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Abstract
Objective: To observe and analyse the effect of percutaneous penetration of bone cement augmentation
on the treatment of osteoporotic compressive fracture and bone non-union and explore its safety.
Methods: Subjects in the study were 60 cases of osteoporotic vertebral compression fractures with bone
non-union in our hospital. All of these patients received treatment from May 2014 to May 2017 and
underwent targeted puncture under local anesthesia and imaging surveillance with the bone end of nonunion augmented with cemented bone. Visual Analogue Scale (VAS) and Activities of Daily Living
(ADL) score were adopted to assess the patient’s conditions in the day before surgery, the day after
surgery, and the third, eighth and twelfth month after surgery and observe the effect of treatment.
Results: In this study, 40 patients, including 43 vertebral bodies, underwent successful operations and
were observed intensively after surgery. Radiographic findings showed no leakage of cemented bone.
Compared with patients’ condition in the day before surgery, their VAS score comparatively decreased
in the day after surgery, and the third, eighth and twelfth month after surgery of statistical significance.
The VAS score of the twelfth month was much lower than that of the third month. For the ADL score, it
turned out that the score in the third, eighth and twelfth month after surgery was apparently higher
than that before surgery. In addition, after comparing the anterior and posterior vertebral height before
and after surgery, we concluded that the results showed no statistical significance.
Conclusion: For the treatment of osteoporotic compression fracture and bone non-union, percutaneous
targeted bone cement augmentation therapy can achieve relatively satisfactory results. Moreover, it is
safe and reliable, and it is of great value to be popularized and applied.
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Introduction
For patients with osteoporotic vertebral compression fractures,
they usually suffered from unbearable pain, and it usually took
several weeks even several months to remove the pain.
Conservative treatments for osteoporotic vertebral compression
fractures and bone non-union diseases included antiosteoporosis drugs, analgesic drugs and bed rest and etc. [1].
Because many patients’ healing ability was poor, osteoporotic
vertebral compression fracture might easily lead to fracture
non-union. The initiation of this situation was also an
important factor of severe pain. Therefore, the key was how to
fill the fracture end of the fracture to promote the effect of
treatment. This study was carried out to investigate the effect
of percutaneous penetration of bone cement for enhancing the
treatment of osteoporotic compressive fracture and bone nonunion, and the contents were shown below.
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Materials and Methods
Materials
Subjects in the study were 60 cases of osteoporotic vertebral
compression fractures with bone non-union in our hospital. All
patients received treatment from May 2014 to May 2017.
Inclusion criteria: patients were over 55 y old; the diagnosis of
thoracolumbar compression fractures was confirmed by CT
and MRI examinations; the course of disease was 6 months or
longer; the result of osteoporosis was proved by the bone
mineral density test [2]. Exclusion criteria: patients with spinal
tumor fracture; patients without osteoporotic fracture; acute
traumatic fracture patients; spinal fracture patients
accompanied
by
neurological
symptoms;
surgical
contraindication patients [3,4].
Patients in the study went to the hospital due to lumbar back or
chest pain, and the pain was not relieved after conservative
treatments. The pain had serious impact on their normal life
and work. Patients’ local tenderness and percussion pain of the
waist and back were significant. By examining the X ray and
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Statistical analysis

3D CT reconstruction and MRI, the fracture part of the
fractured vertebra and the non-union of the vertebral body
were clearly positioned [5,6]. There were 25 male patients and
15 female patients, and they were 58 to 70 y old with an
average age of 62.5 ± 2.3 y old. Their courses of disease were
6 months to 24 months with an average of 8.6 ± 0.9 months.
The fracture vertebral body was one and two, and the number
of cases was 36 cases and 4 cases respectively. The vertebral
compression of T10, T11 and T12 was five, twelve and four
respectively; and the vertebral compression of L1, L2 and L4
was twelve, five and five respectively.

Relevant data were analysed and processed by SPSS 21.0
statistical software, the enumeration data were represented in
the form of percentage and were checked by Chi-square test.
Measurement data were expressed in the form of mean ± SD
and was tested by t-test. The comparison between the situations
before and after surgery should be analysed with one-way
ANOVA and be represented by measurement data distributed
by median versus skew. P<0.05 suggested that the differences
had statistical significance.

