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SUMMARY

Aim: Vertebral compression fractures (VCF) can lead 
to severe acute and chronic pain, impaired mobility, 
reduced quality of life, and an increased risk of mortality 
due to limited mobility. Percutaneous vertebroplasty (VP) 
and kyphoplasty (KP) are two vertebral augmentation 
procedures (VAPs) which are minimally invasive surgical 
options in the treatment of painful VCFs. Vertebral 
fractures may result in acute pain around the fracture 
site, loss of vertebral height due to vertebral collapse, 
spinal instability, and kyphotic deformity. The main goal 
of the VP and KP procedures is to provide immediate 
pain relief for patients and restore the vertebral height 
lost due to the fracture. This study aims to evaluate 
KP in terms of pain, disability, and quality of life. Cost-
effective radiological variables (i.e., vertebral height 
restoration) and KP for cement extravasation and 
complications profile were analyzed. Unipedicular or 
bipedicular approaches were compared. 
Methods:   Following an injury, the patients had 
conservative treatment of VCFs including bed-rest 
bracing and analgesics for four weeks. In 55 patients, 
a total of 83 vertebral fractures were present. The main 
causes were falling from a height, traffic accident, and 
malignancies. We used spinal anesthesia for all patients. 
Vertebral augmentation was done under fluoroscopy. 
Results: The mean age was 59.18 years (SD16.13). The 
rate of female population (56.4%) and osteoporotic 
patients (54.5%) was higher. Thoracolumbar junction 
(T10-L2) fractures were the most common fractures of 
spinal column. L1 was the most often affected vertebra 
(24.09%). After VAP, pain scores of the patients 
statistically significantly decreased. Unipedicular 
or bipedicular approaches provided the same pain 
reduction. The pain scores of osteoporotic patients 
and preoperative and postoperative pain scores were 
higher than non-osteoporotic groups. Preoperative and 

postoperative pain scores of the female patients were 
higher than male patients. Seven patients (12.7%) had 
cement leakages.
Conclusion: Our study result suggest that the use of 
the optimal material to provide the optimal result for 
patient is at the discretion of the surgeon. Clinicians 
can take the advantage of increased working time. 
Creating cavity by using drill and curve curette or a 
balloon and high-viscosity cement under low pressure 
can minimize leakage complications.

Keywords: Kyphoplasty, Cement, Spinal trauma, 
Visual Analogue Scale, Oswestry Disability Index.

ÖZET

Amaç: Vertebra sıkışma kırıkları (VSK); şiddetli akut ağrı, 
kronik ağrı, hareketliliği kısıtlama, hayat kalitesini azaltma 
ve hareket kısıtlanmasından ötürü mortalite riskini artırmaya 
öncülük edebilir. Perkütan Vertebroplasti (VP) ve Kifoplasti 
(KP), ağrılı VSK’da minimal girişimsel cerrahi seçenekleri olan 
iki vertebra yükseltme yöntemidir. Vertebra kırıkları; kırık 
etrafında akut ağrı, vertebra çökmesine bağlı yükseklik kaybı, 
omurga instabilitesi ve kifotik deformiteye sebep olabilir. VP 
ve KP işlemlerinin hedefi hızlıca hastaların ağrıdan kurtulması 
ve kırık nedeniyle oluşan yükseklik kaybını onarılmasıdır. Bu 
çalışma kifoplastinin; ağrı, hayat kalitesi ve yetersizlik gibi 
faktörler üzerine olan etkilerini değerlendirmek amacındadır. 
KP ve radyolojik değişkenler (vertebra yükseklik onarımı, vb), 
çimento kaçakları ve komplikasyon profilleri ile analiz edildi. 
Tek veya iki taraflı pediküler yaklaşımlar karşılaştırıldı.  Materyel 
ve Metod: Yaralanma sonrası VSK hastaları; 4 haftalık yatak 
istirahati, korse ve analjezik tedavi gibi konservatif tedaviler 
aldılar. 55 hastada toplam 83 vertebra kırığı mevcuttu. 
Yüksekten düşme, trafik kazası ve malignensiler ana 
nedenleriydi.
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Tüm hastalar için spinal anestezi uyguladı. Vertebra yükseltme 
işlemleri floroskopi altında yapıldı. Bulgular: Ortalama yaş 
59.18 (±16.13) idi. Kadın hasta populasyonu (% 56.4) ve 
osteoporotik hasta populasyonu (% 54.5) yüksekti. Omurga 
sütununun kırıklarının en sık olduğu yer torakolomber 
kesişim noktasıydı. Lomber birinci vertebra en çok etkilenen 
vertebraydı (%24.9). Vertebra yükseltme işlemi sonrası 
hastaların ağrı skorları istatiksel olarak belirgin azaldı. Tek 
veya iki taraflı pediküler yaklaşımlar, aynı ağrı skoru düzelmesi 
sağladı. Osteoporotik hastaların operasyon öncesi ve sonrası 
ağrı skorları osteoporotik olmayan hasta grubundan daha 
yüksekti. Bayan hastaların operasyon öncesi ve sonrası 
ağrı skorları erkek hastalardan daha yüksekti. Yedi hastada 
çimento kaçağı oluştu. Sonuç: Çalışmamızın sonucu; hasta 
için en uygun sonuçları sağlamak için en uygun material 
ve yöntemin  kullanılmasının cerrahın tercihinde olmasını 
önermektedir. Klinisyen, çalışma zamanını azaltmanın 
avantajlarını alabilir. Vertebrada balonla, dril ve küret 
yardımıyla kavite oluşturmak ve yüksek viskositeli çimentoyu 
düşük basınçla vermek, çimento kaçağı komplikasyonlarını 
minimuma indirebilir.

