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Abstract
Purpose  To evaluate the effects of percutaneous vertebroplasty (PVP) with conventional transpedicle approach (CTA) or 
basal transverse process-pedicle approach (BTPA) on the treatment of thoracolumbar osteoporotic vertebral compression 
fractures (TL-OVCFs) with narrow pedicles.
Methods  A retrospective study of TL-OVCFs with narrow pedicles was performed, including 78 cases of CTA and 84 cases 
of BTPA. The surgical outcomes, radiographic parameters [the width and height of the pedicle (PW, PH), the inclination 
angle of puncture (PIA)] and clinical indicators [visual analog scale (VAS) score, Oswestry Disability Index (ODI)] of two 
groups were compared.
Results  In terms of surgical outcomes of them, there was no difference in operation time (P > 0.05), while the volume of 
bone cement, the incidence of bone cement leakage and rate of good bone cement distribution were significantly worse in the 
CTA group (4.4 ± 0.6 ml vs. 5.5 ± 0.5 ml, 37.2% vs. 20.2%, 52.6% vs. 79.8%, P < 0.05). As for radiographic parameters and 
clinical indicators of them, the differences were not observed in the PH, PW, preoperative VAS score and ODI (P > 0.05), 
whereas the PIA, VAS score and ODI at 1 day postoperatively were significantly better in the BTPA group (17.3 ± 2.1° vs. 
29.6 ± 2.8°, 2.7 ± 0.7 vs. 2.1 ± 0.8, 32.8 ± 4.6 vs. 26.7 ± 4.0, P < 0.05).
Conclusion  The study provided solid evidence that PVP with BTPA had more advantages in the treatment of TL-OVCFs 
with narrow pedicles, which can better relieve postoperative pain.

Keywords  Percutaneous vertebroplasty · Osteoporotic vertebral compression fracture · Thoracolumbar vertebral body · 
Narrow pedicles · Conventional pedicle approach · Basal transverse process-pedicle approach

Introduction

Global aging is unstoppable and has resulted in a serious 
situation of osteoporosis [1, 2]. Osteoporosis is characterized 
by increasing bone fragility and can easily lead to osteoporo-
tic vertebral compression fractures (OVCFs) [3], which have 
become a severe health problem because of high mortality 
and disability rate [4–6]. Thoracolumbar vertebra usually 
refers to the T11-L2 spinal level, which is the most com-
mon location of OVCFs because of the anatomical charac-
teristics [7]. Nowadays, percutaneous vertebroplasty (PVP) 
has achieved good clinical results in the treatment of thora-
columbar OVCFs (TL-OVCFs) [8, 9]. The classic puncture 
approach of PVP is conventional transpedicle approach 
(CTA). However, due to the anatomical specificity of the 
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thoracolumbar pedicles, its inner inclination angle is smaller 
than that of the lower lumbar spine [10]. Besides, a few 
pedicles are narrow due to anatomic variation, and its width 
is lower than normal value [11]. Therefore, the anatomical 
characteristics of narrow pedicles not only greatly increase 
the puncture difficulty of PVP with CTA, but also cause 
poor distribution and inadequate injection of bone cement, 
which can lead to poor postoperative symptom relief. Basal 
transverse process-pedicle approach (BTPA) is performed 
at the base of transverse process, which enters the vertebral 
body through the transverse process and pedicle. The incli-
nation angle of puncture (PIA) of BTPA is larger than that 
of CTA [10], which can help the puncture needles to reach 
the center area of the vertebral body. Thus, the purpose of 
this study was to compare the clinical effects of two different 
puncture approaches on the treatment of TL-OVCFs with 
narrow pedicles.

Methods

Patient characteristics

This study was approved by our hospital’s Institutional 
Review Board, and informed consent was waived due to the 
retrospective nature of this study. The clinical data of single-
segment TL-OVCFs (T11-L2) with narrow pedicles from 
March 2017 to March 2020 were retrospectively analyzed. 
Based on previous measurements of the normal value of 
thoracolumbar pedicles [12, 13], the diameter of the narrow-
est area in most thoracolumbar pedicles is generally greater 
than 7.5 mm. Therefore, in this study, if the width of the nar-
rowest area of the pedicle measured on cross-sectional com-
puted tomography (CT) is ≤ 6 mm, it is defined as the narrow 
pedicle. According to the different puncture approaches, they 
were divided into CTA group (78 cases) and BTPA group 
(84 cases). The surgical outcomes, radiographic parameters 
and clinical indicators of the two groups were compared. 
The inclusion criteria were as follows: (1) Single-segment 
fresh TL-OVCFs; (2) The width of the narrowest part of 
the bilateral pedicles ≤ 6 mm; (3) Mild vertebral collapse, 
loss of vertebral height < 25%; (4) No spinal cord injury; 

