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ABSTRACT

Objective: To compare the efficacies of unilateral and bilateral percutaneous kyphoplasty (PKP) in the treatment of
thoracolumbar osteoporotic compression fractures.

Study Design: Experimental study.

Place and Duration of Study: Department of Orthopedics, Hubei 672 Orthopedics Hospital of Integrated Chinese and
Western Medicine, China, from November 2014 to January 2017.

Methodology: One hundred and seventy-eight patients with single-level thoracolumbar osteoporotic compression
fractures included in this study. These patients were randomly assigned to unilateral (n=83) and bilateral (n=95) PKP
groups. The operation time, bone cement volume, number of X-ray views, preoperative and postoperative pain visual
analogue scale scores (VAS), Oswestry Dysfunction Index (ODI), Cobb angle, and vertebral height in both groups were
recorded.

Results: Operation time, bone cement volume and intraoperative number of X-ray views were significantly different
between unilateral and bilateral PKP groups (29.8 +2.7 vs. 31.5 3.9 minutes; 9.3 2.6 vs. 11.2 £3.7 times; 3.1 £0.7 vs.
3.5 £1.2 ml, respectively, p <0.05). VAS scores and ODI in both groups were significantly different before and 24 hours,
3 months and 6 months after surgery. The heights of anterior and middle borders of vertebral body and Cobb angle in the
two groups were significantly different before and after surgery (p <0.05).

Conclusion: The short-term efficacy was identical between unilateral and bilateral PKP. The unilateral PKP is characterized
by short operation time, low hospital cost, less number of X-ray views and less bone cement volume. The unilateral PKP
shows a higher risk of re-fracture of adjacent vertebral body compared with the bilateral PKP.

Key Words: Percutaneous kyphoplasty, Unilateral puncture, Bilateral puncture, Osteoporotic compression fractures, Visual analogue
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INTRODUCTION

Osteoporosis is a metabolic bone disease characterised
by bone loss and bone microstructure changes. The pre-
valence of postmenopausal osteoporosis is estimated to
be 40-60% in women aged 70 years, and 60-75% in
women aged more than 80 years old.".2 Osteoporotic
vertebral compression fractures (OVCFs) are the most
common form of osteoporotic fractures, especially in
elderly women over the age of 60 years, which are most
common in the thoracolumbar spine (T11-L2).3

Conventional treatments include conservative treatment
and open surgery. Conservative treatment includes bed
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rest, analgesia, brace protection and physical therapy.
Usually, symptoms can be relieved in 2/3 patients after 4
weeks of conservative treatment.4 However, approximately
one-third patients still suffer from chronic intractable
pain.5 Conservative treatment time is long, and the
curative effect is uncertain. Long-term bedridden is
easy to accompany complications. Thus, conservative
treatment is often difficult to be accepted by patients and
their families.

Conventional open surgery is traumatic and shows
excessive bleeding. Because of osteoporosis, holding
force of pedicle screw is not enough, which easily
induces unstable fixation, leading to treatment failure.
Therefore, elderly patients who do not have nerve
compression symptoms are generally not recommended
for internal fixation. Percutaneous kyphoplasty (PKP) is
one of the most common methods for the treatment of
OVCFs. PKP is minimally invasive, safe, quick to relieve
pain and restore vertebral height.46-9 Previously,
bilateral puncture is commonly used in PKP. Recently,
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unilateral PKP is increasingly recognised because of its
short duration, low bone cement volume and low cost.10

The objective of this study was to compare the efficacies
of unilateral and bilateral PKP in the treatment of
thoracolumbar osteoporotic compression fractures.

METHODOLOGY

This research was approved by the Medical Ethics
Committee of the Second Hospital of Baoding City.
Written informed consents were formally obtained from
all participants. Between November 2014 to January
2017, 178 patients with single-level thoracolumbar
osteoporotic compression fractures were recruited in this
study. Patients were randomly assigned to unilateral
(n=83) and bilateral (n=95) PKP groups.

