
Background: The causes of subsequent vertebral fractures after kyphoplasty are debated. It is 
reported that most new vertebral fractures after kyphoplasty develop in adjacent vertebrae.

Objectives: We explored whether kyphoplasty increases the incidence of adjacent vertebral 
fractures and identified risk factors for new vertebral compression fractures (VCFs) after kyphoplasty. 

Study Design: Retrospective study.

Setting: Inpatient population of a single center.

Methods: We studied 356 patients treated with kyphoplasty from January 2008 to March 2012. 
Among those patients, there were 35 new VCFs after kyphoplasty. Subsequently, these patients 
were divided into 2 groups: an “adjacent fracture” group and a “nonadjacent fracture” group. In 
addition, all patients treated with kyphoplasty were further assigned to either a “new fracture” 
group or a “no fracture” group.

Results: The occurrence of new VCFs in the “nonadjacent fracture” group was significantly 
higher than that in the “adjacent fracture” group. The average bone mineral density (BMD) of the 
spine was -3.95 in the “new fracture” group and -2.86 in the “no fracture” group. The risk of 
new vertebral fracture increased as the bone mineral density decreased (P < 0.05). The morbidity of 
women was significantly higher in the “new fracture” group (94.29%) than in the “no fracture” 
group (77.88%) (P = 0.025).

Limitations: Retrospective study at a single center.

Conclusion: New VCFs after kyphoplasty occurred most often in nonadjacent vertebrae. VCFs 
after kyphoplasty were common in patients with low bone mineral density and in women, 
suggesting that osteoporosis is an underlying mechanism. 

Institutional Review: This study was approved by the institutional review board.

Key words: Percutaneous kyphoplasty, vertebral compression fractures, bone mineral density, 
polymethylmethacrylate, adjacent vertebral fracture 
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Percutaneous kyphoplasty (PKP) and 
percutaneous vertebroplasty (PVP) are 
widely accepted treatments for symptomatic 

osteoporotic vertebral compression fractures (VCFs). 
This procedure not only stabilizes the vertebral body 
but also relieves the pain. Immediate and significant 

pain relief is achieved in 60 – 90% of patients who 
undergo percutaneous vertebroplasty (1,2). However, 
new vertebral fractures after kyphoplasty have raised 
concerns about the procedure. Most articles report 
that almost all vertebral fractures after vertebroplasty 
occur in adjacent vertebrae, but we find that the 
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signed into “new fracture” (35 patients) or “no fracture” 
(321 patients) groups. Patients in the “new fracture” 
group were subdivided according to the fracture level. 
There were 14 patients in the “adjacent fracture” group 
and 21 in the “nonadjacent fracture” group.

Surgical Procedure
PKP was performed according to standardized pro-

cedures, and all procedures were performed with the 
aid of fluoroscopy. Initially, each patient was placed in 
the prone position and provided local anesthesia. Under 
fluoroscopic guidance, a transpedicular approach was 
utilized to place trocar and cannula systems through 
the pedicles into the fractured vertebral body. Next, the 
trocar was removed and a balloon was inserted through 
each guiding cannula. The balloon was inflated and 
removed from the vertebral body for cement introduc-
tion. Finally, the cement (PMMA) was injected into the 
vertebral body. The procedure was immediately stopped 
if cement reached the posterior 1/4 of the vertebral body 
or if there was significant leakage.

Data Collection
Information statistics, including the treated vertebral 

level, the interval between initial intervention with PKP 
and the diagnosis of subsequent fractures, age, gender, 
body weight, body height, BMI, BMD, intradiscal cement 
leakage, volume of PMMA, and anterior/middle vertebral 
height (Fig. 1) were obtained from clinical records. The 
BMD was measured by dual-energy x-ray absorptiometry.

incidence of new fractures is highest in nonadjacent 
vertebrae. The causes of post-procedure fractures are 
debated. The severity of osteoporosis and the stiffness 
of implanted bone cements are possible causes (3,4). 

The objective of this research is to identify the 
levels of subsequent vertebral fractures and to explore 
the relationships between newly developed vertebral 
fractures after PKP and various risk factors [age, gen-
der, body weight, body height, body mass index (BMI), 
bone mineral density (BMD) score of the spine, treated 
vertebral level, intradiscal cement leakage, restoration 
rate of anterior/middle vertebral height, and volume of 
polymethylmethacrylate (PMMA)].

