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Abstract: Objective: To investigate the predictive factors for new fractures in adjacent vertebrae after percutaneous
vertebroplasty for osteoporotic vertebral compression fractures, thus providing new insights for clinical practice.
Methods: A total of 124 patients were retrospectively included in this study. Based on the presence of new vertebral
compression fractures in adjacent vertebrae postoperatively, patients were divided into a non-fracture group and
a new-fracture group. Data collected included the amount of bone cement injected into a single vertebral body,
postoperative bone cement leakage into the intervertebral disc, the recovery rate of anterior vertebral height, and
non-surgical factors such as age, gender, duration of postoperative chest and waist circumference, bone mineral
density, the number of preoperative vertebral fractures, and the presence of fissure-like changes in the vertebral
body. One-way ANOVA and chi-square tests were used to analyze the correlation between these factors and second-
ary fractures in adjacent vertebrae. Logistic regression analysis was performed to identify the main risk factors.
Results: Univariate analysis found that the amount of bone cement injected, the recovery rate of anterior vertebral
height, the duration of chest and waist circumference, and bone mineral density were associated with new fractures
in adjacent vertebrae (all P < 0.05). Logistic regression analysis showed that the recovery rate of anterior vertebral
height and bone mineral density were the main risk factors for new fractures in adjacent vertebrae. Conclusion:
Several factors are associated with new fractures in adjacent vertebrae after percutaneous vertebroplasty for os-
teoporotic vertebral compression fractures. The recovery rate of anterior vertebral height and bone mineral density
are the primary risk factors.

Keywords: New fracture adjacent vertebral, osteoporotic vertebral compression fracture, percutaneous vertebro-
plasty, related factors

Introduction pain relief, effective restoration of vertebral
height, quick patient rehabilitation, early post-
operative mobilization, reduced bed rest com-
plications, and significant improvements in

patients’ quality of life [3-5].

In recent years, health issues associated with
the aging global population have become
increasingly prominent. Osteoporotic vertebral
compression fracture (OVCF), a severe compli-

cation of senile osteoporosis, has gradually The minimally invasive treatment of OVCF via

emerged as a public health concern. Percu-
taneous vertebroplasty (PVP) was first used to
treat vertebral hemangiomas by the French
physician Galibert in 1984 [1, 2]. After years of
development, the technique has become more
refined and is now widely used in the clinical
treatment of OVCF. PVP offers several advan-
tages in treating OVCF, such as a short opera-
tive time, minimal intraoperative trauma, rapid

PVP has been widely adopted in most provin-
cial and municipal hospitals across China.
However, with the growing number of cases and
extended follow-up, it has been observed that
some patients experience secondary fractures
in adjacent vertebrae and recurrent low back
pain. These patients often require additional
medical consultations and treatments for the
same condition, leading to increased economic
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and psychological burdens for elderly patients
in a short period [6]. Consequently, the occur-
rence of secondary fractures in adjacent verte-
brae after PVP for OVCF has gained increasing
attention and research interest from orthope-
dic specialists and experts in recent years.
However, current research findings are often
controversial, with no consensus, and some
results are even contradictory. In this study, we
aim to explore the factors associated with new
fractures in adjacent vertebrae following PVP
for OVCF.

Materials and methods
Study design

A total of 124 patients with OVCF were treated
at Linhai Hospital of Traditional Chinese Me-
dicine from January 2022 to January 2024. The
patients were divided into two groups: the new
fracture group (n = 61) and the no-fracture
group (n = 63). The purpose, process, and role
of the study were systematically explained to
the patients’ families. The study was approved
by the ethics committee of Linhai Hospital of
Traditional Chinese Medicine.

Inclusion and exclusion standards

Inclusion criteria: O Patients were clinically
diagnosed with osteoporotic compression frac-
tures of the thoracic/lumbar spine, presenting
with kyphosis, severe low back pain, and loss
of vertebral height; @ Bone mineral density
T-score according to measurements at our hos-
pital before surgery; @ Preoperative MRI of the
thoracolumbar spine showing a recent com-
pression fracture; @ All patients underwent
PVP with a unilateral puncture approach.

