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Abstract

Purpose This study evaluated the risk factors of new

vertebral compression fractures (VCFs) following percu-

taneous vertebroplasty (PVP).

Methods From June 2005 to January 2011, patients with

osteoporotic VCFs (OVCFs) who were treated with PVP

and met this study’s inclusion criteria were retrospectively

reviewed. Observed parameters were age, sex, bone min-

eral density, body mass index, amount of bone cement,

cement leakage into the disk, preoperative kyphosis, pre-

operative degree of anterior vertebral compression, pre-

operative degree of middle vertebral compression,

kyphosis correction, anterior vertebral height restoration,

middle vertebral height restoration, and number of initial

symptomatic fractures (levels treated). The data were

analyzed by univariate and multivariate analysis for the

emergence of new fractures after PVP to determine related

risk factors.

Results A total of 182 patients met the inclusion criteria.

There were 155 female and 27 male patients with a mean

age of 69.7 years (range 49–91 years). The follow-up

period was 24–50 months (average 26.4 months). A total

of 294 VCFs among 182 patients were observed, 28 new

VCFs occurred in 21 patients (21/182, 11.5 %) during the

follow-up period. Statistical analysis indicated that higher

BMI (P = 0.004) and a greater number of initial symp-

tomatic fractures (P = 0.017) were significantly associated

with new VCFs after PVP. It is the most obvious that the

risk of new fractures increased 2.518-fold (95 % CI

1.176–5.395), when the number of initial VCFs increased

by one level.

Conclusions The incidence of new symptomatic VCFs

after PVP was higher in osteoporotic patients with initial

multiple-level fractures.

Keywords Retrospective study � Osteoporotic vertebral

compression fracture � Percutaneous verteproplasty � Risk

factor

Introduction

The incidence of osteoporosis has been rising substantially

with the aging of the population, and osteoporotic vertebral

compression fractures (VCFs) are a major complication.

Percutaneous vertebroplasty (PVP) is widely performed in

clinical practice because of its advantages in pain relief and

partial restoration of vertebral height. New VCFs are

common in patients with osteoporosis who have undergone

PVP. New VCFs require either reoperation or conservative

treatment, reducing patient satisfaction. The incidence of

new VCFs (both adjacent and non-adjacent) is reportedly

5.5–52.0 % [1–6]. Lindsay et al. [7] reported that 17.4 %

of patients with VCFs (mean age 74 years) developed new

fractures within 1 year, which may be related to the natural

course of osteoporosis. Voormolen et al. [6] believed that

the presence of more than two preexisting VCFs was the

only independent risk factor for the development of new

VCFs after PVP. However, Lin et al. [8] reputed that an

increased risk of VCFs was associated with proximity to

the treated vertebra, greater kyphosis correction, and a low

body mass index (BMI). Some potential risk factors began
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to be suspected, including age, sex, bone mineral density

(BMD), BMI, amount of bone cement injected, bone

cement leakage, and number of initial symptomatic frac-

tures treated [9, 10]. However, definitive risk factors are

inconclusive. The purpose of this study was to investigate

the risk factors for and relative risk of new symptomatic

VCFs following PVP in patients with osteoporosis.

Materials and methods

All patients treated with vertebroplasty at our institution

from June 2005 to January 2011 were retrospectively

reviewed. Approval was obtained from our institutional

review board. All patients received explanations of the

PVP procedure and handling of clinical data. Written

informed consent was obtained from each patient.

The L2–L4 vertebrae were selected for BMD measure-

ment. The BMD was measured with dual-energy X-ray

absorptiometry (OSTEOCORE 3; MEDILINK, Mauguio,

France), and the corresponding T-score was calculated.

Each patient’s height and weight were recorded to calculate

the BMI.

The inclusion criteria were primary osteoporosis with

bone density meeting the World Health Organization

diagnostic criteria for osteoporosis, pain or local tenderness

consistent with imaging findings, no history of steroid use,

available preoperative spinal X-ray and magnetic reso-

nance imaging (MRI) results, initial treatment by PVP, new

MRI-identified fracture after PVP with no clear history of

trauma, and a C2-year follow-up period.

The exclusion criteria were a non-osteoporotic VCF or

compression fracture pressure secondary to other factors,

such as pathologic fracture due to metastasis or symp-

tomatic hemangioma; no initial treatment by PVP; preop-

erative radicular symptoms or symptoms of spinal cord

compression; new fracture after PVP with a clear history of

trauma or identified without MRI; and a\2-year follow-up

period.

