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Recompression of Augmented Vertebrae after Balloon Kyphoplasty
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Abstract:
Introduction: This study aimed to identify factors associated with adjacent vertebral fracture (AVF) incidence after bal-

loon kyphoplasty (BKP).

Methods: To perform the analyses, 133 vertebrae of 128 patients who underwent BKP for osteoporotic vertebral com-

pression fracture were retrospectively investigated. According to the presence of AVF throughout a 1-year period following

BKP, patients were divided into AVF (n = 22) and non-AVF (n = 111) groups. The groups were compared with respect to

pre- and postoperative parameters, including the incidence of recompression of augmented vertebrae (RAV). RAV was de-

fined as a decrease in anterior vertebral body height of at least 5 mm within the 3 months that followed BKP. To identify

factors associated with AVF incidence, univariate and multivariate analyses were performed.

Results: The univariate analysis revealed that the AVF group had a lower cement augmentation ratio, greater preoperative

wedge angle, lower preoperative vertebral body height, lower postoperative vertebral body height 3 months post-BKP, and a

greater change in vertebral body height and rate of RAV than the non-AVF group. Multivariate analysis revealed that low

preoperative vertebral body height and RAV occurrence were associated with AVF incidence.

Conclusions: To the best of our knowledge, this study is the first to indicate that RAV is a risk factor for AVF. Study

findings indicate that the incidence of AVF can be decreased if RAV development is avoided.
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Introduction

Osteoporotic vertebral compression fractures (OVF) are a

major health problem in an aging society as they cause

kyphosis, back pain, restricted pulmonary function, and gas-

trointestinal dysfunction1). The main methods used to man-

age symptomatic OVF are conservative treatments, such as

rest, corset use, and medication. However, despite adequate

conservative treatment, some cases of severe back pain or

nonunion require surgery. In older patients, OVF should be

treated using procedures that are as minimally invasive as

possible. Minimally invasive vertebral augmentation with

balloon kyphoplasty (BKP) has become very popular2-4).

Multiple previous studies have reported that BKP is a safe

and effective technique for treating OVF and it significantly

reduces back pain and improves quality of life5-8). However,

in some rare cases, complications, including cement extru-

sion into the spinal canal, infection, and pulmonary embo-

lism, have occurred after the procedure9). Relative to other

complications of BKP, the incidence of adjacent vertebral

fracture (AVF) is relatively high, with a postoperative rate

that ranges from 6.5% to 25%1,9-14). AVF has been reported to

cause revision surgery and persistent pain after vertebro-

plasty or BKP15-17).

Many investigators have attempted to determine risk fac-

tors for AVF after using cement augmentation techniques,

including vertebroplasty or BKP. Bone mineral density

(BMD), intravertebral cleft, cement leakage into a disc, and

high cement volume have been reported as risk factors of

AVF after vertebroplasty18-21). Preoperative compression se-
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Figure　1.　Calculation of cement augmentation ratio.
Anterior vertebral body height and cement height is indicated 
with A and B, respectively. Cement augmentation ratio was cal-
culated via the following formula: [B/A] ×100.

verity, greater surgical correction, and female sex have been

reported as risk factors of AVF after BKP12,15,22). Although

many risk factors have been discussed, the precise identities

of risk factors remain controversial.

Augmented vertebral body height loss after BKP has been

reported23-26); however, its clinical significance is unknown. In

this study, we referred to the height loss phenomenon after

BKP as recompression of augmented vertebrae (RAV). This

study aimed to identify potential risk factors of AVF after

BKP.

Material and Methods

Patient selection

Clinical data of 176 patients with symptomatic OVF

treated with BKP from January 2011 to October 2019 at our

hospital were retrospectively collected. A total of 186 verte-

brae were treated with BKP, including 164 one-level com-

pression fractures and 11 two-level fractures. Patients who

did not have X-ray follow-up data at �3 months post-BKP,

who had missing data, and who underwent posterior instru-

mentation combined with BKP were excluded from the

study.

