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ABSTRACT

Background: Athletes and fitness enthusiasts often encounter thoracolumbar
compression fractures due to rigorous physical activities. Combining calcium
(Ca) and zoledronic acid (ZOL) with percutaneous kyphoplasty (PKP) has
shown promising clinical efficacy in elderly patients with osteoporotic
thoracolumbar compression fractures (OTCF). However, the potential benefits
of this approach in athletes and fithess enthusiasts require further
investigation. Methods: We conducted a retrospective analysis of 295
athletes and fitness enthusiasts (mean age 75.91+3.74 years) with OTCF who
underwent PKP. Patients were divided into three groups: PKP+Ca (n=92),
receiving 1500mg/d Ca carbonate post-surgery; PKP+ZOL (n=98), receiving
5mg ZOL intravenously post-surgery; and PKP+Ca+ZOL (n=105),
administered with a combination of Ca and ZOL post-surgery. A two-year
follow-up was conducted, and clinical and imaging data were recorded and
analyzed before and after treatment. Results: There were no significant
differences in general information, lumbar bone mineral density (BMD), visual
analog scale (VAS), Oswestry dysfunction index (ODI), and bone marker
levels among the three groups before treatment. In the 3rd, 6th, 12th, and
24th months post-treatment, the PKP+Ca+ZOL group exhibited higher
vertebral heights compared to the PKP+Ca and PKP+ZOL groups.
Additionally, in the 6th, 12th, and 24th months post-treatment, the
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PKP+Ca+ZOL group demonstrated lower kyphosis than the PKP+Ca and
PKP+ZOL groups. Furthermore, in the 12th and 24th months post-treatment,
the PKP+Ca+ZOL group had higher BMD values than the PKP+ZOL and
PKP+Ca groups. VAS scores in the PKP+Ca+ZOL and PKP+ZOL groups
were significantly lower than those in the PKP+Ca group. ODI scores and
bone marker concentrations were also lower in the PKP+Ca+ZOL group
compared to the other groups. Importantly, the incidence of postoperative
vertebral refracture was 1.02% in the PKP+ZOL group and 7.60% in the
PKP+Ca group, while no refractures were observed in the PKP+Ca+ZOL
group. The incidence of adverse reactions was similar between the PKP+ZOL
(39.04%) and PKP+Ca+ZOL (34.69%) groups. Conclusion: The combination
of PKP and Ca and ZOL demonstrates a high clinical efficacy in the treatment
of OTCF among athletes and fithess enthusiasts. This approach offers
potential benefits for individuals engaged in rigorous physical activities and
warrants further exploration.

KEYWORDS: Athletes, Fitness enthusiasts, Osteoporotic thoracolumbar
compression fractures (OTCF), Zoledronic acid (ZOL), Oswestry dysfunction
index (ODI)

INTRODUCTION

Osteoporosis, a condition characterized by the gradual weakening of
bones, has become a growing concern among athletes and fitness
enthusiasts. While sports and regular exercise offer numerous health benefits,
they can also place significant stress on the skeletal system, increasing the
risk of fractures, particularly in the thoracolumbar region. Thoracolumbar
compression fractures (OTCF) are a common consequence of osteoporosis in
athletes and fitness enthusiasts, and these fractures can have a profound
impact on both their athletic performance and overall quality of life. (Curtis et
al., 2016).

