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Reprocedure Rates Following Vertebral
Augmentation: A Nationwide Cohort Study

Sub-Ri Park, MD, Byung Ho Lee, MD, Kyung-Soo Suk, MD, Namhoo Kim, MD, Minae Park, MPH*,
Si Young Park, MD, Seong-Hwan Moon, MD, Hak-Sun Kim, MD, Jae-Won Shin, MD, Ji-Won Kwon, MD

Department of Orthopedic Surgery, Yonsei University College of Medicine, Seoul,
*Data Science Team, Hanmi Pharm., Co., Ltd., Seoul, Korea

Background: In this study, we aimed to investigate the effects of osteoporosis medication use and prescription duration on the
rates of reprocedures for re-fractures in patients who underwent vertebral augmentation (VA).

Methods: This retrospective cohort study was conducted using data collected from the National Health Insurance Service data-
base of South Korea. Patients aged 50 years or older who underwent VA in 2012 were included in this study. A reprocedure was
defined as an additional VA performed for re-fractures during a follow-up period of up to 5 years. Patients were categorized based
on medication type (bisphosphonates, selective estrogen receptor modulators [SERMSs], calcium supplements, or vitamin D supple-
ments) and prescription duration (incomplete, complete, or absolute complete). The results were statistically analyzed using Cox
regression and Kaplan-Meier survival analyses.

Results: Among 9,070 patients included, 678 patients (7.5%) underwent reprocedures for re-fractures, with 41.0% of reprocedures
performed within 6 months after VA. The reprocedure rate was higher in patients prescribed calcium or vitamin D supplements
(13.3%) than in those prescribed bisphosphonates (7.7%) or SERMs (8.6%). Multivariate analysis revealed that prolonged prescrip-
tion duration was associated with higher reprocedure rates, reflecting greater disease severity. The absolute complete prescription
group showed a 9.07 times higher hazard ratio for reprocedure than the no-medication group.

Conclusions: These findings highlight the potential of osteoporosis medication use and prescription duration as predictive factors
for reprocedure rates after VA. Although patients with more severe osteoporosis require longer treatment, adherence to therapy
may help reduce the risk of additional interventions over time.
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Osteoporotic vertebral compression fractures (OVCFs),
which are common in older individuals, lead to pain, spi-
nal deformities, and a decreased quality of life.” The pri-
mary treatment options for OVCFs include conservative
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management and vertebral augmentation (VA). Among
these options, VA, comprising percutaneous vertebroplasty
(PVP) or percutaneous kyphoplasty (PKP), is widely used
because of its ability to rapidly relieve pain and restore ver-
tebral height.” However, it is associated with complications
such as re-fracture of the treated vertebrae and subsequent
fractures in the adjacent vertebrae.*”

Studies have investigated the incidence of and risk
factors for subsequent fractures after the initial OVCE fo-
cusing on factors such as low bone mineral density (BMD),
advanced age, cement leakage, and insufficient postopera-
tive management of osteoporosis.”” These studies have
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highlighted the importance of effective osteoporosis treat-
ment to reduce the risk of subsequent fractures. Osteopo-
rosis medications such as bisphosphonates (BP) and selec-
tive estrogen receptor modulators (SERMs) lower fracture
risk by improving bone strength. Although the role of these
medications in preventing fractures has been explored, it
is not clear how these treatments affect the likelihood of
requiring additional interventions after the initial VA.

Studies focusing on the incidence of and risk factors
for reprocedures after VA are scarce.” Additionally, there
is a lack of consensus regarding reprocedures following
VA; however, some studies suggest that inadequate man-
agement of osteoporosis, poor adherence to prescribed
medications, and advanced disease severity may contrib-
ute to higher reprocedure rates."” Additionally, robust
data regarding how the type and duration of osteoporosis
treatment influence reprocedure rates are scant. Despite
the widespread use of VA in South Korea, a substantial
proportion of patients with OVCF do not receive adequate
anti-osteoporotic therapy after a procedure, and adherence
rates remain low among those prescribed medications."”
Thus, there is an urgent need for targeted interventions to
optimize postoperative care and reduce the burden of ad-
ditional procedures.

