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Purpose: The purpose of this study was to compare the clinical efficacy and safety of percuta-
neous vertebroplasty (PVP) and percutaneous kyphoplasty (PKP) in the treatment of the elderly
with very severe osteoporotic vertebral compression fractures (vsOVCFs).

Methods: From September 2012 to September 2015, 57 patients with vsOVCFs who had
undergone PVP and PKP surgeries at our medical center were reviewed retrospectively, at least
2 years follow-up. All patients were divided into PVP group (n=31) and PKP group (n=26).
Clinical data including clinical and radiological evaluation results were performed pre- and
postoperatively.

Results: The operation time of PVP group (29.643.3 minutes) was less than that of PKP group
(37.4%4.2 minutes), with significant differences (P<0.05). Compared with preoperative data, the
VAS scores, Oswestry disability index (ODI) scores, and local kyphotic angle were improved
with significant differences at 1 day after surgery and the last follow-up in two groups (P<0.05).
However, there were no differences in VAS and ODI scores between the two groups (P>0.05).
The local kyphotic angle of PVP group was more than that of PKP group after surgery, with
significant differences (P<0.05). At 1 day after surgery and the last follow-up, the anterior height
of vertebrae fractured was significantly improved compared with preoperative in PKP group
(P<0.05), and there was no statistical difference compared with preoperative in PVP group
(P>0.05). However, there were no significant differences between the two groups in the leak-
age rate of bone cement (P>0.05) and incidence of adjacent-level vertebra fracture (P>0.05).
Conclusion: Both PVP and PKP can significantly relieve the pain of the patients with vsOVCFs.
Restoring the vertebral height and local kyphotic angle corrections of PKP are comparatively
better than those of PVP. However, the operation time of PKP is significantly longer than that of
PVP and PKP is not superior in the leakage rate of bone cement and incidence of adjacent-level
vertebra fracture compared to PVP.

Keywords: percutaneous vertebroplasty, percutaneous kyphoplasty, osteoporosis, vertebral
compression fractures, cement leakage

Introduction

Osteoporotic vertebral compression fractures (OVCFs) are one of the most common
complications of osteoporosis in the elderly population, which cause severe back pain,
restrict activity, and lower the quality of life." The minimally invasive techniques
such as percutaneous vertebroplasty (PVP) and percutaneous kyphoplasty (PKP)
were introduced to reduce these clinical problems other than traditional methods

4-6

such as conservative treatment or open surgery.*® PVP, which has been recognized

as an effective procedure in the treatment of OVCFs, does not have the advantage of
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reduction of the sagittal alignment of the spine compared to
PKP. Previous studies have demonstrated that both PVP and
PKP can immediately relieve the back pain and improve the
quality of life.>7#

The very severe OVCFs (vsOVCFs), which refer to part
of the vertebral body collapsed to less than one-third of its
original height, have been cited as an absolute or relative
contraindication by many authors for PVP/PKP and instead
recommend conservative treatment.’'2 This contraindication
was justified by the technical difficulties to perform and the
resultant high risk of cement leakage. However, classical open
surgery with decompression and stabilization of the fractured
vertebra with different kinds of metal implants often fails
because of the poor quality of osteoporotic bone. Addition-
ally, because of the risk of open surgery in elderly patients,
these procedures have generally been limited to cases where
there is concurrent spinal instability or neurological deficit.!>!4

In recent years, with the continuous improvement of mini-
mally invasive technique, PVP and PKP are gradually applied
for the treatment of vsOVCFs.!>"'” However, studies reporting
on the outcomes of PVP or PKP in the treatment of vsOVCFs
are limited. So far, it is unknown which one of PVP and PKP
is more effective for the treatment of vsOVCFs, because few
comparative studies have been carried out. The patients in the
current study who underwent PVP and PKP for the treatment
of vsOVCFs from September 2012 to September 2015 were
retrospectively analyzed. The goal of this long-term study was
tantamount to compare the clinical effects of the two methods
and determine the optimal operation procedure for vsOVCFs.