Methods

Results

To let patients maintain a comfortable prone position, we
strictly followed the preoperative three-dimensional CT results
and clearly positioned the location of the vertebral fissure sign.
We took the unilateral pedicle of the left or right side of the
patient as the site of the puncture. The C type arm of X-ray
machine should be adjusted properly. Each segment of the
spine should be adjusted reasonably, to ensure the front and
back margin of the vertebral body and the upper and lower
margin in the “linear sign” state [7]. In the state of perspective,
10 points of pedicle projection should be selected as the
direction of needle insertion. For local anesthesia, the needle
should be inserted inside the vertebral body through the
pedicle, and tilted to the middle sagittal section of the vertebral
body. For the direction of the needle and the depth of the
needle, the X-ray adjustment should be made to ensure that the
puncture needle was penetrated in the fracture non-union area.
After mixing up the bone cement, proper amount of bone
cement needed to be injected through the work channel. After
letting patients lie in bed for one day, they could get out of bed
step by step with the protection of waist. During the
perioperative period, anti-osteoporosis treatments were carried
out, such as intramuscular injection of elcatonin injection and
oral alendronate and etc. Six weeks was a course of treatment,
and a close review of liver and kidney function and bone
mineral density was made [8-10].

Comparison of patients’ VAS scores before and after
surgery

Outcome measures
VAS score was taken to assess patients’ pain degree in the day
before surgery, the day after surgery, and the third, eighth and
twelfth month. The score was between 0-10 points, painless for
0 points, severe pain for 10 points, the lower the score, the
lower the degree of the pain [11]. ADL was used to evaluate
patients’ ability for daily life in the day before surgery, the day
after surgery, and the third, eighth and twelfth month. The daily
living ability was evaluated by the Barthel index classification
scoring method, with a score of 100. The gauge was mainly
filled by patients themselves, and follow-up personnel needed
to score closely [12]. In addition, radiographic evaluations
included X-ray examination of the vertebral body in the
fracture site from the positive and lateral side and
measurements of vertebral height of the anterior, middle, and
posterior vertebral column before and after the operation
should be made to know about the change.
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A total of 43 vertebral bodies were successfully operated on 60
patients in this study. The longest operation time was 60 min,
the shortest was 25 min, and the average time was 48.6 ± 2.4
min. In each compressive fracture, the amount of bone cement
injected into the vertebral body was between 2.3 ml-4.4 ml and
the average amount was 3.5 ± 0.6 ml. There were no
complications, such as bone cement leakage, nerve damage and
pulmonary embolism and etc. As shown in Table 1, by
comparing the VAS scores before and after the operation, we
could see that the VAS scores at each time after surgery were
significantly lower than those before surgery.
Table 1. Comparison of patients’ VAS scores before and after surgery.
Time

The number of cases

VAS scores

The day before surgery

40

8 (7-9)

The day after surgery

40

3 (2-5)

The third month after 40
surgery

3 (1-4)

The eighth month after 40
surgery

2 (2-3)

The twelfth month after 40
surgery

2 (1-3)

Comparison of patients’ ADL scores before and after
surgery
As shown in Table 2, by comparing the ADL scores before and
after the operation, we could see that the ADL scores in the
third, eighth and twelfth month after surgery were significantly
higher than those before surgery, and the differences were
clearly.
Table 2. Comparison of patients’ ADL scores before and after surgery.
Time

The number of cases

ADL scores

The day before surgery

40

39.6 ± 7.5

The day after surgery

40

42.9 ± 15.3
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non-union
The third month after 40
surgery

68.8 ± 7.2

The eighth month after 40
surgery

76.9 ± 5.3

The twelfth month after 40
surgery

80.2 ± 6.6

Comparison of patients’ anterior and middle height
of the vertebral body before and after surgery
As shown in Table 3, by comparing patients’ anterior and
middle height of the vertebral body in first day, the third,
eighth and twelfth month after surgery, we could see that the
results had no significant differences, so the statistical
significance did not exist.
Table 3. Comparison of patients’ anterior and middle height of the
vertebral body before and after surgery.
Time

The day
surgery

The number of Anterior height Middle height of
cases
of the vertebral the
vertebral
body (cm)
body (cm)
before 40