The aim of this study was to investigate whether the
use of osteoporosis medications and the duration of thera-
py affect the rates of reprocedures for subsequent fractures
at the adjacent level or re-fracture in patients who had un-
dergone VA. We hypothesized that the type of osteoporo-
sis medication and the duration of treatment substantially
affect the incidence of subsequent fractures, necessitating
additional surgical interventions.

METHODS

This study was approved by our Institutional Review Board
and Ethics Committee of Yonsei University College of Med-
icine (IRB No. 3-2019-0053), which waived the requirement
for patient consent. All experiments were performed in ac-
cordance with relevant guidelines and regulations.

Data Acquisition

The National Health Insurance Service (NHIS) is a public
medical insurance system in the Republic of Korea cov-
ering most of the Korean population (over 50 million)
receiving various treatments; however, it does not cover
cosmetic surgeries and service claims through specific
insurance for traffic or industrial accidents. The NHIS
established the National Health Insurance Sharing Service
(NHISS) to improve the convenience of access and uti-

lization of data for users, via an application for National
Health Information data provision to share research re-
sults. The NHISS supports research in various fields such
as society, economy, environment, and industry, as well as
policy and academic research in the health and medical
fields based on evidence, by providing sample research da-
tabases, customized research of the databases, and disease
indicators."” Information regarding diagnoses, prescrip-
tions, and procedure codes based on the International
Classification of Diseases, 10th Revision (ICD-10) can be
specified and recorded as per an individual’s unique iden-
tification number; through this approach, information can
be followed up within a set period. We used the NHIS co-
hort database to extract information on patients diagnosed
with vertebral fractures requiring VA, such as PVP and
PKP, between January 1, 2006, and December 31, 2017.

Enrolled Patients’ Definition
This retrospective cohort study was conducted to investi-
gate subsequent vertebral fractures requiring reprocedures
in patients aged 50 years or older who experienced their
first vertebral fracture in 2012. The wash-out period was
defined from January 1, 2006, to December 31, 2011,
during which patients who met any of the following cri-
teria were excluded from the study: patients with proce-
dure codes for PVP or PKP (N0471, N0472, N0473, and
N0474); patients with diagnosis codes for vertebral frac-
tures (5220, S221, S320, M484, and M485); and patients
prescribed medications for osteoporosis at least once.
Subsequently, patients who underwent PVP or
PKP for vertebral fractures between January 1, 2012, and
December 31, 2012, were enrolled in the study if they
satistied all of the following criteria: patients aged > 50
years with diagnosis codes for vertebral fractures (S220,
S221, S320, M484, and M485); patients with at least 1 pre-
scription code for magnetic resonance imaging (HE110,
HE210, HE501, HE111, and HE511); patients with proce-
dure codes for PVP or PKP (N0471, N0472, N0473, and
N0474); and patients without diagnosis codes for patho-
logical fractures (M800, M808, Z87.311, M844, M845,
and M846) or multiple myeloma (C900, C901, C902, and
C903). Patients who met these criteria were defined as
those diagnosed with a vertebral fracture and who under-
went VA for the first time in 2012.

