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Abstract:

Introduction: Balloon kyphoplasty (BKP) is a minimally invasive surgical approach for the treatment of osteoporotic
vertebral fractures (OVF). Some risks have been reported after treatment with BKP; therefore, it is necessary to determine
when BKP does not work. Thus, in this study, we aim to clarify the radiographic predictors of secondary vertebral fractures
and cement loosening after BKP for OVE

Methods: This study enrolled patients with single-level OVF at the thoracolumbar junction (T11-L2) who underwent
BKP for the first time between January 2011 and March 2014. The clinical outcomes were evaluated using the visual ana-
log scale (VAS) and a modified Oswestry Disability Index (ODI) at 1 week and 1, 3, 6, and 12 months after surgery. Ra-
diographic assessments were performed preoperatively and within 1 year after BKP using plain radiography and computed
tomography.

Results: The 85 patients who met the inclusion criteria underwent BKP. The average age of participants (21 men, 64
women) was 77.8 years (range, 57-92 years). Postoperative VAS and ODI scores were all significantly better than preopera-
tive scores. Polymethyl methacrylate (PMMA)-cement leakage was observed in 18 patients (21.2%) but was asymptomatic
in all cases. Secondary vertebral fractures were detected in 20 patients (23.5%), including adjacent levels in 15 patients
(17.6%) and non-adjacent levels in 5 patients (5.9%). Rostral bridging osteophyte formation was found to be significantly
associated with the occurrence of adjacent vertebral fractures (odds ratio 12.746; p=0.010). PMMA-cement loosening was
observed in three patients (3.5%). A high prevalence (100%) of bridging osteophytes, vacuum clefts, and spinous process
fractures was observed in patients with PMMA-cement loosening. PMMA-cement loosening was found in 3 out of 10 pa-
tients with all three of these factors.

Conclusions: Rostral bridging osteophyte formation was determined to be a risk factor for both adjacent vertebral frac-
tures and PMMA-cement loosening.
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with osteoporosis™. Osteoporotic vertebral fractures (OVF)
can cause vertebral body collapse and spinal deformity asso-
ciated with increased morbidity and mortality™”. Most pa-

Introduction

The number of patients with osteoporosis has seen a

steady increase as society ages, and when a bone fracture
occurs, it often interferes with daily life". Vertebral fractures
are the most common fracture occurring among patients

tients with OVF can be treated conservatively, with rest or
thoracolumbar bracing. However, delayed bone union can
cause persistent pain and significant spinal deformity, which
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may require surgical treatment™. Since OVF occurs mainly
in the elderly, less invasive methods should be chosen for
initial treatment'”.

Percutaneous vertebroplasty is a minimally invasive surgi-
cal approach for the treatment of OVF. In addition, balloon
kyphoplasty (BKP) is not only less invasive, but it also aims
to inflate the balloon within the fracture to restore vertebral
body height'”. BKP improves pain, activities of daily living,
and quality of life in patients with OVF faster than conser-
vative therapies™"”. Therefore, BKP is known to be a com-
mon surgical treatment for OVF. However, risks after treat-
ment with BKP have been reported, such as cement leakage,
secondary vertebral fracture, and instability of the verte-
brae''”.

To properly apply BKP as a treatment for OVF, we need
to know in what cases BKP does not work. Thus, in this
study, we primarily aim to identify the factors that cause
secondary vertebral fractures and cement loosening after
BKP. To clarify the appropriate indication of BKP for the
treatment of OVF, we investigated the clinical outcomes of
the first BKP performed on a thoracolumbar junction verte-
bral fracture, a common site of OVF, and the radiographic
predictors of secondary vertebral fractures and cement loos-
ening after BKP.

