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Background: A uperior adjacent vertebral fracture (SAVF) is a common complication after kyphoplasty.
Intra-disc leakage is a significant risk factor of SAVF. However, to date, no studies on the prevention of
SAVF after intra-disc leakage have been conducted. This study sought to evaluate the clinical outcome of
prophylactic vertebral augmentation in high-risk patients, and explore the other risk factors of SAVE.
Methods: Of 2,571 patients who received kyphoplasty, 82 with intra-disc leakage were retrospectively
enrolled in the study, and divided into 2 groups based on whether they had a superior level of prophylactic
vertebral augmentation. To ensure that any possible early complications were examined, there was a
minimum follow-up period of 12 months.

Results: The pre-operation parameters were comparable between the 2 groups. In the non-prophylactic
group, 9 of 59 (15.3%) patients had SAVF superior to the level of intra-disc leakage. Of these 9 SAVF cases,
8 fractures (88.9%) occurred within 6 months after surgery. Overall, 14 (23.7%) patients developed a new
fracture. In the prophylactic group, no patients had a SAVF (0.0%), but 3 (13.0%) had remote fractures
(P=0.047 and 0.284). No complications were associated with vertebral augmentation. Further, the risk factor
analysis showed that patients with comorbidities and a history of corticoid use had a higher risk of fracture
compared with patients with none of these risk factor [odds ratios: 12.0, 95% confidence interval (CI): 1.0-
143, and 34.3, 95% CI: 3.2-364.5, respectively].

Conclusions: Prophylactic vertebral augmentation can prevent SAVF without complications. Patients
with comorbidities and a history of corticoid use had a higher risk of SAVF compared with patients without

corticoid use. Thus, we recommend prophylactic vertebral augmentation in the selected high-risk patients.

Keywords: Ostcoporosis vertebral compression fracture (OVCF); balloon kyphoplasty; adjacent vertebral fracture;

cement leakage; prophylactic cement augmentation

Submitted Mar 16, 2021. Accepted for publication May 06, 2021.
doi: 10.21037/apm-21-867
View this article at: http://dx.doi.org/10.21037/apm-21-867

Introduction safer and has better correction powers than vertebroplasty.

Despite some controversies about the treatment efficacy

A vertebral compression fracture is a common fracture in
elderly patients with osteoporosis (1). Such factures cause
heavy health and economic burdens for society (2). Since its
introduction by Garfin er 4/. (3), balloon kyphoplasty (BKP)

has been used for vertebral compression fractures, as it is
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of BKP, it is still widely used in the treatment of acute or
subacute osteoporotic vertebral compression fractures,
as it can relieve pain, enable early mobilization, and thus
improve patients’ quality of life (4,5).

BKP is considered a safe treatment (6); however,
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it is still associated with complications (7). Of these
complications, the most common is a new vertebral
fracture postoperatively; however, it should be noted that
debate continues as to whether such new factures are a
consequence of osteoporosis (1,8). New fracture after BKP
included remote fracture, inferior vertebral fracture and so
on. Among new fractures, the superior adjacent vertebrae
fracture (SAVF) has gained considerable attention, as it
happens early (i.e., within 6 months of surgery) (9) and
accounts for most new fractures (54-66%) (6). It is a specific
type of vertebral compression fracture that is directly
correlated with kyphoplasty. Due to the short time interval,
this fracture decreases patients’ satisfaction and quality of
life. Thus, research needs to be conducted to identify the
risk factors of SAVF and reduce its incidence.

Among all the risk factors of a new fracture after BKP,
intra-disc cement leakage is a critical one (9-11). Unlike
other risk factors, such as a first vertebral fracture, intra-
disc leakage can be partially controlled by the surgeon, and
is common in patients who have undergone BKP (6). Thus,
the prevention of SAVF is critical in high-risk patients,
such as those with intra-disc leakage. However, no clinical
research has focused on how to prevent such complications
after intra-disc leakage.