Materials and methods

Study population selection

This was a retrospective clinical study. A total of 57 patients (23
men, 34 women; age ranged from 64 to 85 years, mean 75.0
years) were identified who had minimally invasive surgery for
vsOVCFs in the authors’ institution between September 2012
and September 2015, and were divided into two groups: 31
patients received PVP (PVP group) and 26 patients received
PKP (PKP group). Table 1 summarizes the detailed charac-
teristics of the two groups of patients which are comparable.
Patients older than 60 years of age, bone mineral density T
scores <—2.5, and with one level of thoracolumbar vsOVCFs
(assessed by MRI, from thoracic 8 to lumbar 2 vertebral bodies)
due to osteoporosis were included in this study. vsOVCFs were
diagnosed in patients who complained of back pain or lower
back pain, had a history of low-energy trauma and tenderness
in the thoracolumbar region according to the physical exami-
nation, and manifested compression of the vertebral body on

plain radiograph (part of the vertebral body collapsed to less
than one-third of their original height). All patients enrolled
in this study had relatively severe pain despite undergoing
conservative management for 2 weeks. However, the patients
who met the following criteria were excluded from this study:
1) spinal cord compression or stenosis of the vertebral canal
>30% of the local canal diameter; 2) neurologic deficits; 3)
tumor or metastatic tumor that was confirmed by preoperative
examination and postoperative pathology; 4) uncorrectable
bleeding disorders; 5) systemic or local spine infections; 6)
severe comorbidity in the heart, liver, kidney, and lung intoler-
ance to surgery; 7) follow-up <2 year or lost. This study was
conducted in accordance with the Declaration of Helsinki and
approved by ethics committee of The Third Hospital of Hebei
Medical University. There is no need to obtain informed consent
from patients because this is a retrospective study, and all data
were collected and analyzed anonymously.

Surgical management

Before the operation, all the patients took X-ray (anteropos-
terior), computed tomography (CT, including sagittal recon-
struction), and magnetic resonance imaging (MRI) scans. The
same senior surgeon performed the surgery in all the patients.
The surgery was performed under local infiltration anesthesia
under electrocardiographic monitoring with the patient in the
prone position with the spine extended by chest and pelvic
bolsters on a radiolucent operating table. G-arm fluoroscopy
was used for simultaneous viewing of anteroposterior and
lateral projections of the spine to identify an extrapedicular or
transpedicular entry point into the vertebral body. A puncture
needle was placed percutaneously into the posterior vertebral
body through unilateral transpedicular approach, and the PVP
(Figure 1) and PKP (Figure 2) procedures were performed
in the standard fashion reported in previous studies.'®!” The
procedure of PVP was much the same as PKP, but without
insertion and inflation of the balloon. The injection and leak-
age of bone cement were monitored using G-arm fluoroscopy
during the surgery. With any doubt of cement leakage into
the spinal canal on the fluoroscopy, cement injection was
stopped. Bone cement used was polymethyl methacrylate.
After the operation, the patients began to walk by themselves
after 46 hours. All the patients had conservative treatment of
bisphosphonates, calcitonin, and vitamin D supplementation
pre- and postoperation.

Evaluation criteria
Clinical data including clinical and radiological evaluation
results were collected by two independent authors preopera-
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Table | Patient demographics (PVP and PKP groups)

Variables Total (57 cases) PVP (31 cases) PKP (26 cases) t/y? value P-value
Age (years)* 75.0+6.4 74.815.6 75.347.3 0.292 0.771
Sex®

Men 23 (40.4%) 12 I 0.076 0.783

Women 34 (59.6%) 19 15
BMI (kg/m?)* 24.7+4.| 24.9+4.5 244437 0.452 0.653
BMD (T-score)* -3.5+0.6 -3.610.5 -3.420.6 1373 0.175
Duration of 2.6x1.7 2.8+1.8 2.4+£1.6 0.879 0.383
disease (months)®
Vertebral compression (%) 73.31+4.3 73.4+4.1 73.1+4.5 0.263 0.793
Operative levels®

T8-T9 10 (17.5%) 5 5 0.179 0914

TIO-TI2 28 (49.1%) 15 13

Li-L2 19 (33.3%) I 8
Operation time (minutes)® 33.243.7 29.6+3.3 374142 7.851 0.000x
Cement volume (mL)? 3.2+1.0 2.810.8 36111 3.173 0.002:
Adjacent-level fracture® 5 (8.8%) 3/31 2/26 0.070 0.792
Cement leakage® 15 (26.3%) 7131 8/26 0.489 0.484
Average length of stay (days)* 2.1£1.0 2.1£1.0 2.240.9 0.393 0.695
Follow-up (years)? 2.7+0.6 2.610.5 2.8+0.7 1.255 0.215

Note: *Independent two-sample t-test; bchi-square test; *P<0.05.

