endplate and aimed at the
anterior part of the inter-vertebral space. Then, the cement
was injected into the space. Meanwhile, the channel was
moved back to the vertebral body, allowing the cement to
connect the disc space with the body.

Thirdly, the working channel was shifted caudally, the
puncture needle was inserted into the lower intervertebral
space through the endplate, and aimed at the anterior part
of the inter-vertebral space. Then, the cement was injected
into the space. Meanwhile, the channel was moved back to

the vertebral body, allowing the cement to connect the disc
space with the body.

Last but not least, the adjacent upper and lower vertebral
space of the injured vertebrae were accomplished with per-
cutaneous vertebroplasty by the extrapedicular approach.

Results

All 13 patients were followed up for 13 to 23 months, with
an average follow-up of 16.84 months, and the complete
data was obtained. No serious complications occurred
during the perioperative period. The average time of PT
was 6 days (3-9 days), the average operation time was
75.3 £21.4 minutes (60-105 minutes), and the average
hospital stay was 11 days (8—16 days). The average VAS
score was 7.4+3.5 on admission, decreased to 4.3+1.7 after
traction, to 2.3+0.7 three days after operation, and to 1.5
+0.9 at the last follow-up. The average ODI score was 73.7
+21.4 before operation, decreased to 26.6+9.3 three days
after operation, and to 13.7+7.1 at the last follow-up.
Compared with those on admission, there were significant
differences in VAS score and ODI score three days after
operation and at the last follow-up (P < 0.05).

Compared with those on admission, after traction, the
IVA changed from 3.4°+6.8° to 8.1£7.3°, the disc height
changed from 5.7+1.2mm to 8.6+2.6mm, the AVH changed
from 10.7£3.2mm to 18.5+2.8mm, and the PVH changed
from 25.744.2 mm to 26.2+7.1mm. There were significant
differences in IVA, the disc height, AVH and PVH between
on admission and after traction (P<0.05) (Table 2).

Figure 2 Intraoperative traction using traction bed under general anesthesia for the case refractory to the postural reduction and preoperative traction (PT).
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Table 2 Imaging Outcomes in |13 Patients at Admission and After Traction

Kyphotic Angle IVA Disc Height AVH PVH
At admission 43.4+17.8 3.4+6.8 5.7x1.2 10.7£3.2 25.7+4.2
After traction 26.3+6.7* 8.1+7.3* 8.6+2.6* 18.5+2.8* 26.247.1

Note: *Compared with those at admission, using paired t-tested, P<0.05.

Abbreviations: VA, intervertebral angle; AVH, anterior vertebral height; PVH, posterior vertebral height.

On admission, the average kyphotic angle was 43.4°
+17.8°, decreased to 26.3°+6.7° after traction, to 17.5°
+8.4° three days after operation, and to 19.1°+10.3° at
the last follow-up. Compared with that on admission,
there were significant differences in the kyphotic angle
after traction, three days after operation and at the last
follow-up (P < 0.05) (Table 3). A typical case is shown in
Figure 3.

Discussion

Thoracolumbar junction is located between the lumbar
vertebrae with high range of motion and the stiff thoracic
vertebrae, where the pressure is most concentrated, and
thus it is the most common site of spinal fracture. It is
reported that most of OVCFs occurs in the thoracolumbar
spine,® and it is also not rare that multiple vertebral frac-
tures occur simultaneously. In this area, consecutive multi-
ple vertebral compression fractures or severe compression
fracture of a single vertebral body inevitably lead to local
kyphosis. The kyphosis not only increases the probability
of adjacent vertebral fracture but also brings a series of
problems, such as muscle fatigue, chronic low back pain,
indigestion, shorter height, etc.

Due to the difficulty of operation and the high rate of
the cement leakage, it has been considered that severe
OVCFs with kyphosis is a relative contraindication for
PVP and PKP?'?? With the advancement of puncture
technologies, many scholars have applied PVP or PKP to
this special type of fracture. However, although PVP or
PKP can relieve the pain caused by fracture, it cannot
correct the secondary kyphosis, let alone complications

caused by kyphosis, such as muscle fatigue, chronic pain,
and so on.>*?° Additionally, some studies suggest that,
OVCFs, like vertebral fractures caused by trauma, are
often complicated with intervertebral disc and cartilage
endplate injuries. If these complicated injuries are ignored,
postoperative pain symptoms cannot be completely
relieved, and the kyphosis would be gradually aggravated
due to the cartilage endplate and intervertebral disc inju-
ries, which cannot be prevented by vertebroplasty.”’~® In
addition to minimally invasive treatment, some scholars
use osteotomy and internal fixation to fix compressed
fractures and correct kyphosis. In order to improve fixing
strength, long-segment fixing or cement-enhanced screws
are required. However, this surgical approach is highly
traumatic and expensive, and the incidence of periopera-
tive complications is also very high.