We performed experimental prophylactic vertebral
augmentations superior to the fractured vertebrae level, and
conducted a retrospective cohort study. This study sought
to (I) compare clinical outcomes between patients with
and without prophylactic vertebral augmentation, and (II)
determine the risk factors of SAVF after BKP in patients
with intra-disc leakage. We present the following article in
accordance with the STROBE reporting checklist (available
at http://dx.doi.org/10.21037/apm-21-867).

Methods

Retrospective cohort study was designed and the
fundamental research can be divided into 2 parts: (I)
clinical outcomes and the safety of prophylactic vertebral
augmentation; and (II) a risk factor analysis of SAVF after
intra-disc leakage. We selected patients who underwent
kyphoplasty between January 2013 and June 2015 at our
hospital. To be eligible for inclusion in this study, patients
had to meet the following inclusion criteria: (I) have cement
leaking into the superior intra-disc space; (II) have an intact
superior vertebra. Intra-disc leakage was confirmed by
fluoroscopy intra-operatively; and (III) minimum follow-
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up is 12 months. Patients with pathological compression
fractures (e.g., metastasis or multiple myeloma) were
excluded. All patients were selected according to the
inclusion and exclusion criteria to reduce selection bias.
The study was designed and conducted following the
international guidelines, and was approved and guided by
the Ethics Committee of the Beijing Jishuitan Hospital
(No. 202012-01) and the director of the Spine Department.
All procedures performed in this study involving human
participants were in accordance with the Declaration of
Helsinki (as revised in 2013).

Surgery was performed in patients with an acute
osteoporosis vertebral compression fracture (OVCF) who
could not tolerate pain or were bed-ridden and those with
subacute OVCF who failed to respond to conservative
treatment. All patients underwent magnetic resonance
imaging (MRI) preoperatively to ensure that the fracture
was fresh. If a patient was contraindicated to undergo MRI,
an isotope bone scan was used as a substitute. Patients’
general information, including age, sex, visual analog scale
(VAS) score, and fractured vertebrae level, were collected,
and lumbar quantitative computed tomography (QCT) was
used to evaluate patients’ bone density.

All patients were made aware of the potential
complications, including cement leakage and possible
prophylactic vertebral augmentation. Both verbal and
written consent about prophylactic vertebral augmentation
was obtained before surgery. The criteria for prophylactic
operation were based on the surgeon’s decision, including
intra-disc leakage, if the patient was elderly (i.e., aged over
60), and a low QCT (lower than 80 mg/cc).

Procedure

The procedure was conducted under local anesthesia,
and a bilateral approach was used if a single approach
could not restore the vertebra. In patients with intra-disc
leakage, prophylactic superior vertebral augmentation was
performed at the surgeon’s discretion (see Figure I). Finally,
the cement volume of each vertebra was collected.

Post-operation

Patients were encouraged to ambulate after bed rest for
3 hours, and return to regular activity gradually. However,
a thoracolumbar brace restricting flexion and extension
was recommended when sitting or walking. Medication for
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Figure 1 Prophylactic vertebral augmentation after intra-disc leakage. (A) Fat compressive T2-weighted images showing L2 vertebra

fracture, and the superior vertebral (L1) intact; (B) major cement leakage in L1/L2 intervertebral space, the L1 level is prophylactically

augmented.

osteoporosis was provided by endocrine or family doctors
during follow-up appointments. Patients were evaluated
radiographically 3, 6, and 12 months postoperatively.
Further follow-up appointments were conducted via
telephone to check whether patients had symptomatic back
pain or other complications. The VAS score was recorded
at the last follow-up appointment.

If patients suffered from second back pain, radiography
and MRI were used to make a diagnosis. The indication and
procedure for the second operation were the same as those
for the first operation (see Figure 2).

In relation to the radiological evaluation, the intra-disc
space was divided into 3 parts (i.e., the anterior, middle, and
the posterior third along the superior endplate), and the
volume of cement leakage was described as major or minor
based on whether it filled more than a quarter of the space
as previously described (12) (see Figure 3).

