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Abstract

BACKGROUND
The purpose of this study was to comparison of unilateral and bilateral percutaneous vertebroplasty in
the treatment of severe vertebral compression fractures.

METHODS
Sixty-four severe vertebral compression fractures patients were treated in our hospital were randomly
divided into group A and group B(n = 32). Group A received Percutaneous vertebroplasty (PVP) treatment
by unilateral vertebral pedicle approach. Group B received PVP treatment by bilateral vertebralpedicle
approach. Visual Analogue scale (VAS) score and Oswesty Disability Index (ODI) were recorded before
surgery, and at 1d,1 month, and 6 months after operation. Also, the puncture path, needle position,
intraoperative bone cement injection volume, bone cement dispersion, intra-operative and postoperative
complications were observed.

RESULTS
Sixty-four vertebrae were successfully punctured.The postoperative VAS,ODI were lower than
preoperative, showed statistical difference compared with the preoperative VAS, ODI, but there are no
difference between Group A and Group B.The cement leakage and operation time is lower in group A than
that in Group B.

CONCLUSION
PVP by unilateral vertebral pedicle approach in treating severe vertebral compression fractures can
signi�cantly relieve pain and promote functional recovery, which has advantages such as convenient
operation and low complication rate.

Introduction
Thoracolumbar compression fractures can cause intractable pain [1, 2]. Percutaneous vertebroplasty
(PVP) is an effective method for the treatment of thoracolumbar compression fractures, but it is still
controversial on whether it is feasible to apply vertebroplasty for severe vertebral compression fractures.
Deramond et al[3]pointed the di�culty to puncture for severe vertebral compression fractures during PVP
surgery and the high risk of cement leakage and inaccurate e�cacy, which was the relative
contraindication of PVP. With the continuous improvement of PVP technology, recently scholars believe
that it is feasible to apply vertebroplasty for severe osteoporotic vertebral compression fractures, but
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there are controversial issues such as the puncture path, needle position, bone cement injection
amount[4].And vertebral compression fracture combined with spinal cord compression is the
contraindication of PVP[5]. From January 1, 2011 to January 1, 2015, our department used PVP by
unilateral vertebralpedicle approach for treating severe vertebral compression fractures (including
vertebral metastases combined with spinal cord compression), and have achieved satisfactory short-term
effect. In this study, Comparison of unilateral and bilateral percutaneous vertebroplasty in the treatment
of severe vertebral compression fractures.

Materials And Methods
Clinical data

Inclusion criteria: severe vertebral compression fractures patients combined with pain (vertebral
compression level > 70%). By using the middle sagittal MRI of the vertebral body as the measurement
image, we measured the maximum vertebral collapse height after fracture, and obtained the compression
degree of the vertebral body by comparing with the prevertebral height of the corresponding vertebrae
before fractures, or the near-normal vertebral height. Exclusion criteria: patients with coagulation
disorders, severe heart and lung disease and acute infection; patients with fracture healing shown by CT
and MRI; fracture patients with asymptomatic sclerosis within the vertebral body. This study was
approved by the Ethics Committee of Guizhou Provincial People’s Hospital.

Group A: Thirty-two severe vertebral compression fractures patients were treated in our hospitalincluding
9 males and 23 females. Their age ranged from 63–81 years, with an average of 73.2 years. The disease
duration lasted for 3 d to 1 year. The vertebral distribution showed thoracic vertebrae in 20 cases and
lumbar vertebrae in 12 cases. There were 32 cases of osteoporotic vertebral compression fracture, 25
cases of fresh fractures, and 7 cases of old fractures, with the fracture compression degree of 70%-85%.
The compression degree was obtained by comparing the vertebral height with the adjacent normal
vertebral bodies. There were 6 patients with a history of steroid use, 5 patients with diabetes, and 2
patients with trauma history. Group B: Thirty-two severe vertebral compression fractures patients were
treated in our hospitalincluding 10 males and 22 females. Their age ranged from 65-82years, with an
average of 73.8 years. The disease duration lasted for 5 d to 1 year. The vertebral distribution showed
thoracic vertebrae in 21 cases and lumbar vertebrae in 11 cases. There were 32 cases of osteoporotic
vertebral compression fracture, 24 cases of fresh fractures, and 78 cases of old fractures, with the
fracture compression degree of 70%-88%. There were 4 patients with a history of steroid use, 6 patients
with diabetes, and 3 patients with trauma history.