Definition of Reprocedure and Classification of Patients
Based on ICD-10 diagnosis codes, during the follow-
up of patients who underwent PVP or PKP for vertebral
fractures, if a subsequent vertebral fracture occurred that
required another PVP or PKP procedure, the event was
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termed a reprocedure. We defined patients who met all of
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vertebral fractures (5220, S221, S320, M484, and M485)
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% levels to warrant the prescription for osteoporosis medica-
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— [<=}
e 2 = S 8 B 3 5 ior, walking exercise frequency, and Charlson Comorbid-
o = 3 ity Index (CCI) as variables were collected.
D
= g sq . . . .
E_ ~ = o = Definition of Prescription Duration for Osteoporosis
S8 T 8 s 8 8 9 3 = L
28 » 2 © o © 4 2 S Medication
T o S H = © & H @
gl ©o & 8 g = 5 8 = Patients were categorized based on the duration of osteopo-
2 S S rosis medication prescriptions from the index date until the
= time of reprocedure for re-fracture. The “incomplete pre-
@©
o . B scription group” comprised patients prescribed medications
=8 % & & 5 2 % o for less than 50% of the period, the “complete prescription
22 = S S o <5 8 » . . o
°E S = g ;—;— % % g s (_*E E group” comprised those prescribed medications for 50%-
= & g R B S 2 é S g 90% of the period, and the “absolute complete prescription
2 g S group” comprised patients prescribed medications for more
- % 2 than 90% of the period. Here, a stricter definition of pre-
o T
52 = scription duration indicated that patients with more severe
= S Sw - . . .
T g °§>§ = osteoporosis likely required more intensive management,
£ Vo resulting in a higher frequency of medication prescriptions
S 8800 g g quency p ptions.
2 Pe35
= 281 E .. .
o 2 < = |H2353 Statistical Analysis
S 5 — ¢ E é; % 3 Statistical analyses were performed using IBM SPSS ver-
= — o ©
= 2 3 £ o S 2583 sion 21.0 (IBM Corp.). Differences in continuous and non-
vy © —
3 2 e 3 o S 2|8y ] § continuous variables between the groups were analyzed
= = = ™ = o . . o 4.
é 3 E 2 = g ] E % g'gg using Student ¢-test and chi-square test. Associations of
S B T é Z £ g g 5%—(_7’5 8 osteoporosis drug use and prescription duration with vari-
—= b = = c 2|2 o=
© g 3 = é = = 8BS ‘é@ S ous factors such as age, sex, CCI, and BMI were evaluated
s = < 8 38 £ = 3|58y using Cox regression analysis. Kaplan-Meier curves were
- SEHPE




1001

Park et al. Osteoporosis Medication Use and Reprocedure Rates Following Vertebral Augmentation
Clinics in Orthopedic Surgery  Vol. 17, No. 6, 2025 « www.ecios.org

used to assess cumulative survival rates. Statistical signifi-  tive incidence rates of reprocedures, no significant dif-

cance was set at p < 0.05. ference was observed between patients who received BPs

or SERMs and those who did not receive osteoporosis

RESULTS n'ledic'ations. However, patien.ts V'V}'IO receiv.ed calcium or
vitamin D supplements had significantly higher cumula-

Demographic Data and Reprocedure Rates According tive incidence rates (p < 0.001) (Fig. 1).

to Osteoporosis Medications

Of the 9,070 patients included in the study, 3,289 (36.3%)

did not receive osteoporosis medications. Significant dif-

ferences in osteoporosis medications used after VA were 0.5 - . .
- A ] ---- No medication patients
observed according to age, sex, and certain CCI items — BP
i ; i ide- — SERM
(Table 1). A total of 36 patients received teriparatide; the 0.4 - Caloium or vitamin D

reprocedure rate was 16.7% (6 patients), with 4 patients
(11.1%) undergoing reprocedures within 6 months. The
average treatment duration was only 0.1 month. Given
this extremely short treatment duration, it was difficult to
include teriparatide users in a meaningful cohort-based
comparison with other osteoporosis medications. There-
fore, this group was excluded from the main analysis.
Among patients who did not receive osteoporosis medi-
cations, the reprocedure rate was 6.5%. For patients who ' . . .
received BPs, SERMs, or calcium or vitamin D supple-
ments, the reprocedure rates were 7.7%, 8.6%, and 13.3%,
respectively. Significant differences were observed in the  Fig. 1. Cumulative incidence graph of reprocedure rates by osteoporosis
reprocedure rates according to administered osteoporosis  medication. BP: bisphosphonate, SERM: selective estrogen receptor
medications (Table 2). In the comparison of the cumula- ~ modulator.

