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ABSTRACT

Objectives: Percutaneous vertebroplasty is frequently used to treat osteoporotic vertebral compression fractures
(OVCFs) due to its low surgical risks. In this study, we tried to determine the early and late effects of single-
pedicle and double-pedicle PVPs on the coronal balance of the vertebrae.

Methods: This study evaluated 95 OVCEF patients treated with PVP between 2008 and 2023. Of these patients,
36 were treated with bilateral and 59 with unilateral vertebroplasty. The Coronal Cobb angle, coronal segmental
Cobb angle, and coronal balance of the vertebrae were measured in preoperative, early postoperative, and 6-
month postoperative radiographs. The results were compared between the two groups and the effects of single
or double pedicle procedure on these values were analyzed.

Results: Two study groups were formed, consisting of a total of 95 patients. The mean age was 69.1 years.
Fourty-nine patients were female and 46 were male. No significant difference was detected between the groups
regarding gender and age. When the data obtained in the preoperative and early postoperative period in patients
who underwent single and double pedicle vertebroplasty were evaluated, no statistically significant difference
was obtained in coronal balance, Cobb angle, and segmentary Cobb angle measurements.

Conclusions: From the radiographic point of view in the long-term follow-up, we think that bilateral PVP pro-
vides an advantage over the unilateral approach in maintaining the coronal balance and stabilization of the
coronal Cobb angle in patients with OVCF.
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(OVCF) are caused by high or low-energy

trauma [1]. Pain in these patients is usually
caused by instability. It is a pain that increases with
movement and decreases with rest. The collapse of the
OVCF may lead to spinal instability, scoliosis, and
kyphotic deformity. Increasing the load-bearing capac-
ity of the corpus, mobility, and restoration of sagittal
and coronal balance are important [2, 3]. Minimally

Osteoporotic vertebral compression fractures

invasive surgical interventions have been used to treat
these patients by avoiding radical surgical procedures
with high mortality. Percutaneous vertebroplasty
(PVP) and percutaneous kyphoplasty (PKP) have been
increasingly used in recent decades. The risk of com-
plications of this method is less compared to open sur-
gical procedures [2]. There are numerous advantages
including restoration of height, stabilization of the ver-
tebral body, significant reduction of pain, early mobi-
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lization, and significant reduction of mortality [4, 5].
It is a great advantage to use in elderly patients with a
high general anesthesia risk.

PVP was initially performed through bilateral
pedicles. Some authors recommend performing the
procedure through a single pedicle to shorten the du-
ration of the long surgical procedure and reduce the
radiation dose. This also reduces the cost of the oper-
ation and significantly decreases the complications of
placing a second cannula, in short, the complications
of vertebroplasty [6, 7].

It is observed that some OVCFs continue to align
in the normal coronal and sagittal plane after PVP or
PVK, while others cause distortions in the coronal and
sagittal planes.

Although publications indicate that both PVPs sig-
nificantly improve the clinical outcomes of patients,
there are no clear studies on their effects on the stabil-
ity of the vertebra [7]. Some studies show that both
techniques of PVPs with single pedicle access or dou-
ble pedicle access do not impair or even correct sagit-
tal balance and do not cause a significant loss of
lordosis [7, 8]. However, there are few studies on the
effects of PVPs on the coronal balance of the verte-
brae. In this study, we tried to determine the early and
late effects of PVPs with single-pedicle and double-
pedicle access on the coronal balance of the vertebrae.

METHODS

This study evaluated OVCEF patients treated with PVP
between 2008 and 2023. Patients with neurological

deficits, bone compression of the canal, obesity, severe
cardiovascular diseases, cancer, regional infection, ra-
diotherapy, and patients with insufficient documenta-
tion were excluded. Perop specimens for pathology
were obtained from all patients. A total of 95 OVCF
patients who met these criteria were included in the
study. Of these patients, 36 were treated bilaterally and
59 with unilateral vertebroplasty. Coronal Cobb angle,
coronal segmental Cobb angle, and coronal balance of
the vertebra were measured in the radiographs taken
before surgery, in the early postoperative period, and
in the 6th month after surgery. We compared the re-
sults between both groups and tried to reveal the ef-
fects of single or double pedicle procedure on these
values. This study was approved by the Erciyes Uni-
versity institutional ethics committee (2023-788).