2.0 ± 0.2

2.3 ± 0.2

after 40

2.1 ± 0.3

2.3 ± 0.3

The third month 40
after surgery

2.0 ± 0.4

2.3 ± 0.4

The eighth month 40
after surgery

1.9 ± 0.3

2.2 ± 0.2

The twelfth month 40
after surgery

1.9 ± 0.4

2.1 ± 0.5

The day
surgery

Discussion
There were many factors that could cause osteoporotic
vertebral compression fracture and bone non-union. Studies
have shown that it could be caused by malnutrition and the
formation of micro hemorrhage and thrombosis, or the rupture
of blood vessels and biomechanical problems [13]. However,
the universal and specific cause was still not clear. Vascular
damage may lead to intraosseous vacuum, which further lead
to secondary osteonecrosis, resulting in intraosseous vacuum
clefts. In recent years, with the appearance of many clinical
studies, it has been generally accepted that the pain factors
leading to osteoporotic vertebral compression fracture and
bone non-union included the following aspects [14-16]. Firstly,
it was caused by incomplete healing of the fractured vertebral
body and progressive collapse of the vertebral body. Secondly,
it was because spinal deformity caused a change in the way
that spine moved, especially in the case that resulted in severe
kyphosis in the thoracolumbar spine. Finally, it was because
the injured vertebra did not heal well, thus it resulted in soft
tissue filling of the vertebral body.
Research showed that adopting cement vertebral augmentation
for the treatment of post-traumatic chronic osteoporotic
vertebral compression was an improved method for chronic
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compression fractures and its concerning symptoms and it
could help prevent and control the vertebral compression,
collapse and kyphosis problems significantly, and then relieved
the painful feelings [17]. The main factors included: Bone
cement had the characteristics of improving bone rigidity and
strength, and through applying bone cement strengthening
measures, it could effectively reduce the pain caused by bone
deformation and the micro stimulation of fracture site; More
heat and free radicals were formed during bone cement
polymerization, which destroyed sensitive nerve endings in the
stroma and helped relieve pain; with the method of targeted
site puncture, the working sleeve could be accurately
implanted in the fracture non-union fracture, and the purpose
of obtaining the filling of the bone cement into the fracture was
achieved, thereby enhancing the stability of the fracture [18].
Percutaneous kyphoplasty had wide application in the case of
osteoporotic vertebral compression fracture and bone nonunion with vacuum fracture sign. Its primary objective was to
achieve the direct input of the work sleeve in the fracture of
non-union under the support of X-ray and CT, and avoided
penetrating the needle into the fracture of the healed bone. The
bone cement could be fully filled in the fissures of the fracture
non-union without hurting normal bone formation, thereby the
fixation effect could be strengthened and good results could be
achieved. When penetrating needle into the fracture accurately,
it was necessary to make a detailed reading of the imaging data
and make an assessment to determine the vacuum’s location,
size and direction of the fissure before surgery. During the
puncture, the needle must be inserted strictly in accordance
with the angle measured before the insertion. The guide wire
should be inserted after entering the fracture. If you had a
significant sensation that there was a cavity in the bone, it
meant that you have reached the inside of the fracture [19].
During the period of bone cement implantation, the bone
cement dispersion process must be closely observed. Bone
cement was filled along the vacuum gap to prevent the cement
from leaking [20].

References
1. Ji C, Chen Y, Zhang Z, Qian H, Tang G, Cheng B, Wang Y,
Wang Z. Retrospective Analysis of bone cement leakage
reasons in percutaneous kyphoplasty for treating
osteoporotic vertebral compression fractures. Chinese J
Osteopor Bone Miner Dis 2017; 28: 27-33.
2. Jin Y, Huang Z, Huang A, Liu L, Nursing care for patients
undergo PMMA percutaneous vertebroplasty with bone
cement in the treatment of osteoporotic thoracolumbar
compression fractures. Nurs Pract Res 2016; 30: 52-54.
3. Zhao J, Zhao Y, Li D, Zhang J, Zhao Y, Wang X. Effect of
percutaneous bone cement injection on elderly patients with
osteoporotic vertebral compression fractures. Prog Mod
Biomed 2016; 11: 5864-5867.
4. Abdel MS. Design and synthesis of some substituted
thiazolo (3, 2-a) pyrimidine derivatives of potential
biological activities. Saudi Pharm 2016; 24: 119-132.