0.3 1

Cumulative incidence

Time to reprocedure (yr)

Table 2. Reprocedure Rates According to Osteoporosis Medication Use after Index Vertebral Augmentation

Total No medication BP SERM Calcium or vitamin D

el (n =9,034) (n = 3,289) (n = 5,125) (n = 326) (n =294) paigle

Reprocedure <0.001*

No 8,356 (92.5) 3,074 (93.5) 4,729(92.3) 298 (91.4) 255 (86.7)

Yes 678 (7.5) 215(6.5) 396 (7.7) 28(8.6) 39(13.3)
Reprocedure time <0.001*

No 8,356 (92.5) 3,074(93.5) 4,729(92.3) 298 (91.4) 255 (86.7)

<6 mo 278 (3.1) 115(3.5) 133(2.6) 14 (4.3) 16 (5.4)

6—<12mo 78(0.9) 26(0.8) 45(0.9) 4(1.2) 3(1.0)

12—< 24 mo 131(1.4) 37(1.1) 81(1.6) 2(0.6) 11(3.7)

24—< 36 mo 97(1.1) 25(0.8) 61(1.2) 6(1.8) 5(1.7)

36—< 48 mo 58 (0.6) 8(0.2) 45(0.9) 1(0.3) 4(1.4)

48—<60 mo 29(0.3) 410.1) 24(0.4) 1(0.3) 0

> 60 mo 7(0.1) 0 7(0.1) 0 0

Values are presented as number (%).

BP: bisphosphonate, SERM: selective estrogen receptor modulator.

*Statistical significance with a p-value < 0.05.

The p-values were calculated using the chi-square test or Fisher's exact test for categorical variables, as appropriate.
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Reprocedure Rate According to the Prescription
Duration of Medications

In the comparison of reprocedure rates according to the
duration of osteoporosis medication prescriptions, 22% of
the patients in the absolute complete prescription group,
11% in the complete prescription group, and 7.8% in
the incomplete prescription group underwent reproce-
dures, showing significant differences. Moreover, when
the follow-up period was further divided, patients in the
incomplete prescription group continued to undergo re-
procedures owing to re-fractures even after 2 years (Table
3). Upon reviewing the cumulative incidence rates of re-
procedures, the complete and absolute complete prescrip-
tion groups had significantly higher reprocedure rates (p =
0.009 and p < 0.001, respectively) (Fig. 2).

Multivariate Analysis

Examination of the hazard ratios for variables showing sig-
nificant differences in demographic data and osteoporosis
medications revealed that patients who received BPs had a
1.21 times higher probability of undergoing a reprocedure
for re-fractures than those who did not receive osteoporo-
sis medications. Patients who received SERMs and those
who received calcium or vitamin D supplements had 1.22
and 2.74 times higher probability of undergoing repro-
cedures, respectively. Regarding prescription duration,
the hazard ratio was 1.22 for the incomplete prescription

group and 1.89 for the complete prescription group, with
the absolute complete prescription group showing a 9.07
times higher hazard ratio (Table 4).

DISCUSSION

VA is a minimally invasive treatment method that rapidly
reduces pain and stabilizes the vertebral body in patients
with vertebral fractures. However, one of the complica-

0.57 ... No medication patients

— Incomplete prescription
—— Complete prescription

o 0.4 1 —— Absolutely complete

<! prescription

3

5 0.3 A

£

(]

=

g 0.2 1

S

ju

(@]

0 1 2 3 4 5
Time to reprocedure (yr)

Fig. 2. Cumulative incidence graph of reprocedure rates by prescription
compliance.

