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Abstract

Objective: To compare the safety and efficacy of kyphoplasty in the treatment of occult and non-
occult osteoporotic vertebral compression fractures (OOVF).

Material and Methods: From 2015 to 2017, 82 OOVF and 105 non-occult osteoporotic
vertebral compression fractures (N-OOVF) were evaluated with the Visual Analog Scale
(VAS), Oswestry Disability Index (ODI), and vertebral height preoperatively, immediately post-
operatively, and one year postoperatively. Operative time, fluoroscopy time, and cement injection
volume were recorded.

Results: Compared with the preoperative VAS and ODI scores, the scores of both groups were
significantly improved after surgery. Preoperative ODI and VAS scores of the OOVF were lower
than those of the N-OOVF. The operative time, fluoroscopy time, and bone cement injection
volume of the OOVF were significantly lower than those of the N-OOVF. Vertebral height of the
N-OOVF improved significantly after surgery. There were differences in cement leakage and
adjacent vertebral fractures between the two groups.

Conclusion: Compared with N-OOVF, OOVF are safer with kyphoplasty, and it is necessary to
diagnose OOVF in a timely manner.
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Introduction

Osteoporosis is a metabolic disease charac-
terized by reduced bone mineral density,
which is more common in postmenopausal
women.' As one of the most common com-
plications of osteoporosis in older adults,
there are about 1.7 million osteoporotic ver-
tebral compression fractures (OVCF) in the
United States and Europe every year.’
OVCEF can cause severe pain, spinal defor-
mities, impaired lung function, and even
death.? Therefore, OVCF plays an impor-
tant role in societal economy and human
health.

Accurate diagnosis of OVCF in a timely
manner is a worldwide issue.* Li et al’
showed that the false negative rate of imag-
ing diagnosis accuracy for vertebral frac-
tures was 34%. For occult osteoporotic
vertebral compression fractures (OOVF),
there is no deformation and collapse of
the vertebral body, which may lead to a
higher missed diagnosis rate.® Schoenfeld
et al.” found through meta-analysis that
although computed tomography (CT) was
very sensitive in identifying bone abnormal-
ities, the meta-analysis supported obtaining
magnetic resonance imaging (MRI) in
patients with negative CT scan results.
Nakano et al.® found that the sensitivity
and specificity of MRI for the diagnosis of
vertebral fractures was 99.0% and 98.7%,
respectively. Therefore, MRI is important
to screen patients without shape changes
of the vertebral body.

Open surgery and conservative treatment
are not the best choices for OVCF. This is
because patients are generally older and it is
difficult to achieve fixation of osteoporotic
bones, and patients can suffer from side
effects of long-term high doses of pain-
killers, risk of vertebral collapse, and poor
quality of life.® Kyphoplasty (KP) is one of
the primary methods for the treatment of
OVCE.!" Currently, the treatment of
OOVF has been only rarely described due

to the high missed diagnosis rate. Many
patients do not receive treatment until col-
lapse of the vertebral body (non-occult oste-
oporotic compression fracture, N-OOVF)
occurs or severe symptoms develop.
Therefore, we evaluated the safety and effi-
cacy of KP in the treatment of OOVF and
N-OOVF to determine whether KP is safer
and more effective in the treatment of
OOVF without vertebral deformation.

Material and methods

This study was approved by the Ethics
Committee of the First Affiliated Hospital
of Soochow University. From January 2015
to December 2017, patients who were
treated in our hospital and met the follow-
ing criteria were included in our study. For
inclusion criteria, all cases met the follow-
ing criteria: 1) Frankel spinal cord injury
grade D-E; 2) a physical examination that
showed tenderness and pain with percus-
sion; 3) bone mineral density was measured
by dual-energy X-ray absorptiometry pre-
operatively, with a T score of —2.5 or
lower; 4) MRI showed low signal on T1
images and a high signal on T2 and STIR
images. For exclusion criteria, only one of
the following criteria needed to be satisfied:
1) patients with potential malignant dis-
eases and an expected survival of less than
1 year; 2) infections, psychiatric disorders,
coagulation disorders; 3) patients who were
lost to follow-up; 4) OOVF occurred in
three or more vertebral bodies to avoid
evaluation of the efficacy of patients after
surgery.

