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Background: Clinically, percutaneous vertebroplasty (PVP) is frequently applied to treat osteoporotic vertebral compression
fracture (OVCF). It is believed that new compression fractures are more likely to occur adjacent to the PVP-
treated segment, typically within 1 month after PVP. The purpose of this study was to investigate risk factors
for adjacent vertebral compression fractures (AVCF) after PVP in patients with OVCF after menopause.

Material/Methods: Between Jun 2012 and Dec 2016, 412 patients were initially identified. We enrolled 390 patients in this study,
and 22 were lost to follow-up. The medical records of the patients were retrospectively collected. Patients were
followed up for at least 6 months, with an average follow-up period of 18 months. The potential risk factors
investigated in this study included age, duration of menopause (DoM), preoperative vertebral compression,
number of preoperative vertebral fractures (NPVF), bone mineral density (BMD), surgical approach (unilateral
or bilateral), anesthesia methods, bone cement dose, complications (including COPD), and anti-osteoporosis
treatment. Logistic regression analysis was used to determine the risk factors.

Results: Sixty-eight patients were observed to have suffered from AVCF after PVP at the last follow-up. Univariate anal-
ysis showed that age, DoM, NPVF, BMD, COPD, and anti-osteoporosis treatment were the potential variables
associated with the onset of AVCF (all P<0.05). Binary logistic regression analysis showed that the logistic re-
gression equation was as follows: logit P=—3.10-1.07xX,+0.99xX,+2.15xX, (where X,=BMD; X,=DoM; X,=NPVF),
and “logit P” stands for the likelihood of developing an AVCF following PVP.

Conclusions: A long duration of menopause and preoperative multi-level vertebral fractures were the risk factors for AVCF in
patients following PVP after menopause, while a high-level BMD acted in a protective role for AVCF development.
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Background

With the continued aging of the population, the incidence of
osteoporosis and osteoporotic vertebral compression fracture
(OVCF) is increasing around the world each year [1]. OVCF is
now believed to be a common disorder, and it particularly af-
fects elderly patients. OVCF frequently causes persistent back
pain, significantly impairing mobility and quality of life [2].
Since such injuries greatly reduce quality of life and influence
the daily life activities of the elderly, it is urgent to develop
methods for preventing osteoporosis and OVCF [3,4].

Over the past few years, as a minimally invasive technique,
percutaneous vertebroplasty (PVP), has been widely used to
treat painful OVCF throughout the world [5,6]. Although PVP
is increasingly being used in clinical practice as a treatment
for OVCF, the increasing risk of AVCF postoperatively has been
reported by some authors [7-11]. However, some other au-
thors have stated that there is no convincing evidence that
PVP results in such poor outcomes [1,12,13]. In addition, oth-
ers have suggested that PVP might reduce the incidence of
AVCF [14]. Thus, controversy still exists regarding whether PVP
can increase the incidence of AVCF during the follow-up peri-
od. Although some clinical studies have compared PVP to con-
servative treatment [6,7,12-15], it is still unclear whether new
AVCF is caused by PVP or is simply due to the natural devel-
opment of osteoporosis.

Therefore, the aim of this study was to investigate whether the
occurrence of AVCF is increased following PVP surgery and, at
the same time, to explore the risk factors related to AVCF af-
ter PVP in menopausal women.

Material and Methods

Ethics statement

This study was approved by Ethics Committee of the Third
Hospital of Hebei Medical University. The approval number
is K2017-01-005.

Patients

Between Jun 2012 and Dec 2016, 412 patients were initial-
ly identified in our Spinal Department. All patients were di-
agnosed as having OVCF during menopause. The fractured
vertebrae in the thoracolumbar level ranged from T10 to L2.
Patients had undergone PVP surgery without cement leakage
and trauma during the follow-up period. Patients were divid-
ed into 2 groups based on the occurrence of adjacent verte-
bral compression fracture (AVCF). The medical records of the
patients were retrospectively collected. Patients who did not
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have regular follow-up visits and those who had systemic dis-
orders were excluded. All patients were routinely asked to re-
turn to the hospital for a checkup every half year after PVP.

Evaluation of risk factors

The potential risk factors investigated in this study included
age, duration of menopause (DoM), preoperative vertebral com-
pression, number of preoperative vertebral fractures (NPVF),
bone mineral density (BMD), QCT measurement (<80 mg/cm?
for osteoporosis [16]), surgical approach (unilateral or bilater-
al), anesthesia method, bone cement dose, complications (in-
cluding COPD), and anti-osteoporosis treatment (AQOT).

Statistical analyses

Statistical analyses were performed using SPSS for Windows,
version 18.0 (SPSS, Inc., USA). All of the measurement data
are presented as the mean +SD (standard deviation) when the
data satisfied the criteria for normality with p>0.10. Otherwise,
they are presented as the median (interquartile range, IQR).
When the data satisfied the criteria for normality and homoge-
neity of variance, statistical analysis between groups was per-
formed using the t test. For the count data, the chi-square test
was used for data analysis. Binary logistic regression analysis
was used to determine the risk factors. Values of p<0.05 for
two-tailed tests were regarded as being statistically significant.