Statistical analysis

Patients were divided into 2 groups based on whether they
received prophylactic vertebral augmentation. In relation
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to the demographic data, categorical variables are expressed
as proportions, and continuous variables are expressed
as means, minimums, and maximums. Chi-square tests
were performed for the categorical variables. Continuous
variables were compared using the Kruskal-Wallis test or
the independent Student t-test after the normal distribution
test was performed.

In the non-prophylactic group, a univariate logistic
regression analysis was used to identify possible risk
factors for adjacent vertebral fracture, including age,
sex, osteoporosis (QCT, the Z score, and the T score),
radiological evidence (the intra-disc cement position and
volume), history (a previous fracture in other sites, past
comorbidities, and a history of corticoid use), vertebrae
levels, and cement use. A multivariate logistic regression
analysis was undertaken to further analyze factors with
significant correlations. The outcomes were analyzed
with the odds ratio and corresponding 95% confidence
intervals (CIs). P values of 0.05 were considered statistically
significant. All analyses were performed using IBM

Statistical Package for the Social Sciences, version 19.0
(SPSS Inc.).
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Figure 2 Early adjacent vertebra fracture after balloon kyphoplasty (BKP) with intra-disc leakage. (A) The patient had a T12-L2 vertebra
fracture and received BKP, and there was an intra-disc leakage in the T11/T12 intervertebral space in the BKP; (B) 2 months after the first

operation, a T11 vertebral compression fracture occurred; (C) the patient received a second BKP for the second fracture.

Figure 3 Methods of radiological evaluation. The measurement was performed by drawing a region of interest around the cement and
intervertebral space. In this case, (A) it was categorized as middle third; (B) it was categorized as minor as the volume of cement leakage filled

less than a quarter of the space.
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Table 1 Distribution of osteoporosis vertebral compression fracture level and the new adjacent vertebral fracture level

Fracture Adjacent vertebral fracture
Level
Number Percent (%) Number Percent (%)

T6 0 0 1 111

T7 4 4.9 0 0

T8 3 3.7 0 0

T9 4 4.9 0 0

T10 1 1.2 0 0

T11 10 12.2 2 222
T12 30 36.6 3 33.3

L1 12 14.6 1 11.1

L2 8 9.8 0 0

L3 4 4.9 1 111

L4 4 4.9 1 11.1

L5 2 2.4 0 0

Results in Table 2, and the surgical outcomes are presented in

Eighty-two patients with intra-disc leakage were selected
from 2,571 patients receiving BKP. Of these patients, 17
were men, and 65 were women. Patients had an average
age of 67 (range, 46-84 years). Table 1 shows the fractures
and new adjacent vertebral fracture levels. Overall,
QCT was 63.3 mg/cc (range 7.1-128.4 mg/cc), the Z
score was —1.51 (range, -5.16-0.35), and the T score was
-3.82 (range, —6.18-1.54). Of the patients, 12 (14.6%)
had a history of fracture, 41 (50%) had comorbidities,
such as hypertension or diabetes (patients with a history
of corticoid use were excluded), and 7 (8.5%) had used
corticoids for more than 1 month. On average, 5.1 mL
(range, 1.8-9 mL) of cement was used. The VAS score
was 7.1 (range, 4-10) preoperatively, and 1.8 (range, 0-6)
postoperatively (P=0.000). The mean follow-up time was
13.95 months (range, 12-30 months). Seven (8.5%) patients
had unsatisfactory pain relief, and 17 (20.7%) experienced a
new fracture during the follow-up period. No patients had
severe complications, such as spinal cord injury, nerve root
injury, allergy, or pulmonary embolization.

Patients were divided into 2 groups. Twenty-three
patients received prophylactic vertebral augmentation at the
superior vertebra of the intra-disc cement leakage space,
and 59 did not receive prophylactic augmentation. The
general conditions of patients in both groups are compared
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Table 3. Nine (15.3%) patients had an adjacent vertebral
fracture, most of which (8, 88.9%) occurred in the first
6 months after surgery. Five patients had fractures at other
levels. In the augmentation group, 3 (13.0%) patients had
new fractures, none of which occurred at the superior
level. The incidence of adjacent vertebral fracture was
significantly different between the 2 groups (P=0.047). The
details of patients with new fractures are presented in Table 4.