(5) The osteoporotic fracture (OF) classification of German 
Society for Orthopaedics and Trauma was OF1-OF2, and the 
score was ≥ 6 points [14, 15]. The exclusion criteria were as 
follows: (1) Pathological fractures caused by tuberculosis, 
tumor and infection; (2) With severe degenerative diseases 
such as scoliosis and lumbar disc herniation; (3) Combined 
with posterior fascia edema; (4) Inability to operate due to 
serious diseases; (5) Incomplete follow-up data.

The baseline data of patients are shown in Table 1. There 
were no significant differences in age, gender, bone mineral 
density, injured vertebral segment, fracture time, OF clas-
sification and score between the two groups (P > 0.05).

Surgical procedures and postoperative 
management

Both groups underwent bilateral puncture approach. The 
C-arm X-ray machine was used to locate the projection point 
of the pedicle on both sides of the injured vertebra (CTA 
group) or the projection point of the base of the transverse 
process (BTPA group) (Fig. 1). After disinfection and local 
anesthesia, incisions were made about 5 mm at the bilateral 
projection points. The puncture needles were inserted into 
the pedicles (CTA group) or the center of the basal trans-
verse processes (BTPA group). Under C-arm X-ray machine 
guidance, the puncture needles of two groups were placed 
into the appropriate position of the vertebral body. Then, 
the bone cement was carefully injected guided by the C-arm 
X-ray machine. During the operation, bone cement leakage 
was observed. When the bone cement had solidified, the 
incisions were covered with gauze.

All patients were given standard anti-osteoporosis therapy 
after surgery, including basal therapy (Calcitriol capsules 
and calcium carbonate D3 were taken orally) and anti-oste-
oporosis therapy (Zoledronic acid was given intravenously). 
At 1 day postoperatively, the patients got out of bed with 
waist brace for rehabilitation.

Clinical and radiologic assessment

Clinical indicators included visual analog scale (VAS) score 
and Oswestry Disability Index (ODI), which were used 

Table 1   Baseline data between 
the two groups

Variable CPA group BTPA group P value

Age (years) 74.7 ± 5.5 74.2 ± 5.6 0.602
Gender (female/male, number) 17/61 14/70 0.407
Bone mineral density (T score) 3.5 ± 0.5 3.5 ± 0.6 0.590
Injured vertebral segment (T11-L2, cases) 4/6/47/21 3/7/51/23 0.982
OF classification (I/II, cases) 35/43 43/41 0.421
OF score (points) 7.8 ± 1.2 7.9 ± 1.3 0.750
Fracture time (days) 5.7 ± 2.9 5.4 ± 3.1 0.541
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to evaluate value of pain and impact of life, respectively. 
Radiographic parameters included the width and height of 
the pedicle (PW, PH) and PIA. The PW, PH and PIA were 
measured based on cross-sectional and sagittal CT (Fig. 2). 
The values of radiographic parameters were averaged by 
two experienced spinal surgeons as final results. The crite-
ria for good bone cement distribution include that the bone 
cement evenly dispersed in the vertebral body on the lateral 

X-ray and in the central part of the vertebral body on the 
anteroposteric X-ray, and dispersed to the upper and lower 
endplates.

Statistical analysis

The SPSS26.0 statistical software was applied for data analy-
sis. The quantitative data were expressed as mean ± standard 

Fig. 1   CTA group (A–C) and BTPA group (D–F). A and D The blue 
arrow represented the projection point and the puncture point. B and 
E The red arrow showed the location of the intraoperative puncture. 
C and F The black line indicated the puncture channel, and the blue 

area symbolized the direction of bone cement diffusion (CTA group: 
from the lateral area to the periphery, BTPA group: from the center to 
the periphery)

Fig. 2   A The width of the narrowest area of the bilateral pedicles on 
cross-sectional CT represented PW (bilateral red lines). B The height 
of the medial area of the pedicle on sagittal CT was measured as PH 

(the red line). C, D PIA was formed by the intersection of the midline 
of the vertebral body and the puncture approach (C for CTA and D 
for BTPA)
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deviation. When the data were normally distributed, the 
independent sample T test was used for inter-group com-
parison. The count data were expressed as frequency, 
and the Chi-square test was used for comparison between 
two groups. P value < 0.05 was considered statistically 
significant.

