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Abstract

Objective: Osteoporosis, vertebral colon hemangiomata and metastatic tumors are among the causes of
vertebral fractures. When treating vertebral fractures, the patient is rested, analgesic anti-inflammatory
therapy and kyphoplasty are performed, and if there is an unstable fracture and/or neurological deficit, spinal
cord decompression and stabilization are performed. Kyphoplasty is an effective method in stable fractures
of the vertebrae ensuring minimal trauma, short surgical operation time and reduced pain in the early stages.
In this study, clinical outcomes of 52 patients who underwent kyphoplasty at the Neurosurgery Clinic of
Inonu University due to osteoporosis, vertebral hemangioma and spinal colon metastatic malignancies were
discussed and presented along with the literature.

Method: In our study, quantitative data are presented with medians (minimums and maximums) or averages
(standard deviations), and qualitative data are presented with counts (percentages). The assumption of
normality was checked by using the Shapiro-Wilk test. Because the DEXA variable had a normal distribution
(p > 0.05), one-way analysis of variance was utilized to analyze the difference between fracture types. The
variables of age and Visual Analog Scale (VAS) were not normally distributed (p < 0.05), so the Kruskal
Wallis H test was utilized to analyze the differences between fracture types. Pearson’s chi-squared test was
used to investigate how fracture sites were related to age groups and gender. p < .05 was considered
statistically significant.

Results: A total of 52 patients who did not require surgery at the Neurosurgery Clinic of Inonu University
but underwent kyphoplasty between January 1, 2010 and April 1, 2020 were included in the study. Of these
patients, 45 underwent kyphoplasty due to osteoporotic vertebral fractures, 3 due to vertebral hemangioma,
and 4 due to spinal metastasis. All patients were compared in terms of age, gender, fracture sites, DEXA,
preoperative VAS scores and VAS scores on day 20.

Conclusion: Kyphoplasty is an effective method for the treatment of stable vertebral fractures caused by
osteoporosis, spinal metastases and vertebral hemangiomata
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Introduction

Osteoporosis, trauma and spinal malignancies
cause vertebral fractures. Osteoporosis causes a
decrease in bone mineral density and an increase in a
risk of fractures (Siris, Chen and Abbott, Kan et al.
2017). The incidence of osteoporotic vertebral
fractures among people over 50 years of age is
307/100,000 (Hernlund et al. 2013). Vertebral colon
is the most common site in bone metastases.
Metastases can disrupt the integrity of vertebral
corpus, make it susceptible to fracture under normal
physiological stress, and cause neurological deficits
(Uei and Tokuhashi 2018). Treatment of vertebral
fractures aims to reduce pain, prevent new fractures
and ensure spinal stabilization. In acute vertebral
fractures, patients are rested, analgesic anti-
inflammatory  therapy and kyphoplasty are
performed, and if there is an unstable fracture and/or
neurological deficit, spinal cord decompression and
stabilization are performed. Kyphoplasty ensures
minimal trauma, short surgical operation time and
reduced pain in the early stages (Zuo et al. 2018).
Vertebral hemangiomata make up 2—-3% of all spinal
tumors. They are generally asymptomatic. In 1% of
cases, they cause pain and inflict neurological
deficits. ~ Vertebroplasty/kyphoplasty, aggressive
decompression stabilization, embolization and/or
hybrid surgery can be performed in these patients
(Nigro 2017).

In vertebral metastatic spinal tumors, patients
complain of nagging pain and weight loss.
Conservative treatments such as analgesics,
chemotherapy, hormone therapy and radiotherapy
may be effective for a short time. It is recommended
to perform kyphoplasty in appropriate patients due to
short life expectancy, high complications, long
surgical time and long postoperative hospital stays in
aggressive surgeries. It has been stated that
kyphoplasty provides analgesia within 24—48 hours in
73%-92% of such patients. Kyphoplasty allows for
biopsy during the procedure and causes little
bleeding. It ensures that the height of the vertebral
corpus is maintained and therefore provides sagittal
and coronal balance and early pain management. Its
cost is cheaper in the long term compared to the cost
of other forms of treatment (Itagaki et al. 2012,
Berenson et al. 2011).

In this study, clinical outcomes of 52 patients who
underwent kyphoplasty at the Neurosurgery Clinic of
Inonu University due to osteoporosis, vertebral
hemangioma and spinal colon  metastatic
malignancies were discussed and presented along
with the related literature.