In the augmentation group, 4.4 mL (range, 2.5-7.5 mL)
bone cement was used for the fractured vertebrae, while
5.4 mL (range, 2.0-7.5 mL) was injected in the superior
level for prophylactic augmentation. Significantly more
cement was used in the superior level than for the fractured
vertebrae (P=0.036). In terms of intra-disc leakage, 25
(30.5%) cases occurred in the anterior third, 49 (59.8%)
occurred in the middle third, and 8 (9.8%) occurred in the
posterior third. Overall, 40 (48.8%) cases were categorized
into the major group, and 42 (51.2%) cases were categorized
into the minor group. Details of the radiological evidence
are shown in Figure 4.

A univariate logistic regression analysis was conducted in
the non-prophylactic augmentation group to demonstrate
the risk factors of adjacent vertebral fracture, and the results
are shown in Tiable 5. Sex, comorbidities, and corticoid use
had a possible correlation with early adjacent vertebral
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Table 2 General conditions of the 2 groups

Prophylactic vertebral augmentation for intra-disc leakage

Parameters Prophylactic Non-prophylactic P value
Cases 23 (28%) 59 (72%)

Male 4 (17.4%) 13 (22.0%)

Female 19 (82.6%) 46 (78.0%) 0.641
Age 69.7 [60-82] 66.5 [46-84] 0.136
Pre-op VAS 7.1[6-9] 7.0 [4-10] 0.856
QCT (mg/cc) 63.2 (21.5-79.6) 63.3 (7.7-128.4) 0.996
Z score -1.47 (-5.16 t0 0.19) -1.52 (-3.96 to 0.35) 0.915
T score -3.45 (-5.65to -2.14) -3.98 (-1.54 to —-6.18) 0.379
Past fracture history 5(21.7%) 7 (11.9%) 0.256
Comorbidities 11 (47.8%) 30 (50.8%) 0.806
Corticoid usage 1(4.3%) 6 (10.1%) 0.397
Follow-up time (months) 11.7 [6-28] 14.8 [6-30] 0.160
Cement usage in leakage vertebral (mL) 4.4 (2.5-7.5) 5.2 (2-9) 0.037
VAS, visual analog scale; QCT, quantitative computed tomography.

Table 3 Surgical outcomes of the 2 groups

Parameters Prophylactic Non-prophylactic P value
Adjacent vertebral fracture 0 (0.0%) 9 (15.3%) 0.047
Remote vertebral fracture 3 (13.0%) 5 (8.5%) 0.708
Overall vertebral fracture 3 (13.0%) 14 (23.7%) 0.284
Post-op VAS 1.7 [0-5] 1.88 [0-6] 0.754
VAS improvement 5.4 [2-9] 5.2 [1-9] 0.924
Unsatisfied pain relieve 2 (8.7%) 5 (8.5%) 0.974

VAS, visual analog scale.

fracture (P=0.003, 0.142, and 0.002, respectively). The
multivariate logistic regression analysis demonstrated that
comorbidities and corticoid use were significantly correlated
with fracture [odds ratios: 12.0 (95% CI: 1.0-143) and 34.3
(95% CI: 3.2-364.5)].

Discussion

BKP has been successfully used to treat osteoporotic
vertebral compression fractures; however, the risk of a
new fracture after BKP remains an issue for patients.
Consistent with previous research findings (12-27%) (6,12),
in our study, on average, 20.7% of patients experienced
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a second fracture within 14 months of surgery. Further,
SAVFs accounted for 57% of all new fractures in the non-
prophylactic group. 88.9% of fractures occurred within
6 months of surgery. This jeopardizes the surgical effect of
BKP, as 15 patients per 100 have to return to hospital for
a second surgery within 6 months of their first operation,
which decreases patients’ quality of life and increases their
economic burden (13).