Methods 

Patients
A total of 421 patients with symptomatic VCFs were 

treated with PKP in our hospital from January 2008 to 
March 2012. Patients with diseases such as multiple 
myeloma or metastatic pathologic fractures were ex-
cluded. Patients with initial fractures of 3 segments or 
more and 3 or more recurrent fractures were excluded.

In total, 356 patients (283 women, 73 men) with 434 
levels were enrolled in this study. Patients were followed 
up after PKP for a mean duration of 17.59 ± 9.92 months 
(6 – 50 months). The mean age of the patients was 70.10 
± 8.69 years (51 to 91 years) at the time of operation. 
Among those patients, 35 (51 levels) incurred a new ver-
tebral fracture after kyphoplasty. All patients were as-

Fig. 1. Method used for determining vertebral body height restoration rate. Vertebral body height before compression fracture (Y): 
Y = (a + c)/2. Anterior height restoration rate (A): A = [(e -b)/Y] × 100 (%). Middle height restoration rate (M): M = [(f  - 
d)/Y] × 100 (%). 
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Statistical Analysis
Descriptive statistics are expressed as the 

mean±standard deviation for continuous variables and 
as percentages for categorical variables. Differences 
between patients with and without new VCFs were as-
sessed by t-test for continuous variables and chi-square 
test for categorical variables. Estimates of the risk of 
new VCF were based on the Kaplan-Meier method, with 
censoring on the date of death or the latest follow-up 
assessment. Statistical analysis was performed with the 
Predictive Analytics Software Statistics 16.0 program 
(SPSS Inc., Chicago, IL, USA).

Result

Among the 356 kyphoplasty-treated patients, 35 
(9.8%, 33 women, 2 men) experienced new VCFs follow-
ing kyphoplasty. The level of initial fracture occurred 
between T5 and L5 but was most prevalent at the thora-
columbar junction (T12-L1), with L1 as the most common 
fracture location (Fig. 2). 

Out of the 35 new VCF patients following PKP, 21 
(60%) were nonadjacent fractures and 14 (40%) were 
adjacent fractures. Among the patients with subsequent 
vertebral fractures, 33 patients were women and 2 were 
men (one adjacent fracture, one nonadjacent fracture) 
(Table 1). The distribution of adjacent vertebral fractures 
and nonadjacent vertebral fractures is shown in Fig. 3. 
The one-year symptomatic fracture-free rate after PKP 
was 96.35% by the Kaplan-Meier estimate (Fig. 4). The 
mean interval was 18.04 ± 14.21 months (0.03 – 48 
months) between the initial kyphoplasty and the subse-
quent fractures.

The characteristics of patients in the “adjacent frac-
ture” group versus the “nonadjacent fracture” group 
are summarized in Table 2. There was no significant dif-

Fig. 2. Number of  treatments per vertebral level.

Table 1. Characteristics of  patients with subsequent vertebral 
fractures after PKP.

Patients Gender
First 

fracture 
level

New 
fracture 

level
BMD

Fracture 
interval 

time 
(month)