Grouping

X-ray or CT showed that patients with
complete vertebral morphology were
placed in the OOVF group, and patients
with morphological changes were placed
in the N-OOVF group.
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Radiographic and clinical evaluation

All operations were performed by the senior
spine surgeon in our department, and the
operative time, fluoroscopy time, and
cement volume were recorded during the
operation. Visual Analog Scale (VAS) was
used to evaluate the degree of pain, and
Oswestry Disability Index (ODI) was used
to evaluate the physical dysfunction of
patients preoperatively, 3 days postopera-
tively, and 1 year postoperatively. The ante-
rior vertebral height (AVH) and middle
vertebral height (MVH) were measured by
lateral X-ray before the surgery, 3 days
after surgery, and 1 year after surgery.
The cement leakage and adjacent vertebral
fractures were recorded.

Statistical analysis

The average deviation and standard devia-
tion of the AVH, MVH, VAS, and ODI
scores were calculated and analyzed by
SPSS software (SPSS 19.0, Armonk, NY,
USA). The basic characteristics and results
evaluation parameters of the two groups of
data were compared by a t-test of the group
design data. A Chi-square test was used to
compare the leakage of bone cement and
postoperative re-fractures of the vertebral
body. When P <0.05, the difference was
considered statistically significant.

Results

From January 2015 to December 2017,
after screening for inclusion and exclusion
criteria, 199 patients met our requirements.
Among these patients, 4 died of potential
diseases within 1 year, and 8 failed to com-
plete follow-up for other reasons. A total of
187 patients completed the l-year follow-
up. Eighty-two patients with OOVF
(50 females and 32 males) received KP 103
times, and 105 patients with N-OOVF (66
females and 39 males) received KP 132
times, as shown in Table 1. Imaging data

for a typical patient with an OOVF are
shown in Figure 1 and Figure 2.

Radiographic and clinical evaluation

In the OOVF group, the operative time was
23.91 +£4.22 minutes, the fluoroscopy time
was 10.18 & 1.67 minutes, and the volume
of bone cement was 3.494+0.92mL. The
VAS score decreased from 7.21 £0.97 pre-
operatively to 2.80+0.89 postoperatively
(P<0.01), and was maintained at 2.70 +
1.07 at 1 year after surgery. The ODI
score decreased from 65.15+8.91 preoper-
atively to 26.07+4.38 postoperatively
(P<0.01), and was maintained at 26.57 +
6.37 at 1 year after surgery. There was no
significant change in the anterior and
middle vertebral heights at 1 year after sur-
gery (P > 0.05).

In the N-OOVF group, the operative time
was 27.15+5.05 minutes, the fluoroscopy
time was 12.10+2.64 minutes, and the
volume of bone cement was 4.06
+1.10mL. The VAS score decreased from
7.95+1.02 preoperatively to 2.65+0.81
postoperatively (P < 0.01), and remained at
2.58 0.85 at 1 year after surgery. The ODI
score decreased from 70.38 4 6.31 preopera-
tively to 26.87+4.39 postoperatively
(P<0.01), and remained at 27.14 + 5.48 at
1 year after surgery. The anterior vertebral
height increased from 17.49 +4.17 mm pre-
operatively to 24.05=+3.74mm postopera-
tively (P<0.01), and remained at 23.31
+3.67mm at 1 year after surgery. The
height of the middle vertebral body changed
from 16.94+4.34mm preoperatively to
23.38 + 3.04 mm postoperatively (P < 0.01),
and was maintained at 23.854+3.25mm at
1 year after surgery.

During the 1-year follow-up period, 22
patients suffered from vertebral fractures
postoperatively, including 4 patients in the
OOVF group and 18 patients in the
N-OOVF group (P<0.05). Ten patients
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Table I. Patient characteristics.