Surgical procedure and postoperative care

Balloon kyphoplasty was performed using a spinal bal-

loon device with patients under general anesthesia. Patients

were placed in a prone position on a four-poster frame. A

deflated balloon was inserted into the vertebral body via a

bilateral transpedicular approach and inflated to restore the

height of the injured vertebra and create an internal cavity.

The balloon was then deflated, and the remaining cavity was

filled with cement under low pressure. After surgery, pa-

tients were permitted self-ambulation as soon as possible.

Back braces were applied to all patients after surgery for 1-3

months. Osteoporotic medications, including bisphos-

phonates, vitamin D, or parathyroid hormone, were pre-

scribed after the procedure.

Patient data collection

Patient information, medical records, and radiological im-

ages were collected pre- and postoperatively. Patient infor-

mation collected included age, sex, body mass index, con-

servative treatment period before BKP, and follow-up period

after BKP. According to the presence of AVF within the

year that followed BKP, patients were divided into AVF and

non-AVF groups.

Image assessment

Plain radiographs were assessed based on lateral views in

the lateral position before surgery and 1 week and 3 months

postoperatively. All radiological parameters were measured

twice by two orthopedic surgeons individually and inde-

pendently (intraclass correlation coefficient > 0.8); the aver-

age of the two measurements was used. Fracture level was

classified as thoracolumbar ( Th 11-L 2 ) and non-

thoracolumbar (Th10, L3-5). The intravertebral cleft within

the injured vertebra was defined as a radiolucent shadow on

lateral radiography or computed tomography. Cement leak-

age was defined as cement extending into disc space and

was assessed via X-ray or computed tomography. Cement

augmentation ratio was calculated using the following for-

mula: [vertebral height/augmented cement height] × 100

(Fig. 1)21). The wedge angle was defined as the angle be-

tween the superior and inferior endplate of the compressed

vertebra considered. Vertebral body height was measured at

the anterior wall of the compressed vertebra (Fig. 2). RAV

was defined as a decrease in anterior vertebral body height

of at least 5 mm between 1 week and 3 months post-BKP.

Statistical analysis

All analyses were conducted using SPSS 21.0. Values of

p < 0.05 were considered statistically significant. Quantita-

tive data are presented as a mean ± standard deviation, and

a Shapiro-Wilk test was used to assess the normality of the

data distribution. The differences between groups in continu-

ous variables were examined using Student’s t-test and

Mann-Whitney U test for parametric and nonparametric

data, respectively, while categorical data were compared us-

ing the chi-square. Indices that were significantly different

in the univariate analysis were inputted into the multivariate

logistic regression correlation analysis to determine factors

associated with AVF incidence. A stepwise method was used

in the multivariate analysis. Odds ratios (ORs) and 95%

confidence intervals were calculated and assessed the good-

ness of fitting of logistic regression models by Hosmer-

Lemeshow test.

Results

A total of 133 vertebrae of 128 patients were examined in
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Figure　2.　Measurement of vertebral body height and wedge angle.

X-rays obtained (a) 1 week postoperatively and (b) 3 months postoperatively are shown. Pre- and postoper-

ative vertebral body height are indicated with A and A´, respectively. Pre- and postoperative wedge angle 

are indicated with α and α´, respectively. Change in vertebral height is A – A´ and change in wedge angle is 

α – α´. Recompression of augmented vertebra is defined as A – A´ ≥ 5.

Table　1.　Baseline Characteristics of the AVF and Non-AVF Groups Pre- and Post-surgery.