Table 3. Reprocedure Rate According to Prescription Duration of Medications after Index Vertebral Augmentation

No medication

Variable Total (n = 9,034) (n = 3,289)
Reprocedure
No 8,356 (92.5) 3,074 (93.5)
Yes 678 (7.5) 215(6.5)
Reprocedure time
No 8,356 (92.5) 3,074 (93.5)
<6 mo 278 (3.1) 115(3.5)
6—<12mo 78(0.9) 26 (0.8)
12—< 24 mo 131(1.4) 37(1.1)
24—< 36 mo 97(1.0) 25(0.8)
36—< 48 mo 58 (0.6) 8(0.2)
48—<60 mo 29(0.3) 4(0.1)
> 60 mo 7(0.1) 0

hoonelste  Gamlete - Absote g
<0.001*
5,064 (92.2) 130(89.0) 88(78.0)
428(7.8) 14(11.0) 21(22.0)
<0.001*
5,064 (92.2) 130 (89.0) 88(78.0)
139 (2.6) 9(8.3) 15(17.4)
49(1.0) 2(1.4) 1(0.9)
89(1.6) 2(1.4) 3(2.8)
70(1.3) 1(0.7) 1(0.9)
49(1.0) 0 1(0.9)
25(0.4) 0 0
6(0.1) 0 0

Values are presented as number (%).
*Statistical significance with a p-value < 0.05.
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Table 4. HRs for Reprocedure Rates by Osteoporosis Medication Use

and Prescription Duration after Index Vertebral Augmentation

Cox proportional
hazard model

Variable p-value
Adjusted HR (95% Cl)
Osteoporosis medication

No medication 1 (Reference)

BP 1.21(1.00-1.47) 0.048*
SERM 1.22(0.75-1.97) 0.042*
Calcium or vitamin D 2.74 (1.88-4.00) <0.001*
Prescription duration

No medication 1 (Reference)

Incomplete 1.22(1.01-1.47) 0.042*

Complete 1.89(1.02-3.49) 0.042*

Absolute complete 9.07 (5.60-14.68) <0.001*

HR was adjusted for age, sex, Charlson Comorbidity Index, current
smoking, heavy drinking, and walking more than 3 days a week.

HR: hazard ratio, BP: bisphosphonate, SERM: selective estrogen receptor
modulator.

*Statistical significance with a p-value < 0.05.

tions that can occur after VA is re-fracture in the vertebral
bodies adjacent to the one treated with the procedure.
According to Jang et al.,'”” although several studies have
reported the use of VA for osteoporotic spinal fractures,
its effectiveness compared with that of conservative treat-
ment remains controversial. Uppin et al."” reported that
in 67% of cases, refractures occurred within 1 month after
the initial procedure; Li et al.'"¥ observed that re-fractures
primarily occurred within 3 months after the initial pro-
cedure and decreased thereafter. Based on data from the
NHIS between 2007 and 2018, Kang et al.” reported that
in patients with OVCE, the cumulative incidence rate of
spinal re-fractures over 4 years was 24.4%, with a rapid
increase in incidence observed within 3 months after the
first fracture. Compared with patients who underwent
conservative treatment (22.5%), those who underwent VA
(PVP, 36.2%; PKP, 35.8%) had significantly high cumula-
tive incidence rates of re-fractures.”

Unlike that in a previous study, in this study, we
compared and analyzed the data of patients who under-
went reprocedures for re-fractures following the initial VA
for spinal fractures according to osteoporosis medication
administration. As the study utilized NHIS data, it was not
possible to retrieve detailed information such as specific
tests used, values per patient, the sites of VA, or the occur-

rence of re-fractures in adjacent areas after VA. However,
among patients who underwent VA, 678 (7.5%) under-
went reprocedures for refractures, of whom 278 under-
went reprocedures within 6 months, accounting for 41.0%
of all patients who underwent reprocedures. This finding
suggests that active treatment and caution are required
in the early stages after stabilization is achieved following
VA"

Compliance with medications for osteoporosis and
prescription duration are important factors that affect
reprocedure rates. According to a study by Ahn et al.,"”
only 33.5% of patients with osteoporosis in South Korea
receive osteoporosis medication and only 41.9% of patients
diagnosed with osteoporotic fractures receive osteoporosis
medication within 12 months. Furthermore, among pa-
tients taking osteoporosis medication, the rate of medica-
tion adherence of over 80% was just 33.2% over 1 year and
21.5% over 2 years. Siris et al.'” performed a comparative
analysis of studies examining the relationship between os-
teoporosis medication compliance and fracture rates and
concluded that patients with good compliance (medication
compliance > 80%) had significantly reduced fracture rates.

