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Background/Purpose: Previous study revealed a high incidence of adjacent-level fracture after verte-
broplasty. On theotherhand, instrumented fusionplus bone cement augmentation of anterior columnhave
been reported to achieve significant sagittal alignment reduction and strong spinalfixation. Ourhypothesis
is that instrumented fusion plus vertebroplasty can prevent adjacent-level fractures in high-risk patients.
Methods: Patients with predisposing risk factor for adjacent-level fracture were included. All enrolled
patients were treated with instrumented fusion plus vertebroplasty (IF) or vertebroplasty alone (VP), and
a standardized postoperative care and follow-up protocol was followed. Data from charts and radio-
graphs were collected and analyzed.
Results: A total of 59 patients (40 women and 19 men) with a mean age of 75.4 years were included in
this study: 21 patients (15 females) in the IF group and 38 patients (25 females) in the VP group; the
mean follow-up period was 34 months. Both groups were similar with respect to age, gender, bone
density, involved level, preoperative visual analog scale, and image parameters. It was noted that
a greater volume of bone cement was injected in the IF group. Both groups achieved significant
improvement in pain scale and image parameters. The overall adjacent-level fracture was 57.89% in VP
group. But no adjacent-level fracture was noted in the IF group.
Conclusion: Instrumented fusion plus vertebroplasty and vertebroplasty alone can provide significant
image parameters recovery, and visual analog scale score improvement. However, instrumented fusion
plus vertebroplasty is effective in prophylaxis against adjacent-level fracture.
Copyright � 2012, Taiwan Orthopaedic Association. Published by Elsevier Taiwan LLC. All rights reserved.
1. Introduction

Vertebral compression fractures are the most common fractures
associated with osteoporosis,1 and typically cause incapacitating
back pain,2 decreased daily activity, and increased days of bed
rest.3,4 Vertebroplasty (VP), first described by Galibert et al,5 has
become one of the mainstream treatments in patients with
osteoporotic compression fractures due to its advantages such as
vertebral height preservation,6 rapid pain relief,7 and relative
simplicity with the procedure being performed under a local
anesthesia. However, complications of VP identified in previous
studies included pulmonary embolism, cement leakage, nerve
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root irritation, pneumothorax, rib fractures, and adjacent-level
fractures.7e11 Among them, adjacent-level fractures has recently
attracted great attention because of its high incidence, reported
between 12% and 52%.7,11

The risk factors for adjacent-level fractures included osteopo-
rosis,11 previous vertebral fracture,12,13 old age,14 higher initial
wedge angle and wedge angle change,14,15 greater cement injec-
ted,16 and treatment of vertebrae at the thoracolumbar junction.14

On the other hand, there have been reports on posterior instru-
mented fusionplus bone cement augmentationof anterior column in
the treatment of osteoporotic spine fracture.17e19 Despite the short-
comingof open surgery, pedicle screwfixation achieves strong spinal
fixation19 and bone cement augmentation improves construct stiff-
ness.20 However, the question might be raised that whether these
advantages are enough able to prevent adjacent-level fractures.

The purpose of this study was to compare between the
adjacent-level fracture risk after instrumented fusion plus VP and
that after VP alone in high-risk patients.
lished by Elsevier Taiwan LLC. All rights reserved.
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2. Methods

2.1. Patients

All patients with painful osteoporotic compression fracture,
whowere treated surgically between August 2006 and August 2010
by a single spine surgeon (J.W. Yu), were enrolled. Inclusion criteria
for this study were as follows: (1) single and fresh osteoporotic
compression fractures; (2) involved thoracolumbar junction (T11,
T12, L1, and L2); (3) severe deformity with loss of more than 60%
anterior vertebral height (compared with the mean posterior
vertebral height of the upper and lower adjacent vertebrae); and
(4) received instrumented fusion plus vertebroplasty (IF) or verte-
broplasty alone (VP). The exclusion criteria were as follows:
incomplete radiologic data or follow-up for less than 1 year, spinal
deformity, previous vertebral fracture or spinal surgery, and past
history of stroke, limb weakness, preoperative neurologic deficits,
senile dementia, and cancer.

