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Abstract: Objective: This study aimed to investigate the clinical efficacy of zoledronic acid combined with percutane-
ous kyphoplasty (PKP) in the treatment of Osteoporotic vertebral compression fractures (OVCF) via the evaluation 
of serum metabolic index. Methods: A total of 102 patients with osteoporotic vertebral body compression fractures 
who were hospitalized in the First Hospital of Jilin University from May 2016 to February 2018 was randomly divided 
into a control group (group A, n=48) and an experimental group (Group B, n=54). All patients were treated with PKP, 
and group B was additionally treated with zoledronic acid postoperatively. The pain visual analogue scale (VAS), ver-
tebral bone mineral density (BMD), fracture vertebral height, Cobb angle change, recurrent fracture rate, adverse 
effects, the incidence of the reaction, tartrate acid phosphonate (TRACP) 5b and type I collagen C-terminal peptide 
(CTX) levels were tested before operation and 1, 3, 6 and 12 months after operation. Results: No significant differ-
ence was found in gender, age, body mass index, postoperative leakage, and traumatic vertebrae between the two 
groups (P>0.05). BMD, height ratio of injured vertebral body in both groups were increased while VAS score, Cobb 
angle changes, serum (TRACP) 5b and CTX levels were reduced after the operation compared to those before op-
eration. At 3, 6 and 12 months after operation, the VAS score, Cobb angle changes, the incidence of recurrent frac-
tures, serum (TRACP) 5b and CTX levels in  group B was significantly decreased, while the BMD level, vertebral body 
height ratio, the incidence of adverse reactions in group B was statistically elevated compared to those in group A 
(P<0.05). Conclusion: Zoledronic acid can significantly increase the clinical efficacy after PKP, which provides leads 
for the future anti-OVCF therapy.
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Introduction

Osteoporotic vertebral compression fractures 
(OVCF) mostly occur in middle-aged and elderly 
people [1]. It mainly presents with pain and loss 
of mobility. Particularly, symptomatic patients 
are found with back pain and fracture demon-
strated on radiography, most commonly be- 
tween T8 and L4 [2]. In acute fracture cases, 
abrupt onset of pain with position changes, 
coughing, sneezing, or lifting are reported. In 
terms of chronic disease, complications include 
bone loss, muscle weakness, pressure sores, 
ileus, urinary retention, impaired respiratory 
function, venous thromboembolism, and spinal 
cord compression [3, 4]. OVCF can significantly 
lead to impaired activities of daily living, 
increased risk of pressure sores, pneumonia, 
and psychological distress. It has been estimat-

ed that the direct annual health care cost of 
managing osteoporotic spine and hip fractures 
is $10 billion to $15 billion in the United States 
[5].

In the past, conservative treatment, for 
instance, bed rest, is frequently adopted, to 
avoid secondary injury caused by pressure and 
weight of limbs. However, the relief of pain is 
normally slow, which seriously affects the qual-
ity of daily life of patients, and easily causes 
spinal deformity. Percutaneous kyphoplasty 
(PKP) is widely used in clinical practice as a 
treatment strategy for relieving pain caused by 
OVCF, but the incidence of postoperative sec-
ondary fractures or adjacent vertebral fractures 
remains unsatisfactory (2.4%-12.5%) [6]. 
Zoledronic acid, as a third-generation bisphos-
phonate, and it plays a key role in inhibiting 
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bone resorption, reducing bone metabolism 
and decreasing the incidence of recurrent frac-
tures. In this study, zoledronic acid was admin-
istered to OVCF patients after PKP surgery, 
along with the evaluation of the clinical efficacy, 
so as to provide reliable basis for the selection 
of clinical treatment strategies.

Patients and methods

General information and subgrouping

A total of 102 patients with OVCF who were 
hospitalized in our Department of Spinal 
Orthopedics from May 2016 to February 2018 
were reviewed retrospectively. The study was 
approved by the Ethics Inspection Committee 
of The First Hospital of Jilin University. Informed 
consent was obtained from all participants 
prior to the study. All patients were examined 
with X-ray, CT, MRI and laboratory tests, accu-
rate diagnosis according to OVCF diagnostic 
criteria. Inclusion criteria: patients who met the 
above criteria of OVCF; patients aged 18-65; 
patients who agreed to participate in this study 
and signed the informed consent; patients with 
fresh fractures treated in The First Hospital of 
Jilin University; patients who volunteered to fol-
low doctor’s advice, and strictly adhered to 
treatment. Exclusion criteria: patients with 
severe diseases such as heart, brain, and lung; 
patients with metabolic bone disease, bone 
cancer, bone infection, etc.; patients who could 
not participate in this study all the time; and 
patients who participated in similar clinical 
research. According to whether zoledronic acid 
was selected after PKP in the enrolled patients, 
48 patients were randomly divided into the 
control group (Group A), 61-85 years, average 
age (73.23±7.31) years, and experimental 
group (Group B) 54 people, 62-83 years, aver-
age age (74.07±6.42) years.