One of the most challenging aspects of this study
was addressing the issue of medication adherence. Given
the inherent limitations of NHIS data, it was not possible
to determine the actual level of patient compliance with
osteoporosis medications. As a result, we had no choice
but to classify patients based on the duration of prescrip-
tions recorded by physicians over the study period. This
approach involves an unavoidable assumption that patients
with longer prescription durations either had more severe
osteoporosis or demonstrated better medication adher-
ence, which in turn prompted physicians to continue
prescribing treatment. If BMD values had been available
within the NHIS data, we could have more accurately con-
trolled for osteoporosis severity and minimized this con-
founding factor. However, in the absence of such data, we
were compelled to interpret the prescription groups as rep-
resentative of patients with either more severe osteoporosis
or those who maintained consistent treatment over time.

In our analysis of reprocedure rates based on pre-
scription duration, the rates of reprocedures within 6
months were higher in the complete (8.3%) and absolute
complete (17.4%) prescription groups compared with the
incomplete prescription group (2.6%) and the group not
prescribed osteoporosis medications (3.5%). Moreover, in
the multivariate analysis, the absolute complete prescrip-
tion group had 9.07 times higher risk of re-fracture. These
findings suggest that the higher cumulative reprocedure
rates observed in the absolute complete and complete
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groups likely reflect the fact that these patients had more
severe osteoporosis compared to other groups. However,
it is noteworthy that over time, the frequency of reproce-
dures appeared to decrease more substantially in the ab-
solute complete and complete groups relative to the other
groups. This trend suggests that continued osteoporosis
management and sustained treatment may help reduce the
long-term risk of reprocedures in these patients.

Ongoing studies continue to report the effective-
ness of various types of available osteoporosis medications.
However, as the effects of osteoporosis medications vary
depending on the patient’s condition and fracture site,
careful consideration is needed before administration. Ac-
cording to the UK National Osteoporosis Guideline Group
guidelines, considering cost-effectiveness and patient pref-
erence, BPs are recommended as first-line medications for
osteoporosis treatment, with denosumab, ibandronate, and
raloxifene as alternatives.” According to the 2020 Ameri-
can Association of Clinical Endocrinology guidelines,
alendronate, risedronate, zoledronate, and denosumab
should be considered first-line medications for osteopo-
rosis treatment unless there are specific contraindications,
as they are effective for overall fracture prevention.'"”
While these medications are widely used and considered
foundational treatments for osteoporosis, there has been
growing interest in anabolic agents such as teriparatide and
romosozumab, which directly stimulate bone formation.*”
Recent studies have highlighted their potential advantages,
particularly in patients with severe osteoporosis or at a high
risk of fractures, emphasizing their importance as first-
line options in certain scenarios.”’ However, despite this
growing interest, BPs, SERMs, calcium supplements, and
vitamin D supplements continue to be the most commonly
prescribed treatments in many medical institutions, largely
owing to their established efficacy, cost-effectiveness, and
widespread accessibility.”*”

The observation that patients who received calcium
or vitamin D supplements had a higher probability of un-
dergoing a reprocedure for re-fractures than those treated
with BPs or SERMs may initially seem counterintuitive.
Calcium and vitamin D supplements are generally re-
garded as supplementary treatments for enhancing bone
health, particularly when co-administered with other
osteoporosis medications.” However, their standalone ef-
fects on reprocedure prevention are limited, as supported
by the findings of previous studies showing modest re-
duction in fracture risk when these supplements are used
without additional pharmacological agents. One possible
explanation for this finding is that calcium or vitamin D
supplements alone may have been prescribed to patients

with relatively mild osteoporosis or patients ineligible
for BP or SERM therapy because of contraindications or
comorbidities.” Although these patients had relatively
milder disease, their continued risk of reprocedures may
be attributed to inadequate osteoporosis medication man-
agement, consistent with previous studies demonstrating
the insufficiency of calcium or vitamin D monotherapy
in preventing osteoporotic complications. Conversely, the
absence of a significant difference in reprocedure rates be-
tween the BP and SERM groups in our multivariate analy-
sis may suggest that the therapeutic efficacy of these agents
is limited in patients with advanced osteoporosis, where
structural bone integrity is already severely compromised.
This finding underscores the need for future research fo-
cusing on anabolic agents to evaluate their potential ben-
efits in this high-risk population.”””

