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Abstract

Summary We performed a 1-year prospective study to see whether zoledronic acid infusion combined with percutaneous
kyphoplasty could provide more benefits in the treatment of T12 or L1 osteoporotic vertebral compression fracture (OVCF).
Introduction To investigate and analyze the clinical effects of zoledronic acid (ZOL) in combination with percutaneous
kyphoplasty (PKP) in the treatment of OVCF in postmenopausal women.

Methods Included in this study were 101 postmenopausal women patients with T12 or L1 OVCF who received PKP in our
hospital between August 2015 and July 2017. They were randomly assigned to a zoledronic acid (ZOL) group (n =50) or a
control group (n =51). Patients in ZOL group were treated preoperatively with IV infusion of 5 mg ZOL in combination with
0.25pg/d calcitriol and D3 600 mg/d calcium carbonate for a year. Patients in the control group were treated with the same dose of
calcitriol and calcium carbonate D3 without ZOL.

Results There was no statistically significant difference in age, height, weight, body mass index (BMI), menopause age, and the
fractured vertebral body between the two groups. At 6 and 12 months after treatment, bone mineral density (BMD) in ZOL group
was higher than that in the control group (p < 0.01); bone markers (NMID, PINP, and 3-CTX) and the VAS score in ZOL group
were significantly lower than those in the control group. No new fracture occurred in ZOL group. The incidence of recompression
vertebral fracture (RVF) in the control group was 11.7%, while no RVF was detected in any patient in ZOL group. Mild adverse
reactions in ZOL group were significantly higher than those in the control group, but all of them were relieved after symptomatic
treatment.

Conclusions ZOL 1V infusion in combination with PKP is beneficial for the treatment of T12 or L1 OVCF.
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Introduction especially at T12 or L1, is a type of clinical fragility fracture,

affecting approximately 1.4 million people worldwide [1, 2].

With the increase in the aged population in communities, the
incidence of fragility fracture has been increasing remarkably.
Osteoporosis vertebral compressive fracture (OVCF),
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OVCEF is more commonly seen in the elderly with decreased
spine bone mineral density (BMD), which is typically associ-
ated with severe spinal pain, deformity, and decreased mobil-
ity, and may even cause mortality in severe cases [3-5].
Since Garfin et al. [6] reported the use of percutanecous
kyphoplasty (PKP) to correct the spinal deformity, relieve
pain, and maintain spinal stabilization in addition to support-
ive care in 1998, PKP has gradually become the most popular
treatment for OVCF. Additionally, standard anti-osteoporosis
treatment is strongly recommended to improve the therapeutic
efficacy of PKP and reduce long-term complications.
Zoledronic acid (ZOL) is a kind of nitrogen-containing bis-
phosphonate which is known to increase bone mineral density
(BMD) and decrease the risk of osteoporotic fracture by
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inhibiting the osteoclastic function and inducing osteoclast
apoptosis, finally extending overall survival of osteoporosis
patients [7, 8]. Yearly administration of ZOL was approved for
anti-osteoporosis treatment in reducing the risk of fracture in
patients with postmenopausal osteoporosis effectively.

At present, few studies have reported the combined use of
ZOL infusion with PKP for osteoporotic compression fracture
of the spine, and the therapeutic effect remains uncertain. The
aim of the present prospective study was to explore the clinical
outcome of ZOL combined with PKP in the treatment of T12
or L1 OVCF in 101 patients who were admitted in our hospital
between August 2015 and July 2018.

Materials and methods
Selection criteria

The inclusion criteria were as follows: (1) postmenopausal
women with BMD T-score of — 2.5 or less at the lumbar spine
measured by dual-energy X-ray absorptiometry (DXA) (the T-
score was derived from the Chinese Bone Mineral Density
Database (CMDD)); (2) isolated compression fracture of sin-
gle vertebral body of T12 or L1 within 2 weeks; (3) MRI
showing a hypointense signal on T1-weighted images and
hyperintense signal on T2-weighted images; (4) relatively se-
vere back pain exacerbated after activities; (5) spinal tender-
ness and tapping pain on T12 or L1; and (6) pain that did not
improve with control management including bed rest, nonste-
roidal anti-inflammatory drugs (NSAIDs), opioid analgesics,
and bracing. Exclusion criteria included metastasis, multiple
myeloma, spinal infection, nerve compression, severe renal
insufficiency with a creatinine clearance rate (CCR)
> 35 mL/min, and hypocalcemia.

Surgical procedures

Before surgery, all patients were confined to strict bed
rest. Patients were positioned prone on the operating ta-
ble, and anesthesia was performed by two senior orthope-
dists. A small incision was made under X-ray guidance,
and a probe was subsequently placed into the vertebral
space at the fracture site. The bone was drilled, and a
balloon (Kinetic Inc., Shanghai, China) was inserted on
each side and then inflated with the contrast medium in
order to obtain the desired height recovery. The spaces
created by the balloon were then filled with bone cement
carefully under fluoroscopic monitoring. All surgical pro-
cedures of PKP were performed by the same group of
spinal surgeons in our department. The patients were
monitored for 6 h postoperatively.