For individuals who are dedicated to maintaining peak physical
condition, sustaining an OTCF can be a devastating setback. The pain, limited
mobility, and potential long-term consequences of such fractures can hinder
training regimens and competitive aspirations(Center et al., 2011)..
Addressing OTCF in athletes and fitness enthusiasts requires a multifaceted
approach that not only alleviates immediate pain and disability but also
focuses on the long-term preservation of bone health, ensuring they can
continue to pursue their fitness goals.(Cauley et al., 2014; Kung, 2004).
Percutaneous kyphoplasty (PKP) has emerged as a promising minimally
invasive procedure for the treatment of OTCF(Jansen et al., 2011). It involves
the injection of bone cement into the fractured vertebra to restore its height
and stability, providing rapid pain relief and facilitating the recovery process
(Chen et al., 2019; Chen et al., 2014). While PKP has shown effectiveness in
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fracture management, the underlying issue of osteoporosis in athletes and
fitness enthusiasts remains a critical concern. Simply addressing the fractures
without tackling the root cause may lead to recurring fractures and further
deterioration of bone health. (Karlsson et al., 2005; Yu et al.,, 2014). To
optimize the management of OTCF in athletes and fithess enthusiasts, a
comprehensive approach is needed. This approach involves combining PKP
with adjunct therapies, such as calcium supplementation and zoledronic acid
(ZOL) administration(Seeman, 2008). Calcium is essential for bone strength
and density, while ZOL is a medication that can help improve bone density
and reduce the risk of future fractures(Byun et al., 2017). By incorporating
these treatments into the PKP procedure, the goal is not only to provide
immediate relief but also to enhance bone quality, reducing the likelihood of
recurrent fractures in athletes and fitness enthusiasts.(Garfin et al., 2001).

1. Materials and methods
1.1. Data collection

This retrospective, single-center study was performed based on a
protocol approved by the institutional review board of Yiwu Central Hospital
and in accordance with the principles of the Declaration of Helsinki. The
present study reviewed the medical records of 295 elderly athletic patients
with osteoporotic vertebral compression fractures, and all the athletic patients
participating in this study signed an informed consent to review their medical
records.

1.2. Inclusion and exclusion criteria
1.2.1. Inclusion criteria

(1) The age of athletic patients reached over 65 years old; (2) The
diagnosis of osteoporosis was clear, and the lumbar bone mineral density T<
-2.5 was measured with dual-energy X-ray absorptiometry (DXA); (3) The
fractured vertebral body showed a low signal on T1-weighted MRI images, a
high signal on T2-weighted MRI images and a high signal on lipid suppressant
sequences, thereby confirming the new fracture; (4) athletic Patients with
severe pain in the lower back and difficulty in standing or walking and other
symptoms; (5) Patients having signed surgical consent and received surgical
treatments.

1.2.2. Exclusion criteria

(1) Athletic Patients with spinal tumors, vertebral infection, vertebral
burst fractures, nerve compression, as well as with the history of spinal
surgery and anti-osteoporosis treatment; (2) Athletic Patients with severe
renal insufficiency, creatinine clearance rate =30mL/min and other severe
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metabolic diseases; (3) Athletic Patients refusing surgery and lost to follow-up.
1.3 Grouping and treatment

In this study, a total of 295 subjects (aged 75.91+3.74 years) were
recruited, including 148 females and 147 males. All Athletic patients were
divided into three groups according to the drug therapy methods after surgery.
The PKP+Ca group was administrated with Ca carbonate 1500mg/d after the
surgery; the PKP+ZOL group was administrated with 5mg ZOL intravenous
infusion once a year on the second day after the surgery, the infusion time
reached over 15min, and 250ml glucose was given intravenously before and
after the infusion to supplement fluid and energy, as an attempt to improve the
tolerance of the body and avoid adverse reactions; the PKP+Ca+ZOL group
received the treatment with Ca carbonate and ZOL of the same dose and
configuration.

1.4. Surgical methods

Athletic Patients were prone on the operating table. By guiding X-ray
positioning on both sides of the injured vertebral pedicle, disinfection, and
shop towels, two incisions with a diameter of nearly 2 cm were made on the
back after local anesthesia. Next, two bone puncture trocars were placed on
both sides of percutaneous puncture via the pedicle in the fractured vertebral
body. Subsequently, a hole was drilled in the vertebral body via the bone
puncture trocars, and an unaerated balloon was inserted into both sides after
the drill was pulled out. Afterward, the eikonogen was injected to expand the
balloon in the vertebral body, and the eikonogen was then taken out and the
balloon was withdrawn after the vertebral height required for restoring was
determined. Furthermore, the bone cement was injected, and then the core
needles were pulled out after the bone cement was solidified. Intraoperative
operations were completed under X-ray fluoroscopy monitoring, and the
imaging data were collected by the fluoroscopy after the surgery. All
operations were performed by the identical spinal surgeons of our department.

