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Objective: Osteoporotic vertebral fracture (OVF) results in increased morbidity and mortality, primarily in the elderly, leading to severe 
limitation of movement. In this study, we evaluated the results of unilateral and bilateral vertebroplasty (VP) procedures in OVF.
Materials and Methods: Two hundred fifty-seven patients who underwent VP for OVF were retrospectively studied and divided into two groups: 
unilateral (204 patients) and bilateral (53 patients) VP. The visual Analogue Scale (VAS) pain score and kyphotic angle were comparatively 
analyzed between the two groups.
Results: There was no statistically significant difference between the groups (unilateral and bilateral VP) in terms of VAS preop/postop 
variables and kyphosis.
Conclusion: We believe that unilateral VP is sufficient for significantly reducing the complication rate with anesthesia and radiation exposure 
and reducing the cost of the surgical procedure.
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INTRODUCTION

Osteoporosis is a systemic bone disease that is usually seen 
in elderly individuals, characterized by loss of bone mass due 
to deterioration in bone tissue and increased likelihood of 
fracture(1). Vertebral fractures are one of the most common 
complications of osteoporosis(2). 
Osteoporotic vertebral fracture (OVF) results in increased 
morbidity and mortality, primarily in the elderly, leading to 
severe limitation of movement(3). A significant portion of the 
pain that occurs as a result of vertebral fracture is due to the 
instability caused by the fracture. The pain increases significantly 
when the patient is moving and it is less at rest. The symptoms 
of OVF may result in loss of height due to vertebral collapse, 
spinal instability, and even kyphotic deformity. Therefore, 
rapid relief of pain and restoration of mobility and sagittal 
contour allows the patient to normalize(1,4). Since the bones 
are osteoporotic in patients undergoing stabilization surgery, 
the use of long supports to increase strength and the use of 
anterior and posterior surgery together increase the surgical 

risks in patients. For these reasons, percutaneous vertebroplasty 
(VP), which is described as minimally invasive, has been used in 
recent years. The risk of complications is lower compared to 
radical surgical interventions(5). This method usually relieves 
fracture pain effectively in elderly patients(6).
Recently, unilateral interventions have been recommended by 
some authors because they shorten the duration of surgery and 
anesthesia, reduce the cost of the procedure and the radiation 
dose received during the operation, reduce the risk of escape 
from the cement used, and avoid complications of placing a 
second working cannula(7,8). In this study, we evaluated the 
clinical and radiologic results of unilateral and bilateral VP 
procedures in OVF. 

MATERIALS AND METHODS

This study included 257 patients who underwent VP for OVFs in 
our clinic between 2011 and 2022 (204 patients with unilateral 
and 53 patients with bilateral VP). The patients were studied 
retrospectively. Detailed informed consent was obtained from 
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all patients for these interventions. All patients underwent a 
detailed physical and neurologic examination. Bone mineral 
density was evaluated by the T-Score method. Routine perop 
specimen for pathology was obtained from all patients. Primary 
bone tumors and metastatic tumors were excluded based 
on preoperative evaluation and/or postoperative pathology 
results. In addition, patients receiving radiation, those with 
active infection in the region, and chemotherapy patients were 
excluded from the study. A visual analog scale (VAS) score was 
used for preoperative and postoperative pain assessment. Angle 
measurements were performed for kyphotic angle restoration 
before and after surgery. Cobb angle measurements were used 
for this. The measurements were evaluated as segmenter Cobb 
angle on standing lateral radiographs. Cobb measurements 
were made using the software in Picture Archiving and 
Communication Systems. 