AVF (n=22)

Mean±SD or N (%)

Non-AVF (n=111)

Mean±SD or N (%)
P-value

Age, years 78.8±4.6  77.9±7.1 0.444

Sex, female 15 (68%) 82 (74%) 0.583

BMI, kg/m2 20.1±3.6  22.1±4.0 0.126

Preoperative conservative treatment period, days  69.5±41.2 65.4±73 0.800

Postoperative follow-up period, weeks  25.5±20.2 24.5±20 0.298

Thoracolumbar fracture (Th11–L2) 21 (95%) 88 (79%) 0.057

Intravertebral cleft   1 (4.5%) 21 (19%) 0.096

AVF, adjacent vertebral fracture; BMI, body mass index; SD, standard deviation; N, number

this study. The locations and numbers of treated vertebral

bodies were as follows: Th10 (n = 2), Th11 (n = 5), Th12

(n = 34), L1 (n = 45), L2 (n = 25), L3 (n = 14), L4 (n = 4),

and L5 (n = 4). In 22 patients (17%), AVF was identified

throughout the 3- to 12-month postoperative period. The

AVF and non-AVF group consisted of 22 and 111 patients,

respectively. Table 1 shows baseline characteristics of the

AVF and non-AVF groups. The mean age of the AVF and

non-AVF group was 78.8 and 77.9 years (p = 0.44), respec-

tively. There were no significant differences between the

groups regarding sex, body mass index, preoperative conser-

vative period before BKP, postoperative follow-up period af-

ter BKP, and incidence rates of thoracolumbar fracture

(Th11-L2) and intravertebral cleft.

Table 2 shows radiological measurements of the AVF and

non-AVF groups before and after BKP. There were no sig-

nificant differences between the groups regarding total ce-

ment volume and the incidence rate of cement leakage into

a disc. There were no neurologic symptoms observed in

cases with cement leakage. The cement augmentation ratio

was lower in the AVF group (68.9%) than in the non-AVF

group (73.7%, p = 0.036). The wedge angle before BKP

was greater in the AVF group (15.2°) than in the non-AVF

group (13.0°, p = 0.025), whereas there were no significant

differences between groups regarding wedge angle 1 week

and 3 months post-BKP. Vertebral body height before BKP

and 3 months after BKP was lower in the AVF group than

in the non-AVF group (16.7 mm vs. 20.3 mm, p < 0.01 and

17.1 mm vs. 22.1 mm, p < 0.01, respectively), whereas

there was no significant vertebral body height difference ob-

served between the groups 1 week after BKP. There were no

significant differences observed between the groups in

wedge angle change 1 week and 3 months after BKP; how-

ever, the vertebral body height change of the AVF group

was greater than that of the non-AVF group (5.1 mm vs. 3

mm, respectively; p < 0.01). Further, the AVF group had a

greater incidence rate of RAV (64%) than the non-AVF

group (64% vs. 12%, respectively; p < 0.01). Thus, in uni-

variate analysis, there were significant differences between

the two groups in six indices: cement augmentation ratio,

preoperative wedge angle, preoperative vertebral body

height, vertebral body height at 3 months, postoperative dif-

ference of vertebral body height for 3 months, and incidence

of RAV. When the six indices that statistically differed be-

tween groups were input into a multivariate logistic regres-

sion correlation, the multivariate analysis revealed that verte-

bral body height before BKP (OR = 0.82) and incidence of

RAV (OR = 21.9) were associated with the incidence of
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Table　2.　Radiological Measurements for the AVF and Non-AVF Groups.

AVF (n=22)

Mean±SD or N (%)

Non-AVF (n=111)

Mean±SD or N (%)
P-value

Total cement volume, mL  5.1±1.2  5.0±1.3 0.839

Cement leakage into a disc, N (%)  4 (18%) 14 (13%) 0.343

Cement augmentation ratio, %  68.9±10.1 73.7±9.7 0.036

Wedge angle, degrees

Preoperatively 15.2±3.2 13.0±9.7 0.025

1 week postoperatively 10.4±3.8  9.6±6.6 0.395

3 months postoperatively   13±4.4 11.9±6.7 0.322

Postoperative difference at 1 week and 3 months  2.6±2.4  2.4±2.4 0.656

Vertebral body height, mm

Preoperatively 16.7±4.4 20.3±5.4 0.004

1 week postoperatively 22.1±3.5 24.1±4.6 0.058

3 months postoperatively 17.1±2.7 22.1±3.5 <0.001

Postoperative difference at 1 week and 3 months  5.1±2.8    3±2.1 <0.001

Incidence of RAV, N (%) 14 (64%) 13 (12%) <0.001

AVF, adjacent vertebral fracture; SD, standard deviation; RAV, recompression of augmented vertebra; N, number

Table　3.　Multivariate Analysis of Factors Associated with AVF Incidence.