Anahtar Kelimeler: Kifoplasti, çimento, omurga travması, 
görsel analog skalası, Oswestry maluliyet göstergesi

INTRODUCTION
Vertebral compression fractures (VCF) can lead to 
severe acute and chronic pain, impaired mobility, 
reduced quality of life, and an increased risk of 
mortality due to limited mobility(3).The application of 
these procedures has recently expanded to include the 
treatment of traumatic, osteoporotic, and metastatic 
compression fractures(3). Vertebral fractures are the 
most common complications of osteoporosis, which 
are associated with increased morbidity and mortality 
rates, and, in a minority of patients, considerable pain 
(1).  VFs 3% are pathological, 14% are trauma-related, 
and 83% are osteoporotic (1, 38). Women aged at 
50 years and older are particularly vulnerable due to 
postmenopausal osteoporosis, of which about 25% 
suffer from compression fractures (1, 3). This number 
dramatically increases to 40% at 80 years old (1, 2).
In addition to pain, compression fractures also lead 
to additional morbidities including an increased risk 
of an additional VCF, height loss, kyphosis, loss of 
mobility depression, and pulmonary dysfunction, even. 
The treatment of VCFs in the elderly focuses on pain 
control, prevention of progression and deformity, 
and treatment of the underlying osteoporosis. The 
main goal in this vulnerable patient population is to 
maintain their independence and functional status, 
while avoiding prolonged hospitalizations and bed rest. 
Several treatment options are available to achieve these 

goals, varying from conservative treatment including 
pain management to invasive interventions (4, 5). The 
main indications for VP are intractable intense pain due 
to the fracture of osteoporotic fractures, as confirmed 
by X-ray, computed tomography (CT), and magnetic 
resonance imaging (MRI) and refractory to conservative 
management for at least three to four weeks (6,7).
In addition, aggressive treatment has a particular 
importance. Traditional surgeries such as laminectomy 
and internal fixation bring large traumas, cause more 
blood loss, and have a high failure rate. However, 
conservative treatment can not reduce pain symptoms 
early and improve function. In recent years, surgical 
VAPs have been gaining a high degree of importance 
and have become the standard of care to manage 
pain and disability (8). The symptomatic pain relief 
of these procedures has been described in clinical 
trials (9). The patient can soon return to activity. Early 
effective rehabilitation is also important. Despite the 
high rate success of augmentation, procedures may 
carry complications involving cement leakage, ranging 
from asymptomatic damage to systemic complications 
(8, 9, 10). 
Although VAPs are usually safe, they may result 
in rare serious complications such as temporary 
increase in pain after the procedure, transient arterial 
hypotension, cement leakage into the intervertebral 
disc space, of little or no clinical consequence, or 
into the paravertebral soft tissues, and an increased 
risk for new fractures, infection, cement leak into the 
epidural/foraminal space, spinal stenosis, cord or nerve 
root compression and misplaced needle in the tract, 
cement leakage into the paravertebral veins leading 
to pulmonary embolism, cardiac perforation, cerebral 
embolism, and even death (8, 9, 15, 17, 28, 29, 30, 
31).
A higher risk of cement leakage has been noted in 
vertebroplasty (30 to 75%), compared to kyphoplasty 
(8 to 33%) (32). The rate of pulmonary embolism 
ranges from 3.5 to 23% in the literature (32). Less than 
1% of patients have clinical symptoms (32, 33). The 
rates of neurological complications with VP and KP 
were 0.6% and 0.03%, respectively (4, 5, 6), and fatal 
conditions such as pulmonary embolism occur in 0.6% 
(VP) to 0.01% (KP) (6, 15, 40). The rate of extravasation 
may also significantly vary between operators due to 
different techniques used (CT versus X-ray) fracture 
level, cement volume, and viscosity (34). 
Mechanism of pain relief
There are three points to consider: chemotoxicity of 
polymethylacrylate (PMMA), thermal necrosis during 
polymerization, and mechanical stability (6, 11, 12). 
The first was known for its toxicity on cells and, thus, a 
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chemical effect was postulated for pain relief. However, 
without any toxic monomer, calcium phosphate bone 
cements were used in a control clinical study and 
similar pain relief was observed (6, 12). None of the 
bone cements maintained the temperature at 45°C for 
more than 30 min necessary for thermal necrosis of 
sensory nerve. In animal studies, it has been shown 
that thermal necrosis of bone tissues occurs, when the 
temperature exceeds 50°C for over 1 min (6, 13, 22). 
However, all these studies ruled out chemical effect and 
the thermal necrosis of sensory nerves as the cause of 
pain relief in VP.
Bone cement restoration of mechanical stability can 
be regarded as the most probable mechanism for pain 
relief. The pain is mainly related to the motion of end 
plate and the micro-motion of trabecular fractures (6, 
14).
In addition, PMMA is more elastic than human bone 
and can cause osteopenia. It takes about 20 min to set 
and achieve 90% strength within 24 hours. The patient 
is expected to feel pain relief within four to 24 hours. 
The entire process is guided with real-time fluoroscopy 
(15, 16).
The PMMA injection consistency is a critical factor 
associated with the risk of leakage when using a 
toothpaste-like liquid with low viscosity and high 
pressure. If applied while injecting, it may result in 
cement extravasation. Increased temperature during 
cement injection may also result in rapid polymerization, 
causing damage and lack of bioactivity. However, high 
volumes of cement injection may be associated with 
leakage (17, 20, 21, 22).
Bone cement has two phases: solid and liquid phases. 
The ideal material for filler use during KP should have 
a shorter liquid phase working and longer partially 
doughy phase working time. The viscosity is the most 
important handling property for a surgeon which 
determines the working properties of the cement. 
Timing for the injection of the cement is also critical 
for the success of surgery. To reduce the possibility of 
thermal injury and cement leakage, new bone cements 
with properties of lower temperature, longer handling 
time, higher viscosity have been developed. Alternative 
materials include calcium phosphate, and calcium 
sulfate cements. These are non-toxic, bioabsorbable, 
osteoconductive, and euthermic with less stiff than 
PMMA (15, 17, 18, 19).
Biomechanical studies have demonstrated that small 
cement volumes (14% or 3 to 5 cc in L1) may be 
adequate to restore stiffness of fractured vertebrae 
body levels. According to some 
reports, higher volumes (16 to 30%) are needed (15, 
17, 23, 24, 25, 26, 27).