2.2. Surgical procedure

A standard unilateral transpedicular approach was used to
perform VP under fluoroscopic guidance.21 Postural reduction was
achieved with patient placed on two soft radiolucent frames
(Fig. 1). The procedure was terminated if the bone cement leaked
anteriorly or into the disk space, or reached the posterior one-
fourth of the vertebral body.

In the IF group, after general anesthesia, patients were laid in
a prone position on the Hall-Relton brace that supported the body
at the front of both shoulders and anterior superior iliac spines so
that the spine was in a hyperextension position, and postural
reduction was performed. The surgical procedure is performed
using a posterior approach. Decompression was performed at the
fracture level with bone graft collected. Principally, pedicle screw
Fig. 1. An 80-year-old man presented with severe low back pain for 2 weeks. (A) Imaging s
(C) Six weeks after the procedure, the patient experienced acute back pain. Plain radiography
excellent pain relief. VP ¼ vertebroplasty.
instrumentation construct includes two adjacent vertebrae above
and two vertebrae below the collapsed vertebra. VP procedure, as
mentioned above, was performed after instrumented distraction.
Subsequently, a posterolateral fusion was achieved using the auto-
and allogeneous bone grafts (Fig. 2). In both the groups, poly-
methylmethacrylate was used for VP. After surgery, a Taylor brace
protection was suggested for at least 3 months.

2.3. Clinical and radiological evaluation

Medical records were reviewed to determine each patient’s age,
gender, medical history, level of fracture, and bone marrow density
(BMD). The follow-up duration and the volume of cement injected
were also determined.

All pre- and postoperative radiographs were evaluated. Radio-
logic parameters included wedge angle, kyphotic angle, and
vertebral body height. Loss of the vertebral body height was
calculated as a ratio of the height of the collapsed vertebral body to
the average height of the intact adjacent vertebrae above and below.

Clinical follow-ups were performed 2 weeks after the operation,
after 1month, and every 3months thereafter. At each follow-up visit,
visual analog pain score was recorded. If the patient complained of
recurrent back pain, additional radiography or MRI was performed.
Adjacent-level compression fracture was confirmed if plain film
radiograph revealed height loss or a broken end plate, or if MRI
showed a signal change at T1 weight or postcontrast enhancement.

2.4. Statistical procedures

Categorical variables, such as the patient’s gender, and fracture
levels were analyzed with the Chi-square test. Scaled variables
such as kyphotic angle, vertebral height, bone cement injected,
and patient’s bone mineral density (BMD) were analyzed with the
Student t test.
tudy revealed L2 osteoporotic compression fracture. (B) The patient underwent L2 VP.
revealed a compression fracture over L1. (D) The patient had a second VP and reported



Fig. 2. A 79-year-old woman presented with severe low back pain for 4 weeks. (A) Imaging study revealed L1 osteoporotic compression fracture. (B) The patient underwent T12eL3
instrumented fusion, L2 decompression, and VP. (C, D) Two years’ follow-up revealed neither adjacent-level fracture nor subsequent fracture, but L4e5 adjacent segment
degeneration. VP ¼ vertebroplasty.

Table 1
Basic characteristics and comparisons between IF and VP groups prior to operation.