Methods

Patients

Patients who underwent kyphoplasty at the
Neurosurgery Clinic due to osteoporosis, vertebral
hemangioma and spinal colon  metastatic
malignancies were enrolled in the present study. A
total of 52 patients who did not require surgery at the
Neurosurgery Clinic of Inonu University, Malatya,
Turkey; but underwent kyphoplasty between January
1, 2010 and April 1, 2020 were included in the study.
The related data of the patients were retrospectively
gathered during the study period. About 2-4 cc
cement was used during the kyphoplasty procedure.
Instable vertebral fractures were not included in the
study. Of these patients, 45 underwent kyphoplasty
due to osteoporotic vertebral fractures, 3 due to
vertebral hemangioma, and 4 due to spinal metastasis.
The patients were followed up through radiography
of scoliosis. The average duration of hospitalization
was 48 hours in 52 patients after kyphoplasty.

Data Analyses

In the current study, quantitative data are
presented with medians (minimums and maximums)
or arithmetic means (standard deviations), and
gualitative data are presented with counts
(percentages). The assumption of normality was
checked by using the Shapiro-Wilk test. Because the
DEXA variable had a normal distribution (p > 0.05),
one-way analysis of variance was utilized to analyze
the difference between fracture types. The variables
of age and Visual Analog Scale (VAS) were not
normally distributed (p< 0.05), so, the Kruskal Wallis
H test was utilized to analyze the differences between
fracture types. Pearson’s chi-squared test was used to
investigate how fracture sites were related to age
groups and gender. p < 0.05 was considered
statistically significant. The IBM SPSS 26.0 Statistics
program was used to conduct the analyses.

Results

The mean age of 45 patients with osteoporotic
vertebral fractures was 64.04 £ 13.20 (ranging from
30 to 87). Of the patients, 24 (53.3%) were female,
and 21 (46.27%) were male. The number of patients
under 65 years of age was 18 (40.0%), and the number
of patients aged 65 and older was 27 (60.0%). Among
the patients who were younger than 65 years of age,
7 (38.9%) were women and 11 (61.1%) were men,
and of those who were 65 years old or older, 17
(53.3%) were women and 10 (46.7%) were men. The
number of patients whose fracture site was T10 and
above was 12 (26.7%), the number of those whose
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fracture site was T11-L1 was 18 (40.0%), and the
number of those whose fracture site was L2 and
below was 15 (33.3%). There were statistically
significant differences between the fracture sites in
terms of age groups (Pearson’s Chi-squared test, p =
0.01, Table 1). The significant differences were
between T10 and T11-L1 for each age category.
There were no statistically significant differences
between the fracture sites in terms of gender
(Pearson’s Chi-squared test, p = 0.268, Table 1).

There were no statistically significant differences
between fracture sites in terms of the variables of
VAS initial and VAS on day 20 (p > 0.05, Table 2).
DEXA results of 41 (91.11%) of these patients could
be obtained, but the results of 4 (8.89%) could not be
obtained. The average value of patients undergoing
DEXA was between 2.59 £ 0.72 (ranging from 1 to
4.5). There was no statistically significant difference
between the fracture sites in terms of the DEXA
variable (One-way analysis of variance, p = 0.291,
Table 2).
There was no statistically significant difference
between the initial VAS scores and the VAS scores
after 20 days in all patients who underwent
kyphoplasty due to osteoporotic vertebral fractures
(Wilcoxon Paired Two-Sample Test, p = 0.0001). Six
(13.33%) patients had fractures in two sites, and 39
(86.67%) patients had fractures in one site.

In a one-year follow-up period, there were no
features in 40 (88.9%) of the patients, whereas there

were vertebral fractures in other sites in 5 (11.1%) of
the patients. Of these patients, 4 were found to have
fractures (T7, T12, L4, T7) at the first-year follow-up,
and one (T7) at the 3-month follow-up at the
neighboring segment. No patients had complications
after kyphoplasty.

The average age of the patients undergoing
kyphoplasty due to vertebral hemangioma was 46.33
for 3 patients, and all patients were female. The
fracture sites were L1, L1 and T8, respectively. The
average preoperative VAS score was 8, and the
follow-up VAS score on day 20 was 3. The DEXA
average was -0.87, and there was no osteoporosis. No
patients developed complications after kyphoplasty
(Table 3).