Materials and Methods

Of the patients who underwent BKP in our hospital be-
tween January 2011 and March 2014, this study enrolled pa-
tients who had a single level of OVF at the thoracolumbar
junction (T11-L2) with local tenderness and who received
BKP for the first time. BKP was applied to patients with
unstable OVF who did not improve with conservative treat-
ment for more than 4 weeks and had back pain of 40 mm or
more on the visual analog scale (VAS). All patients provided
written informed consent to receive BKP. Radiographic fea-
tures of the thoracic and lumbar spine including the frac-
tured vertebrae were then preoperatively assessed using
plane X-ray and computed tomography (CT). BKP was per-
formed using Kyphon™ Balloon Kyphoplasty (Medtronic,
Minneapolis, MN) as previously reported'”. All patients
completed a 1-year follow-up.

Qutcomes

The primary outcomes were back pain severity measured
by the VAS and the American Academy of Orthopedic Sur-
geons MODEMS version of the Oswestry Disability Index
(ODI; range, 0%-100%) before surgery and at 1 week and
1, 3, 6, and 12 months after surgery''.

Radiographic assessments

Polymethyl methacrylate (PMMA)-cement leakage, secon-
dary vertebral fracture in adjacent and non-adjacent levels,
and loosening of PMMA cement were assessed using plain
X-ray and CT within 1 year after the treatment. Secondary
vertebral fracture was defined as a new postoperative verte-
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bral body fracture with or without pain. Loosening of
PMMA cement was identified as a low-density area around
the PMMA cement on CT that was not observed immedi-
ately after BKP™. The clinical and radiographic characteris-
tics of the patients immediately before surgery (age, sex,
time since onset to surgery, bone density of the lumbar
spine, number of pre-existing vertebral fractures, vertebral
wedge angle, degree of change in vertebral wedge angle,
bridging osteophyte formation from the adjacent superior
vertebral body to the rostral side, vacuum cleft in vertebrae,
posterior wall injury, spinous process fracture) were exam-
ined as candidate factors associated with secondary vertebral
fractures and cement loosening after BKP. Age was then as-
sessed at the time of surgery. Bone density was measured
using dual-energy X-ray absorptiometry and represented as
the young adult mean. The vertebral wedge angle was evalu-
ated from a plain X-ray lateral view in the sitting position
before surgery, immediately after surgery, and 1 year after
surgery (o in Fig. la). In addition, the degree of change in
vertebral wedge angle was assessed as the difference in ver-
tebral wedge angle in a plain X-ray lateral view between sit-
ting and supine positions (o-f in Fig. la, b). Bridging os-
teophyte formation, vacuum cleft, posterior wall injury, and
spinous process fracture were evaluated using CT. Spinal
surgeons with experience of more than 19 years (KY and
TN) performed the evaluations for each patient. The observ-
ers were blinded to the patients’ data.

Statistical analyses

Results of the continuous values are expressed as meanz+
standard deviation. VAS scores, ODI scores, and vertebral
wedge angles were statistically evaluated using one-way re-
peated measures analysis of variance (ANOVA) with
Tukey’s honestly significant difference test. Multivariate lo-
gistic regression analysis was used to search for significant
associations for the adjacent vertebral fracture after BKP.
Differences were considered significant if p<0.05. JMP" 14
(SAS Institute Inc., Cary, NC) were used for the statistical
analyses.

Results

In this study, 85 of the 236 patients who underwent BKP
were determined to have a single level of OVF at T11-L2
and received BKP for the first time. The average age of pa-
tients (21 males, 64 females) was 77.8 years (range, 57-92
years).

Clinical outcomes

The mean VAS score (mm) was 74.3+19.6 before BKP.
Postoperative mean VAS score was 20.5x19.6, 25.5+25.8,
29.1+22.6, 33.7+£27.2, and 38.1+38.6 at 1 week and 1, 3, 6,
and 12 months after surgery, respectively. All postoperative
VAS scores were noted to be significantly lower than preop-
erative VAS score (Fig. 2a). The mean ODI score (%) was
61.2+17.7 before BKP. Postoperative mean ODI score was
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Figure 1.

Wedge angle measurement of fractured vertebral bodies in plain X-ray lateral

view. Vertebral wedge angle in (a) sitting position (0.°) and (b) supine position (3°). The
change of wedge angle was calculated as the difference between these angles.