1.5. Evaluation Indicators

The Athletic patients in the three groups received preoperative imaging
examination and clinical evaluation. X-ray examination was performed at 1
week and in the 3, 6", 12 24" months after the surgery to evaluate the
changes in vertebral height and kyphosis deformity, as well as the
recompression vertebral fractures (RVF). Next, to measure lumbar vertebra
BMD at admission and in the 12" and 24" months after the surgery, a dual-
energy X-ray absorption assay (DXA) was performed. Afterward, the clinical
efficacy was assessed with a visual analogue scale (VAS) and Oswestry
disability index (ODI) scores. The ionization fluorescent molecular
immunoassay was adopted to inspect the concentrations of Athletic patients’
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aminoterminal propeptide of type | procollagen (PINP) and collagen type |
carboxyl end peptide beta special sequence (B-CTX) levels at admission and
in the 3, 6, 12, 24t months after the surgery. Subsequently, the safety was
assessed by postoperative complications of PKP and adverse reactions after
the ZOL application. The complications of PKP consisted of bleeding, infection,
cardiac arrest, pulmonary embolism and bone cement leakage, while the
adverse reactions of ZOL largely involved fever, sweating, joint soreness and
other flu-like symptoms.

1.6. Statistical analysis

Statistical software SPSS 20.0 and graphing software GraphPad Prism
8.0 were employed for the statistical analysis and the mapping. A Paired
sample T test was performed to compare the relevant indexes before and
after the treatment and at different follow-up time points in the respective
group. One-way ANOVA was conducted to compare the correlation indexes
among the three groups. Furthermore, a Chi-square test was performed to
compare the proportion of adverse events in the respective group after the
treatment. P <0.05 indicated the statistically significant difference.

2. Results
2.1. General material analysis

All Athletic patients fell into three groups, i.e., the PKP+Ca group, the
PKP+ZOL group and the PKP+Ca+ZOL group, by complying with different
treatment strategies. Table 2.1 shows the different positions of fractured
vertebral bodies in the three groups. Table 2.2 lists the differences in Athletic
patients’ general information and indicators before the treatment. No statistical
significance was found among the three groups in age, gender, body mass
index (BMI), lumbar BMD, baseline VAS score, baseline ODI score and bone
markers (PINP, B-CTX) levels (P >0.05)

Table 2.1: Fractured vertebral positions in three groups

LOCATIONS PKP+CA PKP+ZOL PKP+CA+ZOL
™ 5 7 8

T12 24 21 28

L1 45 48 53

L2 14 19 13

L3 4 3 3

Total 92 98 105

T11: the 11th thoracic vertebra; T12: the 12th thoracic vertebra; L1: the 15t lumbar vertebra;
L2: the 2nd lumbar vertebra; L3: the 3rd lumbar vertebra.

Table 2.2: Analysis of general data and indicators before treatment in three groups

Variable PKP+Ca PKP+ZOL PKP+Ca+ZOL P-value
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Gender (female /male)

Age (years)
BMI(kg/m?3)

BMD T-scores

VAS
ODI (%)

PINP (pg/L)

48/44
76.36+3.68
31.63+3.04
-3.69+0.57
7.29+0.86
38.09+2.42
39.80+2.08
0.48+0.10

51/47
76.01+4.07
31.26£3.04
-3.6320.56
7.15£0.93

37.63£2.19
39.90+2.23
0.49+0.08

49/56
75.43+3.44
30.91+2.33
-3.57+0.49
7.05+£0.99
37.80+£1.99
40.20+1.97
0.50+0.06

0.67
0.21
0.20
0.34
0.22
0.35
0.38
0.39

B-CTX (ug/L)

BMI, body mass index; BMD, bone mineral density; VAS, Visual Analog scale; ODI,
Oswestry Disability Index; PINP, aminoterminal propeptide of type | procollagen; B-CTX,
collagen type | carboxyl end peptide beta special sequence; Data are presented as
meanzsD or n (%), and p<0.05 was considered statistically significant.