PKP surgical method

The prone position was adopted throughout the 
surgery. The patient’s vital signs were moni-
tored. The cross Kirschner wire was placed on 
the lower back skin, in the C-arm perspective, 
the surgical site unilateral pedicle puncture 
was accurately determined after local infiltra-
tion and anesthesia. Under the perspective of 
C-arm, a bone tunnel was opened in the verte-

bral body. Through implanted working cannula, 
the balloon was placed into the bone tunnel. 
The lateral perspective showed that the posi-
tion was the anterior 1/3 of the diseased verte-
bral body closed to the midline. The bladder 
was pressurized until the vertebral plate was 
elevated and part of the vertebral body was 
restored. Under low fluoroscopy, low pressure 
was slowly injected into the bone cement, and 
the bone cement dispersion was closely 
observed to prevent leakage. The amount of 
cement into the thoracic spine was about 3-4 
ml, and the amount in the lumbar spine was 
about 4-5 ml. During the operation, the patient’s 
lower extremity sensations and movement 
were observed in a timely manner. After opera-
tion, the patient was placed in the supine for 
8-12 hours, and the changes in pain were 
recorded.

The drug treatment regimen

All patients received preoperative and postop-
erative calcium carbonate (oral, 750 mg/d) and 
calcitriol (oral, 0.4 μg/d). Patients in group B in 
the first day after PKP intravenous infusion 
were treated with azole Phosphonic acid, 5 
mg/d, (Yangzijiang Pharmaceutical Group Co, 
Ltd, (H20123153)). Patients of group A received 
intravenous infusion of the same amount of 
physiological saline on the first postoperative 
day for 7 days.

Determination of research indicators

① Measured visual analog scale scores (VAS) 
before and at 1, 3, 6 and 12 months after sur-
gery in all groups. Scores: 0 to 10 points, 0 
points: no pain; 3 points or less: slight pain, 
Tolerable; 4 points to 6 points: the patient was 
aching and sleep was affected, still tolerated; 7 
points to 10 points: the patient suffered from 
severe pain.

② The bone mineral density (BMD) of vertebral 
body was measured by dual energy X-ray bone 
density detector.

③ The vertebral body height and Cobb angle 
were measured by imaging data.

④ Through statistics of outpatients, inpatient 
records, and telephone follow-up, the incidence 
of recurrent fractures and the incidence of 
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adverse reactions in the patients were coun- 
ted.

⑤ Before and 1, 3, 6, and 12 months after 
operation, the venous blood of the patient was 
collected, and the supernatant was collected 
by centrifugation and stored in a freezer at 
-80°C. The concentration of bone metabolic 
markers (TRACP) 5b and CTX were measured 
by ELISA kit.

Statistical methods

SPSS 19.0 software was used for statistical 
analysis. The measurement data was expressed 
as _x±s, and the t-test was used. The count 
data were analyzed using χ2 test. P<0.05 was 
considered statistically significant.

Results

Comparison of general information

There was no significant difference in gender, 
age, body mass index, postoperative leakage, 
and traumatic vertebrae between the two 
groups (P>0.05) (Table 1).

Comparisons of VAS scores and BMD between 
the two groups

VAS score in both groups deceased while BMD 
was up regulated after the operation compared 
to those before operation. At 1, 3, 6 and 12 
months after operation, the VAS score in group 
B was significantly lower than those in group A 
(P<0.05) (Table 2). The BMD level in group B 
was statistically elevated in comparasion to 
group A (P<0.05) (Tables 2, 3).

Comparisons of vertebral body height and 
Cobb angle changes between the two groups

We compared the height ratio of injured verte-
bral body before and after surgery in 1, 1, 3, 6 
and 12 months between the two groups. There 
was no significant difference of vertebral body 
height and Cobb angle change between the two 
groups before surgery (P>0.05). It was indicat-
ed that the ratio of vertebral body height in 
both groups was found to be increased while 
the Cobb angle changes were reduced after the 
operation compared to those before operation. 
Compared with group A, the vertebral body 
height in group B was significantly elevated, 