Results

Distribution of vertebral fractures

The distribution of preoperative vertebral fractures for all pa-
tients, including those of the AVCF group (102 fractured ver-
tebrae) and those of the non-AVCF group (432 fractured verte-
brae), is shown in Figure 1A. In addition, as shown in Figure 1B,
68 patients were observed to have suffered from AVCF after
PVP, with 84 new fractured vertebrae.

Comparison of age

We enrolled 390 patients in this study, and 22 were lost to fol-
low-up. Patients were followed up for at least 6 months, with
an average follow-up of 18 months. The mean age of patients
in the AVCF group (n=68) was 71.8+6.7 years, and that of pa-
tients in the non-AVCF group (n=322) was 69.5+7.2 years. There
was a significant difference in the age between the 2 groups
(P=0.016). There were no significant differences regarding the
anesthesia methods, surgical approaches, bone cement dose,
and preoperative degree of vertebral compression, as well as
for the other complications (hypertension, DM, and heart dis-
eases) (all P>0.05).
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Figure 1. The distribution of OVCF in spinal vertebral bodies. (A) OVCFs before PVP surgery are shown. (B) AVCFs after PVP surgery are
shown.

Table 1. Comparison regarding BMD.

BMD (mg/cm?) 60< BMD <80 40< BMD <60 20< BMD <40 <20
AVCF* (n=68) 33 26 7 2
Non-AVCF (n=322) 214 85 20 3

* P=0.033, compared with non-AVCF group, by chi-squared test. AVCF — adjacent vertebral compression fracture; BMD — bone mineral

density.

Table 2. Comparison regarding duration of menopause.

Duration of menopause (years) <10
AVCF* (n=68) 19
Non-AVCF (n=322) 128

10< X <20 =20
38 11
172 22

* P=0.019, compared with non-AVCF group, by chi-squared test. AVCF — adjacent vertebral compression fracture.

Table 3. Comparison regarding the number of preoperative vertebral fractures.

N of vertebral fractures 1
AVCF* (n=68) 37
Non-AVCF (n=322) 225

p 3
28 3
84 13

* P=0.039, compared with non-AVCF group, by chi-squared test. AVCF — adjacent vertebral compression fracture.

Comparisons of BMD and DoM

As shown in Table 1, BMD between the AVCF group and non-
AVCF group showed a significant difference (P=0.033). BMD
less than 60 mg/cm? was observed for more than half of AVCF
patients, while it was observed for one-third of those in the
non-AVCF group. As shown in Table 2, there was a significant
difference regarding the DoM between the AVCF group and
non-AVCF group (P=0.019). The proportion of patients with a
DoM >10 years in the AVCF group was higher than that in the
non-AVCF group.
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Comparisons of NPVF, COPD, and AOT

As shown in Table 3, there was a significant difference regarding
NPVF between the AVCF group and non-AVCF group (P=0.039).
The proportion of patients with NPVF >2 in the AVCF group was
higher than that in the non-AVCF group. As shown in Table 4,
there was a significant difference regarding COPD between the
AVCF group and non-AVCF group (P=0.003). The proportion of
patients with COPD in the AVCF group was higher than that in
the non-AVCF group. As shown in Table 5, there was a signif-
icant difference regarding AOT between the AVCF group and
non-AVCF group (P=0.001). The proportion of patients with AOT
in the AVCF group was lower than that in the non-AVCF group.
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Table 4. Comparison regarding concurrent COPD. Table 5. Comparison regarding postoperative anti-osteoporosis

treatment.
COPD Non-COPD
AVCF* (n=68) 24 44 Yes No
Non-AVCF (n=322) 61 261 Aereey s B
Non-AVCF (n=322) 217 105

* P=0.003, compared with non-AVCF group, by chi-squared test.
AVCF - adjacent vertebral compression fracture; COPD — chronic
obstructive pulmonary disease.

* P=0.001, compared with non-AVCF group, by chi-squared test.
AVCF - adjacent vertebral compression fracture.

Table 6. Binary logistic regression analysis regarding AVCF.

No. Items B Exp(B) p-value 95% CI for Exp(B)

X1 Age 0.43 1.53 0.071 (0.85, 4.12)
""""""" xx ew -7 03 <001 (015074
""""""" x3 Db 0% 268 0001 (164335
""""""" xa  NPVF 215 86 0001 (4851252
""""""" Xxs  ce 009 110 053 (075432
""""""" X6 AT  -140 025 0384 (007,257)
""""""" X0 ~ Comstat  -3100 o004 o000 -

AVCF - adjacent vertebral compression fracture; BMD — bone mineral density; DoM — duration of menopause; NPVF — the number of

preoperative vertebral fractures; COPD — chronic obstructive pulmonary disease; AOT — anti-osteoporosis treatment.

