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Introduction

As life expectancy increases worldwide, the medical pro-

fession inevitably will be more often faced with adult spine

disease cases such as osteoporotic vertebral compression

fracture. Currently, the therapeutic treatment of choice for

vertebral compression fracture is percutaneous vertebro-

plasty, which proceeds subcutaneous injection of poly-

methylmethacrylate. This method not only stabilizes the

vertebra but also alleviates the pain caused by a vertebral

compression fracture. However, recent reports indicate that

undue numbers of new fractures in adjacent vertebral bodies

occur after percutaneous vertebroplasty. According to Trout
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SSttuuddyy DDeessiiggnn:: Retrospective study.

PPuurrppoossee:: To evaluate risk factors related to the development of new fractures in adjacent vertebrae after percutaneous ver-

tebroplasty.

OOvveerrvviieeww ooff LLiitteerraattuurree:: Recent reports indicate that undue numbers of new fractures in adjacent vertebral bodies occur

after percutaneous vertebroplasty.

MMeetthhooddss:: One hundred four of 369 patients who underwent percutaneous vertebroplasty were followed for over 1 year.

Fifty-four patients (51.9%) subsequently suffered from adjacent vertebral fractures. Age, lumbar lordotic angle, sacral slope,

pelvic tilt, pelvic incidence, bone mineral density, amounts of cement injected, the restoration of vertebral height, kyphotic

angle differences preexisting fracture, and intradiscal cement leakage were noted. 

RReessuullttss:: Average bone mineral density was -3.52 in the fracture group and -2.91 in the fracture-free group; the risk of

adjacent vertebral fracture increased as bone mineral density decreased (p < 0.05). Intradiscal cement leakage occurred in 18

patients (33.3%) in the fracture group, indicating that the risk of adjacent vertebral fracture increased with intradiscal

cement leakage. In addition, 36 patients (66.7%) in the fracture group had a preexisting fracture; thus, the presence of a pre-

existing fracture was found to be significantly associated with an increased risk of an adjacent vertebral fracture (p < 0.05).

Higher restoration rates are associated with a greater likelihood of developing adjacent vertebral fractures (p < 0.05).

CCoonncclluussiioonnss:: The factors found to contribute significantly to new fractures in adjacent vertebral bodies after percutaneous

vertebroplasty were a lower bone mineral density, a greater restoration rate of vertebral height, a pre-existing fracture, and

intradiscal cement leakage.
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et al. [1], of 432 patients that underwent vertebroplasty, 86

patients (19.9%) developed 186 new fractures, and 77 of

these (41.1%) were in vertebrae adjacent to treated verte-

brae. Others have suggested that this problem is caused by

changes in the load on adjacent vertebra after vertebroplasty

[2,3], and have sought relations between risk factors, such

as age, bone mineral density, and characteristics and loca-

tions of these fractures. This study was undertaken to estab-

lish relationships between new fracture development and

age, lumbar lordotic angle, sacral slope, pelvic tilt, pelvic

incidence, bone mineral density, a preexisting fracture,

intradiscal cement leakage, the restoration anterior and mid-

dle vertebral heights, and kyphotic angle differences. In

addition, we also evaluated a range of risk factors that have

been reported to predict the development of vertebral frac-

ture after vertebroplasty. 

Materials and Methods

1. Materials

Between January 2006 and December 2009, 369 patients

underwent vertebroplasty at Dankook University Hospital

(DKUH). A total of 104 patients followed for 1 year were

included in this study. At this time, 54 patients (51.9%)

developed new fractures (the fracture group) in an adjacent

vertebra and 50 (48.1%) did not (the fracture-free group)

(Table 1). Of the 54 patients (51.9%) in the fracture group,

45 patients (83.3%) had a prior history of two fractures and

9 patients of more than two. Age, lumbar lordotic angle,

sacral slope, pelvic tilt, pelvic incidence, bone mineral den-

sity, preexisting fracture, and intradiscal cement leakage

were recorded for all 104 study subjects.