Vertebroplasty procedure

PVP was typically offered to patients with refractory pain

referable to osteoporotic VCF of the thoracic or lumbar

spine as evidenced on MRI. Vertebroplasty was not per-

formed when the following exclusion criteria were met:

improvement with conservative management, technical

contraindications, and uncorrelated pain.

With the patient in the prone position, local anesthesia

(1 % lidocaine) was administered over the skin, subcuta-

neous tissues, muscular tissues, and periosteum of the

targeted pedicle. Bone cement was injected by unilateral or

bilateral transpedicular puncture. Blood pressure, oxygen

saturation, and heart rate and rhythm were intraoperatively

monitored, and low-flow oxygen was administered at 3 L/

min. Biplane fluoroscopy was performed in all cases;

13-gauge needles were advanced to the anterior third of the

vertebral body and adjusted according to the needle loca-

tion and depth with biplane fluoroscopic guidance. The

volume of bone cement injected was based on the size of

the vertebra and degree of vertebral compression and

leakage. If the bone cement was not dispersed over the

vertebral midline by unilateral puncture on X-ray films,

pedicle puncture injection of bone cement was performed

on the other side. Otherwise, the surgery was finished.

The cement material was prepared by combining poly-

methyl methacrylate powder with sterile barium sulfate for

opacification, followed by the addition of liquid monomer

(Tianjin SyntheticMaterial Research Institute, Tianjin,

China). The mixture was injected with either an injector

device or 2-mL syringe. Injection was immediately termi-

nated in the event of bone cement dispersion to the pos-

terior one-fourth of the vertebral body on the lateral

projection or cement leakage (e.g., intervertebral space,

venous, paravertebral, or epidural leakage). After needle

removal, strict bed rest was enforced for 24 h, after which

the patients were allowed to ambulate. All patients were

treated with calcium supplementation and oral bisphos-

phonates after PVP. A maximum of four vertebral levels

were treated in a single session based on the clinician’s

comfort level.

Parameters observed

Data were collected on age, sex, BMI, BMD (T-score),

amount of bone cement, cement leakage into the disk,

preoperative kyphosis, preoperative degree of anterior

vertebral compression (DAVC), preoperative degree of

middle vertebral compression (DMVC), kyphosis correc-

tion, anterior vertebral height restoration, middle vertebral

height restoration, and number of initial symptomatic

fractures (levels treated).

The vertebral kyphosis angle was measured as follows

(Fig. 1): The vertebral kyphosis angle was defined as the

angle between the upper and lower edges of the VCF

(dashed line in Fig. 1) on a lateral X-ray film. The kyphosis

correction was calculated as the difference between the

postoperative and preoperative kyphosis angles.

The degree of vertebral compression was measured as

follows (Fig. 1): The means of the upper and lower pos-

terior vertebral heights adjacent to the VCF on a lateral

X-ray film were used to estimate the posterior vertebral

height of the VCF. The anterior and middle heights of the

VCF were then measured. The DAVC was defined as the

ratio of the anterior vertebral height to the estimated pos-

terior vertebral height of the VCF. The DMVC was defined
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as the ratio of the middle vertebral height to the estimated

posterior vertebral height of the VCF. VCFs caused by

osteoporosis mainly occurred in the anterior and middle

columns. Bone cement perfusion was also mainly located

in the anterior and middle columns. Thus, the degree of

anterior and middle vertebral compression reflected the

degree of preoperative compression fracture and postop-

erative improvement. The anterior vertebral height resto-

ration was defined as the difference between the

postoperative and preoperative degrees of anterior verte-

bral compression, while the middle vertebral height resto-

ration was defined as the difference between the

postoperative and preoperative degrees of middle vertebral

compression.

New VCF identification criteria

Recurrence in patients with thoracic or low back pain was

associated with obvious tenderness in the corresponding

parts on physical examination. X-ray examination showed

the corresponding parts of the wedge changes in VCFs, and

MRI examination confirmed the presence of new fractures.

Vertebral marrow edema was shown by low and high signal

intensity on T1- and T2-weighted MRI, respectively. MRI

was also used to rule out other spinal diseases, including

infection and malignancy. The new fracture occurrence time

was defined as the duration of time between the end of the

operation and the confirmation of a new fracture by MRI

examination upon recurrence of thoracic or low back pain.