Patients meeting all the following criteria were included:
Patients aged >65 years, without history of trauma,
lumbar fractures and lumbar surgery, with severe pain in
the back and waist, limited motion, obvious percussion
tenderness in the affected part, no obvious symptoms or
signs of spinal cord or nerve compression, X-ray
evidence T11-L2 single vertebral level compression
degree between 25% and 75%, preoperative CT scans
demonstration intact posterior wall and pedicle, or
dysplasia of vertebral pedicle in the injured vertebra,
preoperative MRI showing high signal of the injured
vertebra on fat-suppressed images, indicating fresh
fractures; bone density with T <-2.5 SD, indicating
definite osteoporosis; without any serious cardio-
vascular disease, or absolute surgical contraindication.
Family members and patients agreed to surgery and
patients had clear consciousness and could cooperate
with postoperative rehabilitation and postoperative
follow-up. The operation was performed by the same
group of senior physicians using the same manu-
facturer's instruments. Patients were excluded if they
had compression fractures of two or more vertebral
bodies, previous history of lumbar fractures or lumbar
spine surgery, other pathological fractures, incomplete
burst fracture of posterior wall compression symptoms of
the spinal cord or nerve or MRI revealed old fractures,
refusal to operation, unconsciousness or mental iliness,
inability to cooperate with the treatment or postoperative
recovery, or follow-up, inability to tolerate surgery or
requiring other surgeries besides PKP.

Patients in both groups were kept in the prone position
under local anesthesia. Chest and ilium were elevated
with soft pillow. The abdomen was suspended. Before
surgery, fluoroscopy was used to determine and mark
projection of the injured vertebral body and bilateral
pedicles. Local anesthesia with 1% lidocaine was
applied to infiltrate the pedicle base. The needle was
inserted at the outer upper margin of the pedicle.
Approximately 0.5 cm transverse incision was made at
the insertion point. When the abduction angle and the

inclination angle of the guide needle were appropriate,
the guide needle was rotated to the centre of the
vertebral body under the supervision of the C-arm
machine. Along the guide needle, the working sleeve
was screwed at approximately 1 cm anterior to the
posterior border of the vertebral body. After removal of
the guide needle, the hole was expanded with a drill at
0.5 cm posterior to the anterior border of the vertebral
body. After balloon implantation, contrast medium was
slowly injected to dilate the balloon. Balloon expansion
and fracture reduction were observed under the C-arm
machine. When the balloon reached the endplate or the
height of the vertebral body on this side was satisfactory,
the balloon was removed. Bone cement in the drawing
period was slowly injected into the vertebral body. The
distribution of bone cement in the vertebral body was
observed to avoid bone cement outleakage. The
injection was terminated immediately after the discovery
of leakage. When bone cement reached the posterior
wall of the vertebral body, the injection was stopped.
When the bone cement was solidified, the sleeve was
removed. After suture, the incision was sterilely dressed.
In the unilateral PKP group, puncture was performed at
10 o'clock position of the left pedicle; if there was a
coronal deformity, the puncture was performed from the
concave pedicle. In the bilateral PKP group, the puncture
was conducted simultaneously at the 10 o'clock position
of the left pedicle and the 2 o'clock position of the right
pedicle. One side of the balloon was expanded, and then
the other side was expanded by the same method.
Subsequently, bone cement was injected simultaneously
on both sides.

All patients in both groups were bedridden for 24 hours
after surgery. Anti-infection, acid preparation and stomach
protection, calcium and calcitriol were administered on
the day of operation. Vital signs, motor sensation of lower
extremities, urination and defecation were observed.
After 24 hours of the operation, patients could wear
waist brace and walk out of bed under the permissible
condition. Simultaneously, oral alendronate sodium (or
intramuscular salmon calcitonin) was administered. After
hospitalisation for 3-5 days, the patients left the hospital.
The patients continued to receive anti-osteoporosis
treatment after discharge.

Operation time, bone cement volume, number of X-ray
views, preoperative and postoperative pain visual
analogue scale (VAS) scores, preoperative and post-
operative Oswestry Dysfunction Index (ODI), preoperative
and postoperative Cobb angle, vertebral height, and
postoperative complications were observed and
compared in both groups. Measurement data were
expressed as the mean + SD. VAS scores, ODI, the
height of vertebral anterior border, height of vertebral
middle part, and Cobb angle were compared using t test.
Count data were compared using Chi-squared test. All
data were analysed with SPSS version 19.0 software.
Statistical significance was defined at p <0.05.
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RESULTS

