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Abstract Background Vertebral osteoporotic fractures are a major cause of morbidity and
disability among the elderly population.
This study sought to compare the incidence of new vertebral fractures in patients
treated by vertebroplasty with that of those managed conservatively, while also
assessing the potential risk factors contributing to the occurrence of these fractures.
Materials and Methods The details of a total of 121 eligible subjects with radiologi-
cally proven osteoporotic vertebral fractures were retrieved from our archive between
January 2010 and September 2019 and divided, based on the treatment method, into
percutaneous vertebroplasty (PVP) (n = 60) and nonsurgical treatment (n = 61). The
included subjects’ clinical data, demographic profiles, and imaging findings on plain
radiography, CT, and MRI scans performed at baseline and within 24 months following
treatment were reviewed and documented.
Results The difference in the incidence of new fractures was statistically significant
(p=10.001), with rates of 70% (n = 32) in the vertebroplasty group and 30% (n = 14) in
the conservatively treated cases reported at a median follow-up time point of approxi-
mately 4 months. The presence of liver disease (p = 0.037), a history of transplantation
(p = 0.003), the use of steroids (p = 0.023), a low-bone mineral density (BMD) score
(p = 0.023), and a higher number of fractures on baseline imaging (p = 0.013) were
associated with a greater risk of subsequent vertebral fractures.

Keywords Conclusions The incidence of acute fractures after PVP is higher than that among
= fracture patients treated conservatively. Decision-making regarding the adoption of this inter-
= osteoporosis vention should take into consideration the risk factors leading to a greater risk of sub-
= vertebra sequent vertebral fractures, such as a higher number of fractures at baseline imaging,
= vertebroplasty low-BMD score, patient comorbidities, and steroid use.
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Background

The occurrence of new vertebral fractures is a known com-
plication that may appear following vertebral augmentation,
particularly in areas adjacent to the treated level in a manner
attributed to the increased stiffness of the cemented verte-
bra, which alters vertebral biomechanics, transferring the
load to the nonaugmented adjacent level and increasing the
risk for fracture to approximately 12% at 2 years and 52% at
4 years.!

Even though the role of vertebroplasty in facilitating a
rapid reduction in pain, and an earlier return to daily life
activities is a widely acceptable fact, significant controversy
in the literature persists regarding whether vertebral aug-
mentation increases the risk of vertebral fractures.>!

The present study aimed to determine the incidence of
new osteoporotic spinal fractures in patients treated by ver-
tebroplasty versus conservative treatment. It also sought to
evaluate potential risk factors contributing to the occurrence
of these fractures following vertebroplasty. The outcomes of
this study may assist physicians in choosing the best treat-
ment regimen for their patients.

Material and Methods

The Research Ethics Committee at KFSHRC Riyadh, Saudi
Arabia, approved this retrospective study and waived the
requirement to collect informed consent. We retrospec-
tively revised the data of patients who suffered from radio-
logically proven acute osteoporotic vertebral compression
fractures—93 of whom underwent vertebroplasty and
361 of whom were treated conservatively—who were then
followed-up with by plain radiography or cross-sectional
imaging at KFSHRC between January 2010 and
September 2019. The study exclusion criteria included an

Table 1 Summary of all included patients’ characteristics

absence of posttreatment imaging follow-up and the exis-
tence of vertebral fractures caused by malignancy or major
trauma. Thirty-three patients who underwent vertebro-
plasty and 300 patients who were treated conservatively
were excluded, based on these exclusion criteria.

The included subjects’ clinical data, demographic profiles,
and imaging findings on plain radiography, CT, and MRI scans
performed at baseline and within 24 months following treat-
ment were reviewed and documented.