Statistical analysis

The data were analyzed by univariate and multivariate

analysis for the emergence of new fractures after PVP to

determine related factors and risk factors. For univariate

analysis, quantitative data were collected by t tests for two

independent samples, and qualitative data were obtained by

a Chi-squared test. Logistic regression analysis was used to

assess a possible relationship between the occurrence of

new VCFs and the following factors: age, sex, BMI, BMD

(T-score), amount of bone cement, cement leakage into the

disk, preoperative kyphosis, preoperative DAVC, preop-

erative DMVC, kyphosis correction, anterior vertebral

height restoration, middle vertebral height restoration, and

number of initial symptomatic fractures (levels treated).

All data were processed by SPSS 13.0 statistical software

(SPSS, Inc., Chicago, IL, USA), and a P \ 0.05 was con-

sidered statistically significant.

Results

A total of 182 patients met the inclusion criteria; 102 had

1-level fractures, 54 had 2-level fractures, and 26 had C3-

level fractures. There were 155 female and 27 male

patients with a mean age of 69.7 years (range 49–91 years)

(Table 1). The follow-up period was 24–50 months (aver-

age 26.4 months). In total, 294 VCFs among 182 patients

were observed; 187 (63.6 %) of the VCFs involved the

T11–L2 vertebral segments (Table 1). No intraoperative or

postoperative cardiovascular or cerebrovascular events or

pulmonary embolism occurred. Twenty-eight new VCFs

occurred in 21 patients (21/182, 11.5 %) during the follow-

up period. The BMD T-score was -3.1 to -7.1 (average

-4.7) in patients with new VCFs and -2.6 to -8.6

(average -4.5) in patients without new VCFs. The BMI

was 15.56–31.16 (average 23.7 kg/m2) in patients with new

VCFs and 13.96–29.78 (average 21.6 kg/m2) in patients

without new VCFs.

The new fracture occurrence time was 1–48 months

(average 8.6 months). Of the 21 patients with new frac-

tures, new VCFs occurred in 9 patients (42.9 %) within

3 months after PVP, 11 patients (57.1 %) within 6 months

after PVP, and 17 patients (81.0 %) within 12 months after

PVP. Of these new fractures, 78.6 % (22/28) and 21.4 %

(6/28) occurred in non-adjacent and adjacent vertebrae,

respectively (Table 2).

Fig. 1 a Upper edge of the vertebral fracture (dashed line), b lower

edge of the vertebral fracture (dashed line). The angle between lines

a and b is the vertebral kyphosis angle. c Anterior height of the VCF,

d middle height of the VCF, f upper posterior vertebral height

adjacent to the VCF, g lower posterior vertebral height adjacent to the

VCF, e estimate of the posterior vertebral height of the VCF (average

of f and g). c/e = DAVC (%), d/e = DMVC (%)

752 Eur Spine J (2015) 24:750–758

123



The new fracture occurrence rate among the 102 patients

with 1-level fractures was 7.8 % (8 patients, 9 fractures),

that among the 54 patients with 2-level fractures was

11.1 % (6 patients, 7 fractures), and that among the 26

patients with C3-level fractures was 26.9 % (7 patients, 12

fractures) (Table 3). Only 6 of 182 patients had 3 consec-

utive vertebral fractures: T6/T7/T8/L2 (one patient), T8/

T10/T11/T12 (one patient), T12/L1/L2 (three patients), and

L2/L3/L4 (one patient).

Among the 294 VCFs, 99 levels (33.7 %) had bone

cement leakage and 37 levels (12.6 %) had cement leakage

into the disk. No patients had clinical symptoms. Cement

leakage into the disk accounted for 37.4 % (37/99) of all

cases of bone cement leakage. Among the 252 levels in 161

patients without new fractures, 82 levels (32.5 %) had bone

cement leakage; 34 of these 82 levels (41.5 %) showed

cement leakage into the disk. Among the 42 levels in 21

patients with new fractures, 17 levels (40.5 %) showed

bone cement leakage; 3 of these 17 levels (17.6 %) showed

cement leakage into the disk (Table 3). However, only one

adjacent VCF with cement leakage into the disk occurred;

the remaining adjacent VCFs occurred without cement

leakage into the disk.

The two independent samples t test showed that the

quantitative data were not statistically significant

(P [ 0.05) except BMI (P = 0.010). A Chi-squared test

was performed for sex, number of initial symptomatic

fractures (levels treated), and cement leakage into the disk,

but only the number of initial symptomatic fractures was

significantly different (P = 0.001). Sex (P = 0.94) and

cement leakage into the disk (P = 0.429) were not sig-

nificantly different (Table 4). Logistic regression analysis

indicated that age, sex, BMD (T-score), amount of bone

cement, cement leakage into the disk, preoperative ky-

phosis, preoperative DAVC, preoperative DMVC, kypho-

sis correction, anterior vertebral height restoration, and

middle vertebral height restoration were not significantly

associated with new fractures following PVP (P [ 0.05).