10143

Yang/He/Cao/Lin/Qi/Wang/Yang
5. Ye J, Ye J, Ma X. Clinical comparative study of different
injection volumes of high viscosity bone cement in the
treatment of osteoporosis vertebral compression fractures.
Mater Clin Res Biol Depart Orthop 2016; 32: 29-32.
6. Guo Y, Song S, Qiao P, Lin X. Clinical research of high
viscosity bone cement in percutaneous vertebroplasty
combined with Xianlinggubao capsule in the treatment of
osteoporotic vertebral compression fractures. China Med
Herald 2016; 8: 93-96.
7. Yan X, Cao Q, Chen X. Effect analysis of small dose of
bone cement in percutaneous vertebroplasty in the
treatment of multiple segmental spinal compression
fractures in elderly osteoporosis. J South Central Med Sci
2016; 23: 368-370.
8. Zhao J, Wang X, Zhao N. Percutaneous bone cement
augmentation for nonunion of osteoporotic compression
fractures. Chinese J Minim Inv Surg 2016; 30: 57-60.
9. Yang Y. Clinical observation of elderly patients
osteoporotic vertebral compression fractures treated by
percutaneous vertebroplasty. Shenzhen J Integr Trad
Chinese West Med 2015; 18: 98-100.
10. Li X, Wang S, Wang J, Xiang Y, Chen Y, Huang W. The
application of high viscosity bone cement in percutaneous
vertebroplasty in the treatment of osteoporotic vertebral
compression fractures. J Xinxiang Med Univ 2015; 22:
1095-1097.
11. Wroblewska K. Characterization of new eye drops with
choline salicylate and assessment of their irritancy by in
vitro short time exposure tests. Saudi Pharm 2015; 23:
407-412.
12. Wang C, Cui W, Yin Y, Cui B. Prevention of bone cement
leakage in osteoporotic vertebral compression fractures
treated with percutaneous vertebroplasty. Chinese J Med
Guide 2015; 12: 906-907.
13. Wu H, Yuan Y, Liu L, Yan L, Xiong L, Zou Z, Min Z.
Unilateral percutaneous vertebroplasty for osteoporotic
vertebral compression fractures: less cement leakage is
beneficial for the recovery. Chinese J Tissue Eng 2015; 10:
4960-4966.

10144

14. Lv X, Zhang T, Lu Y. Discussion of the effect of the
percutaneous polymethylmethacrylate vertebroplasty in the
treatment of senile vertebral compression fractures.
Contemp Med J 2015; 26: 271-272.
15. Hazra M. Designing polymeric microparticulate drug
delivery system for hydrophobic drug quercetin. Saudi
Pharm 2015; 23: 429-436.
16. Ofori-Kwakye K. Development and evaluation of natural
gum-based extended release matrix tablets of two model
drugs of different water solubilities by direct compression.
Saudi Pharm 2016; 24: 82-91.
17. Liu W. Clinical observation of osteoporotic vertebral
compression
fracture
treated
with
percutaneous
vertebroplasty with single and bilateral injection of bone
cement. Mod Diagn Treat 2015; 15: 1718-1720.
18. Zou H, Li Z, Tan M, Wei H, Yang F, Jiang X, Yi P, Tang X,
Chen D, Zhao J. Augmentation of pedicle screw fixation
with percutaneous vertebroplasty with bone cement in
treatment of senile osteoporotic vertebral compression
fractures associated with spinal stenosis. J Neck Pain 2015;
24: 93-99.
19. Li T, Song J, Li Z, Li C. Prevention of bone cement leakage
by percutaneous balloon kyphoplasty for osteoporotic
vertebral compression fractures. J Wuhan Univ 2014; 16:
314-317.
20. Attari Z. Enhanced ex vivo intestinal absorption of
olmesartan medoxomil nanosuspension: Preparation by
combinative technology. Saudi Pharm 2016; 24: 57-63.
*Correspondence

to

Jun-ming Cao
Department of Orthopedics
The Third Hospital of Hebei Medical University
PR China

Biomed Res 2017 Volume 28 Issue 22

