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Introduction

Osteoporotic vertebral compression fractures are a ma-
jor cause of morbidity and disability among the elderly. 
Percutaneous vertebroplasty is a procedure used to treat a 
painful compression fracture in the absence of a neurolog-
ic deficit. Percutaneous vertebroplasty is a relatively safe 
and effective treatment for osteoporotic compression frac-
tures.2) After vertebroplasty, progressive decrease of aug-

mented vertebral body height is noted. The radiological 
differences between refracture and recollapse of augment-
ed vertebrae are unclear. Recollapse of augmented verte-
brae may also occur with reappearance of pain.6) When this 
occurs, aggravation of kyphotic change may be noted. 
Gradual vertebral body height decrease and kyphotic change 
may occur even without the reappearance of severe pain. 
Recollapse of augmented vertebrae may induce severe ky-
photic deformity.22) The purpose of this study was to evalu-
ate the risk factors for gradual vertebral body height de-
crease in augmented vertebrae after vertebroplasty.

Materials and Methods

From January 2012 to December 2013, we performed 
186 level vertebroplasties for compression fractures in 160 
patients. We selected 44 patients, with a first occurrence 
of a single vertebral compression fracture at the thoracolum-
bar junction (from T11 to L2). Pathologic fractures were ex-
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cluded. Patients with subsequent fractures during the fol-
low-up period were also excluded. All patients underwent 
vertebroplasty using polymethyl methacrylate. Gradually 
collapsed vertebral fractures were diagnosed with serial 
radiography or magnetic resonance imaging. We analyzed 
sex, age, bone mineral density, body mass index (BMI), sag-
ittal Cobb angle, volume of injected cement, level of com-
pression fracture, presence of cement leakage into the disc 
space and presence of air cleft within the vertebral body on 
admission (Figure 1). Refracture was defined as recurrent 
fracture of the same cemented vertebra as on initial admis-
sion with severe back pain during follow-up, for which re-
peat vertebroplasty was performed. Patients with refrac-
ture were excluded from our study. Our selected patients 
did not complain of recurrent severe pain and did not un-
dergo repeat vertebroplasty. In that cases, we defined recol-
lapse or gradual vertebral height decrease in our study. 
All patients underwent routine follow-up. 

All statistical analyses were performed using SPSS 18.0 
(SPSS Inc., Chicago, IL, USA). The chi-square test (Pearson) 
was used to compare the groups. A p-value of less than 0.05 
was considered statistically significant.

 

Results

Of the 44 patients, 26 were males and 18 were females. 
The average age was 76.1 years (range, 62-88 years). The 
average follow-up period was 16.5 months (range, 13-29 
months). The fractured vertebrae, included 1 at T11, 14 at 
T12, 20 at L1, and 9 at L2 (Table 1). Gradual height decreas-
es were seen in half of the patients.

Height decrease of augmented vertebrae occurred in 10 
of 26 men (38.5%) and 12 of 18 women (66.7%). The height 
decrease was more common in women, but the difference 
was not statistically significant (p=0.066). Patients were 

divided into two groups. Fourteen were in a group aged less 
than 75 years, and 30 were aged 75 years or over (average 
age, 76.1 years). They height decrease of augmented verte-
brae occurred at the same rate in the two groups (50.0%). 
We defined severe osteoporosis as a T-score less than -3.5, 
which was seen in 29 patients. Height decrease was less 
common in the severe osteoporosis group (46.7% vs. 51.7%, 
p=0.750). BMI over 24 was defined as over-weight. Height 
decrease occurred more commonly (55.6% vs. 46.2%, p= 

0.540) in this group. Height decrease of augmented verte-
brae was more common in the thoracic spine than in the 
lumbar spine (p=0.340). When cement leaked into the disc 
space, height decrease was more common (66.7% vs. 41.4%, 
p=0.112).

When the volume of injected cement was greater than 4 
cc, height decrease was more common (75.0% vs. 35.7%). 
The difference was statistically significant (p=0.012). Air 
clefts within the vertebral body on admission were visual-
ized by plain radiography or computed tomography. When 
an air cleft was present, height decrease was more common 
(83.3% vs. 37.5%, p=0.007). The gradual height decrease 
of augmented vertebrae increased the sagittal Cobb angle 

FIGURE 1. Plain radiography (A) showing an air 
cleft (arrow) and spine computed tomography 
(B) showing air collection within the fractured ver-
tebrae.
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TABLE 1. The demographics of the patients

Characteristics

Sex

Male 26

Female 18

Mean age (years) 76.1 (range, 62-88)

Mean follow-up (months) 16.5 (range, 13-29)

Level of compression fracture

T11 01

T12 14

L1 20

L2 09
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during follow-up with statistical significance (Table 2).