At initial vertebroplasty, 62 patients study subjects had a

single vertebral fracture; patients with multiple vertebral

fractures were excluded to simplify the analysis. Of these

62 patients, 27 (44%) developed new fractures in vertebrae

adjacent to treated vertebrae, and 35 patients (51%) did not.

The amount of cement injected, the restoration rates of ante-

rior and middle vertebral height and kyphotic angle differ-

ences were also measured for the analysis of single verte-

bral fractures.

The restoration rates of anterior and middle vertebral

heights were calculated by taking measurements from later-

al radiographs of vertebrae. For these calculations, we

assumed that vertebral body prefracture heights were equal

to the averages of the heights of adjacent vertebrae, and we

then expressed heights before and after vertebroplasty as

percentages of presumed normal heights. Kyphotic angle

differences were calculated using the angle formed by the

upper and lower endplates of vertebral bodies adjacent to

fractured vertebrae before and after the procedure (Figs. 1

and 2). 

2. Procedure

We performed percutaneous vertebroplasty on patients

who presented at DKUH complaining of back pain and

were found to have a vertebral fracture by magnetic reso-

nance imaging (MRI) or bone scan. One day after the pro-

cedure, patients started to walk. Patients were followed up

at 2 weeks, 6 weeks, and 3 months post-operation and then

every 3 months on an outpatient basis. At 12 months post-

operation, patients underwent a second bone scan and were

prescribed osteoporotic medication. 

3. Evaluation

Patients who complained of back pain after initial suc-

cessful vertebroplasty were evaluated by X-ray, MRI, and

bone scan imaging. The evaluation was performed with one

of the following criteria: a significant reduction in vertebral
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Table 1. Clinical and demographic data for the two study group  

Fracture group (n = 54) Fracture-free group (n = 50)

Age (yr) 73.2 (59-83) 69.4 (60-85)
Sex M : F = 12 : 42 M : F = 9 : 41
Initial fracture level, n (%)

Thoracic 00 8 (14.8) 0 0 8 (16.0)
T-L junction 0 30 (55.6) (T12, L1 spine) 0 37 (74.0) (T12, L1 spine)  
Lumbar 0 16 (29.6) 0 0 5 (10.0)

BMD (spine) (T-score) -3.52 -2.91

M: Male, F: Female, BMD: Bone mineral density. 



height by X-ray, low attenuation by T1-weighted MRI, high

attenuation by T2-weighted MRI, or hot uptake by bone

scan. We excluded fractures above the 4th thoracic vertebra

from the diagnostic criteria due to a lack of resolution and

compression fractures of the sacral vertebra due to difficul-

ties in detection by simple X-ray. We defined the time it

took to develop a new fracture as the time lapse from verte-

broplasty to adjacent fracture development. 

4. Statistical analysis

Age, lumbar lordotic angle, sacral slope, pelvic tilt, pelvic

incidence, bone mineral density, preexisting fracture,

intradiscal cement leakage, the restoration rates of anterior

and middle vertebral heights, and kyphotic angle differ-

ences were recorded. Baseline comparisons were performed

using the t-test, and risk factors for new fracture develop-

ment were analyzed using the logistic regression test. SPSS

ver. 15.0 (SPSS Inc., Chicago, IL, USA) was used for all

statistical analyses, and p-values of < 0.05 were deemed

significant. 

Results

Average bone mineral density was -3.52 in the fracture

group (54 patients), and -2.91 in the fracture-free group (50

patients), indicating that the risk of adjacent vertebral frac-

ture is inversely related to bone mineral density (p < 0.05).

Intradiscal cement leakage was found in 18 patients

(33.3%) in the fracture group and in 8 patients (16%) of the

fracture-free group, indicating that the risk of adjacent ver-

tebral fracture increases with intradiscal cement leakage (p

< 0.05). In addition, a preexisting fracture was present in 36

patients (66.7%) in the fracture group, and 9 patients (18%)

in the fracture-free group, which was also significant (p <

0.05) (Table 2). 