Radiological Evaluation

90x%35 cassettes called scoliosis cassettes and ra-
diographs taken with the same device (Multifunctional
Radiograph Unit Siemens-GERMANY)) were used as
standard. For coronal plan imaging, radiographs taken
from 1.8 meters in the posterior-anterior direction with
the patient's arms on both sides and standing were ob-
tained. Cobb and coronal balance measurements were
performed using the software in Picture Archiving and
Communication Systems (PACS). The same neurosur-
geon made all the measurements. Cobb angle meas-
urements are used for coronal segmental Cobb angle
and coronal Cobb angle, and the distance between the
central mid-sacral line and the C7 plumb line is eval-
uated for coronal balance examination [9, 10] (Fig. 1).

Fig. 1. (A) Coronal balance, (B) Cobb angle, and (C) Segmentary Cobb angle.

305

The European Research Journal | Volume 11

Issue 2 | March 2025



Eur Res J. 2025;11(2).304-310

Meral and Kog

Surgical Methods

All interventions for PVP were performed in the
operating rooms. Patients were placed in the prone po-
sition. Silicone pillows were placed under the chest
and hips to correct the kyphosis. Vertebroplasty was
performed percutaneously under C-arm control. All
patients received prophylactic first-generation
cephalosporin (Cefazolin) preoperatively. Local anes-
thesia and sedation were preferred for the procedure.
Local anesthesia was performed with 1% lidocaine.
General anesthesia was used in 7 cases where sedation
failed and the patient did not communicate well. In pa-
tients undergoing unilateral VP procedure, the proce-
dure was performed by entering 5 mm more laterally
to deliver the bone cement to the centralized region.
Polymethylmethacrylate (PMMA) bone cement
(Berlin Germany) was used in all cases. Average 2-3.5
cc methylmethacrylate was used in bilateral VP, and
3.5-4 cc methylmethacrylate was used in unilateral VP.
Patients were followed up during the operation. Pos-
sible complications were observed. Patients were mo-
bilized with a corset 3 hours after the operation. The
patients were discharged the same day after a control
X-ray and, if necessary, a control computed tomogra-
phy scan (according to the X-ray image). General
anesthesia patients were discharged the next day under
the same conditions [11].

Statistical Analysis

The data were analyzed using SPSS 22 software.
Frequency, percentage, mean value, standard devia-
tion, median value, and highest and lowest (min-max)
values were used for descriptive statistics. Pearson
Chi-square test was applied for statistical analysis of

categorical data. Shapiro Wilk test was used to check
the suitability of the data for normal distribution. Since
the independent groups of quantitative data did not
conform to normal distribution, the Mann-Whitney U
test was used in paired groups. The Wilcoxon test was
used to determine whether there was a change in the
quantitative values measured in the first and 6th month
after surgery. The Pearson correlation coefficient was
used to show the relationship between the variables.
The statistical significance of the difference was ac-
cepted as P<0.05.

RESULTS

Of the 95 patients enrolled in the study, 49 (51.6%)
were female and 46 (48.4%) were male. The mean age
of the patients was 69.1£11.5 (range: 45-89) years.
When the patients were categorized into two groups
under 65 years and 65 years and over, 37 (38.9%) pa-
tients were under 65 years and 58 (61.1%) patients
were 65 years and over. 59 patients (62.1%) were op-
erated on unilaterally and 36 patients (37.9%) were
operated on bilaterally. There was no significant corre-
lation between the surgical operation group and the gen-
der and age groups of the patients (P>0.05) (Table 1).
When the data obtained in the preoperative and
early postoperative period in patients who underwent
single and double pedicle vertebroplasty were evalu-
ated, no statistically significant difference was ob-
tained in coronal balance, Cobb angle, and segmentary
Cobb angle measurements, although there were partial

changes in the measurement values in both groups
(P<0.05) (Table 2).