@ Springer

Research subjects

Altogether, 101 patients with T12 or L1 OVCF who received
PKP in the Department of Orthopedics of Changhai Hospital
(Shanghai, China) between August 2015 and July 2017 were
randomly assigned to a ZOL group and a control group, using
a central randomization schedule of randomly permuted
blocks, with the use of an interactive online system. The pa-
tients and attending clinicians were not blinded to the study
protocol because both ZOL and control groups received dif-
ferent methods of drug administration (intravenous vs. oral)
and laboratory monitoring and had different drug-related ad-
verse effects.

ZOL group comprised 50 patients who ranged in age from
56 to 84 years with a mean of 64.60+6.70 years, and the
control group comprised 51 patients who ranged in age from
56 to 91 years with a mean of 63.98 +7.51 years. Among
these patients, one patient was also diagnosed with chronic
gastritis, four patients with hypertension, two patients with
coronary heart disease, one patient with chronic obstructive
pulmonary disease, one patient with ulcerative colitis, and one
patient with cerebral infarction.

Informed consent about reviewing the medical records was
obtained from each included patient. This prospective single-
center study was performed based on a protocol approved by
the institutional review board of Changhai Hospital and in
accordance with the principles of the Declaration of Helsinki.

Treatments

All patients in both groups were treated with PKP. Patients in
ZOL group also received once-yearly intravenous (IV) ZOL
infusion (Aclasta) for 1 year at a dose of 5 mg in 100 mL
solution infused over at least 15 min on the basis of daily
1000 mg calcium and 800 IU vitamin D supplements. Zol
was administered 2 days before PKP. Before administration
of ZOL, 500 mL saline was given intravenously, and 2.5 mg
dexamethasone (Dex) was given to prevent allergy. After ad-
ministration, 100 mL saline was given intravenously, and
60 mg loxoprofen was given orally three times per day. In
the control group, only the same dose of calcitriol and calcium
carbonate D3 was administered for 1 year. All patients were
advised to drink more water before and after medication to
facilitate drug excretion and reduce renal toxicity.

Evaluation indicators

The BMD value, serum bone metabolic indices, VAS score,
and adverse reactions were evaluated. All BMD values of the
left femoral neck were measured using the dual-energy X-ray
with a GE Lunar bone densitometer (Madison, WI, USA) at
admission and 6 and 12 months after treatment. The RMS-%
CV of the femoral neck was 1.765%; LSC (least significant
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change) of the femoral neck was 0.0364 g/cm?. The analysis
of each scan was performed by the same experienced
densitometrist and validated by the authors. Quality
assurance/quality control observations were recorded accord-
ing to manufacturer’s guidelines throughout the duration of
the study. Before and 6 and 12 months after treatment, the
serum bone metabolic indices of osteocalcin in the N-
terminal molecular fragment (NMID), the total extension of
the peptide type I collagen amino end (PI1NP), and beta col-
lagen degradation product (3-CTX) levels were determined
by providing manufacturing bone metabolism detected by
electrochemical luminescence immunity analysis technology.
VAS scores before surgery and 1 week, 6 months, and 1 year
after surgery were observed in the two groups. In addition,
adverse reactions mainly include fever, joint pain, muscle
and soft tissue pain, and other flu-like symptoms, such as
nausea, vomiting, fatigue, and arrhythmia, and the new frac-
ture situation of the patients conducted by image review were
observed.

Statistical methods

Statistical software SPSS 19.0 was used for analysis. The re-
sults are presented as means = SD; Student’s ¢ test and one-
way analysis of variance were applied for continuous data,
and chi-square test for categorical data. A p value of <0.05
was considered to indicate statistical significance.

Results
Demographic characteristics

The mean age, height, weight, BMI, and menopausal age of
the 50 patients in ZOL group and 51 patients in the control
group were 64.60 £6.70 vs. 63.98 +7.51 years, 156.95 +£4.93
vs. 158.01 £4.37 cm, 64.46 £ 6.22 vs. 65.35+6.89 kg, 26.13

+1.81 vs. 26.15+2.23 Kg/m?, and 49.74 £2.41 vs. 50.24 +

2.45 years respectively. In addition, there were 28 cases of
T12 fracture and 22 cases of L1 fracture in ZOL group vs.
24 and 27 cases in the control group. There was no statistically
significant difference in age, height, weight, BMI, menopause
age, and fracture vertebral body between the two groups (p >

0.05) (Table 1).