MATERIAL AND METHODS

Patient Selection
In this short-term, prospective study, a total of 83 
vertebral fractures of 55 patients were evaluated. The 
main causes were falling from a height, traffic accident, 
and malignancies. Following injury, the patients 
received conservative treatment of VCFs including 
bed-rest bracing and analgesics for four weeks. We 
evaluated KP in terms of pain, disability, and quality of 
life. Cost-effective radiological variables (i.e., vertebral 
height restoration) and KP for cement extravasation 
and complications profile were analyzed. Unipedicular 
or bipedicular approaches were compared. The severity 
of pain was assessed using the Visual Analogue Scale 
(VAS). The Oswestry Disability Index (ODI) was used to 
assess the functional status. The study was conducted 
in accordance with the principles of the Declaration 
of Helsinki. The study protocol was approved by Local 
Medical Ethical Committee. An informed consent form 
was obtained from each participant (Acceptance Nr: 
25.12.2015-55727).
Surgical Technique
All patients underwent spinal anesthesia. Imaging 
plays an important role in the process of vertebral 
augmentation, particularly fluoroscopy. Bipolar or 
C-arm fluoroscopy is often used to maximize safety. A 
small incision is made to insert the 11-inch cannulated 
trocar and biopsy needle. The unipedicular approach 
involves the insertion between the middle and anterior 
thirds of the vertebral body. After removal of the wire 
pin and insertion of drill, curve curette, and cavity 
formation, cement injection is initiated. The cessation 
stopped, when leakage was seen (3, 6, 14, 35).
Statistical Analysis 
Statistical analysis was performed using SPSS v20.0 
(SPSS Inc., Chicago, IL, USA). Descriptive data were 
expressed in frequency, rate, arithmetic mean, and 
standard deviation. Data were analyzed using the 
Student’s t-test. A p value of <0.05 was considered 
statistically significant. We performed multiple logistic 
regression analysis for independent predictors.
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RESULTS
The mean age was 59.18 years (SD16.13) with 

a range of 20 to 87 years. A slight majority of the patients 
were over 60 years (52.7%) with female predominance 
(56.4%). Due to elderly female population, the rate of 
osteoporotic patients was higher (T-score<-2.5). The 
number of farmers particularly while picking fruit from 
tree falls, and constructer workers who fell from a 
height was higher (Table 1).
Table 1- Demographic characteristic and injury types

Thoracolumbar junction (T10-L2) fractures were the 
most common fractures of spinal column: thoracic (T) 
12 (14.45%), lumbar (L) 1 (24.09%), L2 (22.89%), L3 
(15.66%)). L1 was the most often affected vertebra. 
We made a total of 83 VAPs in 55 patients. This 
procedure can be made unilaterally or bilaterally. The 
rates of unilateral and bilateral VAPs were 63.85%and 
36.15%, respectively (Table 2).
Table 2- Approaches unilateral or bilateral used and 
the level of approaches.

However, we analyzed non-parametric variables of 55 
patients including age, sex, osteoporosis, number of 
fractured vertebrae, vertebral height loss, preoperative 
and postoperative VAS scores, and cement leakage. 
There was a statistically significant correlation between 
the age and sex (p =0.00), osteoporosis (p =0.00), 
and preoperative and postoperative VAS scores (p 
=0.036), (p =0.016). There was a correlation between 
sex and osteoporosis (p =0.00) and between sex 
and postoperative VAS scores (p =0.023). However, 