Table 1. Age and gender relationship with the surgical groups of the patients

Variables All Patients Patient Surgical Groups P value
Single Pedicle Bilateral Pedicles
n % n %* n %*
Gender Female 49 51.6 31 63.3 18 36.7 0.810
Male 46 48.4 28 60.9 18 39.1
Age Groups 65 years 1 37 38.9 21 56.8 16 43.2 0.391
65 years | 58 61.1 38 65.5 20 345
All Patients 95 100.0 59 100.0 36 100.0

*Percentage of rows was used. Pearson chi-square test was used.
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Table 2. The preop, early postoperative, and 6th-month measurements of unilaterally/ bilaterally

operated patients

Measurements Single Pedicle Bilateral Pedicles
P value P value

Coronal Balance preop (mm) 2.5£1.9 <0.05 4.5£3.7 <0.05
Coronal Balance (early) mm 2.5£1.9 4.5+3.8 0.035
Coronal Balance (6. month) mm 4.0+£3.0 <0.001 4.843.8

Cobb Angle preop(°) 3.9+£3.0 <0.05 5.9+4.9 <0.05
Cobb Angle (early) (°) 4.0+3.0 5.9+5.0 0.782
Cobb Angle (6. month) (°) 6.5+4.3 <0.001 6.0£5.1

Segmentary Cobb Angle (preop) (°) 3.9+2.9 <0.05 6.0£5.1 <0.05
Segmentary Cobb Angle (early) (°) 4.0+£3.0 6.0£5.2 0.796
Segmentary Cobb Angle (6. month) (°) 6.7+4.2 <0.001 6.0£5.1

Data are shown as mean+standard deviation. Wilcoxon Signed Ranks Test was used.

When the data obtained in the early and late (mean
6 months) postoperative period in patients who under-
went vertebroplasty from a single pedicle were evalu-
ated. Coronal balance was measured as 2.5+1.9 in the
early postoperative period and 4.0+£3.0 in the 6th
month and this change was statistically significant
(P<0.001). Cobb angle was 4.0+3.0 in the early post-
operative period and 6.5+4.3 at the 6th month and this
change was statistically significant (P<0.001). Seg-
mentary Cobb angle was 4.0£3.0 in the early postop-
erative period and 6.7+4.2 in the 6th month and the
change was statistically significant (P<0.001) (Table 2).

When the data obtained in the early and late (mean
6 months) postoperative period in patients who under-

went double pedicle vertebroplasty were evaluated.
Coronal balance was 4.5+3.8 in the early postoperative
period and 4.843.8 in the 6th month and this change
was statistically significant (P=0.035). Cobb angle was
measured as 5.945.0 in the early postoperative period
and 6.0£5.1 in the 6th month and the change was not
statistically significant (P=0.782). Patients who under-
went bilateral operations. Segmentary Cobb angle was
6.0£5.1 in the early postoperative period and 6.0+5.1
in the 6th month and the change was not statistically
significant (P=0.796) (Table 2) (Figs. 2, 3 and 4).
When all patient groups (single and double pedicle
interventions) were evaluated according to gender,
preoperative, early postoperative, and 6th-month coro-
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Fig. 2. CT view of cleft at osteoporotic vertebral compression fracture (OVCF).
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Fig. 3. (A) Preoperative Cobb, (B) Postoperative Cobb, (C) Postoperative segmentary Cobb, and (D) Postoperative coronal
balance.

Fig. 4. (A) Preoperative/postoperative early/postop 6. month coronal balance and (B) Preoperative/postoperative early ve 6.
month Cobb angle.

Table 3. Preoperative/postoperative measurements according to age groups

Measurements Age groups

65 years | 65 years 1 P value

Coronal balance preop (mm) 1.8+2.2 4.0£2.2 <0.001
Coronal balance (early) mm 1.9+£2.6 4.1£2.8 <0.001
Coronal balance (6. month) 2.5+3.1 5.5+£3.0 <0.001
Cobb angle preop(®) 2.6£3.1 5.843.1 <0.001
Cobb angle (early) (°) 2.8+£3.6 5.9+3.7 <0.001
Cobb angle (6. month) (°) 4.1£3.7 7.8+4.6 <0.001
Segmentary Cobb angle (preop) (°) 2.7+£3.2 5.6£2.9 <0.001
Segmentary Cobb angle (early) (°) 2.8+£3.7 5.943.8 <0.001
Segmentary Cobb angle (6. month) (°) 4.2+3.8 7.8+4.5 <0.001

Data are shown as meantstandard deviation. Mann Whitney U Test was used.

