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Abstract

Background: Zoledronic acid and teriparatide have been proved to be effec-
tive in improving bone metabolism and preventing fractures, but there is no
clear clinical report on the efficacy of their combined application. Purpose:
To discuss the clinical effect of zoledronic acid combined with teriparatide in
perverting recurrent fracture of osteoporotic vertebral compressive fractures
(OVCF) in the elderly after percutaneous kyphoplasty (PKP). Method: A
randomized clinical trial was conducted at the First Affiliated Hospital of
Hebei North University in China from September 2018 and September 2019.
A total of 60 patients with OVCF were enrolled in the study (zoledronic acid:
20 cases; teriparatide: 20 cases; zoledronic acid + teriparatide: 20 cases). Ob-
serve and compare the changes of bone mineral density (BMD), pro-collagen
type I N-terminal propeptide (PINP) and cross-linked C-terminal telopeptide
of type I collagen (S-CTX) before surgery, 6 months and 1 year after surgery.
At the same time, secondary fracture events and adverse reaction events were
recorded during the follow-up period. Results: After normalized treatment,
the bone metabolism indexes of PINP and S-CTX were improved and BMD
was increased in three groups. Adverse Reactions: There was no statistical
significance in the incidence of fever, gastrointestinal reactions and myalgia
among the three groups (P > 0.05). The incidence of recurrent fractures in
group A was higher than that in group C (P < 0.05), but there was no significant
difference between group B and group C (P > 0.05). Conclusion: Zoledronic
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acid combined with teriparatide is superior to Zoledronic acid in preventing
the risk of recurrent fracture after PKP for old patients with OVCEF, but it has
no significant advantage over teriparatide.
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1. Introduction

According to statistics, the number of people over 65 who suffer from osteopo-
rosis in China is as high as 144 million, and the number of patients with fracture
caused by osteoporosis (OP) is increasing year by year. About 50% of OP frac-
tures in the elderly occur in the spine, especially in the thoracolumbar spine [1]
[2] [3]. Osteoporotic vertebral compressive fractures (OVCF) has become an
urgent public health problem. Since the introduction of percutaneous kyphop-
lasty/vertebroplasty (PKP/PVP) into China in the 1980s, they have gradually de-
veloped and become the main surgical treatment for OVCF [4] [5]. Epidemio-
logical investigation shows that the rate of recurrent fracture after PKP is as high
as 25%, which is mainly related to the non-standardized treatment of OP [6] [7].
To find appropriate anti-OP medicines is the key to prevent the recurrence of
OVCEF after PKP.

At present, anti-OP medicines mainly include anti-resorption medicines and
promoting bone formation medicines [8] [9]. Zoledronic acid is an an-
ti-resorption drugs commonly used in clinical practice. It has been approved for
the treatment of primary or secondary osteoporosis all over the world (approved
indications vary between countries) [10]. The conclusion was reported by Smith,
D. L. and others that zoledronic acid can improve BMD and reduce the risk of
fracture in a 6-year randomized and double-blind trial about 2000 women over
65 with OP [8]. Teriparatide is commonly used as a medicine to promote bone
formation in clinical practice, which has significant effect in improving OP and
preventing osteoporotic fracture, but there is no clear evidence to show that it
can promote fracture healing [9]. Clinical studies have shown that zoledronic
acid combined with teriparatide may weaken the anabolism of teriparatide. The
conclusion was reported by Cosman, F. and others that the combined use of zo-
ledronic acid combined with teriparatide can improve bone metabolism, in-
crease BMD, and reduce fracture risk to the greatest extent in a double-blind,
randomized, multicenter and multinational study on 412 postmenopausal
women with OP (mean age 65 * 9 years) [11]. However, in this study, the frac-
ture risk base of postmenopausal women with OP has not been unified. There is
a lack of stronger evidence in the treatment of osteoporotic fracture. In a recent
study on the risk of recurrent fractures in diabetic patients with OVCEF, zole-

dronic acid combined with teriparatide can significantly reduce the rate of re-
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current fractures compared with zoledronic acid after PKP [12]. This study is to
observe and compare the clinical effect of zoledronic acid, teriparatide, zole-
dronic acid combined with teriparatide in the prevention of recurrent fracture
risk in elderly patients with OVCF after PKP, so as to further unify the data of
fracture risk base, and find a better treatment scheme for elderly patients with
OVCEF.