Discussion

Vertebral body height often increases during vertebroplas-
ty, although the clinical significance of restoring height is 
unknown.7) Kyphoplasty and vertebroplasty showed simi-
lar reduction in pain and disability, with similar safety and 
complication rates.4) 

Vertebroplasty was not associated with increased refrac-
ture rates in different vertebrae.21,23) However, other report 
showed refracture of different vertebrae in the vertebroplas-
ty group occurred much sooner than that in a conservative 
treatment group.21) Recollapse of augmented vertebrae is not 
relatively common. In our study, vertebral body height grad-
ually decreased during the follow-up period in about half 

of the patients, without reappearance of severe back pain. 
Air clefts and greater height restoration of fractured verte-
brae were risk factors for recollapse.6,10) Air clefts within the 
vertebrae were also prone to vertebral height decrease in our 
study. Non-cemented-endplate-contact was another impor-
tant predisposing factor for recollapse.10) Preoperative ky-
photic change also influenced recollapse of cemented ver-
tebrae.8) 

Cement augmentation restores the strength of treated ver-
tebrae, but leads to an increased endplate bulge and altered 
load transfer in adjacent vertebrae.16) Cemented vertebrae 
had a lower elastic modulus, but there was no significant 
effect on the frequency or severity of an induced fracture 
within the vertebrae.15) Pneumaticos et al.18) reported that 
there is no difference in the compressive load of failure be-
tween augmented and non-augmented fractured vertebrae. 
These mechanisms may induce recollapse of augmented 
vertebrae as well as non-augmented fractured vertebrae. 
Recollapse was more common with use of calcium phos-
phate.17) The mechanism of recollapse after vertebroplasty 
may be thermal necrosis19) and mismatch of elastic modu-
lus, stiffness, and strength at the cement-bone interface.11)

The optimal volume of cement to inject into fractured ver-
tebrae remains controversial. Vertebral augmentation with 
appropriate amounts of bone cement does not lead to stress 
peaks under the endplate.1) Bone cement increases subsid-
ence in the posterior regions of the treated endplate and the 
anterior region of the superior caudal endplate.14) Greater 
height restoration and solid lump filling cement are risk 
factors for refracture of cemented vertebrae.3,13) Greater vol-
ume of injected cement contributed to frequent subsequent 
fracture.12) Cement volume was related to recollapse of frac-
tured vertebrae as well as subsequent fracture.9) But, other 
studies showed that there was no correlation between in-
jected cement volume and subsequent fracture.5,20) Our study 
suggested that more than 4 cc of injected cement may induce 
a gradual vertebral height decrease after vertebroplasty. 
Larger cement volume may induce more thermal necrosis 
and mismatch at cement-bone interface.

A limitation of our study is that follow-up periods were 
relatively short and did not define the relationship between 
gradual vertebral height decrease and the clinical signifi-
cance. So, further studies will be needed about clinical sig-
nificance of gradual vertebral height decrease.

Conclusion

More than 4 cc of injected cement and air cleft within the 
fractured vertebrae on admission induced gradual height 

TABLE 2. The relationship between risk factors and gradual 
decrease of augmented vertebral body height after vertebro-
plasty

VHDG 
(n=22)

Non-VHDG 
(n=22)

p-value

Sex 0.066
Male 10 (38.5%) 16 (61.5%)

Female 12 (66.7%) 06 (33.3%)

Age 1.000
≥75 15 (50.0%) 15 (50.0%)

＜75 07 (50.0%) 07 (50.0%)

BMD (T-score) 0.750
＜-3.5 07 (46.7%) 08 (53.3%)

≥-3.5 15 (51.7%) 14 (48.3%)

BMI 0.540
＞24 10 (55.6%) 08 (44.4%)

≤24 12 (46.2%) 14 (53.8%)

Level 0.340
Thoracic 09 (60.0%) 06 (40.0%)

Lumbar 13 (44.8%) 16 (55.2%)

Cement 
volume (cc)

0.012

≥4 12 (75.0%) 04 (25.0%)

＜4 10 (35.7%) 18 (64.3%)

Leakage 0.112
(+) 10 (66.7%) 05 (33.3%)

(-) 12 (41.4%) 17 (58.6%)

Air cleft 0.007
(+) 10 (83.3%) 02 (16.7%)

(-) 12 (37.5%) 20 (62.5%)

Cobb angle ＜0.05
Increase 21 (87.5%) 03 (12.5%)

No change 01 (5.0%) 19 (95.0%)

VHDG: vertebral height decrease group, BMD: bone mineral 
density, BMI: body mass index
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decrease of augmented vertebrae. Thus, longer follow-up 
is needed in such cases, even when patients do not complain 
of the reappearance of severe back pain. 
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