Operation methods

Type of fracture and puncture needle position selection: the compression fracture was divided into upper
type, middle type and lower type based on the preoperative X-ray. The upper type, middle type and lower
type represents the residual parts after vertebral compression as the upper, middle and lower parts of the
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vertebral body. All patients received unilateral transpedicular puncture under the guidance of C-arm
�uoroscopy. According to X-ray type design and the needle entry point and angle, the upper type fracture
required to needle from the middle and lower parts of the vertebral pedicle, and the needle angle should
be toward the head side; the middle type fracture required to needle from the middle parts of the vertebral
pedicle, and the needle angle should be in the horizontal direction; the lower type fracture required to
needle from the upper parts of the vertebral pedicle, and the needle angle should be toward the trailing
side.Patients were put in prone position, and the outer and superior edge of the vertebral pedicle was
selected as the needle entry point under the C-arm orientation. 1% lidocaine was used for local
anesthesia, 2.5 mm or 3.5 mm puncture needle was used to enter into the outer and upper edge of the
vertebral pedicle, the needle was maintained at abduction direction, and the needle tail was tilted toward
the head side. The needle tip was toward the middle compressive vertebral body, the needle entry
direction and depth were monitored. If the needle reached at a satisfactory position, the polymethyl
methacrylate bone cement was reconciled into the “drawing-off stage” and injected with spiral propeller.
Pressure-controlled injection was applied with the sustained lateral monitoring, and stopped until the
bone cement was near the posterior edge of the vertebral body. Percutaneous kyphoplasty (PKP): balloon
tamps were inserted through the working channel and placed in theanterior three fourths of the vertebral
body in the lateralview. The balloons were then in�ated slowly to reducethe fracture and to create a cavity
for the injection ofcement. The in�ation was stopped when the pressurereached 200 psi or the balloon
contacted the endplate. They were then de�ated and removed. Polymethyl-methacrylate (PMMA) cement
was injected incrementally to �ll the cavity when it became doughy and could stand at the tip of the bone
cement inserter.In case of leakage occurred during injection process, we immediately stopped injection
and properly withdraw the syringe to reduce pressure and locally compressed after needle withdrawal.
Lateral �uoroscopy was used to examine the distribution of bone cement. If the bone cement was poorly
distributed within the vertebral body and failed to diffuse to the contralateral side, we applied
contralateral pedicle puncture to inject bone cement, and covered with topical sterile dressing after pulling
out the needle. Patients were asked to lie in bed for 6 hours.

Observation indexes

Visual analog scale (VAS) was used to evaluate patients’ pain before operation, and at 1 d, 7 d, 1 month
and 6 months after operation. Oswestry Disability Index (ODI) was used to assess functional recovery of
patients. Also, the relationship between bone cement injection amount and pain relief was analyzed. The
relationship between needle position and bone cement diffusion within the vertebral body was analyzed.
Operation time, Complications such as leakage of bone cement, and pulmonary embolism were observed.

Statistical analysis
Statistical data are expressed as mean ± standard deviation. SPSS 16.0 statistical package was used for
data processing, paired t-test was applied to evaluate VAS and ODI changes before surgery and after
surgery. Comparison between group A and group B using independent sample T test. P < 0.05 was
considered statistically signi�cant.



Page 5/11

Results
The postoperative VAS scores and ODI at each time point were lower than preoperative scores, with
statistical differences. But there are no differences between Group A and Group B. (Table 1–2). The
intraoperative bone cement amount was 0.8–4.5 ml, with an average of 3.2 ml. Nineteen vertebrae were
injected with 0.8-2.0 ml of bone cement amount, 23 vertebrae were injected with 2.1–4.5 ml.There was no
statistical difference in preoperative and postoperative VAS scores between patients with injection
amount of 0.8-2.0 ml bone cement and with injection amount of 2.1–4.5 ml. The operation time in Group
A is lower than that in Group B, The bone cement volume in Group A is lower than that in Group B, with
statistical differences.(Table 3).

Needle position and distribution of bone cement: GroupA:32 vertebrae were successfully punctured, with
success rate of 100%. Twenty-�ve vertebral puncture needles reached the previous 1/3 vertebral body,
and 12 vertebral needles reached the middle of the vertebral body. Five vertebral puncture needle reached
the last 1/2 of the vertebral body, but the bone cement was well distributed within the vertebral body
without leakage (Fig. 1). The bone cement injection failed to spread to the contralateral side in 3
vertebrae, which was �nally treated with contralateral vertebral pedicle puncturation.

