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We retrospectively compared the clinical and radiological results of percutaneous vertebroplasty
with those of conservative treatment in the management of thoracolumbar osteoporotic
compression fractures.

Sixty-five patients who could be followed up for more than 2 years with thoracic and lumbar
spine osteoporotic compression fractures, between January 2005 and October 2010, were
reviewed. The patients were divided into 2 groups according to the type of management:
group 1, non-operated group treated conservatively; group 2, operated group that underwent
percutaneous vertebroplasty. We assessed the clinical and radiological changes at postoperative
and follow-up periods in both groups.

The male-to-female ratio and mean age of the patients were 11:54 and 73.04 years (range,
50 — 90 years), respectively. The location and number of treated vertebrae were as follows: T4
=1,T6=1,T7=3,T8=1,T9=2,T10=1,T11=8,T12=11,L1=17,12=10,L3 =6, L4
=3, and L5 = 1. The mean T-score was -3.37. The overall VAS score and the VAS score until 6
months post-injury were statistically more improved in group 2 than in group 1 (P< 0.05 and P
< 0.005, respectively). Overall, the compression ratio was statistically more improved in group
2 than in group 1 (P< 0.05).

Early pain control and restoration of the compressed vertebral body are the beneficial and
real effects of percutaneous vertebroplasty in patients with thoracolumbar osteoporotic
compression fractures.

Key words: Osteoporosis, compression fracture, vertebroplasty, osteoplasty, comparative
study, thoracic spine, lumbar spine, polymethylmethacrylate (PMMA)
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ertebral compression fractures (VCF) have
multiple causes and represent an increasingly
significant public health issue in the elderly
population (1,2). Osteoporosis is the most common
cause of VCF (3). Traditionally, many patients with
osteoporotic vertebral compression fractures (OVCF)
were managed conservatively with pain management,

short periods of bed rest, and bracing (4-6). In
recent years, however, surgical interventions, such as
vertebroplasty (VP) and kyphoplasty (KP), have been
preferred.

Percutaneous cement augmentation techniques,
such as the injection of polymethylmethacrylate
(PMMA) into the fractured vertebral body, have been
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shown to be effective in terms of early pain relief and
relatively low complications (5,7-9). This technique pro-
vides pain reduction, rapid and sustained improvement
in physical function, reduces pain-related visits to physi-
cians, and improves the quality of life for most patients
(3). However, there has been an ongoing controversy
regarding the effective time of percutaneous cement
augmentation along with various perspectives on issues
like pain control, hospitalization period, quality of life,
vertebral body height restoration, as well as adverse
procedure-related events. Kallmes et al (10) reported
that clinical improvement in patients with painful os-
teoporotic vertebral fractures was similar among those
who underwent VP and those who did not. However,
some other studies have reported significantly better
vertebral height restoration and correction of spinal
deformity following VP for osteoporotic vertebral frac-
tures at the 1 -2 month and 1 - 3 year follow-ups based
on radiographic assessment (11).

A recent study demonstrated that most patients
who had favorable clinical results with conservative
treatment in the initial 3 weeks after the fracture also
showed successful clinical results at one year after the
fracture. If the patient failed conservative treatment,
percutaneous cement augmentation also resulted in
excellent results at one year after the trauma (5). How-
ever, the long conservative treatment period of 3 weeks
has been criticized by others (5).

It is therefore very difficult to determine the ef-
fective period of percutaneous cement augmentation
techniques. Furthermore, it is essential to evaluate the
short- and long-term effects of percutaneous cement
augmentation techniques on clinical and radiologic
findings. In this study, we mainly focused on evaluation
of pain and radiological preference and compared ef-
fectiveness of vertebroplasty with that of conservative
management in patients with OVCF of the thoracolum-
bar spine.