2. Materials and Methods
2.1. Cases Data

This retrospective clinical data analysis collected 60 patients with OVCF hospi-
talized in the orthopedics department in the First Affiliated Hospital of Hebei
North University in China from September 2018 to September 2019. The study
was approved by the medical ethics committee of the First Affiliated Hospital of
Hebei North University.

Inclusion criteria: 1) Age > 65; 2) Preoperative BMD T value < —2.5SD; 3) Di-
agnosis of osteoporotic single vertebral (Ts-Ls) compressive fractures, fracture
stability without spinal cord and redundant nerve damage, and the patient’s
medical history < 2 weeks; 4) Patients who had not used relevant medicine such
as zoledronic acid or teriparatide continuously for more than 3 months
(short-term users, who could be enrolled after a 1-year washout period); 5) All
had received surgical treatment for PKP; 6) They were followed for at least 1
year.

Exclusion criteria: 1) Patients with non-primary OVCEF; 2) Patients with other
pathological compression fractures of the thoracolumbar spine due to bone me-
tastasis of malignancy; 3) Patients with long-term systemic use of glucocortico-
ids in the previous 1 year and prior treatment with oestrogen, raloxifene or cal-

citonin within 3 months.

2.2. Sample Size Estimation

SPSS20.0 statistical software was used to analyze the sample size required in the
study. The presupposed medium effect size was f = 0.25 (Cohen, 1988), the sta-
tistical power was 1 — = 0.8, and the significance level was a = 0.05. The results
showed that at least 53 patients were needed in each group. Because it was a sin-
gle centre study and time constraints, a total of 60 patients were taken conve-
niently for this study. They were divided into zoledronic acid (group A, n = 20),
Teriparatide (group B, n = 20) and zoledronic acid + Teriparatide (Group C, n =
20).

2.3. Experimental Design

2.3.1. Preoperative Preparation

The relevant inspection results were completed before surgery. Deal with other
combined injuries, and stabilize cardiovascular, cerebrovascular, endocrine and

other basic diseases.
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2.3.2. Surgical Methods

The surgery was completed by two associate chief physicians. Assist the patients
to prone position, abdominal suspension, C-arm fluoroscopy, and body surface
marking the diseased vertebrae. Routinely sterilize, spread towel, and local
anesthesia. A bilateral approach was taken and the diseased vertebrae were ac-
cessed percutaneously using a puncture trocar under C-arm fluoroscopy, along
the bilateral pedicles. The inner core of the puncture needle was replaced with a
guidewire so that it was 2 - 3 mm anterior to the cortex at the posterior border of
the diseased vertebrae. The working cannula was changed, and iodixanol was
infused intrasaccular to dilate the balloon to the upper and lower endplates to
restore a satisfactory vertebral height. The contrast medium was withdrawn, the
balloon removed, and the bone cement filled to completely fill the cavity. The
injection device was extracted after cement had solidified. All patients were giv-
en 12 h - 24 h ECG monitoring after surgery. At the same time, the sensorimotor
function of both lower limbs of the patient was observed, and moderate activity

under the brace was worn 24 h after surgery.

2.4. Medication and Grouping

2.4.1. Basic Pharmacological Interventions

All patients were given calcium carbonate D3 after surgery.

2.4.2. Therapeutic Medicine Intervention
Group A: intravenous infusion zoledronic acid 5 mg (1 time in 1 year); group B:
hypodermic injection teriparatide 20 g/d for 1-year continuous treatment; group
C: intravenous infusion zoledronic acid 5 mg (1 time in 1 year) followed by hy-
podermic injection teriparatide 20 g/d for 1-year continuous treatment.
Zoledronic acid Injection (trade name: yigu, specification: 5 mg/branch,
Zhengdatianqing Co.Ltd, product batch: National Standard No H20113138); Te-
riparatide Injection 20 g (trade name: futaiao, specification: 20 g/branch, Lilly
France Pharmaceutical Co. Ltd, product batch: National Standard No: A865645C).