Cement leakage is common in kyphoplasty (14,15).
Although upper endplate cortical disruption is not so
common in osteoporotic vertebral compress fracture patient,
the incidence of intra-disc leakage is reported to be as high
as 30% in patients with endplate cortical disruption (16).
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Table 4 Details of patients with a second fracture after balloon kyphoplasty (BKP)
Pts Leakage vertebral Cem?r?]tLL)Jsage Cofnr;:zm iteant Adjacent  New fracture level Timz;c]c;rf:::):ture Mechanism
Non-prophylactic group
1 L1 4.5 L3 Yes T12 3 Fall
2 L1 6.5 NA Yes T12 6 Atraumatic
3 L4 7.5 NA Yes L2, L3 3" Atraumatic
4 T7 4.0 NA Yes T6, T8 1 Atraumatic
5 T12 5.0 L2, L4 Yes T11, L5 18 Atraumatic
6 L3 6.0 NA No L3 6 Atraumatic
7 T7 4.0 T11 No T12 24 Fall
8 L1 6.0 NA No L2 12 Fall
9 L5 3.0 L2 Yes L4 6" Fall
10 L2 3.5 L3 No L4 3 Atraumatic
11 L2 6.5 L5 Yes L1 6 Atraumatic
12 L1 6.5 NA Yes T12 3 Atraumatic
13 T12 45 L4 No T4,T5 5 Fall
14 T12 5.0 T12, L1, L2 Yes T11 2 Atraumatic
Prophylactic group
1 T12 2.5 NA No L2 24 Atraumatic
2 T12 3.0 NA No L5 3 Atraumatic
3 L2 4.5 T10, T12 No T8 4 Atraumatic

*, the patient suffered from a third fracture 1 year after the second BKP; T8 and T9 were involved; *, the patient died due to cerebral

vascular disease 1 year after the operation.

Mechanical experiments have suggested that cement can
increase stress on the superior vertebra, and cause a new
fracture in osteoporotic vertebrae (17). A few researchers
have argued that intra-disc leakage does not increase the
new fracture rate (18), but these researchers failed to focus
on superior intra-disc leakage and the specific fracture
type of SAVF. It is widely agreed that intra-disc leakage is
a significant risk factor for SAVF (16,19). To address this
issue, we performed a pilot study on prophylactic vertebral
augmentation to prevent SAVE. The results showed that
vertebral augmentation could successfully prevent new
fractures in the superior adjacent vertebrae (0% wvs. 15.3%,
P=0.047).

Further, no additional complication was induced by
augmentation. The new fracture rates of remote vertebrae
were similar (13.0% vs. 8.5%, P=0.708), and no severe

complications (e.g., pulmonary embolization or anaphylaxis)
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occurred. Previous reports have implied that extra cement
can increase the new fracture rate (20); however, in our
follow-up period, no new fractures occurred in the vertebrae
superior to the prophylactic level. This may be because of
the intact endplate at the prophylactic level. However, we
observed 3 remote vertebral fractures within 3-24 months
of surgery.

Prophylactic vertebral augmentation has been discussed
in previous studies, and while biomechanical experiments
have shown promising results (21-23), a few clinical
studies have had controversial results (24,25). Under the
inclusion criteria for previous research, all patients who had
undergone BKP were included (i.e., the patients included in
the research did not have to be high-risk patients). Unlike
previous studies, patients had to have a specific condition
to be eligible for inclusion in our study (i.e., intra-disc
leakage), and we also focused on a specific fracture type (i.e.,
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Figure 4 Statistical analysis of the radiological evaluation showed that, (A) there was no significant difference in the distribution of leakage

position (P=0.277), but there was a more significant proportion of the anterior third in the prophylactic group. And (B) there was no

significant difference in the volume of leakage position (P=0.381).

SAVF). The method of preventing fracture by prophylactic
cement augmentation has previously been used in adult
spinal deformity surgery (26), and has been proven to be
clinically successful and cost effective. We conducted the
present study using the same method, but we only injected
prophylactic cement in high-risk patients.