The median ages of the conservatively managed patients
and those treated with the percutaneous vertebroplasty
(PVP) protocol were 64 years and 67 years, respectively.
There were significantly more patients with liver disease
(n = 23/60), a history of liver transplant (n = 25/60), and
those using steroids (n = 32/60) in the vertebroplasty group.
We also recorded a significantly lower mean bone mineral
density (BMD) score among patients who underwent ver-
tebroplasty (p < 0.001). Only 12 subjects from nonsurgical
treatment (NST) group and 18 subjects from the vertebro-
plasty group were on antiresorptive medication. Meanwhile,
patients’ sex and age did not statistically correlate with the
risk of subsequent new vertebral fractures. The characteris-
tics of both groups are listed in =Table 1.

Acute vertebral osteoporotic fractures were defined as
occurrences of newly developed spinal pain on palpation,
with imaging evidence of acute vertebral collapse/frac-
ture line on various modalities or on MRI as bone marrow
edema-like signals, corresponding to the compressed tra-
becula with or without significant end-plate depression or
height loss.

The location and number of fractures at baseline and
follow-up, the levels managed by vertebral augmentation
procedures, the frequency of vertebroplasty/kyphoplasty
sessions, and related complications were assessed.

NST (n =61) ‘ PVP (n = 60) ‘ Total (n=121) p-value ®
n (%)
Male 27 (44) 23(38) 50 (41) 0.508
Liver disease 11(32) 23 (68) 34 (28) 0.013
Renal disease 2(29) 5(71) 7(5.8) 0.234
History of transplant 11(31) 25 (69) 36 (30) 0.004
Fractures at FU 14 (30) 32(70) 46 (38) 0.001
Antiresorptive medications 12 (40) 18 (60) 30 (25) 0.188
Vitamin D/Ca?* 34 (44) 44 (56) 78 (64.5) 0.043
Steroids 19 (37) 32(63) 51 (42) 0.023
(Mean £ SD)
BMD 2.18+1.21 ‘ 3.03+£0.99 ‘ 2.62+1.18 <0.001°
Median (min-max)
Age (years) 64 (16-90) | 67.5(16-90) | 66 (16-90) 0.156°

Abbreviations: BMD, bone mineral density; FU, follow-up; NST, nonsurgical treatment; PVP, percutaneous vertebroplasty.

2Pearson’s Chi-square test
®p-value derived from Student's t-test analysis
¢p-value derived from Mann-Whitney U test
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Vertebral augmentation procedures in our institution are
performed by board-certified musculoskeletal radiologists.
Conventional vertebroplasty is the most frequently per-
formed intervention, with kyphoplasty and implant-assisted
vertebroplasty adopted in a few selected cases.

Patients are considered to be eligible for such interven-
tions if they present with severe spinal pain, aggravated by
palpation of the affected levels without radicular symptoms,
and fail to respond to conservative treatment.

Vertebroplasty

All our procedures are conducted with aseptic techniques
and general anesthesia. Eleven or 13-gauge coaxial vertebro-
plasty needle is advanced, using a costovertebral or transpe-
dicular approach, with the needle tip positioned within the
anterior two-thirds of the vertebral body on the lateral pro-
jection. Subsequently, the polymethyl methacrylate (PMMA)
mixture is injected under continuous fluoroscopic monitor-
ing, with the operator watching for any cement leakage. After
achieving adequate cement distribution, the needles are
carefully withdrawn. All patients are instructed to follow the
standard postprocedure precautions.

Statistics

Descriptive statistical analyses were conducted for base-
line and demographic characteristics, adopting mean and
standard deviation or median values for continuous vari-
ables. Intergroup comparisons were performed using the
Chi-squared test for categorical variables or a parametric
t-test or Mann-Whitney U test for continuous variables.

Single and multiple logistic regression analyses were con-
ducted to examine the type of treatment as a predictor of
fracture occurrence at follow-up.

We used the Kaplan-Meier (KM) curve to describe the rate
of acute fracture over the observation period. For comparing
KM curves, we used the log-rank test (Mantel-Haenszel) to
assess differences between the two treatment groups.

A p-value of less than 0.05 was considered to be statisti-
cally significant.