Unilateral PKP group (n=83) contained 26 males and 57
females, at the age of 68-92 years (mean 72.3 +3.6
years). Injured positions were T11 in 9 cases, T12 in 32
cases, L1 in 27 cases, and L2 in 15 cases. Injury time
was 1-12 days (mean 3.5 +1.2 days). Follow-up time
was 7-15 months (mean 9.3 £1.8 months). Bilateral PKP
group (n=95) contained 32 males and 63 females, at the
age of 70-88 years (mean 73.9 +2.8 years). Injured
positions were T11 in 7 cases, T12 in 37 cases, L1in 33
cases, and L2 in 18 cases. Injury time was 1-15 days
(mean 4.2 +2.6 days). Follow-up time was 7-13 months
(mean 8.5 +1.6 months). No significant difference in
general data was detected between the two groups
(p >0.05), with comparability. Surgery was successfully
completed in 178 patients in both groups. There was no
obvious bone cement reaction during surgery. No
pulmonary embolism, bone cement leakage or nerve
injury occurred during and after surgery. No infection
appeared after surgery.

The mean operation time was 29.8 +2.7 minutes;
intraoperative mean number of X-ray views was 9.3 +2.6
times; mean bone cement volume was 3.1 £0.7 ml in the
unilateral PKP group. Mean operation time was 31.5
+3.9 minutes; intraoperative mean number of X-ray

Table I: Comparison of VAS scores and ODI in both groups before and
after surgery.

Unilateral Bilateral t-value P
PKP group | PKP group
VAS scores
Preoperative 7.9+1.2 7.8+1.4 0.508 0.612
Postoperative 24 hours 3.5+1.4 3.2+1.0 1.660 0.099
Postoperative 3 months 2.8 0.7 2.7 0.6 1.026 0.306
Postoperative 6 months 2.7 0.8 2.6 t0.4 1.075 0.284
ODI
Preoperative 87.3 7.2 86.4 £6.3 0.889 0.375
Postoperative 24 hours 26.5 +2.9 25.8 2.0 1.893 0.06
Postoperative 3 months | 24.1 +2.3 23.8+1.9 0.953 0.342
Postoperative 6 months | 23.5 +2.5 229 1.8 1.853 0.065

views was 11.2 £3.7 times; mean bone cement volume
was 3.5 1.2 ml in the bilateral PKP group. Operation
time and intraoperative number of X-ray views were
significantly different between the two groups (p <0.01).
Bone cement volume were different between the two
groups (p=0.008). VAS scores and ODI in both groups
were significantly different before and after surgery
(Table 1). The heights of anterior and middle borders of
vertebral body and Cobb angle in the two groups were
significantly different before and after surgery (p <0.05;
Table II).

In the unilateral PKP group, five patients (6.02%)
affected re-fracture of adjacent vertebral bodies, which
were recovered after the second PKP. In the bilateral
PKP group, seven patients (7.37%) suffered from re-
fracture of adjacent vertebral bodies; one patient and his
family members refused to receive surgery; the
remaining six patients underwent the second PKP and
the symptom recovered. The risk of re-fracture of
adjacent vertebral body was higher in the bilateral PKP
group compared with the unilateral PKP group.

Cobb angle

Figure 1: Cobb angle diagram. Cobb angle: The angle between the line of
anterior and posterior borders of superior endplate and the line of anterior
and posterior borders of inferior endplate of injured vertebra.

Table Il: Comparison of the height of injured vertebra and Cobb angle in both groups before and after surgery.

Unilateral Bilateral t-value P
PKP group PKP group
Height of anterior border of injured vertebra (mm)
Preoperative 16.4 £1.8 15.9 +1.7 1.905 0.058
Postoperative 24 hours 23.6 £2.1 242 +2.3 1.808 0.072
Postoperative 3 months 239 2.2 245 21 1.860 0.065
Postoperative 6 months 23.8 £2.3 244 +2.5 1.658 0.099
Height of middle part of injured vertebra (mm)
Preoperative 153 £1.4 15.7 £+1.6 1.763 0.08
Postoperative 24 hours 23.3+2.2 23.7 +2.3 1.181 0.239
Postoperative 3 months 23.8 £2.5 245 2.7 1.786 0.076
Postoperative 6 months 23.6 +2.4 24.3 +2.6 1.857 0.065
Cobb angle (°)
Preoperative 34.3 £3.5 33.8+3.4 0.965 0.336
Postoperative 24 hours 23.5+2.8 22.8 +2.6 1.729 0.086
Postoperative 3 months 23124 224 125 1.899 0.059
Postoperative 6 months 234 £2.9 22.6 +2.7 1.905 0.058
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DISCUSSION