Abbreviations: BMD, bone mineral density; BMI, body mass index; PKP, percutaneous kyphoplasty; PVP, percutaneous vertebroplasty.

Figure | A 74-year-old female patient was admitted to our hospital after she slipped down. (A) Preoperative T| sagittal MRI showed acute recent fracture of LI vertebra.
(B) Plain lateral radiograph showed OVCF of LI vertebra with 72.6% severe collapse, 7.4 mm anterior height of vertebrae fractured, and 28.2° local kyphosis. (C) Plain lateral
radiograph showed 7.5 mm anterior height of vertebrae fractured and 23.5° local kyphosis | day after PVP surgery. (D) The anterior height of vertebrae fractured and local

kyphotic angle improved and maintained at the last follow-up.

Abbreviations: OVCF, osteoporotic vertebral compression fracture; PVP, percutaneous vertebroplasty.

tively and at 1 days, 3, 6, and 12 months and final follow-up
after surgery. All the patients were followed up at least 2
years after surgery. Clinical evaluation incorporated the
visual analog scale (VAS) score (ranged from 0 to 10; 0: no
pain, 10: worst pain) for pain evaluation and the Oswestry
disability index (ODI) score for functional assessment. Local

kyphotic angle and anterior height of the fractured vertebrae
body were measured preoperatively, postoperatively, and at
last follow-up, as were cement leakage, recollapse of the
cemented vertebral body, and any adjacent segment fracture.
In patients who complained of new onset of back pain, addi-
tional radiograph or MRI was performed. New OVCFs were

Journal of Pain Research 2018:11

submit your manuscript

2627

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Wang et al

Dove

Figure 2 A 68-year-old female patient was admitted to our hospital after she slipped down. (A) Preoperative T sagittal MRI showed acute recent fracture of T12 vertebra.
(B) Plain lateral radiograph showed OVCF of T12 vertebra with 70.4% severe collapse, 8.0 mm anterior height of vertebrae fractured, and 27.4° local kyphosis. (C) Plain
lateral radiograph showed 14.3 mm anterior height of vertebrae fractured and 19.6° local kyphosis | day after PKP surgery. (D) The anterior height of vertebrae fractured

and local kyphotic angle improved and maintained at the last follow-up.

Abbreviations: OVCF, osteoporotic vertebral compression fracture; PVP, percutaneous vertebroplasty.

diagnosed if plain radiograph revealed a definite decrease
in the vertebral body height or MRI showed bone marrow
edema at the corresponding anatomic level.

Statistical analysis

All data were collected, and SPSS Version 17.0 (SPSS Inc.,
Chicago, IL, USA) was used for the statistical evaluation.
The results were presented as mean + SD. A Student’s #-test
was used to identify a significant difference between pre- and
postoperative measurements of VAS score, ODI score, local
kyphotic angle, and anterior height of vertebrae fractured
for each group. The independent two-sample #-test was used
to identify a significant difference between the groups. Cat-
egorical data were compared via the chi-squared test (Fisher’s
exact test for small samples). In all analyses, P-value <0.05
was considered statistically significant.

Results

This retrospective study included 57 patients comprising 23
men and 34 women with a mean age at operation of 75.0
(range from 64 to 85) years. The average compressive rate
of fractured vertebral bodies was 73.3% (ranged from 66.7%
to 80.4%). After the PVP/PKP surgery, the patients were fol-
lowed up with an average of 2.7 years and all adjacent-level
fractures occurred within one year.