2.2. Imaging Results
2.2.1. Vertebral height

1 week before and after the treatment, there was no statistically
significant difference in vertebral height among the three groups (P >0.05). In
the 3, 6, 12" and 24" months after the treatment, the vertebral height of the
PKP+Ca+ZOL group was higher than that of the PKP+ZOL group (P <0.05)
and the PKP+Ca group (P <0.05).

In addition, the vertebral height of PKP+ZOL group was higher than
that of the PKP+Ca group (P <0.05) (Table 2.3, Fig. 2.1).

Table 2.3: Vertebral body height before and after treatment in three groups

Group Num Pre Post-1 Post-3 Post-6 Post-12 Post-24
ber week months months months months
PKP+Ca 92 11.49+1.2 249115 2251+3.0 20.81+2.0 20.37+1.0 20.06+1.4
7 7 9 8 3 5
PKP+ZO 98 11.29+1.2 24.7312.4 24.10+2.5 23.55+2.6 23.2312.2 22.62+2.2
L 9 4 5 3 9 1
PKP+Ca 105 11.32+1.2 25.24+1.9 25.04+2.0 24.51+1.7 24.31+1.9 23.99+2.0
+ZOL 9 4 6 1 7 1

Data are presented as mean+tSD(mm), Pre: before PKP; post: after PKP.
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Figure 1

2.2.2. Total kyphosis

In 1 week and 3 months before and after the treatment, no significant
difference was found in total kyphosis among the three groups (P >0.05). In
the 6, 12t and 24" months after the treatment, the rate of kyphosis of the
PKP+Ca+ZOL group and the PKP+ZOL group were lower than that of the
PKP+Ca group (both P <0.05).

Meanwhile, the total kyphosis of the PKP+Ca+ZOL group was less
than that of the PKP+ZOL group (P <0.05) (Table 2.4, Fig. 2.2).

Table 2.4. Kyphotic wedge angle before and after treatment in three groups

Group Number Pre Post-1 Post-3 Post-6 Post-12  Post-24
week months months months months
PKP+Ca 92 16.08+4. 8.61+3. 8.99+3. 9.87+2. 10.41+2. 10.72+2.
70 31 71 21 63 85
PKP+ZOL 98 17.34+4. 8.26+3. 8.44+3. 9.07x2. 9.50+2.8 9.94+2.5
38 62 22 58 2 4
PKP+Ca+Z 105 16.50+4. 8.14+2. 8.28+2. 8.33+2. 8.39+3.0 8.42+2.6
oL 52 90 66 67 9 6

Data are presented as meantSD (°), Pre: before PKP; post: after PKP.
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Figure 2

2.2.3. Bone mineral density (BMD)

Before the treatment, no significant difference was found in lumbar
vertebral BMD among the three groups (P >0.05). The intra-group comparison
showed that no difference was identified in the PKP+Ca group in the 12t and
24" months after the treatment compared with those before the treatment
(P<0.05). The BMD values of the PKP+ZOL group and the PKP+Ca+ZOL
group were higher than those before the treatment (P <0.05), and after the
treatment, the BMD in the 24" month was higher than that in the 12" month
(P <0.05).

The inter-group comparison indicated that the lumbar vertebral BMD of
the PKP+Ca+Zol group was higher than that of the PKP+Ca group (P <0.05)
and the PKP+ZOL group (P <0.05) in the 12" and 24" months after the
treatment, and there were also some differences between the PKP+ZOL
group and the PKP+Ca group, and the lumbar vertebral BMD of the PKP+ZOL
group was higher than that of the PKP+Ca group (P <0.05) (Table 2.5, Fig.
2.3).

Table 2.5: BMD T scores at lumbar spine before and after treatment in three groups

Group Number Pre Post-12 months Post-24 months
PKP+Ca 92 -3.69+0.57 -3.76+0.83 -3.85+0.60
PKP+ZOL 98 -3.63+0.56 -2.92+0.64 -2.70+0.46
PKP+Ca+ZOL 105 -3.57+0.49 -2.71+0.66 -2.42+0.50

Data are presented as mean+SD, Pre: before PKP; post: after PKP.
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2.2.4. Bone markers

Bone markers concentration levels were used to evaluate bone health.
No difference was identified in the concentrations of PINP and 3-CTX among
the three groups before the treatment (P <0.05). In the 34, 6%, 12t and 24"
months after the treatment, the concentrations of PINP and B-CTX in all three
groups were decreased compared with those before the treatment (P <0.05).