MEeTHODS

Study Design and Patients

For evaluation of the long-term effect, 65 patients
who could be followed up for more than 2 years with
thoracolumbar osteoporotic compression fractures, be-
tween January 2005 and October 2010, were reviewed.
The inclusion criteria were as follows: only one level os-
teoporotic fracture with 5 - 20% canal encroachment
and bone mineral density (BMD) of less than -3.0. Ex-
clusion criteria included combined neurological deficits,

pathological fractures, and unstable vertebral fractures
involving the middle or posterior column of the spine.
We divided the patients into 2 groups, according to the
type of management: group 1, non-operated group
treated conservatively and group 2, operated group
that underwent percutaneous VP. We reviewed clinical
data such as BMD, hospitalization period, changes in
the visual analogue scale (VAS) score, and rate of re-
fracture. We also reviewed the radiographs at 1, 2, and
3 weeks, and at 6, 12, and 24 months after the injury
to evaluate vertebral body compression ratios and ky-
photic angles.

Patients in both groups were given bed rest for 2
weeks, then all patients began ambulation with tho-
racolumbosacral orthosis. If there was increased height
loss, kyphotic change, or pain aggravation, we did VP.
However, if the patient was older than 80 years, had se-
vere DM (diabetic mellitus), CRF (chronic renal failure),
pneumonia, or thrombophlebitis, we did VP without 2
weeks bed rest.

Pain medication was optimized according to the
individual needs of the patients. In ascending order of
pain control, the patients were treated with acetamino-
phen, opiate derivatives, or other specific pain killers.
To optimize analgesic use, first the daily dose of pre-
scribed analgesics was regulated and then the class of
pain medication was adjusted. Some patients received
bisphosphonates, calcium supplementation, and vita-
min D. Furthermore, all patients underwent preopera-
tive postural reduction using a soft pillow under the
compressed level for a few days. All study protocols re-
ceived full approval from Local Ethical Committee

Vertebroplasty Technique

The surgery was performed with the patients in the
prone position. An 11-gauge VP needle was inserted
via a transpedicular approach using the SIREMOBIL Iso-
C3D (Siemens Medical Solutions, Erlangen, Germany).
The needle was advanced through the pedicle, sloping
anteriorly, medially, and caudally. The needle tip was
placed at the anterior one-third of the vertebral body.
Once the needle was placed inside the vertebral body,
the liquid and powder components of PMMA were
mixed and injected steadily through the pedicle nee-
dle under fluoroscopic guidance. Cement injection was
performed under continuous fluoroscopic monitoring
in the lateral view, with close attention to the posterior
margin of the vertebral body and the epidural space.
During the PMMA injection, frequent fluoroscopic
controls were required to ensure that the material re-
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radiograph.

Fig. 1. Measured factors. A: Compression ratio (A: anterior, P: posterior). The anterior-posterior (AP) ratio of the fractured
vertebra calculated as the height of the anterior wall (A ) divided by that of the posterior wall (P). A smaller AP ratio implies
a greater degree of compression or wedge deformity. B: Vertebral wedge angle (kyphotic angle). The angle between the superior
endplate of the vertebral body above and the inferior endplate of the vertebral body below the fractured vertebra on the lateral

mained within the vertebral body without migrating
into the surrounding venous plexus. After the VP, the
patients rested in the supine position for 3 — 4 hours.

Imaging Assessment

We measured vertebral body compression ratios by
calculating the anterior-posterior (AP) ratio (Fig. 1) and
wedge angle (kyphotic angle), which was determined
by measuring the angle between the superior endplate
of the vertebral body above and the inferior endplate
of the vertebral body below the fractured vertebra on
the lateral radiograph in a standing position (Fig. 1).
Follow-up radiography was performed at 1, 2, and 3
weeks and 6, 12, and 24 months after fracture diagnosis
in group 1, and at 1, 2, and 3 weeks and 6, 12, and 24
months after the procedure in group 2.

Statistical Analysis

The SAS (version 9.3, SAS Institute Inc., Cary, NC,
USA) statistical package was utilized for statistical
analyses. Data were represented as mean * standard
deviation (SD) and P values < 0.05 were considered sta-
tistically significant. The Chi-square test, Student t-test,
or Wilcoxon rank sum test were used for the analysis
as appropriate. The generalized estimating equation
(GEE) adjusted by age and duration of hospitalization
was used to analyze the changes in the 2 groups. The
differences between the visual analogue scale (VAS)
and other parametric changes were noted, and AN-
COVA adjusted by age and duration of hospitalization
was used to analyze these differences in changes be-
tween the 2 groups in the VAS and other radiological
measurements at 1, 2, and 3 weeks and 6, 12, and 24

www.painphysicianjournal.com

E745



Pain Physician: July 2016; 19:E743-E750

Table 1. Baseline characteristics.