The statistical analyses were performed using the
Statistical Package for the Social Sciences for Windows
version 25 software program (IBM Corporation, Armonk,
NY, USA).

Results

A total of 121 cases with acute osteoporotic compression
fractures were included in our study, divided into two main
groups of patients who underwent vertebroplasty (n = 60)
or were treated conservatively (n = 61). Three patients who
were treated conservatively presented to our emergency
department with recurrent acute vertebral fractures after a
period of six to 12 months and were treated nonsurgically
as well. Moreover, three patients from the vertebroplasty
group underwent a second vertebroplasty session, and one
patient underwent three separate sessions for additional
acute fractures.
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The incidence rates of acute vertebral fractures were 70%
(n =32) in the vertebroplasty group and 30% (n = 14) in the
conservatively treated group; thus, there was a statistically
significant difference noted between the groups regarding
the incidence rate (p = 0.001). This finding was also estab-
lished by assessing the KM curves. Specifically, the NST
group was at a lower risk for the development of new frac-
tures during follow-up as compared with the PVP group
(p = 0.024, log-rank test). Subsequent acute fractures
occurred in both groups within a similar median follow-up
period of 4.2 (0.4-20.1) months.

Most of the vertebral fractures observed had developed
in a single vertebra in both groups, accounting for 71.4%
(n = 10/14) among the conservatively managed patients
and 71.9% (n = 23/32) among the vertebroplasty cases.
The maximum number of acutely fractured vertebrae seen
during a single follow-up appointment was five vertebrae in
both groups. There was a positive trend for the probability
of subsequent vertebral fractures in relation to the number
of acute fractures at baseline noted (p = 0.013). Our find-
ings were confirmed using a simple and multiple logistic
regression analysis of the relationship between acute frac-
tures during follow-up and potential risk factors as shown in
=Tables 2 and 3.

The location and number of vertebral fractures at ini-
tial and follow-up imaging in both groups are displayed in
~Fig. 1. Both adjacent and nonadjacent levels to the fractured

Table 2 Simple logistic regression of fracture presence at FU
in relation to potential risk factors (n = 121)

OR (95% ClI) p-value
Treatment groups
NST Reference
PVP 3.84(1.75-8.40) | 0.001
Age 0.98 (0.96-1.01) | 0.189
Gender
Male Reference
Female 1.34(0.63-2.85) | 0.45
Baseline no. of acute fractures 1.44(1.08-1.93) | 0.013
Baseline BMD 1.53(1.06-2.20) | 0.023
Transplant
Yes Reference
No 0.30(0.13-0.67) | 0.003
Liver disease
Yes Reference
No 0.42(0.19-0.95) | 0.037
Renal disease
Yes Reference
No 0.23 0.082
(0.042-1.21)

Abbreviations: BMD, bone mineral density; Cl, confidence interval; FU,
follow-up; NST, nonsurgical treatment; OR, odds ratio; PVP, percutane-
ous vertebroplasty.
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Table 3 Multiple logistic regression of fracture presence at
FU in relation to potential risk factors (n = 121)

OR (95% ClI) p-value
Treatment groups
NST Reference
PVP 3.56 (1.28-9.87) | 0.015
Age 0.97 (0.93-1.01) | 0.093
Gender
Male Reference
Female 3.02(0.99-9.22) | 0.052
Baseline no. of acute fractures 1.09 (0.77-1.55) | 0.612
Baseline BMD 1.14(0.72-1.80) | 0.581
Transplant
Yes Reference
No 0.17 (0.02-1.81) | 0.14
Liver disease
Yes Reference
No 1.88 0.598
0.18-19.68)

Abbreviations: BMD, bone mineral density; Cl, confidence interval; FU,
follow-up; NST, nonsurgical treatment; OR, odds ratio; PVP, percutane-
ous vertebroplasty.