In recent years, OVCFs have become more and more
common in the clinic. In USA, the medical cost of
OVCFs was $16.9 billion in 2005, and would increase to
$25.3 billion in 2025.1 In China, the incidence of
osteoporosis was 70% in women aged 60-69 years old,
and approximately 30% in men. Twenty percent of
osteoporosis patients over the age of 70 years suffered
from varying degrees of OVCFs, and the mortality rate
within 5 years was 23%-34%.12

The emergence of PKP provides a safe and effective
minimally invasive approach for OVCFs patients, can
reduce the collapsed vertebral body after balloon
dilation, form a complete lacuna and bone wall in the
vertebral body, reduce the injection pressure of bone
cement, immediately relieve pain, restore the vertebral
height, and remarkably decrease leakage rate of bone
cement.’3 PKP is becoming more and more popular
among doctors and patients. In our study, significant
differences in VAS scores and ODI in both groups were
determined before and after surgery; no significant
differences in VAS scores and ODI before and after
surgery were detected between the two groups. These
findings suggested that unilateral and bilateral PKP
could effectively mitigate pain, and no significant
difference was measured between them. The principle
that PKP can immediately relieve pain may lie in either
injection of bone cement restoring the stability and
biomechanical strength of the injured vertebra and
reduce the stimulation of micro-motion after fracture to
the vertebral nerve'4; or the thermal and cytotoxic
effects of cement polymerisation destroying the nerve
endings and decreasing the sensitivity of nerve endings.

The standard PKP uses bilateral pedicle punctures and
double balloons. Bilateral puncture can make the bone
cement distribute evenly and symmetrically in the
vertebral body. However, it increases the number of
X-ray views, operation time, and operation cost. In our
study, operation time, the number of X-ray views and
bone cement volume were obviously higher in the
bilateral PKP group than in the unilateral PKP group.
Nevertheless, no significant difference in preoperative
and postoperative height of the injured vertebra and
Cobb angle was detected between the two groups.
These results indicated that the unilateral puncture was
equivalent to the bilateral puncture for the improvement
of the clinical symptoms and the vertebral body height in
OVCFs patients, but the risk of vertebral re-fracture
increased in unilateral PKP group. loannis et al. found
that no significant differences were determined in clinical
efficacy and imaging between unilateral and bilateral
PKP in 69 OVCFs patients.’s Li et al. believed that
bilateral PKP could improve Cobb angle of the coronal
scoliosis, and it was strongly associated with the
improvement of the quality of life of the patients after

surgery.'6 Chen et al. considered that unipedicular and
bipedicular kyphoplasty could obviously increase
biomechanical strength of the injured vertebra;!” bone
cement evenly distributed at both sides of the vertebra
after bipedicular kyphoplasty, but at the puncture side
after unipedicular kyphoplasty, which could induce
uneven distribution of bone cement in the vertebral body,
and significantly increased the possibility of re-fracture.
Therefore, currently, the choice of PKP approach is
controversial.

In this study, the unilateral PKP group achieved similar
effects as the bilateral PKP group, and the recovery of
vertebral height and Cobb angle was not significantly
different from that of the bilateral PKP group, but the
follow-up time was not enough, and the long-term effect
cannot be compared. Combined with the experience,
follow-up results and related literatures, the authors
believed that under permitting conditions of patient's
physical condition and cost, bilateral puncture was
chosen as much as possible for severe compression.
Unilateral puncture is mainly applicable to: patients with
poor body condition, combined with heart and lung
diseases, and cannot tolerate prolonged surgery;
affordability issue; obvious osteoporosis, when
appropriately increased abduction angle by using
unilateral puncture can achieve the same effects as
bilateral puncture; vertebral compression or collapse is
confined to one side; and multilevel vertebral compression
fracture.

CONCLUSION

Unilateral and bilateral PKP are safe and effective
minimally invasive methods for treating OVCFs. The
short-term effect is quite the same between unilateral
and bilateral PKP. Unilateral PKP is characterised by
short operation time, low cost, less number of X-ray
views, and less bone cement volume. Nevertheless, the
unilateral PKP shows a higher risk for re-fracture of
adjacent vertebral body compared with the bilateral PKP.
Under permitting conditions of patient's physical
condition and cost, bilateral puncture was chosen as
much as possible for severe compression. Due to the
insufficient follow-up time, the long-term effect of the two
methods should be supported by further follow-up.
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