1* F L1 T11 -4.3 36.00

2* F L3,L5 L1 -3.5 0.67

3* M T12 T6 -4 8.00

4* F T8,T11 T6 -4.5 20.00

5* F L4 L2 -4.1 3.00

6* F T7 T10 -4.3 32.00

7* F L1,L4 T11 -3.7 39.00

8* F T11,L1 T9,L4 -3 0.73

9* F T9 T12 -3.6 0.67

10* F T12,L1 T8 -3.7 40.00

11* F T11 L3 -3.8 25.00

12* F T7 T9 -4.5 36.00

13* F T10 L1 -4.2 17.00

14* F T8 L1 -3.5 12.00

15* F T12 T7 -3.4 19.00

16* F T7 T9 -4.3 4.67

17* F T12 L4 -4.3 15.00

18* F L2,L4 T12 -4.2 17.00

19* F T8 L1,T12 -4.6 13.00

20* F T12 T8 -4.3 13.67

21* F T6,T8 T10,T12 -4.4 20.00

22# M T10，T12 T9 -4.3 41.00

23# F T10,L1 T9,T11 -3.6 12.00

24# F L1,L2 T12 -2.6 23.00

25# F T8,T10 T9 -4.6 0.33

26# F T7 T8 -2.9 13.00

27# F L1,L2 T12 -5.4 40.00

28# F T11 T12 -4.5 22.00

29# F L1,L2 T8,T12 -3.8 30.00

30# F L4 L2,L3 -4 0.03

31# F T8,T9 T10 -2.9 0.43

32# F L1 T12 -3.4 1.06

33# F L2,L4 L3 -4.2 6.00

34# F L5 L4 -3.8 48.00

35# F T12,L3 T11 -3.8 22.00

nonadjacent vertebral fracture,# adjacent vertebral fracture.
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ference between the 2 groups. The mean body weight and 
the mean BMI in the “adjacent fracture” group were greater 
than in the “nonadjacent fracture” group, although this 
difference was not statistically significant (P > 0.05). In the 
group with adjacent fracture, 6 of 14 patients (42.86%) had 
a BMI of more than 25 kg/m2  and 3 (21.43%) had a BMI of 
less than 22 kg/m2. In the group with nonadjacent fracture, 

2 of 21 patients (9.52%) had a BMI greater than 
25 kg/m2 and 12 (57.14%) had a BMI of less than 
22 kg/m2.

The “new fracture” group and the “no 
fracture” group are compared in Table 3. The 
age, mean body height, mean body weight, 
mean BMI, mean volume of PMMA, intradis-
cal cement leakage, and the anterior/middle 
vertebral height restoration rate exhibited 
no significant differences between the “new 
fracture” group and the “no fracture” group. 
The T-score of the spinal BMD in the “new frac-
ture” group was -3.95 ± 0.59, while the BMD 
was -2.86 ± 0.55 in the “no fracture” group (P < 
0.000). Morbidities of women were significantly 
higher in the “new fracture” group (94.29%) 
compared with the group (77.88%) (P = 0.025). 

To further clarify the relationship between 
risk factors and fractures, risk factors were 
also analyzed among the “no fracture” group, 
“adjacent fracture” group, and the “nonadja-
cent fracture” group. The mean body weight 
and the mean BMI in the “adjacent fracture” 
group were greater than in the “no fracture” 
group, although this difference was not statisti-
cally significant (P > 0.05) (Table 4). The middle 
vertebral height restoration was smaller in the 
“no fracture” group (8.95%) than in the “new 

Fig. 3. Location of  adjacent and nonadjacent level fractures. Most re-fractures were located at the mid-thoracic (T8-9) and 
thoracolumbar (T12-L1) regions of  the spine. The distribution of  nonadjacent-level fractures has no significant difference from 
that of  adjacent-level fractures.

Fig. 4. The Kaplan-Meier survival curve shows the estimated 
fracture free rate of  vertebral after kyphoplasty.
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fracture” group (12.99%) (P = 0.049) (Table 5). Regard-
less of “adjacent fracture” or “nonadjacent fracture” 
status, the spinal BMDs were lower than the “no frac-
ture” group (P = 0.000).

discussion

PKP is an effective and widely accepted treatment 
for symptomatic vertebral compression fractures. How-
ever, vertebral body fractures following PKP have been 

reported recently. The reported incidence of new VCF 
following PKP ranges from 8% to 52% (1,5-7). The vast 
majority of new vertebral fractures following PKP are 
reported to develop in adjacent vertebrae. However, 
we find that new VCFs following PKP occurred most 
often in nonadjacent vertebrae. Despite relevant re-
search, the cause of post-PKP VCF remains controversial. 
Therefore, the second aim of this study was to analyze 
the subsequent vertebral fractures and to establish a re-

Table 2. The comparison between the “nonadjacent fracture” group and the “adjacent fracture” group by constitutional factors.

Variable Nonadjacent fracture group Adjacent fracture group P value

Age (year) 71.9±7.55 70.21±8.46 0.540

No. of female (%) 20(95.2%) 13(92.8%) 1.000

Mean body height (cm) 154.29±5.25 155.86±8.23 0.494

Mean body weight (kg) 54.31±12.98 61.39±17.15 0.174

Mean BMI (kg/m2) 22.70±4.83 25.03±6.06 0.216

Mean spinal BMD (T-score) -4.00±0.46 -3.86±0.75 0.475

PMMA volume (mL) 3.48±1.08 3.67±0.88 0.507

Cement leakage into disk, n (%) 2(9.5%) 2(14.3%) 1.000

Anterior Vertebral height restoration (%) 7.22±10.82 5.72±7.98 0.584

Middle Vertebral height restoration (%) 12.99±11.89 9.29±8.92 0.223

BMI : body mass index, BMD : bone mineral density, PMMA : polymethylmethacrylate

Table 3. The comparison between the “new fracture” group and the “no fracture” group by constitutional factors.