Only BMI and the number of initial symptomatic fractures

were significantly associated with new VCFs after PVP

(P \ 0.05). The risk of new fractures increased 1.268-fold

(95 % CI 1.077–1.492) when the BMI increased by 1 kg/

m2. The risk of new fractures increased 2.518-fold (95 %

CI 1.176–5.395) (Table 5) when the number of initial

VCFs increased by one level.

Discussion

Previously reported incidences of new VCFs after PVP are

inconsistent because of differences in statistical methods,

sample sizes, sample inclusion criteria, and follow-up

times. Uppin et al. [11] reported that of 177 patients treatedT
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with PVP, 22 (12.4 %) developed a total of 36 new ver-

tebral body fractures following treatment. In the present

study, the new fracture occurrence rate was 11.5 % (21/

182), similar to the above-mentioned results. We found

3-month, 6-month, and 1-year new fracture incidence rates

of 42.9 % (9 cases), 57.1 % (11 cases), and 81.0 % (17

Table 2 Summary of clinical features of 21 patients with new symptomatic VCF

No. Sex Age (years) BMD (T-score) BMI (kg/m2) Amount of

bone cement (mL)

Cement

leakage

into disk

Initial VCFs New VCFs New VCFs

occurrence

time (months)

1 F 72 -4.6 19.2 4 (?) T12 T10 20

2 F 82 -5.0 23.4 3 (-) L2 T5 7

3 F 84 -4.5 28.1 3 (-) T10 L1 7

4 F 66 -4.2 26.2 6 (-) L1 L4 1

5 F 67 -3.4 25.2 5 (-) L1 T12 12

6 F 67 -3.6 27.8 2.5 (-) L3 L1 23

7 F 53 -4.0 22.6 2.5 (-) T12 T9 48

8 F 77 -5.0 21.2 2 (-) T7 T12/L4 13

9 F 73 -4.4 27.1 3/4.5 (-) T8/11 T12 4

10 F 61 -5.3 26.7 3.6/3 (-) T9/T12 L2/L3 7

11 F 66 -3.9 19.5 5/1.5 (-) L1/L2 T9 3

12 F 69 -4.8 24.4 5/3 (?) T9/T12 L1 2

13 F 76 -5.5 18.7 2/2 (-) T10/T11 L3 1

14 F 71 -6.1 27.3 2.5/3 (-) T5/T8 L2 11

15 M 76 -5.4 19.2 4/2/3.5 (-) T12/L1/L2 L4/L5 1

16 F 66 -4.6 27.1 3/3/3 (?) T7/T12/L2 L1 4

17 M 58 -5.2 20.1 2.5/3/3 (-) T11/T12/L2 L3 1

18 F 82 -4.4 15.6 3/5/5 (-) T12/L1/L3 T11 2

19 M 61 -3.1 24.8 2.5/5/3 (-) T12/L1/L2 T9/T10/L5 1

20 F 80 -7.1 31.2 2/2/4 (-) T7/T8/T12 L3/L4 3

21 F 69 -4.8 22.9 2/2/3.5/5 (-) T6/T7/T8/L2 T10/T12 10

Table 3 Incidence of new fractures and cement leakage

Patients with new VCF (n = 21) Patients without new VCF (n = 161) Incidence

1 level 8 94 7.8 % (8/102)

2 levels 6 48 11.1 % (6/54)

C3 levels 7 19 26.9 % (7/26)

Total

levels

21 161 11.5 % (21/182)

Patients with new VCF

/SimplePara>(number of

initial VCFs, n = 42)

Incidence Patients without new VCF

(number of initial

VCFs, n = 252)

Incidence Incidence

(total)

Cement leakage

into disk (A)

3 7.1 % (3/42) 34 13.5 % (34/252) 12.6 % (37/294)

All of cement

leakage (B)

17 40.5 % (17/42) 82 32.5 % (82/252) 33.7 % (99/294)

A/B 17.6 % (3/17) 41.5 % (34/82) 37.4 % (37/99)

Adjacent

fractures

Non-adjacent

fractures

Incidence

New

VCF

6 22 21.4 % (6/28)
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cases), respectively. These results suggest that the first year

after the procedure is an important period for the occur-

rence of new fractures.

Many authors have reported that new fractures in adja-

cent vertebrae are more common than previously thought.