Results

Surgical outcomes

The surgical outcomes are summarized in Table  2. All 
patients were operated on successfully without severe com-
plications such as spinal cord injury and pulmonary embo-
lism related to bone cement leakage. There was no statisti-
cal difference in the operation time between the two groups 
(P > 0.05), while the volume of bone cement in the CTA 
group was less than that in the BTPA group (4.4 ± 0.6 ml 
vs. 5.5 ± 0.5 ml, P < 0.05). As for rate of good bone cement 
distribution, the BTPA group was better than CTA group 
(79.8% vs. 52.6%, P < 0.001). In the CTA group, bone 
cement leakage occurred in 29 cases, while the BTPA group 
had 17 cases of bone cement leakage. The incidence of bone 
cement leakage in the CTA group was higher than that in the 
BTPA group (37.2% vs. 20.2%, P < 0.05).

Radiographic parameters

The comparison of radiographic parameters between the two 
groups is shown in Table 3. There were no significant differ-
ences in the PH and PW between the two groups (P > 0.05). 
The PIA of CTA group was 17.3 ± 2.1°, while that of BTPA 
group was 29.6 ± 2.8°, and there was a statistical difference 
between them (P < 0.001).

Clinical indicators

The comparison of clinical indicators between the two 
groups is presented in Table 4. The clinical indicators of 
both groups were significantly improved at 1 day postop-
eratively. The VAS score and ODI in CTA group and BTPA 
group decreased from (7.5 ± 0.8, 73.7 ± 5.5, 7.4 ± 0.9, 
74.2 ± 5.3) at preoperation to (2.7 ± 0.7, 32.8 ± 4.6, 2.1 ± 0.8, 
26.7 ± 4.0) at 1 day postoperatively, respectively. There were 
no differences in preoperative VAS score and ODI between 
the two groups (P > 0.05). However, the VAS score and 
ODI of BTPA group was better than those of CTA group at 
1 day postoperatively (P < 0.05). Typical cases are shown 
in Figs. 3 and 4.

Discussion

It has confirmed that the morphology and anatomical struc-
tures of the pedicles are crucial for puncture of PVP [10]. 
In clinical practice, it is obvious that thoracolumbar narrow 
pedicles are not rare and more common in short women [11], 
which increase the difficulty of puncture, operative time and 
trauma. Based on anatomical and mechanical characteristics, 
TL-OVCFs are different from the lower lumbar spine and 
prone to kyphosis and collapse with improper treatment [16, 
17]. Therefore, it is necessary to accurately understand the 
anatomical characteristics of narrow pedicles and important 
to explore the optimal puncture approach of PVP.

Good distribution of bone cement in PVP is required to 
achieve better clinical effects [18]. However, it is closely 
related to the ideal puncture point and larger PIA [10], which 
should be paid more attention to especially for TL-OVCFs 
with narrow pedicles. During the process of CTA, the 

Table 2   Comparison of surgical 
outcomes between the two 
groups

Variable CPA group BTPA group P value

Operation time (min) 52.1 ± 9.5 51.6 ± 10.3 0.729
Volume of bone cement injected (ml) 4.4 ± 0.6 5.5 ± 0.5  < 0.001
Bone cement leakage (cases) 29 (37.2%) 17 (20.2%) 0.017
Good bone cement distribution (cases) 41 (52.6%) 67 (79.8%)  < 0.001

Table 3   Comparison of radiological parameters between the two 
groups

Variable CTA group BTPA group P value

PH (mm) 15.2 ± 1.1 15.4 ± 1.3 0.345
PW (mm) 5.3 ± 0.5 5.2 ± 0.4 0.420
PIA (°) 17.3 ± 2.1 29.6 ± 2.8  < 0.001

Table 4   Comparison of clinical indicators between the two groups

Variable CTA group BTPA group P value

VAS (score)
Preoperation 7.5 ± 0.8 7.4 ± 0.9 0.499
1 days postoperatively 2.7 ± 0.7 2.1 ± 0.8  < 0.001
ODI(%)
Preoperation 73.7 ± 5.5 74.2 ± 5.3 0.579
1 days postoperatively 32.8 ± 4.6 26.7 ± 4.0  < 0.001
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puncture needles should be completely inside the pedicle to 
avoid enter the spinal canal. Due to the anatomical character-
istics of TL-OVCFs with narrow pedicles, the PIA of CTA 
is significantly smaller [11]. However, the puncture point 
of BTPA group was located at the base of the transverse 
process and more outward than that of CTA group. Thus, 
the PIA was significantly higher than that of the CTA, and it 
was easier to reach the central area of the damaged vertebra 
where stress was concentrated on.