2.5. Observation Indexes

2.5.1. Base Data
The data of age, gender and vertebral distribution were recorded.

2.5.2. Data before Treatment

The data of BMD, pro-collagen type I N-terminal propeptide (PINP) and
cross-linked C-terminal telopeptide of type I collagen (S-CTX) were observed
and recorded before treatment.

2.5.3. Data after Treatment

The data of BMD, PINP and S-CTX were observed and recorded at 6 months
and 1 year after the standardized treatment in each group. The data of fever, ga-
strointestinal reaction, myalgia and recurrent thoracolumbar fractures were rec-

orded during the follow-up period.
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2.6. Statistical Analysis

SPSS 20.0 statistical software was used to analyze the data of the 3 groups. The
data of the 3 groups were consistent with the normal distribution and the ho-
mogeneity of variance. The comparison between the groups was performed by
analysis of variance (ANOVA). If there were differences between the groups, the
LSD-t test was used. The comparison between the groups was performed by

paired t-test. P < 0.05 was regarded as the difference with statistical significance.

3. Results

3.1. Analysis of Patients’ Baseline Data

60 cases were enrolled in the experiment, 20 cases in group A, 20 cases group B
and 20 cases in group C. There were no significant differences in age, gender and
distribution of diseased vertebrae among the three groups (P > 0.05) (Table 1).
There were no significant differences in BMD, PINP and S-CTX before treat-
ment (P > 0.05) (Table 2). There were no lost cases, missed follow-up cases and

death cases during the follow-up period.

3.2. BMD

BMD in the 3 groups increased at 6 months after treatment, but the differences
were not statistically significant (P > 0.05) (Table 3). And there was no signifi-
cant difference between the 3 groups (F = 3.93, P = 0.26). Compared to
pre-treatment, BMD in the 3 groups increased significantly at 1 year after treat-
ment (P < 0.05) (Table 3). And there was significant difference between the 3
groups (F = 6.79, P < 0.05). In terms of improving BMD, group C was better
than group B, and group B was better than group A (Table 4).

Table 1. Comparison of the OVCEF baseline information.

Item Sex Age diseased vertebrae All
(M/F) (year) (Ts-10/T11-L1/La-s) (case)
A 8/12 73.57 £ 3.47 3/12/5 20
B 10/10 74.13 £2.94 2/15/3 20
C 7/13 74.53 +£3.70 4/10/6 20
F/X? 0.27 0.62 0.77
P 0.87 0.57 0.94

Table 2. Comparison of the information of pre-treatment.

Item BMD (SD) PINP (g/L) F-CTX (g/L) All (case)
A -2.96+0.18 58.57 + 1.68 0.55 +0.32 20
B -2.94+0.22 59.76 + 1.83 0.53 +0.19 20
C -2.96 £ 0.19 58.85 + 1.83 0.54 + 0.24 20
F 0.11 2.62 2.68
P 0.90 0.07 0.06
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Table 3. Comparison of the OVCF information after treatment.

6 months 1 year
Item Group Pre-treatment
pro-treatment pro-treatment

t P

BMD A -2.96+0.18 -294+0.17*° -2.62+0.20° -145/-8.52 0.16*/<0.05°
(SD) B -2.94+0.22 -290+0.23 -232%0.19° -1.83/-029 0.08%/<0.05°
C -296+0.19 -2.92+0.20° -2.06+0.23°> -1.93/-9.80 0.06%/<0.05"

PINP A 58.57 + 1.68 44.83 + 12.35° 43.10 + 10.62° -12.38/-13.42 <0.05%/<0.05°
(g/L) B 59.76 +1.83 7234 + 15.16* 68.73 + 13.72° 9.89/5.34 <0.05%/<0.05°
C 58.85+1.83  65.74 +8.98* 64.23 + 14.61° 6.72/5.89 <0.05%/<0.05°