Surgical Technique

Prophylactic antibiotics were administered to all patients 
preoperatively. All VP procedures were performed 
percutaneously in the operating room in the prone position 
under fluoroscopy guidance. Kyphosis was attempted to be 
corrected by placing two transverse plane cylinders under 
the chest and iliac crest. Local anesthesia and sedation 
were preferred. In 12 cases, general anesthesia was used 
due to a lack of cooperation and failure of sedation. Local 
anesthesia was performed with 1% lidocaine before surgical 
intervention. During unilateral VP, we preferred to enter 5 mm 
lateral from the normal entry site to centralize the targeted 
point. Polymethylmethacrylate (PMMA) bone cement (Aditus 
Medical GmbH Berlin Germany) was used in all cases. Patients 
were continuously monitored for possible complications. The 
patients were mobilized with a brace 3 hours after surgery. 
Patients who had no problems were discharged the next day 
after a control X-ray and a control computed tomography (CT) if 
needed (according to the X-ray image). 
This study was approved by the Kayseri Governorship Provincial 
Directorate of Health (approval number: E-75717723-619, date: 
11.04.2023).

Statistical Analysis 

Statistical analysis was performed using IBM SPSS Statistics 
21.0 (SPSS Inc, Chicago, IL, USA). Shapiro-Wilk test was used 
(data were found to be suitable for normal distribution using 
the Shapiro-Wilk test, histogram, and Q-Q graphs). Data were 
expressed as mean and expressed as standard deviation. 
Independent Samples t-test (alternative; Mann-Whitney U 
test) was used for intergroup comparisons. Paired Samples 
t-test was used for comparisons between times (preoperative 
and postoperative). The relationship between categorical 
variables was evaluated using Pearson’s chi-square (χ2) test and 
Fisher’s exact test. A p-value <0.05 was considered statistically 
significant. 

RESULTS

Of the 257 patients operated on, 161 were female (62%) and 96 
were male (37%). Their ages ranged between 50 and 90 years 
(mean: 68.2). Ninety seven of the patients had a significant 
history of trauma. Eighty six had a compelling movement that 
could be defined as trauma, while 74 had no history of trauma. 
Most fractures occurred at the L1 level and the least and above 
level at the T7 (Table 1). The pain was the presenting complaint 
in all patients and was the main reason for hospitalization. Of 
all patients, 88% had low back pain, 41% back pain, 56% low 
back and back pain, and 21% low back and leg pain.
In addition, 43% of the patients had difficulty walking and 
postural disturbance, and 5% had numbness and loss of 
sensation in the legs. Physical and neurologic examinations 
of all patients revealed no deficits originating from the OVF 
except partial limitation of movement due to pain, posture 
disorder, and variable sensory deficits. Bone densimetry 
showed varying degrees of osteoporosis (T-score: -2.5 to -5). 
Two hundred thirteen fractures were in the lumbar region 
and 88 in the thoracic region. One hundred forty nine patients 
had a single-level vertebral fracture, 31 patients had two-
level vertebral fractures and 30 patients had three or more 
level vertebral fractures. Unilateral VP was performed in 204 
patients and bilateral VP in 53 patients. On average, 2-3.5 mL of 
PMMA was used for unilateral and 3.5-4 mL for bilateral VP. In 
the postoperative controls, the low back pain had disappeared 
in 214 of 228 patients and it had decreased in 14. Of the 107 
patients with back pain, pain disappeared in 102, decreased in 3, 
and remained unchanged in 2. Of the 112 patients with posture 
disorder and difficulty in walking, 94 had improvement, 7 had 
partial improvement and 11 had no change (Table 1, Figure 1).
The median VAS postop score [3.0 (2.0-4.0)] was statistically 
significantly lower than the VAS preop score [7.5 (6.0-9.0)] in 
patients operated through unilateral VP (p<0.001). Similarly, 
the median VAS postop score [3.0 (2.0-4.0)] was statistically 
significantly lower than the VAS preop score [7.0 (6.0-8.0)] in 
patients operated through bilateral VP (p<0.001). There was no 
statistically significant difference between the groups in terms 
of VAS preop/postop variables (Table 2). Similarly, there was no 
statistically significant difference between the groups in terms 
of kyphosis restoration variables (Figure 2, Table 3).
One patient with a single-level vertebral fracture and one 
patient with four or more levels of vertebral fractures died in the 
early postoperative period. Thromboembolism was considered 
as the cause of death. In two patients, the cement was found 