Group B: 32vertebrae were successfully punctured, with success rate of 100%.

Complications: Group A: bone cement was found to leak to the intervertebral disc and adjacent soft
tissues during the vertebral plasty process in 7 vertebrae, including 1 front leakage, 4 intervertebral
leakage, and 2 vascular leakage. No clinical symptoms were found among the 7 patients. One case
occurred 2 days after intercostal neuralgia, which disappeared completely after nerve block treatment.
Three patients occurred adjacent vertebral fractures at 7 days, 3 months and 8 months after surgery,
respectively, who were cured by re-performing vertebroplasty. Group Bbone cement was found to leak to
the intervertebral disc and adjacent soft tissues during the vertebral plasty process in 6 vertebrae,
including 1 front leakage, 3 intervertebral leakage, and 2 vascular leakage. No clinical symptoms were
found among the 6 patients. Four patients occurred adjacent vertebral fractures at 3 days, 10days 3
months and 8 months after surgery, respectively, who were cured by re-performing vertebroplasty.

Discussion
Severe vertebral compression fractures is a special type of spinal compression fractures in elderly
patients, and the vertebral compression generally exceeded 2/3 of the original height. Most scholars
believe that such compression fracture is excessive, and that it is di�cult for needle to enter vertebral
body, which may cause puncture needle to perforate vertebral body, vertebral bone cement leakage,
vertebral injury or needle being unable to reach the desired position. Hence, most patients received
conservative treatments such as bed rest and medication unless they were combined with neurological
symptoms[6, 7]. But long-term bed rest can produce complications such as pneumonia, pulmonary
embolism, decubitus, malunion, or develop into chronic fracture because of poor healing. A small number
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of patients can develop disuse osteoporosis or become disabling and even fatal due to long-term
bedridden, muscle atrophy and reduced weight-loading. Thus, scholars try to use surgical treatment for
severe compression fracture[8, 9]. But it is still controversial on the puncture path and bone cement
injection. Chen C reported Severe OVCFs should be candidates for PVP. The unilateral PVP can get the
same clinical results with fewer complications compared with the bilateral PVP. Signi�cant improvement
on the visual analog scale and Oswestry disability index scores were noted in each group, and there were
no signi�cant differences between the 2 groups. Cement leakage was seen more in bilateral PVP[10, 11].

In this study, the authors Compared unilateral and bilateral percutaneous vertebroplasty in the treatment
of severe vertebral compression fractures. and found that pain of both groups was relieved, function was
well recovered, surgery process was easy and feasible, and the complication rate was low.

In the present study, the patients pain relief rate was 100%, and the puncturation success rate was 100%.
During vertebroplasty process, it is generally considered that the tip of puncture needle should be in front
of the 1/3 of the vertebral body. But needle can only reach the middle or the posterior 1/3 of the vertebral
body in patients with severe vertebral compression. This study observed that, even if the needle could not
reach into the middle or even less than 1/2 of the vertebral body, bone cement can be well distributed and
have no signi�cant leakage within the vertebral body because of the cement �uidity under severe
osteoporosis condition. In this study, needle can only reach the middle or posterior 1/3 vertebral body in 4
vertebrae, but the authors used spiral pressure to slowly inject bone cement under the C-arm �uoroscopy
monitoring, without leakage occurrence. Moreover, some patients had good bone cement distribution
within the vertebral body. The study observed that the needle position was not associated with whether
the bone cement dispersed to the contralateral side. However, MRI in this study showed that in the 4
patients who failed to spread bone cement to the contralateral side, STIR had low signal change on
vertebral body and bone cement was poorly dispersed, while bone cement was better dispersed in
vertebrae with high signal change on STIR shown by MRI. But even in the 4 patients who failed to spread
bone cement to the contralateral side, the pain was relived too.

During surgical process, when needle failed to reach the posterior edge of the vertebrae under lateral
perspective observation, the anteroposterior needle tip can not exceed the medial border of the pedicle.
Meanwhile, it should be noted that the needle should pass through the vertebra and try not to destroy the
superior and inferior endplate. Theoretically, larger amount of bone cement injection can obtain greater
vertebral intensity support and better clinical effect. However, clinical studies have shown that bone
cement injection volume is not directly related to the clinical analgesic effect, and the amount of bone
cement injection had no effect on vertebral fracture within 1 year[12].