Table 1. General statistics of the two groups of patients

Groups Gender (Male/Female) Age BMI (kg/cm2) Leakage
Injury statistics

T8 T9 T10 T11 T12 L1 L2 L3 L4
Group A 26/22 73.23±7.31 26.17±2.32 2 2 1 3 4 14 13 4 3 4
Group B 28/26 74.07±6.42 26.21±1.79 3 3 3 4 3 13 16 5 3 4
P 0.223 0.217 0.134 - - - - - - - - - -

Table 2. Preoperative and postoperative VAS scores at 1, 3, 6 and 12 months in both groups

Groups
VAS score (points)

Preoperative 1 month after 
surgery

3 month after 
surgery

6 month after 
surgery

12 month after  
surgery

Group A 6.3±0.5 3.8±0.7 3.1±0.5 2.5±0.3 2.2±0.4
Group B 6.3±0.3 3.1±0.4 2.7±0.5 2.0±0.5 1.8±0.3
P 0.319 0.027 0.025 0.018 0.017

Table 3. Results of BMD before and after 1, 3, 6 and 12 months after operation in two groups

Groups
BMD (g/cm3)

Preoperative 1 month after 
surgery

3 month after 
surgery

6 month after 
surgery

12 month after 
surgery

Group A 0.39±0.02 0.41±0.02 0.44 ± 0.04 0.46±0.05 0.48±0.03
Group B 0.38±0.03 0.43±0.04 0.48 ± 0.04 0.57±0.05 0.64±0.02
P 0.105 0.021 0.013 0.017 0.011
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along with statistical reduction of Cobb angle 
changes (P<0.05) (Tables 4, 5).

Comparisons of incidence of recurrent frac-
tures and incidence of adverse reactions 
between the two groups

We further analyzed the statistical results of 
the incidence of recurrent fractures and inci-
dence of adverse reactions in the two groups of 
patients. Compared with re-fracture, the inci-
dence of recurrent fractures in group B was sig-
nificantly lower than that in group A (P<0.05). 
However, in terms of response, the incidence of 
adverse reactions was significantly higher in 
group B than that in group A (P<0.05) (Table 6).

Comparisons of serum (TRACP) 5b and CTX 
levels between the two groups

Changes in serum (TRACP) 5b and CTX levels 
were determined before and after surgery at 1, 
3, 6 and 12 months in both groups. Before and 
1 month after surgery, there was no statistical 
difference of CTX levels between two groups 

(P>0.05). At 3, 6, and 12 months after surgery, 
serum (TRACP) 5b and CTX levels were signifi-
cantly decreased in group B compared to those 
in group A (P<0.05) (Tables 7, 8).

Discussion

Osteoporotic vertebral compression fractures 
(OVCF) occur frequently in middle-aged and 
elderly people. Osteoporosis is a disease of 
chronic bone metabolism that affects the whole 
body’s skeletal system. It mainly manifests as de- 
creased bone mass, reduced bone calcium 
content, and destruction of bone structure, 
resulting in markedly increased bone fragility 
and fractures; especially in Spinal fracture per-
formance is obvious [7]. The thoracolumbar 
spine, is subject to OVCF due to external forces. 
In particular, the thoracolumbar spine has the 
highest occurrence of OVCF [8]. The risk of 
OVCF in postmenopausal women is increased, 
but the exact mechanism is not yet clear [9]. 
Previous evidence shows that the loss of bone 
mass exceeds 1/5, and the risk of fractures 
increases significantly [10]. As a method of min-
imally invasive surgery for OVCF, PKP has played 
an important role in clinical treatment. 
Compared with traditional conservative treat-
ment programs, PKP induces little trauma, 
quick recovery, which can relieve pain symp-
toms in a precise and short time, and is effec-
tive and stable [11-15]. In the course of PKP 
treatment, bone cement is injected into the 
fractured vertebral body to intensify the bone 

Table 4. Changes in height ratio of injured vertebral body before and after 1, 3, 6 and 12 months in 
the two groups

Groups
The height ratio of injured vertebral body (%)

Preoperative 1 month after 
surgery

3 month after 
surgery

6 month after 
surgery

12 month after 
surgery

Group A 53.17±7.29 58.77±8.73 62.12±7.18 71.33±9.26 84.17±10.21
Group B 52.29±7.33 62.14±9.34 68.97±8.21 79.56±8.31 93.42±9.78
P 0.156 0.015 0.013 0.011 0.009

Table 5. Changes of Cobb angles before and after 1, 3, 6 and 12 months in both groups

Groups
Cobb angle (°)

Preoperative 1 month after 
surgery

3 month after 
surgery

6 month after 
surgery

12 month after 
surgery

Group A 28.12±3.71 21.36±3.12 20.27±2.67 17.78±2.38 15.42±2.76
Group B 27.98±3.67 17.13±2.16 14.29±2.15 11.05±2.17 6.13±1.29
P 0.256 0.023 0.019 0.013 0.005

