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Abstract: Background/Objectives: The debate continues, despite numerous studies, on
whether vertebroplasty (VP) or conservative treatment is more suitable for osteoporotic
vertebral compression fractures (OVCFs). Meanwhile, teriparatide (TP) has shown promise
in accelerating bone healing in OVCFs. This analysis aims to clarify the potential benefits
of conservative treatment using TP over VP from several clinical studies on acute OVCFs.
Methods: A literature search was performed, using the MEDLINE, Embase, Cochrane
Review, Web of Science, and Google Scholar databases, for studies published up until
September 2023. Five studies [one randomized controlled study (RCT) and four non-RCTs]
were included in a qualitative and quantitative synthesis. Data were extracted and analyzed
using a random-effects model to obtain the effect size. Results: Five studies with a total
of 326 (TP = 147, VP = 179) patients were included. Within the first week of treatment,
the VP group showed a significantly greater decrease in their visual analog scale (VAS)
scores. There was no significant difference in VAS score reduction between the two groups
from one to three months. However, after 6 months, the TP group exhibited significant
superiority in VAS scores and bone mineral density (BMD). Furthermore, TP was associated
with a reduced number of new-onset OVCFs, with a statistically significant estimated odds
ratio of 0.15 (95% CI, 0.04-0.51, p < 0.01). Conclusions: Conservative treatment using TP for
acute OVCF has been found to reduce subsequent fractures, provide equivalent or superior
pain control, and increase BMD compared to VP. Nonetheless, the meta-analysis results are
weak, due to the low level of evidence.

Keywords: compression fracture; conservative treatment; meta-analysis; osteoporotic
fracture; teriparatide; vertebroplasty

1. Introduction

Patients with symptomatic osteoporotic vertebral compression fractures (OVCFs)
often experience severe back pain, significantly impacting their health-related quality of
life [1,2]. Various treatment strategies for OVCFs exist, but they remain controversial [2,3].
Conventional conservative treatment options for symptomatic OVCFs include narcotic
analgesics, bed rest, and bracing [4-6]. Moreover, physical therapy interventions including
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postural correction, core strengthening, and functional rehabilitation are often employed
to relieve pain and restore mobility in these patients, serving as essential components of
conservative care [7].

However, the majority of OVCF patients undergoing conventional conservative treat-
ments experience prolonged pain and a reduced quality of life [8]. Persistent back pain
beyond the acute phase is frequently reported in OVCEF patients, and may result from verte-
bral deformity, kyphosis, spinal instability, or nonunion [9]. Progressive vertebral collapse
and failure of fracture healing are not uncommon following conservative treatment [10],
potentially necessitating surgical interventions like percutaneous vertebroplasty (VP).

Over the past decades, VP has been extensively used worldwide to treat painful
OVCFs [1,11]. The literature reports that VP effectively alleviates acute pain and restores
patients” walking ability post-procedure, especially when compared with conservative
care [11,12]. However, high-quality, double-blinded, randomized controlled trials (RCTs)
have not shown any significant difference in pain reduction between VP and sham proce-
dures [13-15]. Based on the evidence, the Cochrane review also does not endorse the use of
VP for treating acute or subacute OVCFs in routine practice [16].

The primary goal in treating OVCFs is to ensure fracture healing and prevent sec-
ondary OVCFs. Conceptually, recombinant human parathyroid hormone (teriparatide, TP)
may accelerate fracture healing during the acute stage of OVCFs [17-20]. Additionally,
TP itself might have a pain-reducing effect due to its inhibitory impact on inflammatory
cytokine expression [21]. However, the clinical efficacy of TP in the conservative treatment
of acute OVCF remains unclear.

The debate over the effectiveness of traditional conservative treatment versus VP
continues. The purpose of this study is to explore beyond this debate, investigating
whether a novel conservative treatment based on a bone anabolic agent, TP, can be more
effective than VP. Accordingly, we conducted a systematic review and meta-analysis by
synthesizing published articles on this topic to clarify the clinical benefits of conservative
treatment using TP and further investigate its potential as an alternative to VP for acute
OVCF management.

2. Methods

This study is registered in PROSPERO (ID: CRD42024615450) and reported in accor-
dance with the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-
analyses) guidelines [22]. We conducted a meta-analysis and systematic review of clinical
studies on conservative treatment with TP or percutaneous VP for acute OVCFs.

2.1. Search Strategy and Study Extraction

The MEDLINE (PubMed), Embase, Cochrane Review, and Web of Science databases,
and the title field of Google Scholar, were searched for articles published up until September
2023. The search queries included OVCF and TP or percutaneous VP synonyms and
related terms, as follows: (“osteoporotic compression fracture” OR “vertebral compression
fracture”) AND (“teriparatide” OR “parathyroid hormone”) AND (“vertebroplasty” OR
“cement augmentation”). The search was not restricted to RCTs, and was extended to
original articles, including non-RCTs. The decision for an article’s selection was primarily
based on its title and a review of the abstract, followed by full-text screening. The two
reviewers independently performed the study screening and data extraction, and any
discrepancies were resolved by discussion between the two reviewers or with the entire
research group.