there was no correlation between sex and number 
of fractured vertebrae, height loss, preoperative VAS 
scores, or cement leakage. The mean age was high 
(59.18 SD16.13) with female predominance; therefore, 
the VAS scores were higher in osteoporotic patients.
Furthermore, there was a statistically significant 
correlation between osteoporosis and vertebral height 
loss (p = 0.044 ), preoperative VAS scores (p =0.046), 
and postoperative VAS scores (p = 0.014). We also 
found a correlation between the number of fractured 
vertebrae and height loss (p = 0.024); however, there 
was no correlation with age, sex, osteoporosis, and 
cement leakage. In addition, there was a statistically 
significant correlation between preoperative VAS 
scores and cement leakage (p = 0.009 ), while no 
correlation between preoperative VAS scores and 
sex, number of fractured vertebrae, height loss, and 
postoperative VAS scores was observed. Also, there 
was a statistically significant correlation between 
postoperative VAS scores and osteoporosis, while 
there was no correlation between postoperative VAS 
and number of fractured vertebra, vertebra height loss, 
preoperative VAS scores, and cement leakage.  I n 
addition, there was a statistically significant correlation 
between cement leakage and preoperative VAS scores 
(p =0.009), although there was no correlation between 
cement leakage and age, sex, osteoporosis, number 
of fractured vertebrae, height loss, and postoperative 
VAS.  We also analyzed non-parametric variables of 
osteoporosis, number of fractured vertebrae, height 
loss, preoperative-postoperative VAS scores, cement 
leakage, and unilateral or bilateral VAPs. Among them, 
we only found a correlation between postoperative 
VAS scores and osteoporosis (p =0.014). Independent 
sample t-test revealed no statistically significant 
correlation between cement leakage with osteoporosis, 
number of fractured vertebrae, height loss, and 
unilateral or bilateral VAP (p >0.05). We performed 
multiple logistic regression analysis for independent 
predictors for cement leakage and postoperative VAS 
scores. We used the following variables: age, sex, 
osteoporosis, pre- and postoperative VAS scores, and 
unilateral or bilateral VAP. However, we only found 
a correlation between preoperative VAS scores and 
cement leakage (p=0.029), (B) 20.96, (95%CI).  The 
Student’s t-test was used for the correlation analysis of 
pain score lower than 3 and more with osteoporosis, 
number of fractured vertebrae, height loss, unilateral 
or bilateral VAP, and cement leakage. There was only a 
correlation between the pain scores and osteoporosis 
(p =0.002). Following VAP procedures, pain scores 
statistically significantly decreased (p <0.05) (Table 3).
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Table 3-Descriptive statistics and preoperative and 
postoperative VAS scores

Both pre and postoperative pain scores of female 
patients were higher than male scores. Postoperative 
pain scores were statistically higher in females and 
correlated with female sex (p =0.023). In the present 
study, osteoporotic female patients were predominant 
(Table 4).
Table 4- T-test between sex and preoperative (preop) 
and postoperative (postop) pain scores.

The rate of falling from a height was high in both 
groups. Being a constructer worker or farmer (falling 
down from fruit trees and falling down from horses) 
were the risk factors. The other group included 
metastasis, malignancy, and hemangiomas of spinal 
vertebra   (Table 5). 
Table 5- Causes of vertebral fractures and female or 
male group cross tabulation (Traffic accident (TA), falling 
from height (FFH), Others (malignancy, hemangioma).

We had a small non-traumatic vertebral fracture group, 
spinal malignancy, hemangioma group with eight cases 
and two leakages in this group. Of all, seven patients 
(12.7%) had cement leakage. There were three cement 
leakages in the spinal canal, six in the paravertebral 
area, and two in the disc space (Table 6),  (Figure-1).
Table 6- Causes of vertebral fractures and cement 
leakage cross tabulation (Traffic accident (TA), falling 
from height (FFH), Others (malignancy, hemangioma).

Figure 1.  Samples of cement leakage.

Both high-impact energy spinal trauma and spinal 
malignancies may cause multiple-level vertebral 
fractures (Table 7).
Table 7- Causes and number of vertebral fracture cross 
tabulation (Traffic accident (TA), falling from height 
(FFH), Others (malignancy, hemangioma).

All pain scores decreased after VAPs. The pre- and 
postoperative pain scores of osteoporotic patients were 
higher than non-osteoporotic patients (p =0.046, p 
=0.014) (Table 8). 

Table 8- T-test results of preoperative and postoperative 
VAS scores and osteoporosis

The correlation between unilateral and bilateral 
approaches and postoperative pain was analyzed 
using the Student’s t-test. Following these procedures, 
although pain scores decreased, there was no 
statistically significant correlation between them (Table 
9).
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Table 9- T-test between unilateral and bilateral 
approaches and postoperative pain scores.

DISCUSSION
Vertebral fractures constitute major health care 

problem, not only due to their high incidence, but also 
both direct and indirect consequences on health-related 
quality and health care expenditures (8). Conservative 
treatment of VCFs includes bed-rest bracing and 
analgesics. Inactivity and immobility have their own 
morbidities such as increased rates of pneumonia, 
decubitus ulcers, venous thromboembolism, and even 
death (8). Unfortunately, non-surgical management 
commonly results in slow resolution of pain or no relief. 
Several studies have shown that VAPs are superior 
to non-surgical management, offering immediate 
pain relief and improved physical functioning (8, 10). 
Most authorities advocate a two- to six-week trial of 
conservative treatment before VAP (4, 5, 6, 8, 35). 
Consistent with the literature data, we waited four 
weeks for VAP after injury.

Our study population consisted of a mixture 
of young, middle-aged, and elderly patients. They 
were more often employed in physical, labor-
intensive occupations such as farming. Females were 
predominant (56.4%) and a high number of patients 
(54.5%) were osteoporotic. As elderly women mostly 
worked at farms, particularly were picking fruit from 
trees and riding horses, they were was at a higher risk 
of falling from a height than other injuries. Younger 
men were often working in construction. Following 
VAP, pain reduction was good and all the patients 
were able to ambulate without using an orthosis and 
discharged on the day of the procedure (1). As the 
same results were in our study population.