Table 6. Statistics of the incidence of recurrent 
fractures and incidence of adverse reactions in 
both groups

Groups Again the incidence 
of fracture (%)

Incidence of  
adverse reactions (%)

Group A 26.17 5.15
Group B 4.23 16.54
P 0.007 0.003
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mass of the injured vertebral body and quickly 
relieve the pain caused by the fracture. 
However, the strengthened vertebral body will 
become a point of intensity gradient between 
the upper and lower vertebral bodies, which is 
relevant. The study of recurrent fractures after 
PKP shows that the adjacent vertebral bodies 
are likely to fracture [16-18]. Although PKP can 
quickly relieve the pain caused by fractures, the 
pain caused by osteoporosis can’t be signifi-
cantly relieved. Therefore, postoperative com-
bined treatment to osteoporosis is of great 
necessity.

In the treatment of osteoporosis, bisphospho-
nates have been used clinically as the first-line 
drug and have now developed into third-gener-
ation bisphosphonate formulations that can 
significantly inhibit bone resorption in patients 
with osteoporosis. After zoledronic acid enters 
the body, it accumulates at the active site of 
bone transformation. By binding hydroxyapatite 
on the surface of the bone, it blocks the key 
enzyme of the mevalonate metabolic pathway 
and acts on osteoclasts to promote apoptosis 
[19]. Related studies have shown that zoledron-
ic acid can promote the proliferation of bone 
marrow mesenchymal stem cells and differenti-
ate into osteoblasts, increase the amount of 
trabecular bone in the skeletal system, facili-
tate the differentiation of woven bone, main-
tain the volume of woven bones, and increase 
the mechanical strength of the bone callus. The 
role of enhancing bone density is crucial in pre-
venting secondary fractures [20-22]. 

Based on the previous studies, this study con-
ducted statistical analysis of multiple therapeu-
tic efficacy evaluation indicators in the treat-
ment. There was no significant difference 
between the two groups in terms of gender, 
age, body mass index and other general condi-
tions of the enrolled patients. In terms of the 
analysis of traumatic vertebrae, the two groups 
of patients had a high number of T12 and L1 
injuries. This is consistent with previous stud-
ies. OVCF mostly occurs in the thoracolumbar 
spine. The clinical efficacy of the experimental 
group was significantly higher than that of the 
control group, and the difference was statisti-
cally significant. In the evaluation of re-fracture 
and adverse reactions, we found that the inci-
dence of re-fracture was significantly reduced 
after adding zoledronic acid, while the inci-
dence of adverse reactions in the experimental 
group was significantly higher than in the con-
trol group. The adverse reactions merely con-
tained a mild fever, joint pain and other minor 
discomforts. After the symptomatic treatment, 
the above response was significantly reduced, 
without significant hindrance to the subsequent 
recovery of the injured vertebral [23, 24].

In the evaluation of two groups of serological 
bone metabolic markers, (TRACP) 5b and CTX 
were significantly lower in the experimental 
group than in the control group at 3, 6, and 12 
months after operation [25]. The limitation of 
this study exists that extensive indicators 
should be tested to evaluate the clinical effica-

Table 7. Serum (TRACP) 5b levels before and after 1, 3, 6 and 12 months after surgery in both groups

Groups
(TRACP) 5b (ng/ml)

Preoperative 1 month after 
surgery

3 month after 
surgery

6 month after 
surgery

12 month after 
surgery

Group A 5.9±0.5 5.3±0.4 4.9±0.6 4.2±0.3 3.3±0.3
Group B 5.8±0.6 4.7±0.3 4.2±0.6 3.6±0.4 2.8±0.3
P 0.156 0.014 0.011 0.012 0.008

Table 8. Preoperative and postoperative CTX levels at 1, 3, 6 and 12 months in both groups

Groups
CTX (ng/ml)

Preoperative 1 month after 
surgery

3 month after 
surgery

6 month after 
surgery

12 month after 
surgery

Group A 0.46±0.05 0.43±0.03 0.41±0.06 0.38±0.02 0.35±0.03
Group B 0.47±0.02 0.41±0.05 0.32±0.03 0.21±0.06 0.19±0.02
P 0.256 0.118 0.032 0.018 0.006
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cy of a large number of patients, along with a 
long-term follow-up. 

Conclusion

In summary, zoledronic acid can significantly 
increase the clinical efficacy of treatment after 
PKP surgery, and our results highlight the long-
term follow-up effect, which is worth promoting 
in clinical treatment.
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