Table 1. Distribution of fractures level
Levels L5 L4 L3 L2 L1 T10-12 T7-9 T5-6

Unilateral 
VP 4 16 34 34 88 61 8 2

Bilateral  
VP - 2 9 12 17 15 2 -

VP: Vertebroplasty 
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to have escaped into the canal. Although they did not cause a 
neurologic deficit, they were surgically removed. Two patients 
had a postoperative transient loss of strength in the lower 
extremity, which resolved during follow-up (no compression of 
the canal or root was detected on radiographs and CT scans). 
It was thought that the local anesthetic used was absorbed 
into the epidural region. In one patient who underwent VP with 
unilateral and single level, a new fracture occurred at the sixth 
upper level. Scoliosis was detected in one patient 19 months 
after unilateral VP. In 107 patients (42%), postoperative X-rays 
and CT scans showed small cement leaks at various sites with 
no clinical significance. Most of the leaks occurred in the disc 
space, paravertebral region, epidural space, and pedicle (Figure 
3, Table 4). No infection was observed in any patient.

Figure 2. Restoration of kyphosis

Table 2. Comparison of VAS preop and VAS postop scores between groups
Unilateral VP
(n=204)

Bilateral VP
(n=53) p-values

Preop VAS 7.6±0.9
7.5 (6.0-9.0)

7.4±0.6
7.0 (6.0-8.0) 0.218

Postop VAS 3.2±0.5
3.0 (2.00-4.0) 

3.1±0.5
3.0 (2.0-4.0) 0.109

p-values <0.001 <0.001
Data were expressed as mean ± standard deviation and median (minimum-maximum). Different lowercase letters in the same column indicate 
differences between groups, VP: Vertebroplasty, VAS: Visual analog scale

Table 3. Comparison of kyphosis restoration between groups
Unilateral VP 
(n=204)

Bilateral VP 
(n=53) p-values

Kyphosis restoration 6.1° ± 1.2
5.9° (4.0-9.1)

5.8° ± 1.2
5.8 (4.1-8.0)

0.057

Data were expressed as mean ± standard deviation and median (minimum-maximum). Different lowercase letters in the same column indicate 
differences between groups, VP: Vertebroplasty

Figure 1. T12 unilateral VP. It was observed that the corpus can be completely filled with VP performed from a single pedicle
VP: Vertebroplasty
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DISCUSSION

Vertebroplasty is a procedure in which cement is applied to 
the fractured vertebra at high pressure. Mostly PMMA is used. 
This method was first applied in 1987 by Galibert et al.(9) for 
the minimally invasive treatment of painful hemangiomas. 
In recent years, it has been widely used in the treatment of 
OVF causing severe pain and limitation of movement(10). VP is 
a widely preferred technique for the stabilization of vertebral 
fractures, especially those that develop due to osteoporosis, 
and for the treatment of pain(1). This method is also widely used 
in hemangiomas and malignant tumors of the spine(7). This 
method also has complication risks. There may be risks related 
to anesthesia, surgical technique, and cement. The cement 
may escape into the epidural veins or epidural space, neural 
foramen, intervertebral disc, perivertebral venous plexus, or 
paravertebral soft tissues(11-13). In addition, complications such 
as pneumothorax, pedicle fracture, pulmonary embolism, and 
infection may occur(14).
In this technique, it is thought that the pain is controlled by 
filling the fractured vertebral body with cement, preventing 
gradual collapse and stabilizing micro-movements. However, 
it should not be ignored that thermal and chemical nerve 
ablation may also be effective. Aebli et al.(15) showed that 