Some researchers have found that among patients who

underwent PVP, approximately half of new fractures

appeared in adjacent vertebrae [4] and occurred much

earlier than in non-adjacent vertebrae. Trout et al. [12]

reported that 41.4 % of new vertebral fractures occurred in

vertebrae adjacent to the level treated with vertebroplasty,

and Lo et al. [1] reported that the proportion of new

adjacent-segment fractures was as high as 55.6 %. Because

of these reports, more focus has been placed on adjacent

vertebral fractures after PVP. Increasingly more attention is

being given to the amount of cement injected, cement

leakage into the disk, the preoperative kyphosis and degree

of compression, the postoperative compression level and

Table 4 Characteristics of patients with and patients without new VCF (mean ± SD)

Variable Patients with new VCF (n = 21) Patients without new VCF (n = 161) P

Sex (male/female) 3/18 24/137 0.94

Age (years) 70.3 ± 8.3 69.7 ± 9.5 0.779

BMD (T-score) -4.7 ± 0.9 -4.5 ± 1.1 0.421

BMI (kg/m2) 23.7 ± 4.0 21.6 ± 3. 5 0.010*

Number of initial fractures

1 level 8 94 0.001*

2 levels 6 48

C3 levels 7 19

Cement leakage into disk 3 32 0.541

Amount of bone cement (mL) 3.5 ± 1.2 3.8 ± 1.1 0.186

Preoperative kyphosis (�) 13.9 ± 3.6 13.0 ± 6.3 0.492

Preoperative DAVC (%) 66.6 ± 11.1 67.4 ± 15.7 0.788

Preoperative DMVC (%) 52.7 ± 11.0 49.6 ± 13.0 0.311

Kyphosis correction (�) -2.3 ± 2.8 -2.4 ± 2.5 0.770

Anterior vertebral height restoration (%) 4.6 ± 7.0 5.9 ± 8.0 0.493

Middle vertebral height restoration (%) 8.3 ± 8.5 10.1 ± 8.4 0.362

DAVC degree of anterior vertebral compression, DMVC degree of middle vertebral compression

* Statistically significant

Table 5 Results of multivariate logistic regression analysis

Variable Regression coefficient OR (odd ratio) P 95 % CI for OR

Sex -0.369 0.692 0.629 0.155–3.084

Age (years) 0.027 1.027 0.367 0.969–1.090

BMD (T-score) -0.244 0.784 0.332 0.479–1.282

BMI (kg/m2) 0.237 1.268 0.004* 1.077–1.492

Amount of bone cement (mL) -0.129 0.879 0.637 0.516–1.499

Preoperative kyphosis (�) 0.089 1.093 0.330 0.914–1.305

Preoperative DAVC (%) -0.019 0.981 0.638 0.907–1.062

Preoperative DMVC (%) 0.072 1.075 0.086 0.990–1.167

Kyphosis correction (�) -0.062 0.940 0.668 0.707–1.249

Anterior vertebral height restoration (%) -0.011 0.989 0.833 0.896–1.093

Middle vertebral height restoration (%) 0.038 1.039 0.423 0.946–1.141

Cement leakage into disk -0.437 0.646 0.543 0.159–2.635

Number of initial fractures 0.924 2.518 0.017* 1.176–5.395

DAVC degree of anterior vertebral compression, DMVC degree of middle vertebral compression

* Statistically significant
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degree of kyphosis correction, and other parameters. The

above factors were also considered in our study.

The optimal amount of injected bone cement is con-

troversial. Vertebroplasty alters the load transfer along the

anterior spinal column, significantly increasing the fracture

risk and ultimately leading to load failure of the untreated

adjacent vertebrae [13]. It is generally advocated to inject

as much bone cement as possible without leakage to

enhance vertebral strength. An overdose would lead to an

unevenly distributed load or stress concentration [14–16]

and make the vertebrae more vulnerable to fractures [4].

Small doses of bone cement (1–3 mL) were only helpful to

reduce the incidence of leakage, not of adjacent VCFs [17].

Even low-modulus bone cement was not found to affect

adjacent VCFs [18]. A retrospective study of 660 levels in

357 patients showed that the bone cement dose was irrel-

evant to the development of new VCFs after PVP [19],

which is consistent with the present study. Therefore, the

amount of injected bone cement that produces the best

therapeutic outcome remains unknown.