- A 0.55 +0.32 0.29 £ 0.08* 0.26 + 0.13° -0.32/-0.35 <0.05%/<0.05°
CTX B 0.53 £ 0.19 0.43 +0.12* 0.38 £ 0.21° -0.13/-0.16  <0.05%/<0.05°
(g/L) C 0.54 +0.24 0.39 £ 0.31* 0.32 +0.14° -0.19/-0.21  <0.05%/<0.05"°

Note: a: comparison between 6 months pro-treatment and per-treatment; b comparison between 1 year
pro-treatment and per-treatment.

Table 4. Intercomparison of 3 groups at 6 months and 1 year after treatment.

Item A,B/B, A A,C/C A B,C/C,B
BMD of 6 months pro-treatment 0.35 0.14 0.42
BMD of 1 year pro-treatment <0.05 <0.05 <0.05
PINP of 6 months pro-treatment <0.05 <0.05 <0.05
PINP of 1 year pro-treatment <0.05 <0.05 <0.05
F-CTX of 6 months pro-treatment <0.05 <0.05 <0.05
F-CTX of lyear pro-treatment <0.05 <0.05 <0.05

3.3. PINP

The PINP of group A at 6 months and 1 year after treatment was lower than that
before treatment, and the difference was statistically significant (P < 0.05). The
PINP of group B and group C at 6 months and 1 year after treatment was higher
than that before treatment, and the difference was statistically significant (P <
0.05) (Table 3). There was significant difference among the 3 groups at 6
months after treatment (F = 9.26, P < 0.05). In terms of improving PINP, the
PINP of group B was better than that of group C and the PINP of group C was
better than that of group A at 6 months after treatment. There was significant
difference among the 3 groups at 1 year after treatment (F = 8.48, P < 0.05). In
terms of improving PINP, the PINP of group B was better than that of group C
and the PINP of group C was better than that of group A at 1 year after treat-
ment (Table 4).

3.4. B-CTX

Compared to pre-treatment, f-CTX in the 3 groups increased at 6 months and 1
year after treatment (P < 0.05) (Table 3). There was significant difference among

the 3 groups at 6 months after treatment (F = 6.38, P < 0.05). In terms of im-
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proving B-CTX, the f-CTX of group A was better than that of group C and the
S-CTX of group C was better than that of group B at 6 months after treatment.
There was significant difference among the 3 groups at lyear after treatment (F
=7.26, P < 0.05). In terms of improving f-CTX, the S-CTX of group A was bet-
ter than that of group C and the f-CTX of group C was better than that of group
B at 1 year after treatment (Table 4).

3.5. Adverse Events during the Follow-Up Period

There were no significant differences in the incidence of fever, gastrointestinal
reactions and myalgia among the 3 groups (P > 0.05). And the incidence of re-
current fracture was significantly different (P < 0.05). It was higher in group A
than in group B and group C (t = 4.33, P = 0.04; t = 7.06, P = 0.01), and there
was no significant different between group B and group C (t = 1.03, P = 0.50)
(Table 5).

4. Discussion
4.1. Clinical Characteristics of OVCF

About 50% of OP fractures occurs in the spine, and the thoracolumbar spine is
the most common [2] [13]. From the perspective of mechanics and biology, ex-
perts, like Ren, think that the probability of thoracolumbar vertebral compres-
sion fracture is higher, and patients with thoracolumbar vertebral fracture have
higher risk than other vertebral fractures under the same clinical intervention
after operation [7]. It is consistent with the data of this study (37/60, 61.67%).
Research data showed that the vast majority of OVCF patients (44/60, 73.33%)
were not definitely diagnosed as OP before admission. The discovery of OP
mostly originated from the first fracture caused by OP [3] [6]. Microscopically,
OP refers to the decrease of normal mineralized bone mass per unit volume, and
the parallelism decrease of bone matrix and mineral salts [2] [5] [13]. In 2001,
the National Institutes of Health (NIH) proposed a macro definition of OP,
which emphasizes the decrease of bone strength and the increase of fracture risk,
that is, OP not only reduces the amount of phalangeal bone, but also decreases
the mechanical properties [1] [13]. Regular monitoring of BMD, assessment of

fracture risk and active intervention in the process of OP can effectively reduce

Table 5. Comparison of adverse events in 3 groups.