Among the 62 patients with a single vertebral fracture at

vertebroplasty, 27 patients developed a new fracture in an

adjacent vertebra; these patients had average anterior and

middle vertebral height restoration rates of 21.2% and

22.3%, respectively. For the 35 of the 62 patients (56%)

who did not develop new fractures, average anterior and

middle vertebral height restoration rates were 15.0% and

15.8%. These results indicate that higher restoration rates

are associated with a greater likelihood of developing adja-
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Fig. 1. The method used for determining vertebral body height
restoration rate. Vertebral body height before compression
fracture (Y): Y = (a + c)/2. Anterior height restoration (A): A =
[(e - b)/Y] × 100 (%). Middle height restoration (M): M = [(f -
d)/Y] × 100 (%).

Fig. 2. The method of estimating kyphotic angle differences.
Kyphotic angle difference = p - q.

Table 2. The statistic analysis using Logistic regression test (SPSS ver. 15.0)  

Fracture group (n = 54) Fracture-free group (n = 50) SE Wald p-value Exp(B)

BMD (spine) (T-score) -3.52 (-5.5 to -2.0 ) -2.91 (-5.2 to -1.2 ) 0.032 04.300 0.038 0.446
Intradiskal  cement  leakage 18 8 0.654 03.949 0.047 3.949
Pre-existing fracture 36 9 0.582 13.884 0.014 4.567

SE: Standard error, BMD: Bone mineral density. 



cent vertebral fractures (p < 0.05) (Table 3). However, we

found no significant effect between patient age, lumbar lor-

dotic angle, sacral slope, pelvic tilt, kyphotic angle differ-

ence, or pelvic incidence and the risk of new vertebral frac-

ture (Table 4).

Nine patients in the fracture group (17.7%) had experi-

enced vertebral fractures on more than 2 occasions, and for

these patients, the average bone mineral density (spine) was

-3.84. This was significantly less than the average density

calculated for patients in the fracture-free group (-2.91, p <

0.05) (Table 5).

Discussion

Osteoporotic vertebral compression fracture is not an

uncommon disease in the elderly and can manifest as severe

pain, functional deterioration, and limited mobility. Con-

ventional treatments, such as bed rest, bracing, and physical

therapy can result in frequent side effects. Furthermore,

osteoporotic vertebral compression fractures can cause seri-

ous complications when patients undergo surgery, such as

vertebral reconstruction or fusion under general anesthesia.

Therefore, percutaneous vertebroplasty is considered the

treatment of choice to relieve pain and stabilize vertebrae.

Although vertebroplasty does have many strong points, it

can also lead to a number of complications, and new verte-

bral compression fractures in adjacent areas are one of the

best documented.

The purpose of this retrospective study was to identify the

risk factors for new vertebral fractures in a cohort of

patients that underwent vertebroplasty. Our retrospective

review of charts revealed that 369 patients underwent verte-

broplasty at DKUH during the last 3 years, and 104 of these

patients who were followed for 12 months were included in

this analysis. Of these patients, 52 (51.9%) developed adja-

cent vertebral fractures. Several previous studies have noted

that time to fracture development after vertebroplasty tends

to be short in patients. Chen et al. [4] reported that 20 of

106 patients (18.9%) developed new fractures in adjacent

vertebrae within 24 months of vertebroplasty. Our study

shows that of the patients who had developed new fractures

in adjacent vertebrae, 31 (57%) suffered from new fracture

development within 6 months of percutaneous vertebroplas-

ty. 