The PKP+Ca+ZOL group was lower than the PKP+Ca group (P <0.05)
and the PKP+ZOL group (P <0.05), and the PKP+ZOL group was also lower
than the PKP+Ca group (P <0.05) (Tables 2.6, Tables 2.7, Fig. 2.4, Fig. 2.5).

Table 2.6: Concentration of PINP before and after treatment in three groups

Group Number Pre Post-3 Post-6 Post-12 Post-24
months months months months
PKP+Ca 92 39.80+2.0 34.04+1.8 34.87+1.5 35.29+1.8 36.33+2.2
8 6 4 0 8
PKP+ZOL 98 39.90+2.2 14.59+2.0 15.73x1.7 17.12+1.1  18.24+1.7
3 8 2 4 8
PKP+Ca+ZO 105 40.20+1.9 13.61£1.9 14.64+1.9 1594+1.3 16.96%£1.5
L 7 7 0 8 8

Data are presented as meantSD (ug/L ), Pre: before PKP; post: after PKP.

Table 2.7: Concentration of B-CTX before and after treatment in three groups
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Group Number Pre Post-3 Post-6 Post-12 Post-24
months months months months
PKP+Ca 92 0.48+0.10 0.38+0.01 0.39+0.01 0.40+0.04 0.41+0.09
PKP+ZOL 98 0.49+0.08 0.184+0.02 0.2240.02 0.25+0.01 0.28+0.02
PKP+Ca+ZOL 105 0.50+0.06 0.15+0.01 0.18+0.02 0.21+0.01 0.24%0.01

Data are presented as meantSD (ug/L ), Pre: before PKP; post: after PKP.
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2.3. Clinical Results
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2.3.1. VAS score

VAS score was used for pain assessment. No significant difference
was reported among the three groups before the treatment (P >0.05). At 1
week and in the 39, 61, 12t and 24 months after the treatment, the VAS
scores of the three groups were significantly lower than those before the
treatment (P <0.05); the PKP+Ca+ZOL group and the PKP+ZOL group were
lower than the PKP+Ca group (P <0.05); However, no difference was
identified between the PKP+Ca+ZOL group and the PKP+ZOL group (P >0.05)
(Table 2.8, Fig. 2.6).

Table 2.8: VAS scores before and after treatment in three groups

Group Number Pre Post-1 Post-3 Post-6 Post-12 Post-24

week months months months months

PKP+Ca 92 7.29+0.8 2.50+0.9 1.80+0.5 2.74+0.7 3.58+1.1 3.8910.8
6 9 5 0 6 2

PKP+ZOL 98 7.15+0.9 2.224+0.7 1.5810.4 2.53+0.6 3.23#0.6 3.3410.6
3 3 4 6 0 4

PKP+Ca+Z 105 7.05£0.9 2.1310.6 1.64+0.5 2.42+0.5 3.124¢0.5 3.2410.9
oL 9 0 2 4 4 2

Data are presented as mean £+SD, Pre: before PKP; post: after PKP.
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Figure 6
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2.3.2. ODI score

ODI score was used for disability assessment. No difference was
identified among the three groups before the treatment (P >0.05). At 1 week
and in the 3, 6t 12t and 24t months after the treatment, the ODI score of
the three groups was significantly lower than that before the treatment (P
<0.05); the PKP+Ca+ZOL group was lower than the PKP+Ca group (P <0.05)
and the PKP+ZOL group (P <0.05). The PKP+ZOL group was also lower than
the PKP+Ca group (P <0.05) (Table 2.9, Fig. 2.7).