Group 1 (n = 30) Group 2 (n = 35) P-value®

Gender (male:female) 7:23 4:31 0.2019
Age (yr + SD) 69.5+£12.3 76.1 £ 8.0 0.0145
Hospital stay (day) 21 (12-49) 11 (5-19) 0.0030*
Decubitus ulcer (n, %) 2(6.7) 2 (5.7) 0.1601
Pneumonia (n, %) 0(0) 0(0) 0.0000
Thrombophlebitis (n, %) 1(3.3) 1(2.9) 0.1807
Cardiovascular complications (n, %) 0 (0) 0 (0) 0.0000
Mortality (%) 0 0 0.0000

Values are number of patients (%), mean + SD or median (interquartile range) unless otherwise indicated.

* Hospital stay means period of stay at hospital after 2 weeks conservative treatment.

+ P-Values values are calculated by Chi-square test, Student t-test, or Wilcoxon rank sum test as appropriate.

yr: year, SD: standard deviation, min: minimum, max: maximum

*: statistically significant

Table 2. Comparison of the visual analogue scale by the time in the both groups.
VAS Group 1 (n = 30) Group 2 (n = 35)

P-value'
Mean SD Mean SD

Day of fractured 7.2 +1.2 6.1 +1.5 0.0043*
1 week 59 +1.2 3.4 +1.8 < 0.0001*
2 weeks 4.8 +14 3.0 +1.5 < 0.0001*
3wks 3.9 +1.2 2.6 +1.4 0.0003*
6 months 3.4 +14 2.2 +1.1 0.0037*
1 year 2.6 +1.0 2.4 +1.7 0.7212
2 years 2.2 +1.0 1.9 +1.3 0.5747

Values are mean + SD.

+ P-values are calculated by ANCOVA adjusted by age and duration of hospitalization.

*: statistically significant

months after fracture diagnosis in group 1, and at 1, 2,
and 3 weeks and 6, 12, and 24 months after the proce-
dure in group 2.

REsuLTs

Male-to-female patient ratio was 11:54, and the
mean age of the patients was 73.04 years (range, 50 —
90 years). The location and number of the treated ver-
tebrae were as follows: T4=1,T6=1,T7=3,T8=1,T9
=2, T10=1,T11=8,T12=11,L1=17,L2=10, L3 =6,
L4 =3, and L5 = 1. Mean T-score was -3.37. The number
of patients in group 1 was 30 (46.1%) and in group 2
was 35 (53.9%). Baseline characteristics of the 2 groups
were statistically different in age and admission period
(P < 0.05) but, other factors (gender, age, decubitus ul-
cer, pneumonia, thrombophlebitis, cardiovascular com-
plication, mortality) did not have statistical significance

(Table 1). The mean VAS scores of groups 1 and 2 were
7.2 (x1.2) and 6.1 (= 1.5) at onset, 5.9 (+ 1.2) and 3.4 (=
1.8) at one week post-injury, 4.8 (= 1.4) and 3.0 (+ 1.5) at
2 weeks post-injury, 3.9 (+ 1.2) and 2.6 (+ 1.4) at 3 weeks
post-injury, 3.4 (= 1.4) and 2.2 (+ 1.2) at 6 months post-
injury, 2.6 (= 1.0) and 2.4 (= 1.7) at one year post-injury,
and 2.2 (= 1.2) and 1.9 (+ 1.3) at 2 years post-injury, re-
spectively. The overall VAS score was statistically more
improved in group 2 than in group 1. With respect to
time, the change in the VAS score until 6 months post-
injury was also statistically more improved in group 2
than in group 1 (Table 2).

The mean compression ratios of groups 1 and 2
were 24.7 (£ 16.7) and 33.8 (x 13.1) at onset, 28.0 (=
18.3) and 23.9 (+ 8.2) at one week post-injury, 32.9 (=
19.5) and 25.3 (+ 9.8) at 6 months post-injury, 32.9 (=
17.9) and 28.4 (+ 9.0) at one year post-injury, and 36.2
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Table 3. Changes of the Compression compression ratio in the both groups.