Parameters OOVF N-OOVF P-value
Patient

Number 82 105

Age (years) 68.71 £9.27 69.03 £8.03

Gender (F/M) 50/32 66/39

Follow-up (months) 12 12

Diseased time 8.92+3.60 16.58 £4.18 <0.01

Bone mineral density —3.26+£0.48 —3.57+£0.51 <0.01
Kyphoplasty operation

Operative time per vertebrae (minutes) 2391 +£4.22 27.15+5.05 <0.01

Fluoroscopy time per vertebrae (minutes) 10.18 + 1.67 12.10+2.64 <0.01

Injected cement volume (mL) 3.49+£092 406+ 1.10 <0.01

Cement leakage 0 10 <0.05

Vertebral body fracture after kyphoplasty 4 18 <0.05
Visual Analog Scale

preoperatively 7.21+0.97 7.95+1.02 <0.01

3 days postoperatively 2.80 +0.89* 2.65+0.81* >0.05

| year postoperatively 2.70 £ 1.07* 2.58 £ 0.85* >0.05
Oswestry Disability Index

preoperatively 65.15+8.91 70.38 £6.31 <0.01

3 days postoperatively 26.07 £4.38*% 26.87 £4.39% >0.05

| year postoperatively 26.57 £6.37* 27.14 £ 5.48% >0.05
Anterior vertebral height

preoperatively 24.31 £4.07 17.49 £4.17 <0.01

3 days postoperatively 24.68 +4.42 24.05 + 3.74* >0.05

| year postoperatively 2391 +4.18 2331 £3.67* >0.05
Middle vertebral height

preoperatively 24.02+3.66 16.94 +4.34 <0.01

3 days postoperatively 23.62+4.01 23.38 + 3.04* >0.05

| year postoperatively 23.64+4.32 23.85+3.25% >0.05

*P<0.01 compared with the preoperative value.

with cement leakage were all in the N-
OOVF group (P <0.05).

Discussion

Spiegl et al.'' found that in a prospective
study of 28 patients with OVCF, 8 patients
had new signs of vertebral edema on preop-
erative MRI, which was not detected on
previous X-rays and CT scans. Terakado
et al. reported that the vertebral body of
occult fractures can be detected in time by
preoperative MRI examination. For micro-
fractures, bleeding, and edema, MRI is the

best way to detect lesions, which showed
low signal on T1 images and high signal
on T2 and STIR images.'? Compared with
the N-OOVF group, the OOVF group had
better preoperative ODI and VAS scores,
which may be owing to the timely MRI
examination of occult vertebral fractures
and intervention treatment, resulting in no
collapse of the vertebral body and no seri-
ous complications. Therefore, MRI is nec-
essary for elderly patients with low back
pain with suspected osteoporotic vertebral
compression fractures, even if X-ray and
CT examinations are normal.
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Figure I. A typical case of an occult osteoporotic vertebral fracture. The patient had a history of oste-
oporotic vertebral fracture and recovered well after KP treatment. A year ago, the patient came to the clinic
with symptoms of back pain. (a) From the preoperative lateral X-ray films of the patients, we can find the
changes after LI KP and no radioactive deformation of the L4 vertebral body and (b, c) From the lateral X-
ray films 3 days and | year postoperatively, we can find that the vertebral morphology remained intact and
no radiological collapse of the LI and L4 vertebral bodies occurred. KP, kyphoplasty.