Variable New fracture group No fracture group P value

Age (year) 71.23±7.85 69.98±8.78 0.421

No. of female (%) 33(94.29%) 250(77.88%) 0.025*

Mean body height (cm) 154.91±6.53 156.14±6.37 0.283

Mean body weight (kg) 57.14±14.97 55.07±8.13 0.426

Mean BMI (kg/m2) 23.63±5.39 22.54±2.63 0.242

Mean spinal BMD (T-score) -3.95±059 -2.86±0.55 0.000*

PMMA volume (ML) 3.56±0.99 3.69±1.03 0.412

Cement leakage into disk, n (%) 4(11.4%) 41(12.8%) 1.000

Anterior Vertebral height restoration (%) 6.55±9.58 8.97±11.63 0.155

Middle Vertebral height restoration (%) 11.32±10.72 8.95±10.34 0.126

*Statistically significant. BMI : body mass index, BMD : bone mineral density, PMMA : polymethylmethacrylate

Table 4. The comparison between the “adjacent fracture” group and the “no fracture” group by constitutional factors.

Variable Adjacent fracture group No fracture group P value

Mean body weight (kg) 61.39±17.15 55.07±8.13 0.193

Mean BMI (kg/m2) 25.03±6.06 22.54±2.63 0.149

Mean spinal BMD (T-score) -3.86±0.75 -2.86±0.55 0.000*

PMMA volume (mL) 3.67±0.88 3.69±1.03 0.917

Anterior Vertebral height restoration (%) 5.72±7.98 8.97±11.63 0.188

Middle Vertebral height restoration (%) 9.29±8.92 8.95±10.34 0.877

*Statistically significant. BMI : body mass index, BMD : bone mineral density, PMMA : polymethylmethacrylate
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lationship between vertebral fractures and risk factors.
New VCFs following PKP were previously reported 

to occur most often in adjacent vertebrae, and adjacent 
fractures were found to occur at significantly shorter in-
tervals than nonadjacent fractures (6,8,9). In our study, 
new VCFs at nonadjacent levels were more frequent 
than adjacent fractures. Out of 35 new post-PKP VCFs, 
21 (60%) were nonadjacent fractures, compared with 
14 (40%) adjacent fractures. In addition, we found that 
adjacent vertebral fractures did not occur at shorter 
intervals than did nonadjacent vertebral fractures. In 
the “adjacent fracture” group, 3 patients had new frac-
tures within a month and 4 had new fractures within 3 
months. However, the number of new fractures was the 
same in the “nonadjacent fracture” group. According, 
kyphoplasty should not be considered as a major cause 
of adjacent vertebral fractures. 

Osteoporosis is a risk factor for the development of 
vertebral fractures (10,11). Our results also indicate that 
a lower BMD is an important factor for post-PKP VCF. 
The average spine BMD was -3.95 in the “new fracture” 
group and -2.86 in the “no fracture” group (P < 0.05). 
We suggest that demineralizing spinal degeneration 
is an important risk factor. Uppin et al (6) noted that 
when osteoporosis worsened, patients were more likely 
to develop new fractures in adjacent vertebrae. Howev-
er, we find no significant differences in BMD between 
the “adjacent fracture” group and the “nonadjacent 
fracture” group. Spinal BMD was -3.86 in the “adjacent 
fracture” group and -4.0 in the “nonadjacent fracture” 
group (P = 0.47). The BMDs of the “nonadjacent frac-
ture” group (-4.0) and the “no fracture” group (-2.86) 
were significantly different (P = 0.000). This result indi-
cates that a low spinal BMD is a risk factor.