PCD was first proposed by Varga in 2014 for the
treatment of low back pain caused by degeneration of
lumbar intervertebral disc in the elderly, with satisfactory
clinical effects.® In recent years, some scholars have
utilized this method to treat the degenerative diseases
of lumbar and achieved good clinical outcomes.”'
Since 2015, Song Wang et al’® have used percutaneous
intervertebral bridging cementoplasty (PIBC) to treat
thoracolumbar adjacent multi-segmental vertebral com-
pression fractures with intervertebral disc-endplate com-
plex injury. Through the bridging effect of bone cement,
the compressed vertebral body and the injured interver-
tebral disc-endplate complex are fixed together to
achieve the purpose of analgesia and stabilization of
the vertebral body. After an average of 29.9 months of

Table 3 Clinical and Imaging Outcomes in |3 Patients at Admission, After Traction, 3 Days After Operation and at the Last Follow Up

At Admission

After Traction

3 Days After Operation

Last Follow-Up

VAS
oDl
Kyphotic angle (°)

7.4£3.5
73.7£21.4
43.4%17.8

4.3%1.7% 2.3+0.7% 1.5£0.9*
N/A 26.6+9.3*% 13.7£7.1%
26.3+6.7% 17.5£8.4* 19.1£10.3%

Note: *Compared with those at admission, using paired t-tested, P<0.05.
Abbreviations: VAS, visual analog scale; ODI, Oswestry disability index.
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Figure 3 A 72-years old female with severe osteoporotic vertebral compression fractures (OVCFs) and kyphosis at L1-2 treated with preoperative traction (PT) followed
by percutaneous kyphoplasty (PKP) combined with percutaneous cement discoplasty (PCD). (A) Lateral X-ray at admission demonstrated L1-2 severe OVCFs, and the local
kyphosis angle was 46.6°; (B) magnetic resonance imaging (MRI) at admission showed severe compressed and subacute fracture of L1-2, with effusion formation in the LI
body; (C) After traction of 6 days, the lateral X-ray showed the disc height was increased and the local kyphosis angle was decreased to 21.2°; (D) After intraoperative
traction using traction bed under general anesthesia, the fluoroscopic image showed the disc height was increased, the height of L1 vertebral body was restored, and the
local kyphosis angle was decreased to 18.5°% (E) After operation, the lateral X-ray showed the bone cement leakage at intervertebral foramen and in front of the
intervertebral space, the local kyphosis angle was 10.7°; (F) two-dimensional computed tomography scans (2D-CT) at the final follow up duration showed the local kyphosis
angle was 12.0°, and the bone cement maintain at the original position.

6568 e International Journal of General Medicine 2021:14

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove

Xue et al

clinical follow-up, none of 32 cases experienced bone
cement displacement and fracture, and they obtained
lasting fixation strength of the fixed segments, which
indicated that PIBC was an effective minimally invasive
method for the treatment of continuous multi-segmental
compression fractures of thoracolumbar vertebrae.

Lumbear traction has been widely used in the treatment
of lumbar disc herniation and spinal deformity. In the
treatment of lumbar disc herniation, lumbar traction
expands the intervertebral space by tightening the struc-
tures such as intervertebral disc fibrous annulus and liga-
ment to reduce the pressure on the nerve roots. In the
treatment of spinal deformity, traction is usually used to
do the preoperative preparation. For the stiffness of defor-
mity, strong traction is usually required. For example,
various types of bone traction are needed to reduce defor-
mities, thereby reducing the difficulty and risk of the final
orthopedic operation. In this study, all patients underwent
lumbar traction before operation, and their spines were
placed in an overextended position with a soft pillow on
the top of kyphosis to restore vertebral height and reduce
kyphosis.>” At the same time, bedside X-ray examination
was conducted every 3 days to confirm the effect of trac-
tion. The kyphosis and vertebral height were partially
corrected after traction in all patients. Among them, 9
patients significantly improved the height of the compres-
sion vertebral body, while the other 4 patients did not. For
the 4 cases, although there was no significant change in the
height of the vertebral body before and after traction, the
height of intervertebral space significantly increased, and
the intervertebral angle was significantly improved, which
is of positive significance for the improvement of
kyphosis.