. . Group 1 (n = 30) Group 2 (n = 35)
Compression ratio P-value* P-value** | P-value***
Mean SD Mean SD
Day of fractured 24.7 +16.7 33.8 +13.1 0.7205 0.0003 < 0.0001
1 week 28.0 +18.3 239 +8.2
6 months 32.9 +19.5 25.3 +9.8
1 year 32.9 +17.9 28.4 +9.0
2 years 36.2 51974 27.3 +10.3

Values are n, mean + SD.

* P-value is for a group effect with Generalized Estimating Equation (GEE) adjusted by age and duration of hospitalization.
** P-value is for a time effect with Generalized Estimating Equation (GEE) adjusted by age and duration of hospitalization.
*** P-value is for an interaction effect between time and group with Generalized Estimating Equation (GEE) adjusted by age and duration of hos-

pitalization.

Table 4. Changes of the kyphotic angle in the both groups.

. Group 1 (n = 30) Group 2 (n = 35)
Kyphotic angle P-value* P-value** | P-value***
Mean SD Mean SD
Day of fractured 13.3 +8.8 11.2 +6.8 0.4923 0.0036 0.1034
1 week 12.1 +8.3 9.7 +7.4
6 months 13.4 +8.7 10.8 +8.1
1 year 12.6 +79 8.9 +6.3
2 years 14.6 +9.5 13.3 +9.1

Values are n, mean + SD.

* P-value is for a group effect with Generalized Estimating Equation (GEE) adjusted by age and duration of hospitalization.
** P-value is for a time effect with Generalized Estimating Equation (GEE) adjusted by age and duration of hospitalization.
*** P-value is for an interaction effect between time and group with Generalized Estimating Equation (GEE) adjusted by age and duration of hos-

pitalization.

(= 19.4) and 27.3 (= 10.3) at 2 years post-injury, respec-
tively. Overall, the compression ratio was statistically
more improved in group 2 than in group 1. However,
with respect to time, the changes in the compression
ratio between the 2 groups were not statistically differ-
ent (Table 3).

The mean kyphotic angles of groups 1 and 2 were
13.3 (= 8.8) and 11.2 (+ 6.8) at onset, 12.1 (+ 8.3) and
9.7 (£ 7.4) at one week post-injury, 13.4 (+ 8.7) and 10.8
(= 8.1) at 6 months post-injury, 12.6 (+ 7.9) and 8.9 (+
6.3) at one year post-injury, and 14.6 (= 9.5) and 13.3 (+
9.1) at 2 years post-injury, respectively. With respect to
overall changes, the kyphotic angle was not statistically
improved in the both groups (Table 4).

DiscussioN

VCFs due to osteoporotic degeneration, metastatic
disease, primary tumor, or trauma of the spine repre-
sent an increasingly significant public health problem
(3). Osteoporosis is the most common cause of VCF
(12). VCF is associated with chronic back pain in 84%

of symptomatic patients (13), increased rates of new
VCF, other osteoporotic fractures (14), height loss, ky-
phosis, loss of mobility, and depression, as well as pul-
monary dysfunction -(15,16), therefore mortality is also
higher (17). Medical management, including bed rest,
postural reduction, and bracing, may help to reduce
pain over weeks or months; however, in frail elderly
patients, long periods of inactivity are associated with
higher rates of pneumonia, decubitus ulcers, venous
thromboembolism, and even death (18). On the other
hand, open surgery also poses a significant risk in these
patients.

The debate is still ongoing about the effect of VP
for pain relief and reduction of kyphosis (5,10,19,20).
But we wanted to investigate the long-term follow-up
effect for more than 2 years. There are not many ar-
ticles about relations between osteoporotic compres-
sion fractures with pain and restoration of compressed
vertebral bodies over the long term. So we focused on
the long-term follow-up effects of VP.

Vertebral body cement augmentation procedures
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such as VP and KP provide significant, immediate, and
sustained pain relief in the vast majority of patients suf-
fering from painful compression fractures due to osteo-
porosis or malignancy. They reduce pain immediately
and provide rapid and sustained improvement in physi-
cal function, reduce pain-related visits to physicians,
and improve the quality of life for most patients (11).