Gender was another risk factor for subsequent 
fractures. It is generally accepted that women are more 
prone to suffer from VCF (12,13). In the current study, 
283 (79.49%) patients were women, and 33 (11.66%) of 
them suffered a new fracture. However, only 2 (2.74%) 

men experienced new VCF (P < 0.05). Our results indi-
cate that women are more susceptible to subsequent 
fracture compared with men.

Many investigators believe that low BMI and low 
body weight increase the incidence of new vertebral 
fractures (14,15). Thin people are more likely to develop 
osteoporosis and VCFs (16). Lin et al (16) reported that 
patients with a BMI less than 22 kg/m2 had a greater 
chance of developing new VCFs after vertebroplasty. In 
our study, low BMI was a significant predictor of nonad-
jacent fractures after kyphoplasty, especially when the 
BMI was less than 22 kg/m2. However, we also found 
that a patient was more likely to incur an adjacent ver-
tebral fracture when his or her BMI was greater than 
25 kg/m2. 

Many authors believe that intradiscal cement leak-
age could be a risk factor for subsequent vertebral 
body fractures (5,17,18). They reported that intradiscal 
cement leakage increased subsequent fracture in an 
already weakened disc. However, the current study 
did not show a significant difference in intradiscal ce-
ment leakage between the “no fracture” group and 
the “new fracture” group. In addition, we find that 
higher restoration rates increased the risk of adjacent 
vertebral fractures. However, there were no significant 
differences between the “no fracture” group and the 
“adjacent fracture” group.

The cement volume was an important issue for 
PKP. A large volume of cement may fill the void in the 
vertebral body, but it could also increase the stress on 
adjacent vertebral bodies and thus increase the risk for 
new vertebral body fractures. It is reported that higher 
instances of fracture occur after large volumes of ce-
ment are injected (19,20). This claim has been disputed 
since other investigators insist that there is no specific 
relationship between cement volume and subsequent 
vertebral body fractures (21,22). We find a greater 
number of adjacent vertebral body fractures in associa-
tion with higher BMI and higher gross weight.

Table 5. The comparison between the “nonadjacent fracture” group and the “no fracture” group by constitutional factors.

Variable Nonadjacent fracture group No fracture group P value

Mean body weight (kg) 54.31±12.98 55.07±8.13 0.690

Mean BMI (kg/m2) 22.70±4.83 22.54±2.63 0.876

Mean spinal BMD (T-score) -4.00±0.46 -2.86±0.55 0.000*

PMMA volume (mL) 3.48±1.08 3.69±1.03 0.301

Anterior Vertebral height restoration (%) 7.22±10.82 8.97±11.63 0.440

Middle Vertebral height restoration (%) 12.99±11.89 8.95±10.34 0.049*

*Statistically significant. BMI : body mass index, BMD : bone mineral density, PMMA : polymethylmethacrylate
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An initial multi-segment kyphoplasty was an im-
portant risk factor for new vertebral body fracture. In 
our study, 62 (19.31%) patients had multi-segment ky-
phoplasty in the “no fracture” group and 16 (45.71%) 
patients had multi-segment kyphoplasty in the “new 
fracture” group (P < 0.01). In the “adjacent fracture” 
group, 9 (64.3%) patients had multi-segment kypho-
plasty, while there were 7 patients (33.3%) with multi-
segment kyphoplasty in the “nonadjacent fracture” 
group (P = 0.094).

Our study was limited in that it was retrospective, 
and our data were obtained from only one institution. 
Our study was also limited in that we did not have 
information regarding the outcomes of patients with 
new vertebral body fractures that were treated con-
servatively. This limits our estimates of the incidence of 
subsequent vertebral body fracture.

conclusion

We analyzed the patterns and risk factors of subse-
quent VCF following PKP. We found that adjacent ver-
tebral fractures following PKP were not more common 
than nonadjacent ones and did not occur at a shorter 
interval than did nonadjacent ones. In our study, non-
adjacent vertebral fractures following PKP occurred 
more frequently than adjacent vertebral fractures. 
We found that an initial multi-segment kyphoplasty 
resulted in a higher incidence of new vertebral body 
fractures, especially in the adjacent vertebral body. 
Low vertebral body mineral density was a major risk 
factor in the development of new VCFs following PKP. 
Elderly women were found to be more susceptible 
than elderly men to new VCFs following PKP. The data 
regarding BMD support the importance of treatment 
methods to improve bone mineral density before and 
after PKP.
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