32.6+18.2, 32.5+18.9, 35.8+17.1, 30.8+17.1, and 30.6+19.4
at 1 week and 1, 3, 6, and 12 months after surgery, respec-
tively. All postoperative ODI scores were significantly better
than preoperative ODI score (Fig. 2b).

Vertebral wedge angles

The mean of vertebral wedge angle (°) in the sitting posi-
tion was 21.7+7.4 before BKP. Postoperative mean vertebral
wedge angle in the sitting position was 13.4+6.6 immedi-
ately after surgery and 17.8+£7.3 at 1 year after surgery. The
mean vertebral wedge angle immediately after surgery was
significantly smaller than that before BKP. In addition, the
mean vertebral wedge angle at 1 year after surgery was sig-
nificantly smaller than before BKP and significantly greater
than immediately after surgery. The loss of correction in
vertebral wedge angle (°) at 1 year postoperatively was 3.8+
4.2.

Leakage of PMMA cement

PMMA-cement leakage was observed in 18 patients
(21.2%) but was asymptomatic in all of these patients.
PMMA leaked to the intervertebral disc (Fig. 3a) in 11
cases and to anterior (Fig. 3b) or lateral side of the vertebral
body in 7 cases but not to the spinal canal.

Risk factors for secondary vertebral fractures

Secondary vertebral fractures were detected in 20 patients
(23.5%), including adjacent levels in 15 patients (17.6%)

and non-adjacent levels in 5 patients (5.9%). Secondary spi-
nal fractures at the adjacent level occurred at an average of
1.3£1.1 months (range, 1 week to 3 months) after BKP,
whereas those at the non-adjacent level occurred at an aver-
age of 2.8+1.9 months (range, 1 week to 5 months) after the
BKP. Of the 15 patients with adjacent level fractures, 11 pa-
tients occurred within 1 month after BKP and 3 of 5 pa-
tients with non-adjacent level fractures occurred more than 3
months after BKP (Fig. 4). Data for candidate factors asso-
ciated with secondary vertebral fractures are shown in Table
1. Lower bone density was observed in patients with non-
adjacent vertebral fracture. The number of pre-existing ver-
tebral fractures was higher in patients with non-adjacent ver-
tebral fracture. High prevalence of bridging osteophyte was
observed in patients with adjacent and non-adjacent verte-
bral fracture. Statistical associations between candidate fac-
tors and occurrence of secondary vertebral fractures were as-
sessed using a multivariate logistic regression analysis (Ta-
ble 2). Prevalence of bridging osteophytes was significantly
associated with the occurrence of adjacent vertebral fractures
(odds ratio 12.746, 95% CI 1.844-88.100, p=0.010) (Table 2
a). However, three candidate factors, including bone density,
number of pre-existing vertebral fractures, and bridging os-
teophytes, were found to be not significantly associated with
non-adjacent levels of fractures (p=0.097, 0.102, and 0.168,
respectively).
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Risk factors for PMMA-cement loosening

The PMMA-cement loosening was observed in three pa-
tients (3.5%) (Fig. 5d). Data for candidate factors associated
with PMMA-cement loosening are shown in Table 3. High
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Figure 2. Graph of scores before, 1 week, and 1, 3, 6, and 12
months after surgery on (a) the Oswestry Disability Index and (b)
the visual analog scale. All postoperative scores were significant-
ly improved compared to preoperative scores. * Significant dif-
ference, p<0.05 (one-way repeated measures ANOVA with
Tukey’s HSD test).
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prevalence (100%) of bridging osteophyte, vacuum cleft,
and spinous process fracture was observed in patients with
PMMA-cement loosening (Table 3, Fig. 5a, b). Although the
number of patients with PMMA-cement loosening was too
small to assess the statistical significance, PMMA-cement
loosening was detected in 3 out of 10 patients with all three
of these factors.