Exclusion criteria; ) Compression fractures
caused by significant trauma or falls; @ Pa-
thological fractures due to bone tumors or met-
astatic cancer; ® Patients with neurological
symptoms or spinal cord involvement; @ His-
tory of prior spinal surgery or patients not un-
dergoing their first PVP; ® Patients with severe
complications or contraindications; ® Patients
who had taken aspirin, statins, or other antico-
agulants before surgery; @ Patients unwilling
to participate in the study.

Surgical method

The patient was placed in the prone position
during the procedure, and the operating table

6973

and silicone pads were adjusted for proper
positioning. “C-arm” fluoroscopy was used to
confirm the location of the vertebral body and
its pedicle, which was marked at the surface
projection point. Routine disinfection and drap-
ing were performed. After successful local
anesthesia, a unilateral puncture through the
pedicle was performed with “C-arm” fluorosco-
py assistance. Once frontal and lateral fluoros-
copy confirmed the puncture needle’s position
in close to the junction of the anterior one-third
and the middle one-third of the vertebral body,
toothpaste-like bone cement was injected un-
der fluoroscopic monitoring. The puncture nee-
dle was removed after confirming the solidifica-
tion of the cement, and the skin puncture site
was sutured and dressed with a sterile band-
age.

During the operation, the patient’s vital signs
were closely monitored, and the procedure was
paused if any discomfort or inability to continue
was reported. After the operation, the patient
was monitored in the ward for 24 hours with
ECG, and symptoms of the lower limb nervous
system were assessed. Routine thoracolumbar
X-rays were performed one day postoperatively,
and patients were encouraged to mobilize with
chest or waist bracing. Postoperative instruc-
tions included wearing the brace for at least
one month, receiving standardized anti-osteo-
porosis treatment, and performing appropriate
lumbar and back muscle exercises. Follow-up
evaluations were scheduled at 3, 6, 12, and 16
months postoperatively.

Primary outcomes

This study analyzed factors that may contribute
to recurrent fractures, including gender, age,
bone mineral density, changes in the kyphosis
angle before and after surgery, the Oswestry
Disability Index (ODI), vertebral height restora-
tion rate, preoperative and postoperative Cobb
angles, Visual Analog Scale (VAS) scores, and
bone cement leakage into the intervertebral
disc. Bone mineral density was measured using
a dual-energy X-ray absorptiometry system (GK
Medical, LACN), with the T-score serving as the
comparison standard.

The recovery rate of vertebral height was calcu-
lated using changes in lateral kyphosis on X-ray
films. The measurement method involved iden-
tifying the kyphotic region and the transitional
vertebrae, drawing vertical lines along the lower
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and upper edges of these vertebrae, and mea-
suring the acute angle between the two verti-
cal lines. The formula for the kyphosis angle
change rate is: (preoperative kyphosis angle -
postoperative kyphosis angle)/preoperative ky-
phosis angle x 100%.

The ODI is commonly used to assess the de-
gree of dysfunction in patients with low back
pain [7]. It evaluates how daily activities such
as walking, sitting, standing, and sleeping are
affected, providing a quantitative measure of
disability and functional limitation. Higher ODI
scores indicate more severe functional impair-
ment. Pain was assessed using the Visual
Analog Scale (VAS) [8], with higher scores rep-
resenting greater pain severity.

The vertebral height restoration rate was calcu-
lated as follows: on lateral lumbar X-rays, the
anterior height of the injured vertebra was mea-
sured preoperatively (a) and postoperatively
(b). The heights of the adjacent vertebrae above
and below were recorded as (c) and (d), respec-
tively. The formula for height restoration rate is:
(b -a)/[(c +d)/2] x 100%.

Cobb angle measurements were taken preop-
eratively and postoperatively. The Cobb angle
was calculated by drawing parallel lines along
the lower edge of the vertebra above the injur-
ed vertebra and the upper edge of the vertebra
below it. The intersection of the perpendicular
lines formed by these parallels was measured
as the Cobb angle, with changes before and
after surgery used as an evaluation metric.