Of the patients who underwent kyphoplasty due to
metastatic vertebral fractures, the average age of 4
patients one of whom had myeloma, 2 prostate cancer
and 1 pulmonary cancer metastasis was 59.75. One of
them was a woman (25.0%), and the other 3 were men
(75.0%). The fracture sites were the levels L4, L3,
T7-8 and L3, respectively. The average of
preoperative VAS scores was 7, and the follow-up
VAS score average on day 20 was 3.5. The patient
with myeloma had a fracture in the neighboring
vertebrae 3 months later. There were no
complications during the operations (Table 3).

Table 1. Fracture sites in osteoporotic vertebral fractures in relation to age and gender

Fracture Sites

Variable

Variable Classes T10 and above Ti11-L1 L2 and below Total p*
n (%) n (%) n (%)
Ade <65 22 (16.7) 12" (66.7) 425 (26.7) 18 (40.0) 0.01
g >=65 107 (83.3) 6° (33.3) 1120 (73.3) 27 (60.0) :
Female 8 (66.7) 7(38.9) 9 (60.0) 24 (53.3)
cender pjale 4(33.3) 11 (61.1) 6 (40.0) o1 (a67) %68

*: Pearson’ Chi-squared test. VValues in the same row and sub-table that do not have the same superscript differ significantly at p <0.05
for a two-way test for column ratios (Pearson’s Chi-squared test with Bonferroni correction).

Table 2. Table of fracture sites in osteoporotic vertebral fractures in relation to the variables of age, VAS initial and VAS

on day 20
Fracture Sites
Variables Tl0andabove  TIL-L1  L2andbelow P
(n=12) (n=18) (n=15)

VAS Initial .

[Median (Min-Max)] 6(6-9) 8(6-8) 8 (6-8) 0.302
VAS after 20 days .

[Median (Min-Max)] 2(2-4) 2(2-4) 4(2-4) 0096
DEXA 25+0.6 24+0.6 28408  0.291%

(Mean + Standard Deviation)

*: Kruskal Wallis H test, **: One-way analysis of variance.
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Table 3. Age, gender, fracture site, VAS scores and DEXA values of patients who had vertebral hemangioma and

vertebral metastasis

. Fracture Prior FO
Variables Age  Gender : Operation Day 20 VAS DEXA
site
VAS
Hemangioma 65 Female L1 8 4 0.8
Hemangioma 38 Female L1 8 3 1.2
Hemangioma 36 Female T8 8 2 0.6
Myeloma 52 Female L4 6 4 -
Prostate metastasis 55 Male L3 8 3 -
Prostate metastasis 72 Male L3 6 4 -
Lung metastasis 60 Male T7-8 8 3 -
Discussion neighboring vertebral fractures increases due to the

The incidence of vertebral fractures owing to
osteoporosis is increasing on a continuous basis. They
can lead to consequences with high mortality such as
post-fracture pain, kyphosis or scoliosis, inactivity-
related stroke, depression, DVT, and pulmonary
embolism (Zhang et al. 2017b). Of patients over the
age of 50, 30-50% are in the risk group for
osteoporotic vertebral fractures (OVFs), and this risk
increases over the age of 65. In Europe, the incidence
of OVF is 570/100,000 among men and 1070/100,000
among women, and in South Korea, the 5-year OVF
incidence is 852/100,000 (Choi et al. 2020). In a study
of Peh et al. on 155 patients, 79.97% of people
diagnosed with OVF were reported to be female, and
the average age was 73.6 (Peh, Gilula and Peck
2002). Age and gender in our study parallel the
relevant literature. Research has shown that vertebral
fractures are usually seen in the T8-L3 range and
most commonly occur in the 12th thoracic and 1st
lumbar vertebrae (Peh et al. 2002, Bolat and Mistik
2019). In our study, vertebral fractures were common
in the T12-L1 region in all patient groups, and this is
consistent with the literature. Levels at which age-
dependent vertebral fractures occur linked to
osteoporosis have not been reported in the literature.
In our study, vertebral fractures were more frequently
detected above T10 and below L2 in patients 65 years
of age or older. What draws attention is that these
patients were usually kyphotic patients, and this can
be explained by the change in the center of gravity on
the sagittal plane. However, more biomechanical
studies are needed. The incidence of fracture
development in the neighboring vertebrae after
kyphoplasty increases (Koyuncu et al. 1996). Zhu K
et al. (2013) and Movrin | et al. (2012) have reported
in their retrospective studies that patients undergoing
kyphoplasty have few fractures of the neighboring
vertebrae. It has been reported that an intact vertebral
corpus and the volume of cement applied are risk
factors for cement leakage in patients undergoing
kyphoplasty. In balloon kyphoplasty, the incidence of