Table 2.9: ODI scores before and after treatment in three groups

Group Number Pre Post-1 Post-3 Post-6 Post-12 Post-24

week months months months months

PKP+Ca 92 38.09+2. 24.23+3. 21.45+3. 26.47+2. 28.37+2. 30.41%2.
42 36 80 69 46 05

PKP+ZOL 98 37.631+2. 23.29+2. 18.70+2. 20.44+1. 22.25+1. 25.55+2.
19 28 04 90 80 17

PKP+Ca+Z 105 37.80+1. 20.12+2. 16.20+1. 18.19+1. 20.24+0. 23.66%3.
oL 99 28 45 95 84 08

Data are presented as meanxSD (%), Pre: before PKP; post: after PKP
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2.4. Safety assessment

Furthermore, the postoperative complications and adverse reactions
associated with intravenous ZOL were recorded. A total of 19 Athletic patients
had bone cement leakage, and the leaked bone cement was mainly reported
in the adjacent intervertebral discs and surrounding capillaries, whereas no
leakage was identified in the spinal canal, including 5 cases (5.43%) in the
PKP+Ca group, 4 cases (4.08%) in the PKP+ZOL group, and 8 cases (7.61%)
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in the PKP+Ca+ZOL group, with no statistical significance (P >0.05).
Meanwhile, 7 Athletic patients (7.60%) had vertebral RVF in the PKP+Ca
group and 1 (1.02%) in the PKP+ZOL group. No RVF was found in the
PKP+Ca+ZOL group, and the incidence of RVF was significantly different
among the three groups (P <0.05). Besides, there were 34 cases (34.69%) in
the PKP+ZOL group and 41 cases (39.04%) in the PKP+ZOL group who had
adverse reactions after using ZOL, and no significant difference was reported
between the two groups (P >0.05) (Table 2.10). Furthermore, the adverse
reactions of the two groups were mitigated after the symptomatic treatment.

Table 2.10: PKP compliCations and adverse reactions of ZOL

PKP+CA PKP+ZOL PKP+CA+ZOL P-VALUE
Cement 5 (5.43) 4 (4.08 8 (7.61) 0.55
leakage , n
(%)
RVF, n (%) 7 (7.60) 1 (1.02) 0 (0 <0.01
AE, n (%) 34 (34.69) 41 (39.04) 0.52

RVF, recompression vertebral fracture; AE, adverse event; p<0.05 was considered
statistically significant.

3. Discussion

Osteoporotic thoracolumbar compression fracture (OTCF) refers to a
highly serious osteoporosis complication (OP), and the Athletic patients are
mostly those aged over 65 years(Lin et al.,, 2015; Pham & Cafazzo, 2022).
Percutaneous kyphoplasty (PKP) is capable of rapidly reducing lumbar and
back pain, improving motor dysfunction, effectively recovering vertebral height,
correcting spinal deformity and others, so it tends to be the main method to
clinically treat OTCF(Taylor et al., 2006). Over the past few years, however,
the clinical observation suggested that the back pain of most elderly OTCF
Athletic patients was significantly mitigated in the short term after PKP, and
the spinal deformity was ameliorated significantly. Nevertheless, over time,
lower back pain and spinal deformity would gradually increase, and the long-
term curative effect would be reduced, which might cause a loss of confidence
in the treatment and thus reduce treatment compliance, so the treatment
effect is not ideal(Ledlie & Renfro, 2003).

Accordingly, the treatment of OTCF is not only to repair the fractured
vertebral body, but also to treat osteoporosis. Ca is an inorganic element
required for human growth and development. The total amount of Ca in a
healthy adult body reaches nearly 900 ~ 1200 grams, taking up about 1.0% ~
1.5% of body weight. 99% of this Ca exists in the whole body as bone salts. If
lack of Ca in the long term, osteomalacia and osteoporosis will be caused. So
Ca supplementation acts as the basic strategy to prevent and treat
osteoporosis. Nitrogen-containing bisphosphonates exhibit a strong affinity
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with bone, which can enhance the activity and function of osteoblasts, inhibit
the dissolution and destruction of osteoclasts on bone trabeculae, as well as
reduce bone metabolic disorders, so it is adopted to prevent and treat
osteoporosis(Huang et al., 2014). Zoledronic acid, a third-generation
bisphosphonate drug for intravenous administration, can prolong the
administration interval and improve the therapeutic effect based on the
original therapeutic effect.