Evaluating the relationship between anabolic agent
use and reprocedure rates is also of significant importance
in this study. However, among patients who received
teriparatide, the reprocedure rate was 16.7% (6 patients),
with 4 patients (11.1%) undergoing reprocedures within
6 months. The average treatment duration was only 0.1
month. This short duration likely reflects poor medication
adherence, which may have resulted from the economic
burden of out-of-pocket costs and the inconvenience as-
sociated with daily subcutaneous injections, despite physi-
cians prescribing anabolic agents for patients with more
severe osteoporosis.zs) Consequently, the combination of
severe osteoporosis and insufficient treatment adherence
may have contributed to the higher early reprocedure rates
observed in this group.

In conclusion, this study provides important clinical
insights into the relationship between osteoporosis medi-
cation use and reprocedure rates following VA. Unlike
previous studies that primarily focused on the incidence
of subsequent fractures, our study examined not only the
types of medications used but also prescription duration
and inferred patient adherence, with specific focus on re-
procedure rates as the primary outcome measure. These
findings offer valuable real-world evidence to guide post-
operative patient management and inform future pharma-
cologic treatment strategies following VA.

This study has certain limitations. First, the use of
NHIS data makes it difficult to collect detailed informa-
tion regarding several variables. Therefore, if precise BMD
values, spinal levels where VA was performed or fractures
occurred, and additional information regarding other
variables could be identified, it would be possible to more
accurately determine the severity of osteoporosis and the
occurrence of re-fractures in adjacent areas, thereby de-
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riving more precise results. Second, as the NHIS started
reimbursing anabolic agents in 2018,” it was difficult to
verify the results of using anabolic agents as only data from
before 2017 were included in this study. Also, our study was
initiated in 2021, only data up to 2017 could be requested
and obtained, and it was unavoidably limited to that time-
frame. For this reason, we are also planning future studies
using updated NHIS data involving anabolic agents, which
will likely be more helpful in setting treatment directions
by comparing anabolic agents with anti-resorptive agents.
Third, the inability to reflect current treatment trends with
newer osteoporosis medications is a key limitation of this
study. As mentioned before, denosumab and romosozumab
were not in use during the study period covered by the
NHIS data, and even teriparatide, which was available at the
time, was subject to strict national insurance criteria. Con-
sequently, most prescriptions were likely made on an out-
of-pocket basis, making it difficult to accurately capture the
actual usage patterns of these agents within the NHIS data.
Despite these limitations, we consider that our co-
hort study, which included a 5-year survival analysis of
patients who underwent VA in 2012, provides valuable
clinical and epidemiological insights. While evaluating the
efficacy of newer osteoporosis treatments is undoubtedly
important for establishing current therapeutic strategies, it
is equally critical to demonstrate the real-world effective-
ness of conventional osteoporosis medications that remain
widely used in clinical practice. To reduce potential con-
founding and enhance the validity of our findings, we ap-
plied a stringent washout period, covering half of the total
data extraction timeframe, prior to defining the final study

and clinical adoption after 2018 in South Korea. This re-
striction ensured that our findings primarily reflected the
effects of traditional osteoporosis treatments without the
confounding influence of newer therapies.

In patients who underwent VA for vertebral frac-
tures, the incidence of reprocedures for re-fractures
varied according to the use of osteoporosis medications.
Additionally, when classified according to the duration
of osteoporosis medication prescriptions, patients who
required longer periods of medication prescriptions had a
higher incidence of reprocedures for refractures. However,
maintaining proper medication usage can reduce the inci-
dence of reprocedures.
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