In addition, disruptions of thoracolumbar 
spine are often a result of high-energy injuries. 
Traumatic fractures of thoracolumbar spine, particularly 
the thoracolumbar junction (T10-L2), are the most 
common fractures of spinal column. The transition 
from the less mobile thoracic spine with its associated 
ribs and sternum to more dynamic lumbar spine makes 
this an area of high biomechanical stress (46). In the 
present study, the VF levels and rates were similar 
to the literature data (L1 (24.09%), L3 (15.66%), L2 
(22.89%), T12 (14.45%).

In 55 patients, a total of 83 vertebral fractures 
were present. The rate of additional fractures (n=28; 
50.9%) was higher than the previously reported 
findings due to the presence of osteoporosis and high-
impact energy injuries (24).

Furthermore, PMMA has some merits 
including bio-inertness, ease of handling, good 
biomechanical strength, and cost effectiveness (6). 
All these make it an ideal choice for the bone cement. 
However, the major disadvantages of PMMA are the 
toxicity of residual monomer MMA and heat generated 
during exothermic polymerization (6, 11, 17, 36).
The mean polymerization time is around two to five 
minutes, and the operator  has a limited time to deliver 
the bone cement through the spinal cannula into the 
body. The short handling time leads to an increased 
probability that a surgeon may miss the crucial time. 
Once polymerization ends, the temperature decreases 
and the cement becomes solid (17, 20).
To reduce the possibility of thermal injury and cement 
leakage, new bone cements with properties of lower 
temperature, longer handling time, higher viscosity 
have been developed. Future perspective on cement 
properties enables the operator to do the procedure 
more rapidly and safely. In recent years, unipedicular 
approach has been gaining popularity, if applicable, 
particularly with the use of curved curettes, ultra-
viscous cement, with specialized delivery equipment 
allow for uniform, controlled, low pressure cement 
filling (17,1 8, 19, 37, 30). In our study, we also used 
high-viscosity cement.

The unipedicular approach includes less operative 
time, less exposure to radiation, and less cost than 
suboptimal kyphotic reduction (15). However, both 
biomechanical data and clinical series have shown 
that unipedicular procedure is safe and effective. 
Chung and et al.  reported pain reduction in their 
study with superior kyphosis restoration using the 
bipedicular approach (48). Only difference may be the 
smaller cement amount filling in unilateral operations 
(15, 43, 44, 45, 48). Comparative clinical studies 
using unipedicular or bipedicular approaches have 
demonstrated no difference in clinical or radiological 
variables with same pain reduction rates. Similarly, we 
observed no statistically significant difference between 
them in our study.
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Cavity creation in KP, either balloon or curettes, allows 
for low-pressure controlled cement filling. Cement 
viscosity plays a key role. It has been suggested that 
this difference reflects the creation of cavity and the 
use of more viscous cement in balloon KP. Disruption of 
the endplates and anterior or posterior wall fractures 
may increase the risk of cement leaks. Although many 
leakages are asymptomatic, incidental findings, they 
may lead to complications (7, 15, 38, 39, 40, 41).

Cement leakage was seen less in high-viscosity 
cement group, and postoperative CT revealed cement 
leakage in five of 17(29.4%) vertebrae in the high-
viscosity group. Fifteen of 22 (68.2%) vertebrae were in 
the low-viscosity group. In the VAP using high-viscosity, 
bone cement can provide the same outcome with 
fewer complications through VAP using low-viscosity 
bone cements (37). In all, seven patients (12.7%) had 
leakage in our study. According to the high-viscosity 
cement used literature cement leakage rate’s, our 
group’s percentage was lower (literature 29.4%) and 
5 leakages occurred in the traumatic group (5/47 
,10.6%) (Figure-1).

Furthermore, cement leakage can occur at 
any kind of vertebra fracture. In particular, middle 
column fractures and high-volume cement injections 
can cause leakages. According to the literature data, 
spinal malignancy is a cause of leakage in 10% of cases 
(47). We had a small non-traumatic vertebral fracture 
group and spinal malignancy, and hemangiomas. 
Therefore, the rate of leakage was higher than the 
literature findings (2/8; 25%), as we used a drill and 
curette in vertebra corpus to create a cavity and used 
high-viscosity cement under low pressure (47). There 
were also three cement leakages in the spinal canal, 
six in the paravertebral area, and two in the disc space 
(Figures-1).

Rapid pain relief, improved body functioning, 
vertebral height gain, and improved spinal alignment 
are the main advantages of VAPs (6). Pain relief was 
observed in both groups (VP 87%, KP 92%) (6).In 
most studies, the follow-up was short; however, pain 
relief was persistent (6,42). When comparing VP with 
KP, it seems that both procedures offer a 4 to 5 point 
mean reduction from baseline (in a 10-point scale) 
and significant improvement in the VAS and the ODI 
(15,32). In our study, the mean preoperative pain score 
was 8.78(SD 1.03), while the mean postoperative pain 
score was 2.808(SD 0.89). According to ODI scores, 
1.8% of patients had severe disability, whereas the rest 
(98.2%) had minimal disability.

Physical function and disability scores improved 
in both procedures. For working status, 30/55 (54.55%) 
returned to their previous level of employment, 

20/55(36.36%) were working full-time but a lighter 
job, and 5/55 (9.09%) were working only part-time. 
Physical function was normal in 30/55 (54.5%), limited 
in 20/55 (36.36%), and severely limited in 5/55 (9.09 
%).

At the final follow-up, 45 of 55 (81.81%) 
patients were pain-free with no back pain, nine 
patients (16.36%) reported only mild back pain. One 
patient had also mid-upper back pain due to spinal 
liposarcoma metastasis.