Preoperative, mean � SD p

IF group (n ¼ 21) VP group (n ¼ 38)

Age (y) 72.86 � 9.51 76.74 � 8.54 0.114

Gender
Female 15 (71.4%) 25 (65.8%) 0.111
Male 6 (28.6%) 13 (34.2%)

DEXA 2.59 � 0.63 2.62 � 0.67 0.887
Cement amount 7.05 � 1.86 5.55 � 1.61 0.002**

Level
L1 11 (47.62%) 18 (47.45%) 0.023*
L2 5 (23.81%) 9 (23.68%)
T11 þ T12 6 (28.52%) 12 (28.95%)

VAS 8.10 � 0.94 7.95 � 1.01 0.577
Kyphotic angle 19.81 � 14.25 21.37 � 10.17 0.628
Wedge angle 15.10 � 6.11 17.76 � 7.76 0.152
Height loss (%) 28.45 � 8.98 30.45 � 8.27 0.391

*p < 0.05; **p < 0.005.
IF ¼ instrumented fusion plus vertebroplasty; SD ¼ standard deviation;
VP ¼ vertebroplasty.
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3. Results

There were 84 patients who met the inclusion criteria.
However, 18 patients could not be followed up due to relocation,
five patients had preoperative neurologic symptoms, and two
patients had a history of stroke with limb weakness; these patients
were excluded. Therefore, 59 patients, 40 women and 19 men, with
an average age of 75.4 years (range 55e94) were included in this
study, 21 patients (15 female) in the IF group and 38 patients (25
female) in the VP group. The average follow-up period was 34
months (range 13e60).

Both groups were similar with respect to age, gender, visual
analog scale (VAS) score, Dual energy X-ray absorptiometry (DEXA),
involved level, and preoperative radiologic parameters (p > 0.1)
However, more cement is injected during VP in IF group (mean 7.05
vs. 5.55, p ¼ 0.002) (Table 1).

Both groups experienced marked improvements in the post-
operative VAS value. All the image parameters including kyphotic
angle, wedge angle, and height loss recovery improved significantly
after the surgery (Table 2). The mean vertebral body height resto-
ration and wedge angle improvement was found higher in the IF
group (36.26%; 11.24�) than in the VP group (24.98%; 6.84�). The
difference was statistically significant (p ¼ 0.03; 0.018) (Table 3).
However, the postoperative kyphotic angle and VAS improvement
revealed no difference between these two groups (p¼ 0.104; 0.693)
(Table 3).

The IF group had six complications: three patients had symp-
tomatic implant, one had adjacent segment degeneration, and two
had segment screws back-out without symptoms (four screws in
two patients). The patients with symptomatic implant finally
received removal of implant after consolidation of the fusion mass.
The patient who suffered from adjacent segment degeneration
received conservative treatment and tolerated well. The VP group
had 24 adjacent-level fractures in 22 patients (57.89%). Eight of
them received another VP, and others chose conservative treatment
with brace protection and pain-relief medication.
4. Discussion

There have been several reports on posterior decompression
and stabilization in the treatment of osteoporotic vertebral
collapse.17,22e24 However, there remains the issue of osteoporotic
bone that makes it difficult for the spinal instrumentation to
maintain the alignment of the fixed spine.19 There is also a risk of
loosening of the instrumentation when insufficiency of anterior
column support25,26 and local kyphotic deformity remain.2,19,27

Therefore, the anterior approach has been proposed.28e32

However, anterior surgery for the treatment of osteoporotic
vertebral collapse was not easy to perform in elderly patients with
more severe comorbid medical problems.17,23,33 Recently, there



Table 2
Differences between before and after operation.

Variable IF group, mean � SD pa VP group, mean � SD pa

Preoperative Postoperative Preoperative Postoperative

VAS 8.10 � 0.94 4.57 � 0.98 0.000** 7.95 � 1.01 4.58�1.06 0.000**
Kyphotic angle 19.81 � 14.25 10.76 � 12.15 0.003* 21.37 � 10.17 16.82 � 9.06 0.003*
Wedge angle 15.10 � 6.11 3.86 � 8.86 0.000** 17.76 � 7.76 10.92 � 6.32 0.000**
Height loss (%) 28.45 � 8.98 64.71 � 9.95 0.000** 30.45 � 8.27 55.43 � 12.57 0.000**

*p < 0.005; **p < 0.001.
IF ¼ instrumented fusion plus vertebroplasty; SD ¼ standard deviation; VP ¼ vertebroplasty.