Shiraki et al. [5] concluded that low bone mineral density

causes degenerative changes in vertebrae, and that low bone
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Table 3. Restoration rates in the two study groups (logistic regression; except multi-level fractures) 

Fracture group Fracture-free group
SE Wald p-value Exp(B)(n = 27) (n = 35)

The restoration rate of anterior vertebral height (%) 21.2 15.0 0.044 3.956 0.047 1.092
The restoration rate of middle vertebral height (%) 22.3 15.8 0.114 6.097 0.014 1.756

SE: Standard error. 

Table 4. The comparison between the fracture and fracture-free groups 

Adjacent fractures group (n = 54) No adjacent fractures  group (n = 50) p-value

Age 73.20 69.40 0.081
Lodotic angle (�) 22.90 27.50 0.094
Sacral slope (�) 32.50 33.60 0.104
Pelvic tilt (�) 30.80 28.50 0.117
Pelvic incidence (�) 63.70 6200 0.167
Kyphotic angle difference 02.52 03.12 0.097

Table 5. The comparison between the fracture (fractured over 3 times) and fracture-free group 

Adjacent fractures group (n = 9) No adjacent fractures  group (n = 50) SE Wald p-value Exp(B)

BMD (spine) (T-score) -3.84 (-5.5 to -2.0 ) -2.91 (-5.2 to -1.2 ) 0.365 04.882 0.027 0.028
Intradiscal  cement  leakage 6 8 0.687 05.089 0.024 4.715
Preexisting fracture 7 9 0.732 15.976 0.021 7.657

SE: Standard error, BMD: Bone mineral density. 



mineral density can result in not only vertebral compression

fracture but also new vertebral fractures in adjacent verte-

brae. Uppin et al. [6] also mentioned that as osteoporosis

worsens, patients are more likely to develop new fractures

in adjacent vertebrae. 

In the present study, average bone mineral density was 

-3.52 in the fracture group and -2.91 in the fracture-free

group. Furthermore, 9 patients who had a previous history

of vertebral fractures on more than 2 occasions prior to ver-

tebroplasty had a average bone mineral density of -3.84,

which suggests a clear inverse correlation between bone

mineral density and the likelihood of a vertebral fracture in

adjacent vertebrae (p < 0.05). However, factors such as age

and gender were found to be unrelated to the risk of frac-

ture, probably because our subjects had similar ages. 

It is not clear how new vertebral fractures in adjacent ver-

tebrae occur, though several studies have concluded that

cement leakage into the disc increases the risk of these new

fractures. Baroud et al. [7] found that the weights of adja-

cent vertebrae increased by 17% after percutaneous verte-

broplasty. Intradiscal cement works like a pillar. It reduces

swelling of the vertebral endplate and vertebral joint mobili-

ty, causes swelling of adjacent vertebrae, and increases the

risks of adjacent vertebral fracture. According to the func-

tional spine unit (FSU) concept, Belkoff et al. [8] asserted

that the volume and distribution of cement injected con-

tribute to changes in vertebral stiffness. Polikeit et al. [9]

concluded that the injection of cement into a disc causes an

increase in pressure and conformational changes of adjacent

vertebral end-plates, thereby increasing the possibility of an

adjacent vertebral fracture. Based on the above, we postu-
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Fig. 3. A 72-year-old female presented with back pain after
vertebroplasty of T12 without a previous trauma history. (A)
Simple radiograph and (B) magnetic resonance image taken at
6 months postoperatively in a local clinic. A large amount of
cement augmentation was observed. 

Fig. 4. An 84-year-old female presented with back pain after vertebroplasty. In this case, intra-discal cement leakage
was observed. (A, B) After T11 and L3 vertebroplasty, plain radiography and computed tomography showed intra-
discal cement leakage in the T11-T12 disc space (arrows). (C) One month after T11 and L3 vertebroplasty, new
compression fractures had developed in adjacent T12 (arrow).



late that an increase in vertebral level due to the injection of

cement into a disc increases the weight borne by adjacent

vertebra and hence increases the risk of fracture [10]. The

present study also shows that higher restoration rates

increase the risk of adjacent vertebral fracture. It appears

that the restoration of vertebral height increases the bulging

of the vertebral end-plate, which is located close to the disc.