Discussion

This study demonstrated the radiographic characteristics
associated with adjacent vertebral fractures and cement loos-
ening after BKP. Multivariate logistic regression analysis re-
vealed a significant association between bridging osteophyte
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Figure 4. Graph of the period from surgery to the occur-
rence of secondary vertebral fractures. Each data point is ex-
pressed as a percentage. The majority (73.3%) of adjacent
vertebral fractures occurred within 1 month after surgery,
while the majority (60.0%) of non-adjacent vertebral frac-
tures occurred more than 3 months after surgery.

Figure 3. Computed tomographic sagittal plane reconstruction images of PMMA-cement

leakage (a) to the intervertebral disc and (b) to the anterior.
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Table 1. Data for Candidate Factors Associated with Secondary Vertebral Fractures.
Adjacent level Non-adjacent level
Variable Total (n=85)
With (n=15)  Without (n=70)  With (n=5)  Without (n=80)
Age (year) 77.8+7.0 79.7+6.0 77.4+7.2 77.0£7.0 77.7£7.1
Gender (female) 64 (75.3%) 12 (80.0%) 52 (74.3%) 3 (60.0%) 61 (76.3%)
Time since onset (month) 4.3+4.6 4.0+4.4 4.3+4.7 2.3+0.7 4.3+4.7
Bone density (YAM%) 74.5+12.1 75.1+14.1 74.3+11.8 65.0+6.0 74.4+11.7
Number of pre-existing vertebral fractures 0.9+1.4 1.3+1.8 0.8+1.3 2.0+£2.8 0.9+1.4
Vertebral wedge angle (degree) 21.7+7.4 23.2+8.7 21.4+7.1 22.0+4.9 21.7+7.4
Change of wedge angle (degree) 8.6+6.1 11.6+6.9 7.9+5.8 9.2+6.9 8.5+6.1
Bridging osteophyte 32 (37.6%) 11 (73.3%) 21 (30.0%) 3 (60.0%) 29 (36.3%)
Vacuum cleft 71 (83.5%) 13 (86.7%) 58 (82.9%) 4 (80.0%) 67 (83.8%)
Posterior wall injury 65 (76.5%) 13 (86.6%) 52 (74.3%) 2 (40.0%) 63 (78.8%)
Spinous process fracture 17 (20.0%) 3 (20.0%) 14 (20.0%) 1 (20.0%) 16 (20.0%)

Table 2. Multivariate Logistic Regression Analysis of Candi-
date Factors Associated with Secondary Vertebral Fractures.

a. Adjacent level (n=15)

Variable Odds ratio 95% CI P-value
Age 1.044 0.940-1.172 0.434
Gender (female) 1.755 0.245-12.583 0.576
Time since onset 1.003 0.792-1.205 0.980
Bone density 0.996 0.951-1.068 0.901
Number of pre-existing 1.552 1.033-2.905 0.079
vertebral fractures
Vertebral wedge angle 1.03 0.938-1.246 0.651
Change of wedge angle 1.108 0.933-1.227 0.138
Bridging osteophyte 12.746 1.844-88.100 0.010*
Vacuum cleft 0.524 0.033-8.320 0.647
Posterior wall injury 1.931 0.144-25.821 0.619
Spinous process fracture 0.380 0.058-2.488 0.313

*p<0.05

b. Non-adjacent level (n=5)

Variable Odds ratio 95% CI P-value
Age 0995  0.654-1.775 0.984
Gender (female) 0.001 0.000-1.830 0.071
Time since onset 0.335 0.011-2.985 0.420
Bone density 0.614  0.232-0.892 0.097
Number of pre-existing 10.574 1.842-1100.917 0.102
vertebral fractures
Vertebral wedge angle 1.554  0.928-5.524 0.359
Change of wedge angle 1.003 0.659-1.499 0.989
Bridging osteophyte 904.795  0.057-2087394 0.168
Vacuum cleft 0.783  0.002-285.190 0.935
Posterior wall injury 0.024  0.000-384.034 0.450
Spinous process fracture 0.031 0.000-9623.563 0.589

formation from the adjacent vertebral body to the cranial
side and adjacent vertebral fractures. No radiographic factors
were determined to be significantly associated with non-
adjacent vertebral fractures or PMMA-cement loosening due
to the low incidence of these complications. However, pa-
tients with non-adjacent vertebral fractures had a high num-
ber of pre-existing vertebral fractures and low bone density.