The European Research Journal | Volume 11 | Issue 2 | March 2025 308



Eur Res J. 2025;11(2).304-310

Vertebroplasty on coronal balance

nal balance, Cobb angle and segmental Cobb angle
measurements did not differ significantly in both
groups (P>0.05). When both groups were evaluated
according to age, preoperative, early postoperative,
and 6-month postoperative Cobb angle, segmental
Cobb angle, and coronal balance measurements of pa-
tients aged 65 years and older were significantly
higher (P<0.001). In both intervention groups, there
was a positive correlation between age and Cobb
angle, segmental Cobb angle, and coronal balance
measurements in preoperative, early postoperative,
and 6-month measurements (P<0.05) (Table 3) (Figs.
2,3 and 4).

DISCUSSION

PVP is a much more successful treatment method than
conservative treatment methods in treating treatment-
resistant pain or acute pain in OVCF patients [11].
Moreover, when applied in multiple vertebral frac-
tures, it has been reported to be effective and has sim-
ilar results compared to single-level procedures in
terms of healing, gaining mobility and pain relief [7,
12, 13]. Tohmen et al. [13] reported in their biome-
chanical tests on cadavers that unilateral or bilateral
PKF did not affect the recovery of the vertebral corpus
to its preoperative strength or stiffness.

In a study published in 2023, Tan et al. [8] showed
that unilateral and bilateral PVP gave similar results
in reducing pain complaints and maintaining the
height of the vertebra, both models had a positive ef-
fect on the restoration of lordosis with no significant
difference on sagittal balance. However bilateral PVP
had advantages over unilateral PVP in stabilizing
coronal balance. They reported that the loss of im-
provement in coronal balance was more pronounced
in multilevel vertebroplasty. In this study, they also
stated that balance changes are not only caused by the
loss of height in the vertebral body but also by the ad-
jacent segment and the intervertebral disc. Secondary
scoliosis that may occur after surgery is caused by the
effect of these factors.

In our study, there was a statistically significant
loss of coronal correction in the measurements of pa-
tients who underwent unilateral PVP after 6 months
of surgery, whereas no measurements were obtained
to show loss of coronal balance in the measurements

of patients who underwent bilateral PVP. In addition,
it was observed that coronal imbalance of the verte-
brae after vertebroplasty was more common in pa-
tients over 65 years of age than in patients under 65
years of age. Cement distribution affects biomechan-
ical balance [14]. It is recommended to place the bone
cement symmetrically in the corpus during the PVP
procedure [12, 15]. If the PVP is done through both
pedicles, the stiffness of the spine increases on both
sides of the corpus, but if this is done unilaterally and
the cement is not evenly distributed and limited to only
one side of the corpus, then only the side that is ce-
mented will increase in stiffness and the other side will
be weaker. This will create a biomechanical stress im-
balance on the adjacent vertebrae. [15, 16]. This may
explain the negative effect of unilateral PVP on coro-
nal balance. The increased use of PVP in the treat-
ment of OVCFs has led to more careful observation
of the clefts in the vertebrae called clefts in OVCFs.
Filling the clefts should be the primary goal in PVP.
Patients with incomplete filling of the clefts are
thought to achieve a return to preoperative baseline
pain and deformity within 6 to 12 months [18]. Recent
studies suggest that intervertebral clefts in OVCF af-
fect the effects of PVP on clinical recovery and com-
plications that may occur [18]. Therefore, it is
necessary to detect intervertebral clefts during the
treatment of patients with OVCF. MRI images are im-
portant here. Contrast MRI may show a hypointense
area in a homogenous contrasting corpus or a hyper-
intense area in T1 and T2 sequences [19].

CONCLUSION

Patients with OVCF have significant clinical improve-
ment as a result of PVP made of single or double pedi-
cles. Pain is greatly reduced. Height improves
significantly. However, from the radiographic point of
view in the long-term follow-up, we think that bilat-
eral PVP provides an advantage over the unilateral ap-
proach in maintaining the coronal balance and
stabilization of the coronal Cobb angle in patients with
OVCEF, and that age over 65 years is a negative factor
in terms of the coronal balance of the vertebrae after
vertebroplasty. We believe that more long-term and
numbered studies are also necessary.
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