 Some surgeons suggest that postural 
reduction is the most critical factor determining 
kyphotic post-procedural correction. Extensive 
literature with balloon KP have claimed that balloon 
inflation also plays a role (6). Another important 
issue is whether this degree of kyphotic reduction 
correlates with clinical improvement. Theoretically, an 
improvement in spinal alignment and biomechanical 
behavior of spine should reduce the flexion moments, 
relax the paraspinal muscles and lead to more upright 
posture, reduced pain and fewer subsequent fractures 
(6, 42). Improved vertebral height restoration with KP 
is also controversial, as the initial height gain is higher 
in KP; however, this effect is lost subsequently during 
balloon deflation and repetitive loading (8-10).

Reduction of kyphosis with KP varies from 3.7° 
to 8° (mean: 4.8°). Using VP, it ranges from 0.5° to 
3° (mean: 1.7°)(15) with a mean kyphotic restoration 
angle of 6.6°. However, there was no vertebral height 
gain or correction in kyphotic deformity in 39% of VP 
and 34% KP cases. Restoration of the vertebral height 
depends on the age of the fracture, as suggested by 
several authors (6, 49, 50). KP is superior to VP about 
the restoration of vertebral height (6). The mean height 
gain was 2°, while 35% of the patients did not gain 
height restoration in our study.

On the other hand, are VAPs cost-effective?. In the 
present study, Both KP and VP patients had the short 
hospital stay but KP causes higher hospital charges 
than VP (8,6). Therefore, improving quality of life and 
physical activity, and decreasing the pain with minimal 
complication should not be measured by money costs 
alone.

Vertebral augmentation can be completed under 
sedation, general anesthesia, local or spinal anesthesia. 
Of these, general anesthesia has several pre- and 
postoperative complications. Injection of local 
anesthesia into the periosteum is particularly tricky, as 
some patients feel discomfort during the advancement 
of the trocar through the posterior cortical margin with 
balloon inflation and with injection of bone cement.
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Spinal anesthesia is commonly used in spinal operations, 
rather than general anesthesia, as it reduces morbidity 
in high-risk patients and inhibits stress after surgery. 
The main advantages include short preparation time, 
fast-acting and multiple level treatment, reduced need 
for painkiller after operation, and an analgesic effect 
lasting about 4 to 6 hours. In the present study, we 
used spinal anesthesia for all our patients (6, 3). In 
general, patients are permitted to resume normal daily 
activities immediately after a vertebral augmentation 
without the need for any braces or bed rest, as in our 
patients.

Patients refusal to surgical or conservative 
managements were the most common reason for our 
surgery decision. Several studies with positive results 
are more likely to be reported and published, while 
side effects and adverse events are more likely to be 
underreported; however, most of the cement leakage 
associated with VP was asymptomatic (6). Nonetheless, 
further studies are required which concentrate on 
the development of new materials and alternative 
techniques with long-term efficacy and improved 
safety.

On the other hand, this study has limitations 
such as small sample size and short follow-up period. 
In addition, none of the patients were able to be 
randomized to treatment and there were no control 
subjects. 

CONCLUSION

In conclusion, VAP is safe and effective with several 
advantages of reduced pain, better cosmesis, lower 
perioperative morbidity, and earlier return to activity. 
Duration of analgesic use can be also reduced. Direct 
medical costs and indirect costs in the lost productivity 
should be also considered. Using high-viscosity cement 
can minimize exothermic cement, toxic side effects, 
and hardening time problems. Creating a cavity by a 
balloon, drill or curve curette and using high-viscosity 
cement under low pressure are useful methods. On the 
other hand, the use of the optimal material to provide 
the optimal result for patient is at the discretion of the 
surgeon. Clinicians can take the advantage of increased 
working time and improved injectability without costs 
by cooling the cement. High-viscosity cement and KP is 
expensive than VP; however, it has lesser complications 
and improves quality of life, increases physical activity, 
and reduces pain. Therefore, such benefits should not 
be measured by money cost alone. We believe that 
further studies may be helpful to reach a consensus on 
the optimal treatment strategies for VCF, minimizing 
the cost and improving the quality of life.