intravertebral temperature levels caused thermal necrosis 
after the use of intervertebral PMMA cement. Hulme et al.(10) 
reported in a study that VP gave 87% positive results on pain. 
In our study, VAS scores decreased postoperatively, and similar 
values were obtained in terms of the change in VAS scores 
between unilateral (7.6 to 3.2) or bilateral (7.4 to 3.1) VP and 
there was no statistical difference between them. In a published 
meta-analysis, both techniques provided excellent pain relief 
and improved quality of life. They encouraged the use of the 
unipedicular approach as the preferred surgical technique for 
the treatment of osteoporotic compression fractures due to 
shorter operative time, limited X-ray exposure, and minimal 
cement ingress and extravasation(16).
In a biomechanical study, the distribution of cement in the 
corpus was investigated in unilateral and bilateral VP. As a 
result, it was shown that the stress of the vertebral body could 
be better balanced in bilateral VP, the maximum stress of the 
intervertebral disc was reduced and this was advantageous in 
terms of stability(17).
While publications are indicating that VP has positive effects 
on height loss and improvement of kyphotic deformity, there 
are also publications showing that it has no effect(18). Generally, 
studies have shown that the mean kyphotic angle restoration is 
5-8.4 degrees for VP(18). In our study, the effects of the unilateral 
or bilateral VP on kyphotic angle restoration were similar in 
preop and postop measurements, and no statistical difference 
was found between them. In addition to the relief of the 
patient’s pain, we think that the fact that kyphosis was recovered 
to a certain extent with pillows during the operation and the 
osteoporotic vertebra was filled in this form contributed to this.
Berlemann et al.(19) reported that fracture stage was an 
important determinant in achieving correction in their study, 
while Phillips et al.(20) reported that there was no relationship 
between fracture stage and deformity correction. It is thought 
that better results can be obtained in VP applications in single-
level osteoporotic fractures compared to multilevel fractures. 
Chen et al.(7) reported that the clinical and radiologic results of 
unilateral or bilateral VP interventions were very similar.
Various studies have tried to reduce the effectiveness and 
complications of unilateral VP. Zhang and Deng(21) reported 
that a unilateral extrapedicular puncture route was used to 
ensure good distribution of bone cement and prevent leakage 

Figure 3. Escape of cement into the pedicle and disc space  

Table 4. Distribution of complaints
Unilateral VP 
(n=204)

Bilateral VP 
(n=53)

χχ2
p-values

Low back pain 90.2 (184/204) 83.0 (47/53) 0.165
0.112

Back pain 42.6 (87/204) 37.7 (20/53) 0.314
0.418

Low/leg pain 18.6 (38/204) 30.2 (16/53) 3.388
0.052

Difficulty 
walking/
posture 
disorders

41.2 (84/204) 52.8 (28/53) 2.324
0.086

Numbness 4.9 (10/204) 7.5 (4/53) 0.572
0.321

Data expressed as % (n/total), VP: Vertebroplasty
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of cement into the spinal canal. Hu et al. (22) also reported that 
unilateral VP using a curved diffusion needle in osteoporotic 
vertebral compression fractures provided a good distribution 
of bone cement and was safe.
McKiernan et al.(23) stated that the height loss of mobile 
fractures resulting from osteoporosis can be partially corrected, 
but there is no improvement in height loss with VP in immobile 
fractures. There is no mechanical method that provides kyphosis 
reduction in VP, so correction of the deformity is not possible. 
In order to reduce the kyphotic angle and maintain vertebral 
height, the patient can be positioned during the procedure, or 
support pads can be used. Cement injected after positioning 
may be effective in maintaining this position(1). In our study, 
two transverse plane cylinders under the chest and iliac crest 
was placed in an attempt to correct kyphosis. We think that this 
procedure is effective in correcting fracture-related kyphosis.

CONCLUSION

Unilateral VP provides fast and effective pain relief with local 
anesthesia and low surgical risk, especially in the treatment 
of patients with OVF. It is an effective method for preventing 
kyphosis and improving quality of life. The clinical and radiologic 
results of unilateral access and bilateral access are similar. 
Improvement in VAS scores and kyphotic angle restoration 
rates are similar in both techniques. No statistical difference 
was found between them. We believe that a unilateral approach 
is sufficient in terms of significantly reducing the complication 
rate with anesthesia and radiation exposure and reducing the 
cost of the surgical procedure.
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