Clinical outcomes

The baseline of BMD of the left femoral neck was 0.670 +
0.066 in ZOL group and 0.665 +0.047 in the control group,
showing no significant difference between the two groups
(p >0.05). In ZOL group, BMD of the left femoral neck at 6
and 12 months after treatment was 0.714 +0.067 and 0.744 +
0.069 respectively, indicating that BMD was significantly

Table 1 Demographic characteristics of ZOL group, conservative
group

Variable ZOL Conservative p Value
Number 50 51

Age (years) 64.60+6.70 63.98+7.51 0.663
Height (cm) 156.95+4.93 158.01+437  0.258
Weight (Kg) 64.46+6.22 65.35+6.89 0.496
BMI (Kg/m2) 26.13+1.81 26.15+2.23 0.964
Menopause age 49.74+2.41 50.24+£2.45 0.308
Fracture vertebral body

T12 28 24 0.808
L1 22 27

T12, the 12th thoracic vertebra; L/, the 1st lumbar vertebra; ZOL, zole-
dronic acid

higher than the baseline (p < 0.05). And the significant differ-
ence was still found between 6 and 12 months (p <0.05). In
the control group, BMD at 6 and 12 months after treatment
was 0.676 +0.051 and 0.703 £0.063 respectively. However,
the difference in BMD was found only 12 months after treat-
ment as compared with the baseline and that after 6 months
(p < 0.05), while no difference was detected between 6 months
and before treatment (p <0.05). Similarly, comparison of
BMD between the two groups showed that the BMD of
ZOL group was significantly higher than that in the control
group, either 6 months or 12 months after treatment (Fig. 1).

Bone markers NMID, PINP, and 3-CTX were used to
evaluate bone absorption [9]. The baseline of NMID, PINP,
and 3-CTX was 20.76 +6.88 ng/L, 39.98 +1.79 ug/L, and
0.55+0.14 pg/L in ZOL group vs. 22.43 +5.58 pg/L, 39.96
+1.90 pug/L, and 0.56 =0.14 pg/L in the control group respec-
tively, showing no significant difference between the two
groups (p >0.05). In ZOL group, NMID, PINP, and 3-CTX
were decreased to 15.08 +5.56 pg/L, 15.37+1.61 pg/L, and
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Fig. 1 BMD at the left femoral neck after PKP and/or ZOL infusion. Data
are presented as mean + SD.”p <0.01 ZOL group vs. control group
6 months after treatment, *p <0.001 ZOL group vs. control group
12 months after treatment
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0.35+0.04 pg/L 6 months after treatment, and 13.94 +
2.79 ug/L, 15.40 + 1.40 ug/L, and 0.34 + 0.05 png/L 12 months
after treatment. Similarly, NMID, PINP, and 3-CTX in the
control group decreased to 18.81+5.05, 33.13+1.30, and
0.42+0.18 6 months after treatment, and 17.88 +4.25 pg/L,
33.23+1.94 ng/L, and 0.40 + 0.06 pg/L 12 months after treat-
ment. Both in ZOL group and control group, the three bone
markers were significantly lower than the baseline values (p <
0.001), and there was no significant difference in the bone
markers between 6 and 12 months (p >0.05). Intra-group
comparison showed that the above bone markers in ZOL
group were significantly lower than those in the control group
(Fig. 2).

The VAS score was applied in pain assessment. At 1 week,
6 months, and 12 months after treatment, the VAS score in
ZOL group was significantly reduced from 8.54 + 0.50 of the
baseline value to 2.62+0.49 in a week, 1.52+0.50 in
6 months, and 1.46 £0.50 in 12 months, and the VAS score
in the control group reduced from 8.45 + 0.50 of the baseline
value to 2.96 +0.66 in a week, 2.22 +0.42 in 6 months, and
2.33+0.48 in 12 months respectively (p < 0.001). Compared
with 1 week after treatment, the VAS score was significantly
lower at 6 and 12 months after treatment (p < 0.001). Intra-
group comparison showed that the VAS score in ZOL group
was significantly lower than that in the control group 1 week,
6 months, and 12 months after treatment. However, there was

Fig. 2 Bone markers NMID,
40

no significant difference in the VAS score between 6 months
and 12 months after treatment (p > 0.05) (Fig. 3).

Adverse events

In ZOL group, adverse events (AE) occurred after IV infusion
of ZOL in 18 (36%) cases, including fever in 10 (55.6%), flu-
like symptoms in 3 (16.7%), arthralgia in 3 (16.7%), and my-
algiain 2 (11.1%). No AE were observed in the control group.
All AE in ZOL group were mild and cured after symptomatic
treatment, although the incidence of AE in ZOL group was
significantly higher than that in the control group (p <0.001).
In terms of the RVF, no new fracture occurred in ZOL group,
while 6 (11.7%) new adjacent vertebral fractures occurred in
the control group during the treatment, showing a significant
difference between the two groups (p < 0.05) (Table 2).