REFERENCES
1. Lamy O, Uebelhart B, Aubry-Rozier B. Risks and
benefits of percutanoeus vertebroplasty or kyphoplasty 
in the management of osteoporotic vertebral fractures. 
Osteoporosis Int 2014 ;25: 807-819.
2. The European Prospective Osteoporosis Study (EPOS)
group (2002) Incidence of vertebral fracture in Europe: 
results from the European Prospective Osteoporosis 
Study(EPOS) J Bone Miner Res 17:716-724. 
3. Hsieh M-K, Chen L-H, Chen W-J. Current concepts of
percutaneous balloon kyphoplasty for the treatment of 
osteoporotic vertebral compression fractures: Evidence-
based review. Biomedical Journal 2013; 36(4):154-161.
4. Bednar T, Heyde CE, Bednar G, Nguyen D, Volpi E,
Przkora R. Kyphoplasty for vertebral augmentation in 
the elderly with osteoporotic vertebral compression 
fractures: scenarios and review of recent studies. a case 
report. Clinical Therapeutics 2013; 35(11):1721-1727.
5. American Academy of Orthopedics Surgeons (AAOS)
2010 Guidelines treating spinal compression fractures. 
Accessed October 10, 2013.
6. Yimin Y, Zhiwei R, Wei M, Jha R. Current status
of percutaneous vertebroplasty and percutaneous 
kyphoplasty - a review. Med Sci. Monit.  2013; 19:826-
836.
7. Layton KF, Thielen KR, Koch CA, et al. Vertebroplasty,
first 1000 levels of a single center. Evaluation of the 
outcome and complications. Am J Neuroradiol. 2007; 
28: 683-89.
8. Hazzard MA, Huang KT, Toche UN, Ugiliweneza B, Patil
CG, Boakye M, Lad SP. Compression of vertebroplasty, 
kyphoplasty, and nonsurgical management of vertebral 
compression fractures and impact on US healthcare 
resource utilization . Asian Spine J. Oct 2014;8(5):605-
614.
9. Wardlaw D, Cummimgs SR, Van Meirhaeghe J, et al.
Efficacy and safety of balloon kyphoplasty compared 
with non-surgical care for vertebral compression 
fracture (FREE) a randomised controlled trial. Lancet 
2009; 373:1016-1024.
10. Papanastassiou ID, Philips FM, Van Meirhaeghe J,
et al. Comparing effects of kyphoplasty, vertebroplasty, 
and non-surgical management in a systematic review 
of randomized controlled studies. Eur Spine J  2012; 
21:1826-1843.
11. Dahl OE, Garvik LJ, Lyberg T. Toxic effects of
methylmethacrylate monomer on leukocytes and 
endothelial cells in vivo. Acta Orthop Scand 1994; 
65(2):147-53.



Maltepe Tıp Dergisi / Maltepe Medical Journal

9

M
al

te
pe

 T
ıp

 D
er

gi
si

 C
ilt

: 1
0 

Sa
yı

: 1
/2

01
8

12. Nakano M, Hirano N, Ishihara H, et al. Calcium
phosphate cement-based vertebroplasty compared 
with treatment  for osteoporotic compression fractures: 
a matched case-control study. J Neurosurg Spine 2006; 
4(2):110-17.
13. De Vriad  HH, Wondergem J, Haveman J.
Hyperthermia-induced damage to rat sciatic nerve 
assessed in vivo with functional methods and 
with electrophysiology. J Neurosci Methods 1992; 
45(3):165-174.
14. Belkoff SM, Mathis JM, Jasper LE, Deramond H. The
biomechanics of vertebroplasty .The effect of cement 
volume on mechanical behavior. Spine (Phila Pa.1976) 
2001; 26(14):1537-41.
15. Papanastassiou ID, Filis A, Gerochristou MA,
Vrionis FD.  Controversial issues in kyphoplasty and 
vertebroplasty in osteoporotic vertebral fractures. 
Biomed Res Int 2014; 2014:934206
16. Lewis G. Injectable bone cement for use in
vertebroplasty and kyphoplasty: State-of-the-art 
review. Journal of Biomedical Materials Research B 
2006; 76(2):456-468.
17. Lai P-L, Chen L-H, Chen W-J, Chu I-M. Chemical and
physical properties of bone cement for vertebroplasty. 
Biomedical Journal 2013; 36(4):162-167.
18. Turner TM, Urban RM, Singh K, Hall DJ, Renner
SM, Lim TH, et al. Vertebroplasty comparing 
injectable calcium phosphate cement compared with 
polymethylmethacrylate in a unique canine vertebral 
body large defect model. Spine J 2008; 8:482-7.
19. Nieuwenhuijse MJ, Mujis SP, van Erkel AR, Dijkstra
SP. A clinical comparative study on low versus medium 
viscosity polymethylmetacrylate bone cement in 
percutaneous vertebroplasty:Viscosity associated with 
cement leakage. Spine 2010; 35:E1037-44.
20. Baroud G, Samara M, Steffen T. Influence of mixing
method on the cement temperature-mixing time 
history and doughing time of three acrylic cements for 
vertebroplasty. J Biomed Mater Res  B Appl Biomater 
004;68:112-6.
21. Loeffel M, Ferguson SJ, Nolte L-P, Kowal JH.
Vertebroplasty . Experimental characterization of 
polymethylmethacrylate bone cement spreading as 
a function of viscosity, bone porosity, and flow rate. 
Spine 2008; 33:1352-9.
22. Lai PL, Tai CL, Chen LH, Nien NY. Cement leakage
causes potential thermal injury in vertebroplasty. BMC 
Musculoskelet Disord 2011; 12:116.
23. Martincic D, Brojan M, Kosel F, Stern D,Vrtovec
T, Antolic V, Vengust R. Minimum cement volume 
for vertebroplasty . Int Orthop 2014 Dec 12. PMID: 
25500712