Sample size estimation

The sample size was calculated using power
analysis and estimated as follows: corrected
sample size = sample size/(1 - [% attrition/
100]) [9]. Ultimately, we determined a sample
size of approximately 124. The number of
patients in the two groups was obtained
through careful screening and statistical analy-
sis of the medical database we used. Specifi-
cally, based on the inclusion and exclusion cri-
teria, we selected and classified eligible cases
from the database, resulting in 61 cases in the
new fracture group and 63 cases in the no frac-
ture group.

Statistical analysis

All data were analyzed using SPSS 25.0 and
GraphPad InStat. Numerical data such as age,
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bone mineral density, and changes in the ky-
phosis angle were analyzed using an indepen-
dent sample t-test, with results expressed as
mean + standard deviation (Mean + SD). Binary
logistic regression was applied to analyze cat-
egorical data such as bone cement leakage
and gender. The statistical significance was set
as a bilateral P < 0.05.

Results
Clinical data

Between January 2022 and January 2024, 124
patients were included in this study. There were
no statistically significant differences between
the two groups in terms of age, sex, body mass
index (BMI), smoking status, diabetes, hyper-
tension, hyperlipidemia, coronary heart disea-
se, exercise habits, and chronic obstructive pul-
monary disease before intervention (all P >
0.05) (Table 1).

Comparison of biochemical indicators between
the two groups

The hemoglobin level in the new fracture group
was (11.71+0.73) g/dl, while in the no fracture
group it was (11.98+0.96) g/dl (P = 0.085).
The hematocrit in the new fracture group was
(35.37+£1.98)%, and in the no fracture group it
was (35.52+2.97)%, showing no significant dif-
ference (P = 0.084). The albumin level in the
new fracture group was (3.71+0.18) g/dl, and
in the no fracture group, it was (3.65+0.18) g/
dl, (P = 0.057). Cholesterol levels in the new
fracture group were (158.64+26.58) mg/dl,
while in the no fracture group they were
(162.87+22.07) mg/dl (P = 0.340) (Table 2).

Comparison of surgery factors between the
two groups

Compared with the no fracture group, the new
fracture group showed a significant increase in
the postoperative Cobb angle and the recovery
rate of vertebral body height, with statistically
significant differences (all P < 0.05) (Figure 1).

Comparison of VAS score an ODI function
index between the two groups

Compared with the no fracture group, the VAS
score and ODI Function Index were significantly
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Table 1. Comparison of clinical data between the two groups

New fracture group (n = 61) No fracture group (n =63) t/x? P

Age (years) 74.66+3.75
Sex

Male (n%) 38 (62.3%)

Female (n%) 23 (37.7%)
BMI 22.28+1.40
Smoking 37 (60.7%)
Diabetes 23 (37.7%)
Hypertension 18 (29.5%)
Hyperlipidemia 8 (13.1%)
Coronary heart disease 6 (9.8%)
Chronic obstructive pulmonary disease 7 (11.5%)
Exercise habits 18 (29.5%)

74.62+6.89 0.036 0.971
0.342 0.559

36 (57.1%)

27 (42.9%)

22.10+1.45 0.833 0.407
39 (61.9%) 0.020 0.886
20 (31.7%) 0.486 0.486
17 (27%) 0.097 0.755
9 (14.3%) 0.036 0.850
7 (11.1%) 0.054 0.817
7 (11.1%) 0.004 0.949
16 (25.40%) 0.263 0.608

Note: BMI: body mass index.

Table 2. Comparison of biochemical indicators between the two groups

New fracture group (n =61)  No fracture group (n = 63) t P
Hemoglobin (g/dl) 11.71+0.73 11.98+0.96 -1.734 0.085
Hematocrit (%) 35.37+1.98 35.52+2.97 -1.742 0.084
Albumin (g/dl) 3.71+0.18 3.65+0.18 1.924 0.057
Cholesterol (mg/dl) 158.64+26.58 162.87+22.07 -0.957 0.340
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Figure 1. Comparison of surgery factors between the two groups. A: Preoperative Cobb; B: Postoperative Cobb; C:
Vertebral height restoration rate. Compared to control group, *P < 0.05, ***P < 0.001.

higher in the new fracture group, with statisti-
cally significant differences (both P < 0.05)
(Figure 2).