Item Fever Gastrointestinal reaction Myalgia New fractures
A 3 1 2 6
B 1 0 1 1
C 4 1 2 0
X2 2.02 1.03 0.44 10.03
P 0.36 0.60 0.80 <0.05
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the prevalence of OVCF [13]. The data of this study showed that there were 35
female patients (35/60, 58.33%) in OVCEF patients, which was lower than that of
large sample data [3] [4]. It was related to the selection of patients over 65. With
the growth of age, postmenopausal women with primary osteoporosis enter the
elderly primary osteoporosis after about 5 - 10 years, that is, the majority of
OVCEF patients over 65 belong to the elderly OVCF [13]. Therefore, the gender
difference is not obvious. At the same time, OP patients over 65 belong to low
transformation type, which can eliminate the bias of different bone metabolism

types in clinical data observation.

4.2. The Diagnosis of OP

At present, the diagnosis of OP mostly depends on the clinical symptoms and
BMD examination [13] [14] [15]. BMD can reflect 70% of the bone mass, which
is the gold standard for the diagnosis of OP [4]. However, the value change of
BMD has a lag period of 6 - 12 months, and the sensitivity is low, which cannot
provide effective help for the early diagnosis of OP [16] [17]. At the same time,
BDM cannot reflect the process of bone turnover and bone metabolism, and it
cannot provide evaluation for the short-term efficacy of clinical medication [17]
[18]. Therefore, it cannot provide timely help for the selection of clinical medi-
cation. In this study, there was no significant difference in BMD at 6 months af-
ter treatment, but significant differences in PINP and -CTX can be seen. PINP
and S-CTX are the latest clinical indicators of bone metabolism [19]. Compared
with BMD, PINP and B-CTX have better specificity and is the markers of bone
formation and bone resorption [20] [21]. They are of great significance in eva-
luating OP, preventing and treating OVCEF. PINP is expressed and released by
activated osteoblasts, which is a sensitive indicator of bone formation [22]. The
International Symposium on osteoporosis suggested that PINP should be used as
a specific and sensitive indicator of bone formation [23]. S-CTX is a sensitive
indicator of bone resorption. Relevant clinical studies have shown that S-CTX
can be used to monitor the timeliness and efficacy of treatment in patients with
osteoporosis [24]. This study shows that although zoledronic acid combined
with teriparatide in the prevention of recurrent fractures has no significant dif-
ference with teriparatide monotherapy group, its improvement in BMD, -CTX
is still better than teriparatide monotherapy group. The follow-up time can fur-
ther extend to observe and count the rate of recurrent fractures, which aims to

draw the final conclusion.

4.3. The Risk Factors of Recurrent Fractures after PKP

Clinical data shows that the rate of recurrent fracture after PKP is as high as
25%. If the patients do not receive standardized anti-OP treatment within 3
years, the rate of recurrent fracture will reach 50% [25] [26]. At the same time,
the recurrent fracture can further aggravate the damage of centrum and affect
the prognosis of OVCEF, which is a problem that OVCF patients must face [27].
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At present, it is believed that it is closely related to stress increases of adjacent
vertebrae which cause by bone cement strengthening the hardness of diseased
vertebrae, and it is also related to ineffective treatment [5] [27]. The latest view is
that recurrent fracture after OVCEF is one of the manifestations of OP’s natural
progress [28]. Therefore, ineffective treatment for OP is an important risk factor
for fracture recurrence after PKP in OVCEF patients. In this clinical study, there
was no statistically significant difference in the distribution of diseased vertebrae
in each group. PKP surgery can restore the height of diseased vertebrae as much
as possible. Meanwhile, single diseased vertebrae and bilateral approaches are
selected to make the distribution of bone cement in centrum satisfactory and as
similar as possible. And the bias caused by poor recovery of vertebral height and
different degree of bone cement enhancement is excluded. The data showed that
the recurrent fracture rate (7/60, 11.67%) was lower than the literature data,
which may be related to the standardized anti-OP treatment in this study [5]
[13]. And it indirectly proved that the natural process of OP is an important

reason of recurrent fracture.