Cement leakage: calcium phosphate cement (CPC) is biodegradable and its solidi�cation temperature is
low, which can reduce thermal damage to adjacent tissue even leakage occurs. Kaufmann et al. reported
that the injected dose was not signi�cantly related with the therapeutic effect of bone cement. In PKP, if
the injection dose of bone cement was over the maximum volume of the cavity formed by balloon
expansion, the pressure within the vertebral body would be suddenly increased, and the probability for
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bone cement leakage was larger. Belkoff et al. suggested that, 2 ml injection of bone cement could
restore the vertebral strength. Studies showed that 3 ml of thoracic injection and of 5 ml lumbar
injections could obtain good e�cacy. However, previous studies have reported that PVP for treating
severe vertebral compression fractures had higher cement leakage rate. Marc et al. reported that 34 of
37vertebrae occurred vertebral bone cement leakage, with the leakage rate of 91.9%[13, 14]. Wilfred
reported the bone cement leakage rate of 43%[15] and Casey et al. the leakage rate of 72%[16]. Patients
with bone cement leakage had no clinical signs of leakage, and no other complications, which may be
related to the amount of bone cement injected. In the reported studies with high leakage rate which used
vertebroplasty for severe compression fracture surgery, the amount of injected bone cement was large,
and was generally higher than 6 ml. In this study, most patients were injected with 1–4 ml of bone
cement injection. In this study, only 4 of 32 vertebrae were found with bone cement leakage in group A, 9
of 32 vertebrae were found with bone cement leakage in group B.the proportion of CPC leakage was not
high, with the leakage rate of 12.5% in group A, 27.7% in group B. This study observed that even small
doses of bone cement injection can get good results and signi�cantly reduce the risk of leakage in
patients with severe compression fractures due to small vertebral space.

In summary,both unilateral and bilateral vetebral pedicle approach for severe vertebral compression
fractures, preoperative radiologic assessment and bone cement injection under C-arm guidance in
percutaneous vertebroplasty can obtain satisfactory results.PVP by unilateral vertebral pedicle approach
in treating severe vertebral compression fractures can signi�cantly relieve pain and promote functional
recovery, which has advantages such as convenient operation and low complication rate.
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Tables
Table1 VAS scores between two groups before and preoperative n=32

  T1 T2 T3 T4
A 7.31±0.93 1.88±1.01A 1.25±0.62AB 1.31±0.64ABC

B 7.19±0.86 1.84±0.88A 1.34±0.55AB 1.44±0.56ABC

P 0.579 0.896 0.524 0.412
F 0.312 0.017 0.411 0.681

Note PA: Compared with T1 P<0.05 PB: Compared with T2  P<0.05 PC: Compared with T3 P<0.05.

 

Table2 Oswesty scores between two groups before and preoperative n=32

  T1 T2 T3 T4
A 82.91±6.62 27.84±8.47A 15.75±6.55AB 11.53±6.65ABC

B 82.5±7.18 27.81±8.52A 15.72±6.17AB 10.81±5.58ABC

P 0.494 0.749 0.449 0.984
F 0.474 0.103 0.581 0.000

Note PA: Compared with T1 P<0.05 PB: Compared with T2  P<0.05 PC: Compared with T3 P<0.05.
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  Operation time(min) bone cement volume( ml)
A 30.66±2.87 1.88±0.65
B 39.59±3.46A 2.55±0.62A

P 0.000 0.000
F 126.392 17.927

Note PA: Compared with Group A P<0.05

 

 

Figures

Figure 1

a-c:Thoracic MRI TlWI, T2WI, STIR showed compression of T11 vertebral, low signal on TlWI and T2WI,
high signal on STIR, cysts-like change within the thoracic vertebra; the maximum vertebral collapse of
T11 was 0.30 cm, and the height of the corresponding position of T12 vertebral body was 1.51cm, with
the collapse level as high as 81.2%; d-e:The puncture needle was inserted into the posterior 1/3 of T11
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vertebra through the left vertebral pedicle and anteroposterior observation showed that the needle tip did
not pass through the vertebral midline; f-g: After injection of bone cement injection of 0.8 ml, the
anteroposterior and lateral X-rays showed that the bone cement was well distributed, with no signi�cant
bone cement leakage.