Note: Adjusted for treatment group, age, sex, baseline no. of acute frac-
tures, baseline BMD, transplant, liver disease

vertebrae were involved; however, adjacent fractures repre-
sented the predominant finding in both groups. Twenty of
32 fractures (62.5%) occurred immediately adjacent to the
original vertebral fracture after PVP as compared with nine of
14 adjacent fractures (64.3%) in the conservative treatment
group. Examples from imaging follow-up of two cases are
presented in =Figs. 2 and 3.

Standard vertebroplasty, as described in our methodol-
ogy, was performed in all the cases included in this study,
except for in three patients who underwent implant-assisted
vertebroplasty. The maximum number of treated vertebra in
a single session was four vertebrae. The treated levels were
located between D5 and S1, with L1 constituting the most
frequently cemented vertebra.

One patient who underwent vertebroplasty for a
D11 vertebral fracture developed cord compression 3 months
after the procedure, which was attributed to combined disc
herniation and cement leakage into the D11-12 disc as shown
in =Fig. 4. This patient experienced severe pain related to the

Baseline

Follow up
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Fig. 1 Location and number of vertebral fractures
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Fig. 2 Case 1. 31-year-old female known case of rheumatoid arthri-
tis presented with acute vertebral fractures at D12 and L2 vertebra.
MRI (a, b) at baseline show superior end plates compression fractures
involving D12 and L2 vertebrae (arrows), with corresponding bone
marrow edema on T1-weighted image (T1WI) and short tau inversion
recovery (STIR), a newly developed superior end plate compression
fractures noted at D8, L3, L5 vertebrae (open arrows) on follow-up
MRI (c, d).

Fig. 3 Case 2. 61-year-old male status postliver transplant com-
plained of sever thoracolumbar pain. Baseline MRI (a, b) shows supe-
rior end plates compression fractures involving D11and L1 vertebrae
(arrows), lateral and frontal projections obtained postvertebroplasty
(c, d) show the unilateral left transpedicular approach, with adequate
cement distribution within the treated levels, a superior end plate
depression on T1-weighted image (T1WI) seen at the sandwiched
D12 vertebra on follow-up MRI (e).

new adjacent fractures; however, he did not suffer from any
focal neurological deficits and was treated conservatively.
The remaining procedures were successfully accomplished
without major complications. Nevertheless, minor technical
complications in the form of cement leakage into the inter-
vertebral discs in 15 of 60 (25%) sessions or the paravertebral
veins in five of 60 (8.3%) sessions were observed. The analy-
sis of these procedural complications revealed no significant
association with the occurrence of subsequent new fractures.

Discussion

Vertebral augmentation techniques are mostly deployed in
patients who have failed to show a benefit with conservative
management. Their main advantages include the provision of
immediate pain relief, stabilization of the fracture, and avoid-
ance of the complications associated with strict bed rest.
Yuan et al reviewed 10 randomized controlled trials (RCTs)

© 2021. The Pan Arab Interventional Radiology Society
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Fig. 4 Case 3. 50-year-old male status postliver transplant presented
with acute midthoracolumbar. Baseline MRI (a, b) shows D11 anterior
wedging and marrow edema on T1-weighted image (TTWI) and short
tau inversion recovery (STIR), lateral and frontal projections obtained
postvertebroplasty (c, d) display extrusion of polymethyl methacry-
late (PMMA) injectate into the inferior D11-12 disc space, the sub-
sequent MRI (e, f) demonstrate progressive D11 vertebral collapse
with the leaked cement and the parent disc material herniate into
the epidural space, resulting in moderate spinal canal stenosis on
axial T2-weighted image (T2WI), additional adjacent acute compres-
sion fractures of both D10 and D12 are noted on STIR, causing focal
kyphosis as well.

involving a total of 626 patients managed with vertebral
augmentation and 528 patients treated conservatively and
found that vertebroplasty/kyphoplasty resulted in a greater
degree of pain relief and higher quality of life as compared
with NST."?