Binary analysis of factors associated with new
fractures of adjacent vertebrae

Compared with the no fracture group, there
were significant differences in the amount of
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bone cement injected into a single vertebral
body (P = 0.042), recovery rate of anterior ver-
tebral height (P = 0.021), postoperative chest
and waist brace wearing time (P = 0.001), and
bone mineral density (BMD) (P = 0.042).
However, there were no significant differences
between the two groups in terms of the number
of preoperative vertebral fractures (P = 0.332)
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Figure 2. Comparison of VAS score an ODI Function Index between the two
groups. A: VAS score; B: ODI Function Index. Compared to control group, *P

<0.05, **P < 0.01.

or the presence of fissure-like degeneration in
the vertebral body (P = 0.591) (Table 3).

Multivariate analysis of factors associated with
new fractures of adjacent vertebrae

As shown in Table 4, multivariate logistic re-
gression analysis revealed that the recovery
rate of anterior vertebral height (P = 0.0001)
and bone density (P < 0.001) are independent
prognostic factors for new fractures of adjacent
vertebral bodies.

Discussion

OVCF predominantly occurs in elderly patients.
Given the growing elderly population in China,
the related issues of OVCF are increasingly
important and merit further study. The current
treatment options for OVCF include conserva-
tive bed rest, open surgery, and minimally inva-
sive procedures such as PVP [10, 11]. Elderly
patients with OVCF often have multiple comor-
bidities, and inadequate family care can lead to
secondary complications from prolonged bed
rest. This limits the effectiveness of conserva-
tive treatments, potentially harming the pa-
tients’ health. In open surgery, due to the
severe osteoporosis present in OVCF patients,
complications such as implant loosening, frac-
tures, and slippage frequently occur, resulting
in suboptimal surgical outcomes [12, 13].

PVP is a minimally invasive procedure that in-
volves the injection of polymethylmethacrylate
into the compressed vertebrae under C-arm
guidance, helping to restore vertebral height,
alleviate pain, and enable elderly patients to
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recover quickly and become
mobile sooner, thus reducing
the risk of bed rest complica-
tions [14, 15]. PVP also offers
the advantages of minimal
trauma and a short operative
time, which effectively reduc-
es the surgical risk for elderly
patients [16]. Due to these
benefits, PVP has gained
widespread clinical accep-
tance both domestically and
internationally over the past
20 years. However, with the
increasing use of PVP, there
have been more reports of
secondary fractures in adjacent vertebrae after
surgery, prompting many researchers to investi-
gate this issue [17].

After analyzing the factors associated with PVP
in the treatment of new fractures of adjacent
vertebrae following OVCF, we classified the
related risk factors into surgical and non-surgi-
cal factors.

In PVP surgery, the amount of bone cement
injected has always been a critical concern.
One study found that a higher percentage of
bone cement injected during surgery increased
the likelihood of postoperative adjacent verte-
bral fractures by comparing patients who expe-
rienced secondary fractures after PVP with
those who did not [18]. Another retrospective
study similarly concluded that the more bone
cement injected into the injured vertebra, the
higher the risk of adjacent vertebral fractures
[19]. In our study, the average amount of bone
cement injected into a single vertebra in the
non-fracture group was 5.67 mL, while in the
secondary fracture group, it was 5.97 mL. The-
re was a significant difference between the
two groups in the univariate analysis. Thus, we
believe that the amount of bone cement inject-
ed into a single vertebra can influence the likeli-
hood of adjacent vertebral fractures after PVP.

Cement leakage into the intervertebral disc is a
common complication after PVP. Some studies
suggest that such leakage increases the risk of
adjacent vertebral fractures [20]. The interver-
tebral disc plays an essential role in vertebral
structure by buffering stress. Leakage of bone
cement into the disc alters the surrounding
environment, accelerating disc degeneration,
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Table 3. Binary logistic regression analysis

New fracture  No fracture t/x2 p
group (n = 61) group (n=63) %X

Amount of bone cement injected into a single vertebral body (ml)  5.66+0.85

Recovery rate of anterior vertebral height (%)