In this study, all 13 patients were followed up for more
than 1 year. The VAS scores and ODI scores of all patients
were significantly improved after operation and at the last
follow-up, and there were no serious complications. The
results of imaging examination showed that the thoraco-
lumbar kyphosis was significantly improved, compared
with that before operation, and the local kyphosis angle
did not increase significantly at the last follow-up.
A comprehensive approach was used to treat severe thor-
acolumbar OVCFs with kyphosis for all patients. First of
all, preoperative hyperextension traction could partially
restore the height of compressed vertebral body, and
opened the deformed intervertebral disc complex and ante-
rior longitudinal ligament, partially restored height of the
narrowed intervertebral space, and improved the angle of

intervertebral kyphosis, even becoming lordosis. The
restoration of vertebral height combined with the change
of intervertebral space can reduce the degree of local
kyphosis, thereby reducing the difficulty of operation and
restoring the physiological curvature of the spine. During
the operation, the compressed vertebral body was further
expanded by balloon, and then bone cement was implanted
in the intervertebral space and vertebral body, which could
effectively relieve pain caused by fracture and kyphosis.
The bone cement bridged the disc space and vertebral
body could effectively maintain the supporting effect of
the anterior column, and the long-term effect was
satisfactory.

Bone cement leakage is the most common complica-
tion of PKP, and various consequences caused by the
leakage have been widely reported in the literature.***
However, there are few literatures on the leakage of bone
cement caused by PCD. On the one hand, the number of
related literatures about PCD are quite limited and no
literatures on bone cement leakage have been found; on
the other hand, the compact and intact annulus fibrosus
around the intervertebral disc can effectively avoid the
leakage of bone cement. However, in this study, the inci-
dence of cement leakage in the intervertebral space was
higher (7, 21), and it mainly occurred in front of the
intervertebral space. Continuous hyperextension traction
before surgery could release the contracture annulus or
even the anterior longitudinal ligament in front of the
intervertebral disc, which could effectively relieve kypho-
sis, but it might lead to fissures in the anterior annulus.
When PCD was performed, bone cement was likely to leak
from the anterior fissures. However, further clinical fol-
low-up observations are still needed to confirm whether
such leakage does any harm to the body.

So far, there has been no related literature reporting
whether PCD can increase the risk of vertebral fracture.
Obviously, bone cement implantation can improve the
mechanical strength and stiffness of intervertebral disc,
and might increase the risk of OVCFs at the adjacent

se gmen‘t.zg’3 !

However, in this study, the procedure
might have a dual role on the biomechanics of the adjacent
vertebral body. On the one hand, the increase of disc
stiffness might increase the risk of adjacent vertebral frac-
ture; on the other hand, the procedure could significantly
improve local kyphosis, reduce local stress concentration,
and thus it might reduce the risk of clinical vertebral
fracture. All cases in this study experienced osteoporosis,

so prophylactic vertebroplasty was performed on the
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adjacent vertebrae to reduce the risk of fracture. Due to the
limited follow-up time in our study, in the future, it is
necessary to extend the follow-up time to determine the
impact of this operation on adjacent vertebrae and whether
prophylactic vertebroplasty is necessary.

There are some limitations in our study. First of all, the
sample size of this study is small and the follow-up time is
short. Therefore, a larger sample size and longer follow-up
time are required to further evaluate the clinical efficacy of
this surgical method. Secondly, as a retrospective study, it
might need to be compared with minimally invasive sur-
geries, such as PKP or open surgeries like corrective osteot-
omy. Thirdly, the time of treatment in this study is long.
Patients should stay in bed for about one week before
operation, which prolongs the hospitalization days and
increases the cost of treatment. Precautions must be taken
to prevent complications, such as thrombosis, urinary tract
infection, ileus, pneumonia, etc., caused by long-term bed-
ridden. Last but not least, adjacent vertebral fracture is one
of the most common complications after vertebroplasty.
The multi-segmental vertebroplasty combined with disco-
plasty technique used in this study might have obvious
biomechanical effects on adjacent vertebrae, which might
increase the risk of vertebral fracture, and thus close follow-
up observation is required.

Conclusion

Severe thoracolumbar OVCFs are common in clinical
practice, the operation is difficult, and the incidence of
complications is high. Preoperative lumbar traction and
intraoperative PKP combined with PCD could effectively
restore vertebral height and improve kyphosis and achieve
satisfactory clinical outcomes after a short-term follow-up,
which is a safe, effective, easy-to-operate and minimally
invasive surgical strategy for the treatment of severe thor-
acolumbar OVCFs. In addition, a large sample and long-
term multicenter clinical study is still needed to further
clarify the effectiveness and safety of this treatment.

Disclosure
The authors report no conflicts of interest in this work.
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