Bone cement leakage is one of the common complica-
tions of PVP [19], which can lead to biomechanical changes 
of injured vertebra and even spinal cord injury in severe 
cases [20]. For TL-OVCFs with perivertebral wall damage, 
the incidence of soft tissue leakage, intravascular leakage 
and intervertebral disk leakage is significantly increased [21, 
22]. When PVP was performed with CTA, the channel of 
bone cement could not get close to the central area due to 
the smaller PIA. Then, the dispersion direction was from 
bilateral area of the vertebral body to the periphery during 

bone cement perfusion, which not only easily resulted in 
poor distribution of bone cement in the central area, but also 
significantly increased risk of bone cement leakage. Once 
bone cement leakage occurs during operation, surgeons 
often stop or reduce the injection of bone cement in order 
to avoid complications, which may lead to hypoperfusion of 
bone cement. However, in the BTPA group, the bone cement 
could reach the central area and diffuse from the central area 
to the periphery due to the larger PIA. Therefore, BTPA 
not only ensured the effective perfusion and facilitated the 
good distribution, but also reduced the risk of bone cement 
leakage.

The short-term purpose in the treatment of TL-OVCFs 
is to rapidly reduce pain and eliminate incapacitation [9]. 
The results of this study showed that clinical indicators in 
both groups were obviously improved at 1 day postopera-
tively. However, the postoperative VAS and ODI of CTA 
group were worse than those of BTPA group. The reason 
was the difference of bone cement perfusion and distribution 

Fig. 3   A 74-year-old female suffering from TL-OVCFs (L1) under-
went PVP with BTPA. A Anteroposterior radiograph presented nar-
row projection of the bilateral pedicles. B The cross-sectional  CT 
showed the width of the narrowest area of the bilateral pedicles was 
less than 6  mm and vertebral body wall damage. C Magnetic reso-
nance imaging (MRI) suggested that vertebral compression fracture 
of L1. D The intersection between the edge of the vertebral body and 

the base of the transverse process was used as the puncture point. E, 
F Two needles reached the inner wall of the pedicle projection with a 
larger PIA on the anteroposterior radiograph and the posterior edge of 
the vertebral body on the lateral radiograph. G, H Postoperative radi-
ographs showed good bone cement distribution without bone cement 
leakage
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between the two groups. It has concluded that the analgesic 
effect of high-dose bone cement is better than that of low-
dose bone cement [23]. Besides, if bone cement is com-
pletely distributed in the fracture area, it can effectively 
strengthen the vertebral body and significantly relieve post-
operative pain [24]. Therefore, how to effectively inject 
high-dose of bone cement and distribute it in the fracture 
area during PVP are particularly important. In this study, 
because of the smaller PIA of CPA group, bone cement dis-
tribution was poor, especially the fracture area in the center 
of vertebral body. Whereas in the BTPA group, the distribu-
tion of bone cement in the central area was good due to the 
larger PIA. Therefore, the postoperative clinical indicators 
of BTPA group were better than those of CTA group after 
surgery.

The study has some imitations. First of all, this is a 
single-center, retrospective and controlled study, which 
need to be further validated by multicenter, prospective 
and randomized studies. Secondly, the sample size in this 

study is small and a larger-sample is needed to reduce 
errors. Finally, this study did not discuss the follow-up 
results, especially the comparisons of long-term compli-
cations. Therefore, we will conduct a large-sample size, 
multicenter controlled study and further compare the fol-
low-up results to improve this study in the future.

Conclusion

In conclusion, both groups of PVP were safe and effec-
tive in the treatment of TL-OVCFs with narrow pedicles. 
However, BTPA group has the larger PIA, higher-dose 
bone cement perfusion, better bone cement distribution 
and lower bone cement leakage incidence, which can more 
effectively relieve pain after surgery.

Fig. 4   A 72-year-old female suffering from TL-OVCFs (L2) under-
went PVP with CTA. A Anteroposterior radiograph showed narrow 
projection of the bilateral pedicles. B The cross-sectional  CT pre-
sented the width of the narrowest area of the bilateral pedicles was 
less than 6  mm and vertebral body wall damage. C MRI suggested 
that vertebral compression fracture of L2. D The location of external 

wall of the pedicle projections were used as the puncture points. E, F 
Two needles reached the inner wall of the pedicle projection with a 
smaller PIA on the anteroposterior radiograph and the posterior edge 
of the vertebral body on the lateral radiograph. G, H Postoperative 
radiographs showed poor distribution and bone cement leakage
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