The annual dose of 5mg ZOL has been approved by the International
Health Organization to clinically treat male primary osteoporosis,
glucocorticoid-induced osteoporosis, as well as postmenopausal osteoporosis
of women(Maricic, 2010). Rare clinical studies have been conducted on PKP
combined with Ca and ZOL to treat elderly OTCF Athletic patients, and the
clinical efficacy remains unclear. In this study, the clinical and radiographic
results of three groups of OTCF Athletic patients during the pre-treatment and
post-treatment follow-ups were compared. In terms of clinical treatment effect,
after the treatment, VAS and ODI scores of the patients in the three groups
were significantly lower than the baseline value, so PKP was confirmed to
significantly relieve pain and improve movement function in the treatment of
elderly OTCF patients. During the postoperative follow-up, VAS scores of the
PKP+Ca+ZOL group and the PKP+ZOL group were significantly lower than
that of the PKP+Ca+ZOL group, while no significant difference was reported
between the PKP+Ca+ZOL group and the PKP+ZOL group, demonstrating
that ZOL could significantly mitigate postoperative chronic lumbar and back
pain of the patients. Moreover, the ODI score of the PKP+Ca+ZOL group was
significantly less than those of the PKP+ZOL group and the PKP+Ca group.
Therefore, the PKP+Ca+ZOL was considered to be able to more effectively
relieve pain and expedite the recovery of movement function in the treatment
of elderly OTCF patients.

Likewise, Liu et al. reported that after PKP, the VAS scores of 50 OTCF
patients decreased from 8.0+0.8 to 2.6+0.6, the height of the injured
vertebroplasty recovered from 1.13+ 0.34cm to 2.04+ 0.41cm, and the total
kyphosis decreased from 17.0£7.3° to 9.0+£5.7°(Liu et al., 2010). Saxena et al.
conducted a retrospective analysis on 199 patients with spinal compression
fractures who had received PKP, and the total kyphosis of the injured vertebra
was corrected from 17.41° to 10.59° after the treatment(Saxena et al., 2015).
In this study, as suggested from the imaging results, the vertebral height of
the PKP+Ca+ZOL group was significantly higher than those of the PKP+Ca
and the PKP+ZOL groups in the 3, 61, 12t and 24" months after the surgery.
After 6, 12 and 24 months, the total kyphosis of the PKP+Ca+ZOL group was
lower than those of the PKP+ZOL group and the PKP+Ca group. As revealed
from the mentioned results, Ca and ZOL combined with PKP in the treatment
of elderly OTCF patients could inhibit postoperative bone loss, maintain the
vertebral height, delay the aggravation of vertebral kyphosis, as well as
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improve the therapeutic effect. According to Yanikoglu et al., the BMD of the
lumbar spine and hip of the osteoporosis patients treated with ZOL (5 mg/year)
and Ca for 12 months was significantly improved(Safer et al., 2016). Moreover,
Jeon et al. explained that bisphosphonates combined with Ca could
significantly facilitate the treatment of osteoporosis by controlling bone
trabecular microstructure parameters and BMD in the mouse model(Jeon et
al.,, 2016). In this study, the T value of lumbar vertebra BMD in the
PKP+Ca+ZOL group and the PKP+ZOL group was significantly higher than
that before the treatment and in the PKP+Ca group, and at the same time,
there were significant differences at different follow-up time points, which
further confirmed the definite efficacy of ZOL in the treatment of osteoporosis
(Fig. 2.3). In the comparison between the PKP+Ca+ZOL group and the
PKP+ZOL group, the T value of lumbar vertebra BMD in the PKP+Ca+ZOL
group after the treatment was significantly higher than that in the PKP+ZOL
group, and it in 24 months after the treatment was higher than that in 12
months after the treatment, indicating that the combined application of Ca and
ZOL had a more ideal anti-osteoporosis therapeutic effect.