Discussion

PKP is one of the main surgical treatments for OVCF at pres-
ent [10]. However, osteoporosis is a systemic disease, and no
sufficient attention has been paid to the prevention and treat-
ment of osteoporosis on the part of orthopedists. Our data
showed that ZOL in combination with percutaneous
kyphoplasty could improve BMD of the left femoral neck,
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Fig. 3 VAS before and after PKP and/or ZOL infusion. Data are present-
ed as mean = SD. “p < 0.01 ZOL group vs. control group at post 1 week,
“*p <0.01 ZOL group vs. control group 6 months after treatment, *p <
0.001 ZOL group vs. control group 12 months after treatment

increase the level of bone markers, and reduce the incidence of
new fractures.

Safer et al. [11, 12] reported that T value of bone density
improved significantly in patients with osteoporosis after 12-
month administration of bisphosphonate, calcium, and vita-
min D. In addition, ZOL also enhanced bone density of the
lumbar vertebra, total hip joint, and the femoral neck, and
reduced the risk of vertebral and non-vertebral body fractures.
A randomized double-blind study in 285 patients with osteo-
porosis in East China [13] showed that IV injection of ZOL
(5 mg/year) significantly increased bone density of the lumbar
vertebra and hip during the 24-month treatment. The anti-
osteoporosis effect could be explained by the enhancement
of the microstructure parameters and bone strength of bone
trabeculae in mouse models [14—16]. Indeed, our data suggest
that ZOL was more helpful in improving the femoral neck
BMD compared with the control group, and the duration of
ZOL treatment could be up to 1 year.

Hip bone density and PINP are considered to be highly
sensitive in the prediction of clinical fracture, and PINP and
3-CTX also show a good response in the assessment of the
therapeutic outcome [9]. Hagino et al. [17] believed that after

Table 2 Complications of ZOL infusion with PKP
ZOL Conservative p value
RVF, n (%) 0(0) 5(11.7) 0.02%
AE, n (%) 18 (36) 0(0)
Fever 10
Flu-like symptoms 3
Arthralgia
Myalgia

*p <0.05 was considered statistically significant. AE adverse events

S-year administration of bisphosphonates, the level of bone
markers remained in the premenopausal range for a long time
after the initial level of the bone markers was reduced. It was
found in our study that the level of the bone markers remained
stable during the observation period in both groups.
Definitely, more advantages in reducing bone absorption were
seen in the patients receiving ZOL treatment.

Shi et al. [18] performed a two-year retrospective study in
95 patients with osteoporotic compressive fracture and found
that the secondary fracture rate of the PKP group was 14.7%,
and no fracture occurred in the group of PKP combined with
zoledronic acid. Even in high-risk patients, the low fracture
rate and high compliance elucidated the benefits of ZOL in-
fusion in the treatment of osteoporosis. Thus, ZOL is strongly
recommended by the American College of Physicians for re-
ducing the risk of hip and spinal fractures in women with
known osteoporosis [19]. In this study, the rate of new frac-
tures in the control group was 11.7%, while no new fracture
occurred in ZOL group, which further confirms the efficacy of
ZOL in increasing bone density and reducing the incidence of
brittle fractures.

Low-back pain is very common in patients with osteopo-
rosis, especially in women, affecting their quality of life. A
systematic review showed that PVP/PKP was more effective
than the control treatment in relieving pain in acute/subacute
and chronic osteoporotic compression fractures [20]. In this
study, the pain symptom was significantly relieved in both
groups as compared with that before treatment, and the VAS
score in ZOL group was lower than that in the control group at
1 week, 6 months, and 12 months after treatment. Considering
that ZOL can promote osteogenesis and bone healing, it
should be more favorable for relieving the pain symptom of
the patients [21].

Oral azolate phosphoric acid often has an acute phase re-
sponse, similar to influenza, with fever and pain symptoms,
which are usually relieved effectively by oral NSAIDS
[22-24]. However, the fever rate was significantly reduced
after the first IV injection of ZOL in patients who had been
previously treated with alendronate, indicating that the oral
history of alendronate containing azodiphosphate is a protec-
tive factor for fever [25]. Certainly, there are some other inci-
dental adverse reactions, such as uveal inflammatory macular
edema, thrombocytopenia, and hypocalcemia [26-29], which
were not found in our patients.

In summary, ZOL as the first-line drug in the treatment of
postmenopausal women osteoporosis was applied to patients
with osteoporotic compression fracture of a single vertebral
body who received PKP treatment. ZOL could effectively
improve the patients’ BMD, improve bone marker levels,
and reduce the VAS score and RVF with a low rate of accept-
able adverse reactions and relatively low economic pressure.
The long-term clinical effect of ZOL in patients with osteopo-
rotic fractures needs further research.
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