8.95+0.89 3.251 0.042
81.77+9.22 85.2+9.98 4.282 0.021

Time of wearing chest waist circumference after operation (days) 38.97+9.96 22.66+8.32 8.472 0.001

Bone density (SD)
Number of preoperative vertebral fractures
With fissure like degeneration in vertebral body

-3.32+¢0.66  -3.83+0.69 2.431 0.042
1.45+0.28 1.99+0.76  1.291 0.332
37 (60.7%) 39 (61.9%) 2.962 0.591

Table 4. Multivariate analysis of related factors of new fractures of adjacent vertebral bodies

Dependent variables

Independent variables B SE B P Value

New fractures of adjacent vertebral bodies Recovery rate of anterior vertebral height 0.203 0.053 0.333 0.001

Bone density

1.288 0.394 0.284 <0.001

Note: B: nonstandard regression coefficient; SE: standard error; b: standardized regression coefficient; B: multiple correlation coefficient adjusted

for the degrees of freedom.

weakening its stress-buffering capacity, and
increasing the load on adjacent vertebrae, thus
raising the risk of secondary fractures [21].
However, other researchers argue that disc
leakage is not a significant factor in adjacent
vertebral fractures after PVP [22-24]. We be-
lieve that discrepancies in these findings may
be due to small sample sizes, measurement
errors, or other factors. Further studies are
needed to determine whether bone cement
leakage into the intervertebral disc affects the
occurrence of secondary fractures and to what
extent.

One of the primary therapeutic effects of PVP
in treating OVCF is restoring the height of the
injured vertebrae [25]. In our study, both uni-
variate and logistic regression analyses identi-
fied the recovery rate of anterior vertebral
height as a major risk factor for secondary frac-
tures of adjacent vertebrae after PVP, which
should not be overlooked. Therefore, we be-
lieve that moderate restoration of vertebral
height during PVP can achieve the desired clini-
cal outcome, consistent with the findings of Bo
et al. [26]. There is no need to fully restore the
vertebral height to its original state or aim for
optimal imaging results.

The use of chest and waist braces after surgery
is an important protective and supportive mea-
sure in spinal procedures [27, 28]. Our results
also indicate that the duration of postoperative
chest and waist brace use is a factor influenc-
ing secondary fractures of adjacent vertebrae.
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However, due to the sample size, differences in
individual living habits, and regional variability,
there is no universally accepted and reliable
conclusion regarding the impact of brace dura-
tion on adjacent vertebral fractures after PVP
[29].

OVCF is the most common complication of
osteoporosis [30]. While PVP treatment can sig-
nificantly alleviate the clinical symptoms of
OVCEF, it does not imply a cure for osteoporosis.
Surgery cannot improve BMD or halt the pro-
gression of osteoporosis. Our study confirmed
this point [31]. The recorded data showed that
patients with new fractures in adjacent verte-
brae had significantly lower BMD than those
in the non-fracture group. Both univariate and
logistic regression analyses identified low BMD
as a major risk factor for new fractures in adja-
cent vertebrae after PVP. Therefore, BMD is
closely related to the occurrence of postopera-
tive adjacent vertebral fractures. This finding
underscores the importance of standard anti-
osteoporosis treatment alongside surgical in-
tervention for patients with OVCF.

This study has a few limitations. First, it is a ret-
rospective case analysis, with certain short-
comings such as a small sample size, limited
follow-up period, and incomplete follow-up da-
ta. Additionally, the researchers’ time and re-
sources were limited, which prevented the
study from including and analyzing other poten-
tially relevant factors, such as patient lifestyle
choices that might influence the results. In the
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future, prospective randomized controlled trials
or biomechanical models should be designed
to explore potential risk factors affecting sec-
ondary fractures of adjacent vertebrae after
PVP, providing more practical guidance for clini-
cal practice and postoperative fracture pre-
vention.

In conclusion, factors influencing new adjacent
vertebral fractures after PVP for OVCF include
the amount of bone cement injected into a sin-
gle vertebra, recovery rate of anterior vertebral
height, duration of postoperative chest and
waist brace use, and BMD. The recovery rate of
anterior vertebral height and BMD are the pri-
mary risk factors.
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