a Two-tailed t test.
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have been several reports on managing fresh burst fracture in
posterior instrumentation with cement augmentation.18e20,33

Pflugmacher et al34 reported 25 cases with osteoporotic vertebral
compression that received short-segment posterior fixation in
combination with balloon kyphoplasty with significant reduction
in pain and disability. Maintenance of the height restoration and
kyphotic deformity correction were also found at 1-year follow-up.
Only four patients had asymptomatic screw movement. In our
study, we used longer-segment instrumentation (two adjacent
vertebrae above and two vertebrae below the collapsed vertebra)
and expected to reach more rigid fixation. In the IF group, only two
segments (four screws) had been observed movement in two of 25
patients (9%) without any symptoms. Mean follow-up period was
36 months (13e60 months). These data further confirmed that the
combination of both surgical techniques was able to restore and
maintain the sagittal alignment and prevent the screw back-out in
osteoporotic spine.

Xu et al35 compared the effectiveness of postural reduction and
instrumental reduction in the treatment of vertebrae fractures in 40
patients and concluded that the prevertebral height recovery
happened mainly during posture reduction, while instrumental
reduction exerts only a relatively weak reduction effect but it is
particularly useful in maintaining the reduction. In our study, both
groups achieved significant improvement in wedge angle, kyphotic
angle, and height loss recovery after the treatment. Although the
improvements in wedge angle and vertebral height are more
significant in IF group, these might have been due to the relaxation
of muscles and ligaments after general anesthesia.

In the present study, our study design focused on patients with
greater risk of adjacent-level fracture. The incidence of adjacent
fracture in our VP groupwas 57.89% (22 in 38 patients), higher than
previously reported (12e52%7,11). However, When considering
similar factors such as age, DEXA score, fracture level, and image
parameters for both the groups, no adjacent-level fracture was
noted in IF group. Thesemay be (1) because of the rigid fixation and
good maintenance, and (2) because the fusion construct prevented
the contact between osteoporotic vertebrae and cement-
augmented vertebrae, which has been proved as one of the main
risk factors of adjacent-level fractures,36 in the IF group.
Table 3
Postoperative differences between IF and VP groups.

Postoperative difference, mean � SD p

IF group VP group

VAS 3.52 � 1.36 3.39 � 1.46 0.693
Kyphotic angle 9.05 � 12.12 4.55 � 8.65 0.104
Wedge angle 11.24 � 6.99 6.84 � 6.47 0.018*
Height loss (%) 36.26 � 12.66 24.98 � 13.79 0.003**

*p < 0.05; **p < 0.005.
IF ¼ instrumented fusion plus vertebroplasty; SD ¼ standard deviation;
VP ¼ vertebroplasty.
In a study by Li et al,16 greater volume of bone cement injected
when performing VP contributed to the risk of subsequent
adjacent-level fracture but resulted in greater improvement of
kyphosis. In our study, although more cement was injected during
VP in IF group, correction of wedge angle was a risk factor for
adjacent-level fractures after VP,14,15 but a protective factor against
screw back-out after instrumentation in osteoporotic spine.2,19,27

In conclusion, both instrumented fusion plus VP and VP alone
can provide significant image parameters recovery and VAS score
improvement. However, instrumented fusion plus VP is effective in
prophylaxis against adjacent-level fracture.

There are some drawbacks in our study. First, this is a small
retrospective study, and the difference in the number of patients
between the two groups may lead to statistical bias. Second, some
authors believe that activity is a factor in adjacent-level fracture.
Unfortunately, there is no accurate way to measure the activity
level and muscle power of the patient. Similar improvement in VAS
scores was noted for both the groups, which may provide some
balance on the measurement. Third, patient grouping was done
based on patient’s will and surgeon’s clinical judgments. A
prospective, randomized trial is needed to identify the advantages
of instrumented fusion plus VP clearly.
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