A common complication of PVP was bone cement

leakage into the intervertebral disk, paraspinal tissues,

venous system, and epidural spaces. Cement leakage into a

disk was thought to be associated with adjacent VCFs, but

not non-adjacent VCFs. Komemushi et al. [20] reported

that only cement leakage into the disk was a significant

predictor of new vertebral body fracture after vertebropl-

asty (odds ratio = 4.633). Leakage may exacerbate exist-

ing degenerative disk damage, causing a change in the

stress distribution in the disk termed the ‘‘pillar effect,’’

and decrease the buffering effect. Lin et al. [21] showed

that fractures occurred in 58 % of vertebral bodies adjacent

to a disk with cement leakage during the follow-up period,

but in only 12 % without cement leakage. Patients under-

going PVP should be informed of the possibility and higher

risk of new adjacent fractures if cement leaks into the disk

[22]. Rho et al. [23] recently reported that the most

important risk factors for new VCFs were osteoporosis and

cement leakage into the intervertebral disc. But several

studies have reported leakage unrelated to new fractures

either at adjacent or non-adjacent levels [3, 9, 19, 24].

These findings are consistent with those of the present

study, indicating the irrelevance of new VCFs to intradiscal

leakage after PVP.

The presence of an association between a new fracture

and restoration of the collapsed vertebral height or ky-

phosis correction is inconclusive. Some studies have

shown that mild preoperative wedge deformity and a

greater degree of height restoration increased the risk of

new symptomatic fractures after vertebroplasty [2, 25].

Each degree of restoration of vertebral kyphosis increased

the risk of new fractures by 9 % [8]. Osteoporosis and

biomechanical changes were the most important factors

for new VCFs after PVP [26]. Actually, the adjacent

vertebrae could fracture even without the procedure [27].

Lunt et al. [28] reported that fewer adjacent fractures

occurred following kyphotic deformity correction. The

present study further confirmed that preoperative kypho-

sis, the preoperative degree of vertebral compression,

kyphosis correction, and the degree of vertebral height

restoration are not related to new fractures. Therefore, we

speculate that new VCFs after PVP are a natural pro-

gression of osteoporosis regardless of surgery. A ran-

domized controlled trial is required to differentiate various

risk factors for new VCFs after PVP.

The number of initial symptomatic fractures is consid-

ered to be a risk factor for new fractures after PVP. A

clinical study found no difference in the incidence of new

VCFs between PVP and conservative therapy, and the

number of VCFs at baseline was the only risk factor for

new VCFs [3]. Delmas et al. [29] found that the baseline

VCF severity was the best independent predictor of the risk

for new VCFs. Voormolen et al. [6] found that the presence

of more than two preexisting VCFs was the only inde-

pendent risk factor for new VCFs. However, some studies

showed that the emergence of new fractures after PVP was

unrelated to the number of initial VCFs [20]. The present

study confirmed that the greater the number of levels of

initial symptomatic fractures, the higher the incidence of

new fractures; additionally, the risk of new fractures

increased 2.518-fold with the number of initial VCFs.

In theory, new-onset fractures after PVP may be related

to the BMD. A low T-score was an important risk factor for

subsequent VCFs following PVP [23, 30]. The pillar effect

on the adjacent vertebrae may occur more readily at a

lower BMD and cause new VCFs after PVP. However,

some studies have shown no significant correlation

between the T-score and subsequent development of frac-

tures [31], consistent with the present study.

The level at which BMI becomes a risk factor for spinal

fracture recurrence remains uncertain. A low BMI was

found to be a risk factor for fracture recurrence in the spine

or hip [32] and for new VCFs after vertebroplasty [33, 34].

Interestingly, being overweight or obese was found to

increase the incidence of vertebral fracture [35]. In the

present study, the risk of new fractures increased 1.268-

fold per 1-kg/m2 increase in BMI. Further studies are

needed to identify the boundary at which BMI becomes a

risk factor for new VCFs after PVP.

There are several limitations in this retrospective study,

including the small number of new VCFs, narrow range of

BMD T-scores, and focus on new symptomatic fractures.

The results may be biased; the actual incidence of new

VCFs after PVP could be higher than that observed.
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Conclusion

The incidence of new symptomatic VCFs after PVP was

higher in osteoporotic patients with initial multiple-level

fractures. The number of initial symptomatic fractures was

an important risk factor for new VCFs. Age, sex, BMD

T-score, amount of bone cement, cement leakage into the

disk, preoperative kyphosis, preoperative DAVC, preop-

erative DMVC, kyphosis correction, anterior vertebral

height restoration, and middle vertebral height restoration

did not increase the risk of new fractures after PVP.
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