This results in greater loading of adjacent vertebra, and

thus, increases the fracture risk (Fig. 3). Theoretically, the

restoration of vertebral height to its original state is consid-

ered the ideal. However, in the case of new compression

fractures, adequate vertebral height restoration is preferred,

rather than restoration to the original height. Lin et al. [11]

also suggested the same idea when they found that cement

leakage into a disc is one of the most important risk factors

for adjacent vertebral fracture after percutaneous vertebro-

plasty. In addition, Chen et al. [4] also demonstrated a cor-

relation between cement leakage and adjacent vertebral

fracture. In the present study, intradiscal cement leakage

was found in 18 of 54 patients (33.3%) in the fracture group

and in 8 of 50 (16%) in the fracture-free group, which also

demonstrates that intradiscal cement leakage increases the

risk of adjacent vertebral fracture (p < 0.05) (Fig. 4). Fur-

thermore, it is previously thought that larger cement injec-

tion volumes increase the adjacent vertebra fracture risk,

but we found no such relation. We believe that difference

may be due to fracture location. 

Kyphotic angle change after an initial vertebral fracture is

also important risk factor of an adjacent vertebral fracture

after percutaneous vertebroplasty. Kyphotic angle differ-
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Fig. 5. An 88-year-old female pre-
sented with back pain. (A) A preex-
isting fracture was observed in T6
and T11 (arrow) and an acute frac-
ture in L3 spine (arrowhead). (B) L3
vertebroplasty was performed. (C)
Only 5 weeks later, a new fracture
was found at T9 (arrow). (D) T9 ver-
tebroplasty was performed. (E) Ten
months after T9 vertebroplasty, new
fractures were observed in L1 and
L2 (arrows). 



ences cause joint stricture and arthritis, in addition to degen-

erative changes to adjacent vertebrae. Therefore, vertebral

bodies should be perfectly aligned to prevent new fractures.

Voormolen et al. [12] mentioned that a history of vertebral

fractures on more than two occasions is associated with the

development of new adjacent vertebral fractures. Our study

also shows a significant relationship between new adjacent

vertebral fracture development and a prior vertebral fracture

history, as 75% of the fracture group and 44.4% in the frac-

ture-free group had prior fracture history on more than two

occasions (p < 0.05) (Fig. 5). However, factors such as lum-

bar lordotic angle, sacral slope, pelvic tilt and pelvic inci-

dence were not found to be related to the risk of fracture. In

addition, when we compaired 9 patients who had a previous

history of vertebral fractures on more than 2 occasions prior

to vertebroplasty to 50 patient in the fracture free group, the

result suggested that low bone mineral density, intradiscal

cement leakage, and a preexisting fracture appear to be

related to the occurrence of new adjacent vertebral fractures

more significantly (p < 0.05).

Several studies have reported that the percentage of new

adjacent vertebral fracture occurrence after percutaneous

vertebroplasty is 20-25% [13-15]. Our findings strongly

confirm those of other studies with respect to the indepen-

dent risk factors involved, such as, age, bone mineral densi-

ty and prior history of vertebral fractures, as well as the per-

cutaneous vertebroplasty procedure itself regarding restora-

tion rates and the effect of injecting cement into a disc.

These findings indicate that thorough research is required

on the relationships between percutaneous vertebroplasty

and biomechanical changes in vertebrae so that we can pre-

vent new vertebral fractures. 

Conclusions

In the present study, many risk factors of new vertebral

fracture development after vertebroplasty were analyzed. In

particular, the development of a new fracture was found to

be associated with a lower bone mineral density, greater

restoration rate of vertebral height, preexisting fracture, and

intradiscal cement leakage. As the incidence of adjacent

vertebral fracture after vertebroplasty has frequently been

reported, these risk factors should be taken into account.
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