The merit of vertebroplasty is still being questioned. The
occurrence of new vertebral fractures following vertebro-
plasty is one of the most common complications, which has a
negative impact on the therapeutic goal of these procedures.
These fractures can be recurrent, adjacent, or nonadjacent to
the treated level.'

Structural spinal alterations as a result of vertebral com-
pression fractures generally increase the incidence of new
vertebral body fractures by 19.2% within the first year of
diagnosis, as reported by Lidsay et al.’1°

PMMA injection into the fractured vertebrae during ver-
tebral augmentation is presumed to reduce the compliance
of this vertebra, which would alter the biomechanics of load
transfer, positioning the remaining vertebrae at greater risk
of collapse.’® Polikeit et al stated that cement augmentation
assists with increasing the strength of the fractured vertebra;
yet it places a greater load on the adjacent vertebrae."”

Many studies in the literature have investigated whether
vertebral augmentation procedures are correlated with
higher rates of new vertebral fractures as compared with
NST. A meta-analysis published in 2017 by Zhang et al, who
assessed a total of 12 RCTs and prospective studies, reported
no increase existed in the incidence of adjacent-level frac-
tures following vertebroplasty/kyphoplasty as compared
with after NST."® Another study conducted by Trout et al
determined that vertebral bodies adjacent to those treated
with vertebroplasty experience a greater risk for fractures,
typically occurring sooner than in nonadjacent ones.'
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Nevertheless, the results of our study have revealed that
the incidence of subsequent fractures was significantly
higher among those who underwent vertebral augmentation
relative to patients who received NST.

Lindsay et al performed an observational study including
381 women who sustained osteoporotic vertebral fractures
and stated that the presence of prevalent vertebral fractures
significantly enhanced the risk after an incident fracture
from 4% in those with no fractures to 24% in those with two
or more fractures.' In this study, we also observed a signif-
icant relationship between the number of acute fractures at
baseline and the risk of new fractures at follow-up. This might
explain the higher incidence of subsequent fractures in our PVP
patients, in addition to their significantly lower BMD score,
greater use of steroids, and co-existence of comorbidities.

Several other risk factors have been also linked to ver-
tebral fractures following vertebral augmentation, such as
older patient age, low body mass index (BMI), and intradiscal
cement leak.” Additional vertebroplasty complications are
also related to the extravasation of cement outside the frac-
tured vertebra into the adjacent intervertebral disc, epidural
space, and anterior venous plexus. The incidence of asymp-
tomatic extravasation is 20% to 30% versus 0.1% for a symp-
tomatic or serious leak.?

A recent prospective RCT by Yang et al and several other
publications have emphasized the role of vertebroplasty as
a successful method for achieving adequate pain relief and
improved functional outcomes.?’-?* Some of our cases were
assessed with a visual analog pain score; yet the lack of stan-
dardized methods by which to document pain scores as well
as the functional status in either group precluded us from
including this as a measurable outcome in our study.

Our study has several limitations. The most important of
all is the fact that it was a retrospective review of medical
charts and imaging studies. Another issue was the lack of
clinical data regarding patient compliance with antiresorp-
tive medication, due to inconsistent documentation of these
factors in the records. Conducting further prospective studies
and RCTs specifically focused on the comparative incidence
of vertebral fractures and associated risk factors would have a
significant impact on the decision to perform vertebroplasty
procedures, especially in elderly patients with multiple
comorbidities and posttransplant patients.

Conclusion

There was an increased incidence of acute fractures recorded
after percutaneous vertebroplasty as compared with in
patients treated conservatively. Although vertebroplasty is
considered to be a relatively safe, minimally invasive proce-
dure, conducting such an intervention in our patients should
be tailored to individual cases, based on standard appropriate-
ness criteria and should take into consideration the risk factors
associated with a heightened risk of subsequent vertebral frac-
tures such as a greater number of fractures at baseline imag-
ing, a low BMD score, patient comorbidities, and steroid use.

© 2021. The Pan Arab Interventional Radiology Society
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