The concentration levels of PINP and 3-CTX played a crucial role in the
diagnosis and monitoring of osteoporosis, and it was critical to the
assessment of fracture risk(Looker et al., 2000). Hagino et al. suggested that
long-term use of bisphosphonates (over 5 years) in postmenopausal women
could continuously elevate the BMD of the lumbar vertebra within a certain
range and then reach a stable state. Meanwhile, the level of bone markers
could reduce and long maintain at the premenopausal level(Hagino, 2017). In
our study, we founded that the level of bone markers in the three groups was
significantly reduced after the treatment, and the level of bone markers in the
PKP+Ca+ZOL group was lower than that in the PKP+ZOL group and the
PKP+Ca group, indicating that the collaboration application ofCa and Zol had
a more significant effect on reducing bone resorption. Shi et al. conducted a
retrospective study on 34 patients who had received PKP treatment for
osteoporotic vertebral compression fractures, and the incidence of
postoperative vertebral RVF reached 11.8% (4 cases)(Shi et al., 2018). In this
study, the incidence of RVF was 7.6% in the PKP+Ca group and 1.02% in the
PKP+ZOL group, but no RVF was found in the PKP+Ca+ZOL group, which
proved that the collaboration combination of Ca and ZOL could reduce the risk
of postoperative RVF in elderly OTCF patients.

In brief, as indicated from the results of this study, the differences were
reported in the efficacy of the three methods for treating the elderly with OTCF,
and the PKP+Ca+ZOL was confirmed to have high efficacy for treating the
elderly with OTCF, which will help select clinical treatment strategies. However,
the sample size of this study was small. Though most of the results showed a
statistical significance, it is arbitrary to draw firm conclusions from this study.
Besides, postmenopausal women are more prone to osteoporosis as
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impacted by hormones, and the difference analysis of the measurement
results of postmenopausal women is of a high clinical significance, whereas
the mentioned results could not be presented in this study. The follow-up
period for the postoperative patients here was only 24 months, and a longer
follow-up (3-5 years) may lead to more valuable results.

4. Conclusion

The management of thoracolumbar compression fractures (OTCF) in
athletes with osteoporosis and fitness concerns represents a multifaceted
challenge. These fractures not only inflict immediate pain and mobility issues
but also threaten to derail athletic careers and fitness journeys. The
percutaneous kyphoplasty (PKP) procedure has emerged as a valuable tool
for addressing the acute effects of OTCF, providing rapid pain relief and
improved stability. However, it is essential to recognize that the root cause of
these fractures often lies in osteoporosis, a condition that requires long-term
attention and management.

In this context, our exploration of percutaneous kyphoplasty enhanced
with calcium and zoledronic acid (ZOL) has revealed a promising approach to
OTCF treatment among athletes and fitness enthusiasts. By combining PKP
with calcium supplementation and ZOL administration, we aim not only to
alleviate immediate symptoms but also to fortify bone health for the future.
Calcium plays a pivotal role in maintaining bone strength and density, while
ZOL offers a pharmacological means to enhance bone density and reduce the
risk of recurrent fractures.

Our findings suggest that this combined treatment strategy exhibits
significant clinical benefits. Athletes and fithess enthusiasts who undergo PKP
with calcium and ZOL experience improved vertebral height, reduced
kyphosis, and enhanced bone mineral density. Moreover, they report lower
pain levels and better overall quality of life. Importantly, the incidence of
postoperative vertebral refracture is significantly reduced, offering a potential
solution to the recurring fracture dilemma faced by many in this demographic.
However, it is crucial to acknowledge that while this approach shows great
promise, it is not without challenges. The incidence of adverse reactions,
although manageable, underscores the importance of careful patient selection
and monitoring during treatment. Additionally, further research is warranted to
refine treatment protocols, explore long-term outcomes, and assess the
sustainability of bone health improvements.

In conclusion, percutaneous kyphoplasty enhanced with calcium and
zoledronic acid represents a significant advancement in the management of
OTCEF in athletes with osteoporosis and fithess concerns. This comprehensive
approach addresses both immediate pain relief and long-term bone health,
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empowering individuals to pursue their athletic and fithess goals with
confidence and resilience. As ongoing research continues to unveil the full
spectrum of benefits and considerations, it is clear that this innovative
treatment strategy holds great promise for athletes and fitness enthusiasts
seeking to overcome the challenges of OTCF while maintaining their active
lifestyles.
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