However, the effectiveness of VP and KP in com-
parison with conservative treatment is controversial.
Boonen et al (21) showed that in the short term, these
benefits have been shown to be significantly greater
with VP and KP as compared to optimal medical man-
agement in other studies (11). At a longer-term (6 — 12
months) follow-up, as patients managed conservatively
gradually improve, the relative advantage of augmen-
tation over medical management is considered to be
diminished. However, recently published level 1 data
showed significant benefits from vertebral augmenta-
tion in pain, quality of life, deformity correction for up
to3years(11,21). Klazen et al (22) stated that in patients
with acute osteoporotic vertebral fractures who have
persistent severe pain, VP performed at a mean of 5.6
weeks after onset of symptoms resulted in quicker and
greater pain relief than conservative treatment. Nota-
bly, in more than half of the patients who initially quali-
fied for the study, the pain spontaneously decreased to
bearable levels. After VP, patients had significant pain
relief and used a lower class of drugs than those receiv-
ing conservative treatment. In contrast, with conserva-
tive treatment, pain relief was slower and lesser, and
the extent of pain treatment required tended to in-
crease during the first month (22). Lee et al (5) showed
that both balloon KP and conservative treatment led to
well-controlled pain and improved quality of life at the
one-year follow-up after acute OVCF. In fact, balloon KP
showed more rapid improvement in pain and disability
than conservative treatment, with significant differ-
ences in VAS and Oswestry Disability Index (ODI) scores
between the treatment groups up until the first month.
However, these differences diminished, and there were
no significant differences between the 2 groups after
one month throughout the one-year follow-up period
(5). Our study revealed that patients who underwent
VP showed immediate improvement in pain after the
procedure, especially in the acute stage. Therefore,
early phase VP could be effective in pain control and
thus, from this point of view, it should be considered as
a treatment procedure as early as possible.

Vertebral augmentation has many adverse effects.
Adjacent segment fractures and cement leakage have

been found to occur (23). Cement leakage was pre-
sumed to be a significant complication of VP, and to a
lesser extent, of KP. However, with current developed
techniques and devices, the rate of symptomatic ce-
ment leakage with both procedures is very low (24,25).

In some of the imaging studies, factors like com-
pression ratio and kyphotic angle show varying results.
We revealed differences in compression ratio changes
between the operative and non-operative groups.
However, there were no significant differences in the
kyphotic angle. We think that the kyphotic angle wors-
ens with time and the difference between the 2 groups
is not statistically significant.

The limitations of this study include the following:
(1) We were not able to conduct a randomized control
study (RCT) and poorly designed non-RCTs are more
likely to suffer from various types of bias; (2) Patients
from group 1 fall into group 2 because of persisting
or worsening of the pain which biased the study even
more. The Korean public health insurance system al-
lows osteoplasty when there is persistent pain despite
medical treatment and bed rest care over 2 weeks. So,
our first treatment choice is group 1, and then if we
did osteoplasty, it could be group 2. But we did our
best in order to avoid duplicating groups (3). This study
possessed only one level thoracolumbar osteoporotic
VCF. Therefore, changes of the kyphotic angle between
both groups were not significant. But, if we checked
other sagittal imbalance radiologic factors, like pelvic
incidence, pelvic tilt, lumbar lordosis, and thoracic ky-
phosis, we might have been able to get more mean-
ingful results (4). In this study, only pain and radiologic
factors were considered (5); no economic outcomes
were reported. Further prospective studies should be
undertaken to elucidate the differences in the cost-
effectiveness between conservative management and
percutaneous VP in patients with thoracolumbar VCF.

CONCLUSION

Our study showed that percutaneous VP has a
beneficial effect on pain relief, especially in the early
stage. We also revealed differences in compressive ra-
tio changes between the operative and non-operative
groups. Therefore, we think that early pain control and
restoration of the compressed vertebral body are real
effects of percutaneous VP. Further prospective studies
should be undertaken to elucidate the differences in
the cost-effectiveness between conservative manage-
ment and percutaneous VP in patients with thoraco-
lumbar OCVF.
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