Logistic regression analysis

The conditions of regression were as follows: Backward
(LR), probability for stepwise (Entry 0.10, Removal 0.15).
As shown in Table 6, the binary logistic regression analysis
showed that the logistic regression equation was as follows:
logit P=-3.10~1.07xX +0.99xX,+2.15xX, (X,=BMD; X,=DoM;
X,=NPVF), and “logit P” stands for the likelihood of develop-
ing an AVCF following PVP. The equation was statistically sig-
nificant using the Pearson chi-square test (P<0.001).

Discussion

Osteoporosis, a systemic disorder, is characterized by a low-
er BMD, which causes bone fragility and leads to a high risk
of fracture [17,18]. Due to osteoporosis, OVCF is usually seen
in the spinal vertebral bodies, which commonly leads to back
pain and disability, affecting nearly 25% of the elderly popu-
lation who are older than 50 years [19]. Conservative treat-
ment, including staying in bed, lumbar bracing, and taking
pain-killers, may relieve pain for a short time, such as several
weeks or months. However, for elderly patients, a long-term
lack of activity may contribute to serious complications, such
as pneumonia, bedsores, deep vein thrombosis, and pulmo-
nary embolism, and can even lead to death. Invasive surgery
is a treatment option, but it is not the best treatment method,

usually because of the poor body status of elderly patients [20].
Currently, as minimally invasive methods, procedures of bone
cement augmentation, such as PVP, are widely used to treat
elderly patients with OVCF [21-23].

Although PVP is increasingly being used in clinical practice as a
treatment for OVCF, an increased risk for AVCF postoperatively
has been reported [7-11]. It is believed that new compression
fractures are more likely to occur adjacent to the PVP-treated
segment, typically within 1 month after PVP [24]. However, oth-
er authors have stated that there is no convincing evidence
that PVP results in such poor outcomes [1,12,13]. In addition,
others have suggested that PVP might reduce the incidence
of AVCF [14]. Thus, controversy still exists regarding whether
PVP can increase the incidence of AVCF during the follow-up
period. Although some clinical studies have compared PVP to
conservative treatment [6,7,12-15], it is still unclear whether
new AVCF is caused by PVP or is simply due to the natural de-
velopment of osteoporosis.

In a recent retrospective study including 61 postmenopausal
female patients [24], an advanced age and decreased lumbar
and hip BMD scores were found to be most strongly indica-
tive of a risk for AVCF within the first month after PVP sur-
gery. However, as the authors stated, the main limitations of
their study were its retrospective design and small sample size
(n=61). It was obvious that strict statistical analyses had been
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performed to compensate for the shortcoming of the small
sample size. Thus, their findings are believed to be applicable
to the treatment of OVCF using PVP surgery.

Our study results are partially consistent with the results of
that study. In our study, the mean age of patients in the AVCF
group (n=68) was 71.846.7 years and that of the patients in the
non-AVCF group (n=322) was 69.5+7.2 years. There was a sig-
nificant difference in the age between the 2 groups (P=0.016).
In this single-factor analysis, advanced age was identified as
a risk factor for new AVCF following PVP, although it was ex-
cluded from binary logistic analysis. Moreover, lower spinal
BMD was identified as a risk factor, meaning that high-level
BMD protected against AVCF development following PVP. This
observation is also in line with the results of the study men-
tioned above. According to the International Society for Clinical
Densitometry and the International Osteoporosis Foundation,
one of the key clinical risk factors for osteoporosis is a dimin-
ished lumbar BMD [25]. In the present study, the strongest
risk factor for new AVCF was lumbar BMD.

The merits of our study have overcome the shortcomings ex-
isting in the study of Takahara et al. [24]. Compared to that
study, the sample size used in our study is larger, as 390 pa-
tients were enrolled, with a much longer follow-up period.
Patients were followed up for at least 6 months, with an av-
erage follow-up of 18 months. Additionally, all of the patients
recruited in the previous study were postmenopausal women,
but the duration of menopause was not included as a poten-
tial risk factor. In our study, a long duration of menopause was
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observed to increase the risk of new AVCF following PVP. No
patients with multiple spinal vertebral fractures were recruit-
ed during the study period in the study of Takahara et al. [24].
However, in our study, preoperative multi-level vertebral frac-
tures were investigated as potential risk factors and were ob-
served to increase the risk for AVCF development following
PVP after menopause.

The present study has produced findings with great clinical sig-
nificance. However, this work also has some limitations. First,
as a retrospective single-center comparative study, it lacks ex-
tensive representativeness. Second, we did not apply blind-
ing methods throughout the study. Therefore, future research
should strive to overcome these shortcomings and provide
more reliable clinical research data. A large-sample, prospec-
tive, multicenter, randomized, controlled study with blinding
methods applied is needed.

Conclusions

In summary, a long duration of menopause and preoperative
multi-level vertebral fractures were risk factors for AVCF in pa-
tients following PVP after menopause, while high-level BMD
protected against development of AVCF.
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