Of these 57 patients, there were 31 patients in the
PVP group and 26 patients in the PKP group. There were
no significant differences in age, sex, BMI, BMD, dura-
tion of disease, vertebral compression, operative levels,
average length of stay, and follow-up between PVP and

PKP groups (P>0.05, Table 1). The operation time of
PVP group (29.6£3.3 minutes) was less than that of PKP
group (37.4+4.2 minutes), with significant differences
(P<0.05, Table 1). Compared with preoperative data, the
VAS scores, ODI scores, and local kyphotic angle were
improved with significant differences at 1 day after sur-
gery and the last follow-up in the two groups (P<0.05,
Table 2). However, there were no differences in VAS and
ODI scores between the two groups (P>0.05, Table 2).
The local kyphotic angle of PVP group was more than
that of PKP group after surgery, with significant differ-
ences (P<0.05, Table 2). At 1 day after surgery and the
last follow-up, the anterior height of vertebrae fractured
was significantly improved compared with preoperative in
PKP group (P<0.05, Table 2), and there was no statisti-
cal difference compared with preoperative in PVP group
(P>0.05, Table 2). Therefore, PKP was significantly better
than PVP in restoring the vertebral height and correction
of local kyphotic angle.

Cement leakage occurred in 15 cases (26.3%, seven
cases in PVP and eight cases in PKP), without pulmonary
embolism and spinal cord injury. A total of five patients
(8.8%, three cases in PVP and two cases in PKP) had
adjacent-level fracture during the follow-up period and all
adjacent-level fractures occurred within one year. These
patients underwent additional PVP/PKP surgery. And
immediate relief of typical back pain was reported in all
patients after reoperation. There were no significant differ-
ences between the two groups in the leakage rate of bone
cement (%*=0.489, P>0.05, Table 1) and the incidence of
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Table 2 Comparison of surgical results between PVP vs PKP groups in patients with severe OVCF

Outcomes PVP PKP
Preoperative | | day after | | year Last Preoperative | | day after | | year Last
surgery after follow-up surgery after follow-up
surgery surgery

VAS score 7311 21112 1.5+1.120 1.7£1.0*® 6.911.2 2.3%1.22 1.6£1.0*° l.6xl.12®
ODI score 75.5+10.2 28.5+10.4* 22.4+8.4*> | 23.548.5** | 71.7£9.2 29.8+10.1° 23.748.3** | 24.218.6*°
Local kyphotic angle (°) 30.413.6 25.743.1° 26.0£2.9° | 26.5+3.0° | 29.613.3 19.143.32¢ 19.4+£3.4> | 20.143.5%
Anterior height of 8.5%l.1 8.7£l.1 8.6x1.1 8.6+1.0 8.6x1.1 12.5+2.92¢ 12.4+2.8* | 12.242.7>¢
vertebrae fractured (mm)

Notes: “Significant difference between preoperative and postoperative using paired t-test; P<0.05. "Significant difference between | day after surgery and last follow-up using
paired t-test; P<0.05. <Significant difference between two groups using independent two-sample t-test; P<0.05.
Abbreviations: OVCF, osteoporotic vertebral compression fracture; ODI, Oswestry disability index; PKP, percutaneous kyphoplasty; PVP, percutaneous vertebroplasty;

VAS, visual analog scale.

adjacent vertebra fracture (x*=0.070, P>0.05, Table 1).
During the follow-up period, there were no adverse events
such as infection, bone cement displacement, or abscission
in the two groups.

Discussion

The OVCFs, which are mainly caused by osteoporosis, have
become a major health problem worldwide nowadays. Most
OVCFs can be healed within a few months by conservative
therapy, but when the symptoms persist after conservative
therapy, surgical treatment such as PVP or PKP should
be regarded as a better choice. Hulme et al®® found that
about 95% pain and dysfunction caused by fracture can be
relieved successfully by these two methods. According to
the examination of preoperative anteroposterior and lateral
X-radiographs, OVCFs are graded on the basis of the extent
of vertebral body collapse: mild (20%—25%); moderate
(26%—-40%); severe (>40%); very severe (>67%). Despite
these good results, vsOVCFs have always been considered as
an absolute or relative contraindication due to the technical
difficulty and the more important theoretical risk of cement
leakage.’'?