In addition, all patients with PMMA-cement loosening had
bridging osteophytes, vacuum clefts, and spinous process
fractures. Furthermore, postoperative VAS and ODI scores
were significantly better than those before surgery. In addi-
tion, these score improvements were comparable to those of
previous reports’*”. The postoperative vertebral wedge angle
has significantly improved from the preoperative angle, al-
though the corrective effect decreased slightly at 1 year
postoperatively.

The incidence of secondary vertebral fractures after BKP
in this study was comparable to previous reports™*”. Several
previous studies have already identified factors associated
with adjacent vertebral fractures™*”. Thoracolumbar fracture
levels have been reported as a risk factor for adjacent verte-
bral fractures after BKP**”. Thus, the thoracolumbar level is
known as a risk factor for adjacent vertebral body fractures
and is also a common site for vertebral body fractures.
Therefore, this present study was limited to patients with
thoracolumbar junction vertebral body fractures. Factors
such as age, sex, bone density, time to surgery, pre-existing
vertebral fracture, vertebral wedge angle, and posterior wall
injury were assessed as potential risk factors for adjacent
vertebral body fractures in this study and were evaluated in
previous reports. While sex, time to surgery, and vertebral
wedge angle were reported in a previous study as factors as-
sociated with adjacent vertebral body fractures, these factors
were not associated with adjacent vertebral fractures in other
studies and in this present study**”. Therefore, these three
factors might not be significant factors associated with adja-
cent vertebral fractures. A previous study did not show a
statistically significant association between pre-existing ver-
tebral fractures and adjacent vertebral fractures, but patients
with adjacent vertebral body fractures tended to have pre-
existing vertebral fractures (p=0.053)". Similar trends were
observed in this study (p=0.079). This study found no sig-
nificant association between these factors and adjacent verte-
bral fractures, but focused on evaluating changes in vertebral
wedge angle between sitting and supine positions, bridging
osteophyte formation, vacuum cleft, and spinous process
fracture as new factors. Rostral bridging osteophyte forma-
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Figure 5. Representative reconstruction images of computed tomography of a patient with PMMA-cement loosening

a, b) preoperatively, c) 1 day later, d) 6 months postoperatively. a) A triangle indicates a vacuum cleft; an arrow indicates a

spinous process fracture. b) A triangle indicates a vacuum cleft; arrows indicate bridging osteophytes. d) An arrow indi-

cates PMMA-cement loosening.

Table 3. Data for Candidate Factors Associated with Loosening of PMMA-Cement.

With loosening (n=3)  Without loosening (n=82)

Variable Total (n=85)
Age (year) 77.8+7.0
Gender (female) 64 (75.3%)
Time since onset (month) 4.3+4.6
Bone density (YAM%) 74.5+12.1
Number of pre-existing vertebral fractures 0.9+1.4
Vertebral wedge angle 21.7£7.4
Change of wedge angle 8.6+6.1
Bridging osteophyte 32 (37.6%)
Vacuum cleft 71 (83.5%)
Posterior wall injury 65 (76.5%)
Spinous process fracture 17 (20.0%)