Figure 2. (a, b) From the preoperative CT three-dimensional reconstruction of the patient, we can find
that the changes after LI KP and no radioactive deformation of the L4 vertebral body. (c, d) From the
preoperative MRI images of the patient, we observed changes after LI KP, including low signal on T
sequence and high signal on stir sequence of the L4 vertebral body, demonstrating an extensive bone
marrow edema in the vertebral body. KP, kyphoplasty; MRI, magnetic resonance imaging; CT, computed

tomography.
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According to Mao et al.,'”> OOVF can
eventually lead to three outcomes: 1) the ver-
tebral body can completely heal; 2) owing to
a decrease in the mechanical strength of the
vertebral body, collapse deformation can
occur during the healing; 3) affected by the
distribution of vertebral blood vessels, the
collapsed vertebral body can cause the rup-
ture of the arterioles, which can ultimately
lead to the failure of the fracture to heal or
even ischemic osteonecrosis. The duration of
disease in OOVF was less than that of
N-OOVF, indicating that the patients with
OOVF were in the early stage of vertebral
fracture. According to the progression of the
disease, if there is no intervention, then it
may progress to N-OOVF or even bone non-
union. Pham et al.'"* reported that about
79% of OOVF patients had vertebral frac-
ture collapse within 3 months, although the
first X-ray examination was negative.
Therefore, it is necessary to relieve pain
and strengthen vertebral bodies to prevent
collapse. Patients with OOVF and
N-OOVF showed a significant improvement
in postoperative ODI and VAS scores com-
pared with preoperative scores and postop-
erative pain and quality of life were
significantly improved. The height of the
vertebral body was restored in the
N-OOVF group, and remained unchanged
during the 1-year follow-up period.
Therefore, it is necessary to relieve pain
and strengthen the vertebral body to prevent
collapse. The exact mechanism of pain relief
by cement remains controversial. It may be
that the cement stabilizes the vertebral body
to relieve the pain. Another explanation is
that the monomeric toxicity and exotherm
of bone cement leads to osteonephrosis
receptor necrosis. '

Bone cement leakage is one of the most
common complications of KP, and it has
been reported that the leakage rate of
bone cement is 7%.'® The comparison
showed that the cement leakage in the
N-OOVF group was significantly higher

than in the OOVF group, probably because
the vertebral cortical bone remained intact
in OOVF patients.!” In addition, the
amount of bone cement injected in patients
with OOVF was significantly lower than in
the N-OOVF group. Studies have shown
that bone cement leakage is related to the
volume of bone cement.'® Excellent cement
injection technology can reduce the leakage
rate. Yang et al.'"® summarized the current
situation of KP in China, and proposed sev-
eral methods of injecting bone cement, such
as the graded infusion technique and the
incremental temperature cement delivery
system. The time between the operative
time and the fluoroscopy time was shorter
in the OOVF group than in the N-OOVF
group, mainly due to the reduction of the
step of recovering vertebral height with
inflatable balloons during the operation.

Whether kyphoplasty increases the frac-
ture rate of adjacent vertebral bodies after
surgery remains controversial. Li et al.*
reported that high levels of bone density
can protect adjacent vertebral bodies from
fractures after surgery. Ahn et al.?' found
that differences in vertebral body strength
caused by bone cement augmentation
resulted in fractures of adjacent vertebral
bodies, while the difference in segmental
mobility caused fractures of non-adjacent
vertebral bodies. Recently, Zhang et al.*
showed that vertebral body augmentation
does not increase untreated vertebral frac-
tures. Compared with the patients in the
OOVF group, the preoperative bone miner-
al density of patients in the N-OOVF group
was worse, and the postoperative adjacent
vertebral fracture rate in the OOVF group
was lower than in the N-OOVF group. This
may be due to the timely detection of
OOVF by MRI and early anti-
osteoporosis treatment, so the patients
with OOVF had fewer vertebral fractures
after surgery.

This study had some limitations. First,
the study was retrospective and produced



Zhou et al.

less evidence than prospective studies, and
therefore requires further prospective stud-
ies to confirm the findings. Second, our
study included only patients who received
KP without control or replacement therapy,
such as vertebroplasty and conservative
treatment. Finally, we only studied the effi-
cacy up to 1 year after KP. Further research
is needed to determine the safety and effica-
cy of KP in the treatment of OOVF and
N-OOVF.

Conclusion

It is safer to perform kyphoplasty in patients
with OOVF compared with patients with
N-OOVF. Therefore, it is important to diag-
nose OOVF in a timely manner.
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