24. Kim J M, Shin D A, Byun D H, Kim H S, Kim S,
Kim H I. Effect of bone cement volume and stiffness 
on occurrences of adjacent vertebral fractures after 
vertebroplasty . J Korean Neurosurg Soc Nov 2012; 
52(5):435-440.
25. Belkoff SM, Mathis JM, Erbe EM, Fenton DC.
Biomechanical evaluation of a new bone cement for use 
in vertebroplasty. Spine (Phila Pa 1976) 2000;25:1061-
1064
26. Molloy S, Mathis JM, Belkoff SM. The effect of
vertebral body percentage fill on mechanical behavior 
during percutaneous vertebroplasty . Spine 2003; 
28(14):1549-1554.
27. Luo J, Daines L, Charalambous A, Adams MA,
Annesley-Williams DJ, Dolan P. Vertebroplasty :Only 
small cement volumes are required to normalize stress 
distributions on the vertebral bodies. Spine 2009; 
34:2865-73.
28. Boonen S, Van Meirhaeghe J, Bastian L, et al.
Balloon kyphoplasty for treatment of acute vertebral 
compression fractures.2-year results from a randomized 
trial .J Bone Miner Res. 2011;26:1627-1637.
29. Klazen CAH, Lohle PNM, De Vries J, et al.
Vertebroplasty versus conservative treatment 
in acute osteoporotic vertebral compression 
fractures(VERTOSII):an open-label randomised trial. 
The Lancet. 2010; 376(9746):1085-1092.
30. McArthur N, Kasperk C, Baier M, Tanner M,
Gritzbach B, Shoierer O, et al. 1150 kyphoplasties over 
7 years indications, techniques, and intraoperative 
complications. Orthopedics 2009; 32:90
31. Nizar A. Al-Nakshabandi . Percutaneous
vertebroplasty complications ,  Ann Saudi Med. 2011 
May-Jun; 31(3):294-297.
32. Bopparaju S, Varon J, Surani S,  Pulmonary
embolism with vertebral augmentation procedures 
(Case report)  Case Reports in Pulmonology Volume 
2013 (2013),Article ID785307,4 pages.
33. Luo J, Adams A, Dolan P. Vertebroplasty and
kyhoplasty can restore normal spine mechanics 
following osteoporotic vertebral fracture, Journal of 
Osteoporosis, Vol. 2010 Article ID 729257.
34. Venmans A, Klazen CA, Van Rooji WJ, et al.
Postprocedural CT for perivertebral cement leakage in 
percutaneous vertebroplasty is  not necessary-results 
from VERTOS ΙΙ . Neuroradiology.2011 Jan; 53(1)19-
22.
35. Kallmes DF, Comstock BA, Heagerty PJ, et al. A
randomized trial of vertebroplasty for osteoporotic 
spinal fractures. N England J Med. 2009; 361:569-579.
36. Kuehn K-D, Ege W, Gopp U. Acrylic bone cements:
Composition and properties. Orthop Clin North Am 
2005; 36:17-28.



10

37. Zhang L, Wang J, Feng X, Tao Y, Wang Y, Zhang S,
Cai J, Huang J. A compression of high viscosity bone 
cement and low viscosity bone cement vertebroplasty 
for severe osteoporotic vertebral compression fractures. 
Clin Neurol Neurosurg 2014 Dec 4; 129C:10-16.
38. Georgy BA. Comparison between radiofrequency
targeted  vertebral augmentation and balloon 
kyphoplasty in the treatment of vertebral compression 
fractures: adressing factors that affect cement 
extravasation and distribution. Pain Physician 2013; 
16(5):E513-E518.
39. Bohner M, Gasser B, Baround G, Heini P. Theoretical
and experimental model to describe the injection of a 
polymethymethacrylate cement into a porous structure. 
Biomaterials 2003; 24(16):2721-2730.
40. Taylor RS, Taylor RJ, Fritzell P. Balloon Kyphoplasty
and vertebroplasty for vertebral compression fractures: 
a comparative systematic review of efficacy and safety 
.Spine 2006; 31:2747-558.
41. Eck JC, Nachtigall D, Himphreys SC, et al.
Comparison of vertebroplasty and balloon kyphoplasty 
for treatment of vertebral compression fractures. A 
meta-analysis of the literature. Spine J 2008; 8:488-97.
42. Mc Call T, Cole C, Dailey A. Vertebroplasty and
kyphoplasty : a comparative review of efficacy 
and adverse events. Curr Rev Musculoskelet Med. 
2008;1:17-23.
43. Wei HY, Tan MS, Liang L. Unilateral multiple
channels approach in percutaneous vertebroplasty for 
osteoporotic vertebral fractures. Zhonggou Gu Shang 
2013 Dec; 26(12):1010-4.
44. Chen B, Li Y, Xie D, Yang X, Zheng Z. Comprasion
of unipedicular and bipedicular kyphoplasty on the 
stiffness and biomechanical balance of compression 
fractured vertebrae. European Spine Journal. 2011 
20(8):1272-1280.
45. Rebolledo BJ, Gladnick BP, Unnanuntana A, Nguyen
JT, Kepler CK, Lane JM. Comparison of unipedicular 
and bipedicular balloon kyphoplasty for the treatment 
of osteoporotic vertebral compression fractures. a 
prospective randomised study. The Bone&Joint Journal. 
2013; 95(3):401-406.
46. Sisodia GB. Methods of predicting vertebral body
fractures of the lumbar spine .World J Orthop . 2013 
October 18; 4(4):241-7.
47. Georgy B A. Metastatic Spinal Lesions :State-of-
the-Art Treatment Options and Future Trends. AJNR 
October 2008; 29:1605-11.
48. Chung HJ, Kwan IH. Comparative study of balloon
kyphoplasty with unilateral versus bialteral approach 
in osteoporotic vertebral compression fractures. Int 
Orthopaedics 2008; 32(6):817-820.

49. Lieberman HL, Dudeney S, Reinhardt MK,et
al. İnitial outcome and efficancy of ‘’kyphoplasty’’ 
in the treatment of painful osteoporotic vertebral 
compression fractures. Spine. 2001; 26:1631-38.
50. Berlemna U, Franz T, Orler R, et al.Kyphoplasty
for treatment of osteoporotic vertebral fracture: a 
prospective non-randomized study. Eur Spine J 2004; 
13:496-501.