4.4. Zoledronic Acid Combined with Teriparatide in the
Prevention of Recurrent Fracture after PKP

Zoledronic acid can inhibit the activity of osteoclasts through antagonistic effect
to inhibit bone absorption and reduce the incidence of fracture. It has strong
adsorption, and low medicine loss rate [29] [30]. The medicine can be absorbed
by bone tissue again. The medicine efficacy cycle is long, so it only needs to be
injected once a year. The patient’s compliance is high [10] [31]. Teriparatide is
an active fragment of parathyroid hormone, and it is an inhibitor of bone re-
sorption [32] [33]. It can promote bone formation, improve BDM and reduce
the risk of fracture [34]. At the same time, it has been clinically proved that it
can be used not only for the treatment of osteoporosis, but also for promoting
fracture healing [35]. Clinical data shows that Teriparatide is superior to zole-
dronic acid in improving BMD in OP patients. The sequential therapy based on
the bone remodeling of physiological cycle has not achieved good clinical effica-
cy, even it is not better than the single use of anti-resorption medicine [36] [37].
Clinical data shows that there is no significant difference in adverse reactions
between multiple anti-OP medicine combined with sequential therapy, which
can produce greater superposition and synergistic effect, but the best combined
sequential therapy has not been determined yet [37] [38]. Zoledronic acid com-
bined with teriparatide may weaken the anabolism of teriparatide. Relevant clin-
ical studies have shown that zoledronic acid combined with teriparatide has no
obvious advantage over teriparatide in increasing BMD [39]. However, in an
experiment of zoledronic acid combined with teriparatide after lumbar spinal
fusion in ovariectomized rats, it can significantly improve the quality of bone fu-
sion, and it is clinically proved to be effective [9]. At the same time, studies have
shown that zoledronic acid combined with teriparatide can significantly reduce

the rate of recurrent fractures compared with zoledronic acid [8]. Although the
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combined use in this clinical study has excellent performance in improving
BMD, it cannot effectively reduce the incidence of recurrent fractures. It may be
related to the smaller data sample and shorter follow-up time. Meanwhile, the
research shows that the choice of OP treatment medicine should be based on
bone metabolic markers [24] [40]. Low conversion medicine are mainly pro-
moting bone metabolism, while high conversion medicine are mainly inhibiting
bone resorption [40]. The results show that zoledronic acid combined with teri-
paratide is better than the single medicine group in improving bone metabolism
markers PINP and S-CTX. However, the follow-up time is only one year, which

may cover up some data.

5. Conclusion

Zoledronic acid combined with teriparatide has no significant increase in clinical
adverse reactions compared with single drug group. Zoledronic acid combined
with teriparatide can promote bone formation and has clear anti-resorption ef-
fect. The combination is better than zoledronic acid in preventing the risk of re-
current fracture after PKP of senile OVCEF, but it has no obvious advantage over

teriparatide.

Limitations

The number of clinical cases in this experiment is small, which cannot provide
more accurate data support. Relevant clinical workers can take a multi-center
study and select more cases to get more convincing data. In this study, we se-
lected cases over 65 years old, which belong to the condition of low bone trans-
formation. Whether it is suitable for the condition of high bone transformation
at the same time, it remains to be further verified by clinical trials. The follow-up
time of this study is short, but the current clinical medicine treatment cycle is 3
years for zoledronic acid and 2 years for teriparatide, which can further extend

the follow-up time to get the final conclusion.
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