To identify correlations between cement leakage and a
new fracture, some researchers have also categorized intra-
disc leakage based on position and volume (12). In our
study, most leakages occurred in the anterior or middle third
(30.5% and 61.0%, respectively), and 48.8% of leakage was
categorized into the major group. Theoretically, a major
leakage will induce more stress on superior vertebrae;
however, no correlation was found between the SAVF and
leakage position (P=0.478) or size (P=0.618).

In addition to intra-disc leakage, previous research
has examined many factors as possible reasons for a
new fracture, including the vertebra level, sex, fracture
history (other sites), osteoporosis, cement volume, and
a patient’ general condition (8,9,11,16,19). Our results
showed that comorbidities and a history of corticoid use
were positively correlated with SAVF [odds ratios: 12.0
(95% CI: 1.0-143) and 34.3 (95% CI: 3.2-364.5)], which
reflects the findings of previous reports (9). Our findings
imply that the general condition of patients was more
predictive of SAVF than the local condition of patients
with intra-disc leakage.

Previous research has shown that osteoporosis of
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vertebrae predicts fractures (10); however, in our research,
osteoporosis parameters (including QCT, the Z score,
and the T score) had no significant correlation with SAVF
(0.836, 0.933, and 0.991, respectively). This may be because
we focused on the SAVF (rather than all new fractures), and
QCT may only reflect general osteoporosis (rather than
specific vertebra)

Our study had several limitations. First, our small
sample size might compromise our conclusions, especially
in the risk factor analysis, as the results may produce
false negatives due to the weak statistical power. Second,
while prophylactic augmentation has been proven to be
successful at reducing vertebral fracture risk and preventing
a second surgery, a further cost-benefit analysis needs to
be undertaken. Our results are only preliminary and our
study was conducted on a relatively small scale; however, we
intend to conduct further multicenter clinical trials with a
larger population in the future.

Conclusions

Our preliminary study showed that prophylactic vertebral
augmentation in patients with OVCF with intra-disc
leakage could prevent SAVF and associated second surgery.
The incidence of SAVF also correlated with comorbidities
and a history of corticoid use. Thus, we recommend
prophylactic vertebral augmentation in selected high-risk
patients. Further prospective randomized studies, such as
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Table 5 Univariate logistic regression analysis in the non-prophylactic group

Parameters AVF Non-AVF P value

Demographic parameters

Male 5 (62.5%) 8 (15.7%)

Female 3 (37.5%) 43 (84.3%) 0.003
Age 69.9 [46-83] 65.8 [55-84] 0.325
VAS pre-op 7.4[6-10] 7.0 [4-9] 0.218

Osteoporosis parameters

QCT 57.0 (11.8-105.0) 65.2 (7.7-128.4) 0.836
Z score -1.56 (-0.55 to -3.07) -1.51 (0.35 to -3.96) 0.933
T score -3.98 (-2.87 to —4.78) -3.98(-1.54 to -6.18) 0.991
Past fracture 0 (0.0%) 7 (13.7%) 0.264

General condition
Comorbidities 6 (75.0%) 24 (47.1%) 0.142
Corticoids use history 4 (50.0%) 2 (4.0%) 0.002

Surgery-related

VAS post-op 1.6 [0-4] 1.9 [0-6] 0.635
Cement usage 5.4 (1.8-8.0) 5.6 (4.0-7.0) 0.602
Levels 0.477
TL 5 (62.5%) 38 (74.5%)
Non-TL 3 (37.5%) 13 (25.5%)
Multilevel 3 (37.5%) 10 (19.6%) 0.256
Follow-up [months] 20.33 [9-28] 19.48 [6-30] 0.257

Radiological evaluation

Major 3 (37.5%) 24 (47.1%) 0.614
Minor 5 (62.5%) 27 (52.9%)

Anterior 3 (37.5%) 12 (23.5%) 0.478
Middle 5 (62.5%) 33 (64.7%)

Posterior 0 6(11.8)

VAS, visual analog scale; QCT, quantitative computed tomography; AVF, adjacent vertebrae fracture; TL, thoracolumbar.

large multicenter clinical trials, should be conducted to Footnote

confirm our results.
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