81.7£2.9 77.727.1
3 (100%) 61 (74.4%)
3.3+2.6 4.3+4.7
76.3+24.6 74.4+11.7
0.7£1.2 0.9+1.4
20.9+10.1 21.727.4
11.725.6 8.546.1
3 (100%) 29 (35.3%)
3 (100%) 68 (82.9%)
2 (66.7%) 63 (76.8%)
3 (100%) 14 (17.1%)

tion from the adjacent superior vertebral body was signifi-
cantly associated with the occurrence of adjacent vertebral
fractures (odds ratio 12.746; p=0.010). Some patients with
bridge osteophyte formation would be included in the cate-
gory of disseminated idiopathic skeletal hyperostosis be-
cause of the continuity of bridge osteophyte formation
across multiple vertebrae. However, adjacent intervertebral
fractures also occurred in patients who had only single-
intervertebral bridging osteophyte formation. In this study,
non-adjacent level secondary vertebral fractures also oc-
curred in five patients. Although the number of patients with
non-adjacent fractures was too small to be assessed statisti-
cally, these patients tended to have low bone density and a
high number of pre-existing vertebral fractures. These fea-
tures are also considered risk factors for vertebral fractures,
even in the natural course of osteoporosis’™”. In addition,
73.3% of adjacent level fractures occurred within 1 month
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after BKP, whereas 60.0% of non-adjacent level fractures
occurred more than 3 months after BKP in this study; there-
fore, non-adjacent vertebral fractures might not be specific
to BKP.

Loosening of PMMA-cement was found in three patients
after BKP in this study. A previous study reported risk fac-
tors for cement loosening after percutaneous vertebroplasty
(PVP)™. They reported that 49 of 195 patients (25.1%) who
underwent PVP for OVF exhibited cement loosening. How-
ever, the patients’ condition differed between this previous
study and ours. This previous study has enrolled patients
who had been refractory to conservative treatment for more
than 3 months. It also included patients with split-type ver-
tebral fractures reported as a risk factor for cement loosen-
ing. A split vertebral fracture was also reported as a risk fac-
tor for revision surgery after BKP*. The present study did
not include patients with split vertebral fractures. No statisti-
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cally significant risk factors for cement loosening were
found, as there were only three cases in this study. However,
bridging osteophytes, vacuum clefts, and spinous process
fractures were observed in all three of these patients. In par-
ticular, the prevalence of bridging osteophytes and spinous
process fractures was markedly higher than in patients with-
out loosening of the PMMA cement. In the present study, a
bridging osteophyte was also identified as a risk factor for
adjacent vertebral fracture; BKP indications should be care-
fully considered in the presence of rostral bridging osteo-
phyte formation from the adjacent superior vertebral body.
Spinous process fracture was also reported as a risk factor
for cement loosening after PVP18. OVF with spinous proc-
ess fractures may be classified as type B2 in the AOSpine
thoracolumbar injury classification system™. Surgical inter-
vention is strongly recommended for this type of fracture™.
From the results of this study, it might be more appropriate
to carefully select BKP interventions if both bridging osteo-
phytes and spinous process fractures are present.

This study has some limitations. This study did not in-
clude cases with BKP within 4 weeks of the onset of frac-
ture. A previous study has reported that patients who under-
went BKP within 4 weeks after the onset of fracture had
improved postoperative vertebral wedge angles and a lower
incidence of adjacent vertebral fractures™. However, another
previous study showed that patients who underwent BKP
within 2 months of the onset of fractures had improved
postoperative vertebral wedge angles, but it did not reduce
the incidence of adjacent vertebral fractures™. Differences in
these reports might be due to differences between 4 weeks
and 2 months, but it could also be attributed to differences
in patient selection. It is difficult to judge the effect of con-
servative therapy within 4 weeks of fracture onset. There-
fore, in this study, BKP was performed only in patients who
had severe pain for more than 4 weeks after fracture onset
and was unlikely to be able to heal the fracture conserva-
tively. Magnetic resonance imaging was not used for evalu-
ation in this study, as it was not performed on all patients.
This study did not consider the content of drug treatment at
all because the content and duration of drug therapy varied
from patient to patient. However, this study did not include
patients using steroids or teriparatide, which had an impact
on fracture healing. The number of patients with PMMA-
cement loosening in this study was too low to assess statisti-
cal significance. Thus, larger sample size studies will be
needed in the future to demonstrate the key factors associ-
ated with PMMA-cement loosening.
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