change of the Cobb’s angle (Chen et al. 2020). The
rise of incidence of neighboring vertebral fractures is
still controversial. In our study, 5 patients were found
to have vertebral fractures in another site at the
follow-up after kyphoplasty, and none of our patients
had complications due to cement leakage. If bone
mineral density is above 2.5 based on DEXA, the risk
of fractures increases, and density decreases
depending on age but increases the risk of fracture
with advancing age (Kanis et al. 2004, Cakir et al.
2009). In our study, the DEXA average was less than
-2.5 consistent with the literature. There was no
statistically significant difference when the DEXA
was compared based on fracture levels. There has
been a significant decrease in VAS scores after
kyphoplasty application in all studies (Liu, Cao and
Kong 2019). In our study, there was a significant
decrease in patients undergoing kyphoplasty due to
osteoporotic vertebral fractures. This shows the
effectiveness of kyphoplasty.

In  vertebral hemangiomata, 2/3 of all
hemangiomata are seen in the cranium and spinal
colon. Vertebral hemangiomata constitute 2-3% of
all spinal tumors, are usually benign, and 1% of them
are  symptomatic. Neurological symptoms
accompany in 30-40% of symptomatic patients
(Acosta Jr et al. 2006, SPINE, Chi, Manley and Chou
2005). The rate of bleeding, surgical duration and the
rate of complications are high in vertebral
hemangiomata during open surgery. Radiotherapy,
vertebroplasty and/or kyphoplasty are an effective
method in patients with only pain complaints.
Decompression, embolization and aggressive surgery
are recommended in patients with neurological
deficits (Chi et al. 2005, Saracen and Kotwica 2018).
VAS scores were used to determine the level of pain
in a series of studies conducted on 110 patients.
Complications developed in 3 patients (Saracen and
Kotwica 2018). Our study parallels the literature.
There were no complications in our patients during
the operation.
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In metastatic vertebral fractures, tumors that
metastasize to the spinal column are most commonly
breast, lung, prostate and other tumors. Of metastatic
vertebral tumors, 3/4 form osteolytic tumors and 1/10
form osteoblastic tumors (Georgy 2010, Zhang et al.
2017a). Of spinal colon metastases, 7/10 involve the
thoracic region, 2/10 involve the lumbar region and
1/10 involve the cervical region, and bone
involvement is observed in 3/5 of newly diagnosed
multiple myeloma patients (Gerszten and Welch
2000). Kyphoplasty and/or radiotherapy is an
effective and alternative method because of short
lifespan and for managing pain in metastatic spinal
tumors. The risk of damage to the back wall is very
high, particularly in metastatic osteolytic lesions
when the balloon is inflated (Wang et al. 2016).
Leakage of bone cement in up to 38% of cases was
reported in some studies (Liu et al. 2017).
Pflugmacher et al. (2006) found a significant decrease
in VAS scores of 31 patients who underwent multiple
myeloma kyphoplasty, after one year of follow-up.
Early significant enhancement was observed in VAS
scores in metastatic vertebral fractures (Wang et al.
2016, Liu et al. 2017, Zhou et al. 2019). There was a
case of lung cancer metastasis in our study, and the
cancer had metastasized to the thoracic region. This
is consistent with the literature. Two patients with
prostate cancer metastases and one patient with
multiple myeloma are consistent with the literature,
as well. No patients developed complications after
kyphoplasty. However, a patient with multiple
myeloma was diagnosed with fractures in the
neighboring vertebrae three months later. It could not
be understood whether the cause of this fractures in
neighboring vertebrae was due to myeloma and/or
kyphoplasty.

Conclusion

Medical diagnosis and care opportunities are
growing in the world every passing day. As a result,
the incidence of vertebral fractures due to
osteoporosis, hemangioma and spinal metastases has
been increasing. Due to long operative time,
excessive bleeding, excess complications, long post-
operative pain control for all patient groups and long
hospital stay in aggressive vertebral surgeries,
kyphoplasty is a suitable choice for stable vertebral
fractures. Kyphoplasty is performed to control pain,
prevent the development of deformity, improve the
quality of life by preventing fatal complications due
to immobilization, reduce costs and reduce the length
of hospital stay. Kyphoplasty is an effective method
for the treatment of stable vertebral fractures caused

by osteoporosis, spinal metastases and vertebral
hemangiomata.
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