OR P-value 95% CI

Cement augmentation ratio 0.587

Wedge angle, preoperatively 0.975

Vertebral height, preoperatively 0.820 0.002 0.725–0.928

Vertebral body height, 3 months postoperatively 0.307

Postoperative vertebral body height difference at 1 week and 3 months 0.984

RAV 21.891 <0.001 6.219–77.058

AVF, adjacent vertebral fracture; RAV, recompression of augmented vertebra; OR, odds ratios; CI, confidence interval

AVF (Table 3). In addition, the Hosmer-Lemeshow test has

a p-value of 0.932, indicating that the logistic regression

analysis model has no fit problem.

Case presentation

The patient was a 78-year-old woman with an L2 verte-

bral fracture (Fig. 3a) who underwent BKP following con-

servative treatment. A postoperative radiograph showed im-

provement in the vertebral body height and wedge angle of

L2, while the cancellous bone remained around the cement

in the vertebral body (Fig. 3b). A postoperative radiograph,

one month after BKP, showed loss of the augmented verte-

bral body height (Fig. 3c). She had an adjacent vertebral

fracture, six months after BKP (Fig. 3d).

Discussion

This study retrospectively investigated risk factors that af-

fect AVF incidence after BKP for symptomatic OVF. Via

multivariate analysis, low vertebral body height before BKP

and the incidence of RAV after BKP were associated with

AVF incidence. Preoperative vertebral body height has pre-

viously been examined as a risk factor for AVF12,15). Mean-

while, the association between RAV and the incidence of

AVF has not been previously examined. To the best of our

knowledge, this study is the first to focus on the association

between RAV and the incidence of AVF and the first to in-

dicate that RAV is a risk factor for AVF.

Movrin et al. reported that BMD is a risk factor for the

development of AVF after vertebroplasty or BKP13). Cer-

tainly, there is a strong relationship between bone density

and bone strength, and it is reasonable to use BMD to as-

sess AVF risk. However, there have been reports of signifi-

cant differences in the prevalence of vertebral fractures

among individuals with similar BMD27,28), as well as reports

of no significant differences in BMD concerning the inci-

dence of AVF after BKP12,15). In this study, we excluded

BMD from the analysis due to missing data to avoid reduc-

ing the statistical power of the analysis. For reference, the

preoperative DXA values were 66.9 ± 11.6 g/cm3 and 61.1

± 11.7 g/cm3 in the AVF (n = 16) and non-AVF group (n =

91), respectively, in this study, with no significant differ-

ence.

Several studies have indicated that preoperative compres-

sion severity is associated with AVF risk12,15). Compression

severity has been assessed based on wedge angle or verte-

bral height. Civelek et al.12) demonstrated that increased pre-

operative wedge angle was a risk factor of AVF after BKP
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Figure　3.　A 78-year-old woman with AVF after augmented vertebral body height loss following BKP.
(a) Preoperative radiograph (lateral view) showing the L2 vertebral fracture (vertebral body height=10 mm).
(b) Postoperative radiograph (lateral view), 1 week after BKP, showing cancellous bone remaining around the cement in 
the vertebral body.
(c) Postoperative radiograph (lateral view), 1 month after BKP, showing loss of augmented vertebral body height (RAV).
(d) Postoperative radiograph (lateral view), 6 months after BKP, showing an adjacent vertebral fracture at L1.

but did not examine preoperative vertebral height. Takahashi

et al.15) indicated that both greater preoperative wedge angle

and low vertebral height were associated with AVF upon

univariate analysis, but only wedge angle was identified as a

significant risk factor upon multivariate analysis. Moreover,

wedge angles above 25° were reported as high-risk indica-

tors of AVF. In this study, preoperative wedge angle and

vertebral height were identified as significant risk factors for

AVF via univariate analysis, but only vertebral height sig-

nificantly affected risk via multivariate analysis. Although

wedge angle and vertebral body height are strongly corre-

lated and are factors that indicate vertebral body collapse,

when endplate deformation occurs during vertebral body

collapse and the angles are not easy to measure, wedge an-

gle measurements may not be accurate29). Therefore, we con-

sider vertebral body height to be more suitable for assessing

the risk of AVF after BKP than wedge angle.