With the improvement of imaging and surgical tech-
niques, PVP and PKP have been investigated in the treat-
ment of vsOVCFs. Sigaux et al'é observed that 12 vsOVCFs
in ten patients have been treated by PVP and found that all
the patients had immediately relieved the back pain. Lee
et al'” reported 31 patients with vsOVCFs who underwent
PKP surgery with a follow-up time of 1 year and showed
that all the patients had significant improvements in pain
relief, vertebral body height variation, and kyphotic angle.
However, studies assessing PVP and PKP in vsOVCFs are
scarce and mainly limited to case reports or small patient
cohorts. Until now, it is unknown which one of PVP and
PKP is more effective for the treatment of vsOVCFs. In

this comparative study, all patients underwent PKP or
PVP with unilateral approach successfully. And the VAS
and ODI scores were used to measure the pain relief after
operation, through the short-term (1 day after surgery) and
long-term (at least 2 years) follow-up; the pooled results
showed that there was no statistical difference between
PVP and PKP groups. However, a sustained, statistically
significant decrease in VAS and ODI scores was noted in
both the groups, which means that both PVP and PKP can
reduce the symptoms of back pain and improve the qual-
ity of life. In addition, our radiological findings showed
that PKP had an effect on restoring vertebral body height
and reducing local kyphotic angle, and the correction
had only a slightly loss at the last follow-up. The mean
anterior height of vertebrae fractured and local kyphotic
angle in PKP group were significantly better than those in
PVP group at 1 day after surgery and the last follow-up,
which means that PKP could result in the magnitude of
local correction. However, kyphosis deformity was also
improved to some extent in the PVP group. Nevertheless,
needing more complex operational steps, such as establish-
ing expander channel on the pedicle repeatedly, the PKP
surgery calls for more surgical time.?!?> That is consistent
with our statistic findings. Therefore, PVP is more suitable
for vsOVCF patients with older age, more internal medical
diseases, and difficulty persisting in prone position under
local anesthesia for a long time. In addition, unilateral
approach was safe and effective for patients with vsOVCFs,
and it was also recommended.

The major complications arising from PVP or PKP are
related to leakage of bone cement. Although cement leakage
is rarely symptomatic, the reported incidence of cement leak-
age varies from 5% to >80%.%32° vsOVCFs often have some
cleft in the vertebral wall and endplate, which increase the
risk of cement leakage. Nieuwenhuijse et al!! performed PVP
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operation in 34 patients with vsOVCFs. And the leakage rate
of bone cement was up to 91.9%, more than one time higher
than that of non-vsOVCF patients. As we all know, the high
injection pressure with low viscosity of the cement would
lead to higher frequency leakage of cement during PVP than
in PKP. On the contrary, with the help of a balloon, the PKP
procedure created a cavity that could be utilized to package
the cement. It is the methodological difference in PKP which
leads to a lower rate of cement leakage. However, due to the
poor vertebral strength in patients with vsOVCFs, balloon
distraction during PKP may lead to damage to the vertebral
wall and upper and lower endplates, increasing the risk of
cement leakage. In the present study, the incidence of cement
leakage was detected in 26.3% (15/57) of treated vertebrae in
single-level vsOVCF patients. The incidence was lower than
the results from previous studies. Moreover, there was no
significant difference between PVP (22.6%, 7/31) and PKP
(30.8%, 8/26) groups in this study. We believed that this may
be due to small average amount of cement in the operation, as
well as the absence of an excessive reduction of the vertebral
body and correction of local kyphosis for vsOVCFs patients.

Several studies have reported an increase in the incidence
of new symptomatic adjacent vertebral compression fractures
after bone cement augmentation, compared with conservative
treatment.?*?” The possible risk factors include the amount
of injected bone cement, intradiscal leakage, compact and
solid cement pattern, and greater kyphosis correction.?3!
However, it is still unclear that what the exact relevant element
is and whether such fractures are part of the natural course
of osteoporosis. In the current study, we found a similar
incidence of adjacent-level fractures (8.8%, 5/57) during
the follow-up period comparing with previous studies.’'3
All adjacent-level fractures occurred within one year. Fur-
thermore, there was no significant difference between PVP
(9.7%, 3/31) and PKP (7.7%, 2/26) groups. Therefore, our
research indicated that the incidence of adjacent-level verte-
bral fractures is not related to the choice of surgical methods.

Conclusion

In this study, both PVP and PKP can significantly relieve the
pain of the patients with vsOVCFs. Moreover, restoring the
vertebral height and local kyphotic angle corrections of PKP
is comparatively better than those of PVP. But the operation
time of PKP is significantly longer than that of PVP. And PKP
is not superior in the leakage rate of bone cement and inci-
dence of adjacent-level vertebra fracture compared to PVP.
However, this study was merely a retrospective study with
a small sample size to explore the best surgical methods for

vsOVCFs. There is still a need for a large sample multicenter
study to further confirm this result.
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