RAV is a phenomenon in which vertebral body height is

lost after BKP. Movrin et al.13) showed that the average loss

of augmented vertebrae height was about 5% after BKP in

the first postoperative year. Several researchers have re-

vealed that height loss of augmented vertebra is associated

with persistent low back pain and the aggravation of

kyphotic deformity. Further, it was reported that 10%-30%

of these effects occur in the 3-month period following BKP.

Moreover, older age, intravertebral cleft, low cement vol-

ume, and low cement augmentation ratio were reported as

risk factors of RAV23-26,30). However, the association between

RAV and AVF incidence has not been revealed, and there is

no unified name or definition for the vertebral body height

loss phenomenon. In this study, we referred to vertebral

body height loss as RAV and defined it as a 5 mm height

loss that occurs throughout the 3-month period following

BKP.

We consider RAV to be the result of cancellous bone col-

lapse between cement and endplates. It occurs due to load

stress on the cement-augmented vertebral body. Although

the causes of RAV are multifactorial, the occurrence of RAV

may indicate the presence of increased stress on the anterior

side of the vertebra. Furthermore, the incidence of RAV in-

creases the kyphotic angle of cement-augmented vertebrae,

which may further increase stress on adjacent vertebral bod-

ies and create a biomechanical environment in which AVF is

likely to develop31). Vertebral fracture has been reported to

increase compressive strain in the anterior region of the ad-

jacent vertebrae32,33). Luo et al.34) investigated creep deforma-

tion change after vertebral fracture. Following fracture, creep

deformation of the fractured vertebral body significantly in-

creased, especially in the anterior region, and similar

changes were observed at the adjacent level. In addition,

Takano et al.35) revealed that vertebral fracture increased

stress concentration in the affected vertebrae and the adja-

cent vertebrae using finite element analysis. These results

suggest that AVF is caused not only by bone fragility but

also by the increase in stress concentration in the adjacent

vertebrae. Therefore, one of the causes of AVF may be the
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increase in stress concentration in the adjacent vertebrae as-

sociated with the onset of RAV.

The results of this study suggest that the incidence of

AVF can be decreased if RAV development is avoided. Pre-

vious studies have shown that RAV is caused by the cancel-

lous bone that remains between the cement and the end-

plate24). Because both AVF and RAV are associated with

poor postoperative outcomes, the use of an adequate ce-

menting technique, which could prevent RAV and AVF, may

improve postoperative outcomes of BKP. Kobayashi et al.

suggested that augmented cement should come in contact

with both endplates to avoid the incidence of RAV, espe-

cially in elderly patients30). Therefore, we suggest that it is

appropriate to augment cement so that it contacts the end-

plates of compressed vertebrae.

This study has several limitations. First, it was retrospec-

tive, which can introduce bias and errors. Second, the post-

operative follow-up periods considered were not consistent

and ranged widely from 3 to 12 months. However, there was

no significant difference in the postoperative follow-up pe-

riod between groups (Table 1). Therefore, this limitation was

not likely to influence findings. Third, the definition of RAV

has not been determined. Finally, we did not evaluate BMD

and osteoporotic medications in this study due to missing

data. Despite these limitations, this study provides important

information regarding the association between RAV after

BKP and subsequent AVF.

Conclusion

The retrospective assessment of 128 patients with sympto-

matic OVF treated with BKP identified low preoperative

vertebral body height and RAV occurrence as significant

risk factors associated with AVF incidence. This study is the

first to indicate that RAV is a risk factor of AVF and sug-

gests that AVF can be decreased if RAV development is

avoided.
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