The inclusion criteria were as follows: (1) studies involving patients with acute OVCFs;
(2) comparative studies evaluating conservative treatment using TP versus percutaneous
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VP; (3) studies reporting relevant clinical outcomes, such as visual analog scale (VAS) scores
for pain, bone mineral density (BMD), radiologic parameters, and complications; and
(4) published original research articles, including RCT and non-RCTs. The exclusion criteria
included the following: (1) non-comparative studies without direct comparisons between
TP and VP; (2) animal studies, case reports, reviews, letters, and commentaries; (3) studies
lacking sufficient or complete data as required for quantitative analysis; and (4) studies
involving kyphoplasty. To minimize procedural heterogeneity, studies involving kypho-
plasty were excluded. Although kyphoplasty and VP are both vertebral augmentation
techniques, they differ in key aspects such as balloon inflation, cement volume, technique,
and cost. Including both procedures could have introduced significant clinical variability;
therefore, only VP was selected as a comparator to TP in this analysis. The studies that met
the inclusion criteria and were ultimately analyzed were published between 2013 and 2022,
as described in the Section 3.

2.2. Data Extraction and Quality Assessment

Reference data for each treatment method group (TP and VP groups), comparative
results of the clinical outcomes (VAS score for back pain), radiologic outcomes [T-score of
BMD, kyphotic angle (KA) at fracture level, anterior height (AH) loss, or compression ratio
change at fracture level], and adverse event occurrence (new-onset OVCF) were extracted
from the selected articles (Table 1). The dichotomous variable included adverse events,
specifically new-onset OVCFs, which were extracted to estimate the odds ratio. Contin-
uous variables such as the mean and standard deviation of VAS scores were extracted
to estimate mean differences. The risk of bias was assessed by two authors indepen-
dently with the ROBINS-I (Risk Of Bias In Non-randomised Studies—of Interventions)
tool for observational studies and the RoB-2 (Risk of Bias for randomized trials) tool for
RCTs [23,24]. Disagreements were resolved by discussion between 2 reviewers or with the
entire research group.

Table 1. Evidence table.

Study Inclusion Crite- Demographics Intervention Outcome Complications  Results
/Design ria/Definition and Follow-Up and Drug Evaluation
of Periods Dosage and Time
Acute OVCF Points
Tseng et al. TP (n =22) TP (20 ug/d, VAS, JOA, VP: 6 new-onset Treatment of
(2012) New-onset Age 18 months) BMD, adjacent post-VP
[25] painful adjacent 70.55 + 4.10 +Ca (1~1.5g/d) new-onset OVCFs; 1 major  adjacent OVCFs
/RCT OVCFsafter VP Gopder (F:M) +VitD OVCF bone cement with TP (no
/Severepain+ 549 (800~1000 At1,6,12,18 extravasation new VP) was
based on MRI Baseline BMD  IU/d) months requiring more
exam —345+ 0.73 decompressive  effective than
F/U laminectomy; that of repeated
24.63 + 3.48 2 minor bone VPs combined
months cement with an
VP (1 = 22) VP extravasations anti-resorber
Age +Alendronate Pf\}ew-onset
75.95 + 6.28 (70 mg/wk) )
Gender (F:M) or Raloxifene adjacent OVCF
20:2 (60 mg/d)
Baseline BMD +Ca (1-1.5g/d)
—3.76 £ 0.71 +VitD (800-1000
F/U IU/d)
25.05 + 3.42

months
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Table 1. Cont.

Study Inclusion Crite- Demographics Intervention Outcome Complications  Results
/Design ria/Definition and Follow-Up and Drug Evaluation
of Periods Dosage and Time
Acute OVCF Points
Ma etal. (2020)  55-80 yearsold TP (5 = 30) TP (20 ug/d) VAS, ODI, No significant Both treatments
[26] Female Age +Ca (0.6 g/d) SF-36, BMD, complications with TP and VP
/Prospective, OVCF 67.35 + 6.49 +VitD VH, Medical were observed  significantly
non- (BMD < —2.5) BMD (g/cm?) (500 IU/d) cost in either and similarly
randomized, /Based on3.0T (62 +0.14 At 1 week, treatment improved
real-world MRI and severe  Fracture time 1 month, patients” health
study lower back (days) 3 months quality, with
pain, especially  14.25 + 12.6 reduced visual
when walking F/U > 3 months analog and ODI
or changing scores at end of
position VP (n =30) VP first and third
Age +Alendronate months. VP
70.84 £ 6.60 (70 mg/wk) was more
BMD (g/cm?) +C? 0.6g/d) effective in
0.66 + 0.1.1 +VitD (500 reducing pain
Fracture time 1U/d) at the early time
(days) point (1 week)
12.26 £ 9.96
F/U > 3 months
Suetal. (2013)  New-onset TP (n = 32) TP (20 ug/d) VAS, BMD, VP: Therapeutic
[27] painful adjacent Age +Ca (1.0-1.5 New onset 6 new-onset effects of TP are
/Prospective OVCF after VP 7794 + 7.44 g/d) OVCF adjacent better than
cohort and /Based on MRI  Gender (F:M) +VitD (800-1000 At1,6,12,18 OVCFs; those of
retrospective exam, when 29:3 IU/d) months 2 new-onset combination of
comparative they had their Baseline BMD nonadjacent VP with an
study first painful —3.81 =+ 093 OVCFs; 1 major  anti-resorptive
VCF F/U >22.56 + bone cement agent in terms
4.71 months extravasation of fracture
requiring prevention,
VP (n =33) VP decompressive ~ BMD change,
Age +Alendronate laminectomy; and sustained
73.12 £7.49 (70 mg/ Wk) 1 minor bone pain relief
Gender (F:M) or Raloxifene cement
30:3 (60 mg/d) extravasation
Baseline BMD  +Calcitonin TP:
—3.29 £ 0.74 (2001U/d) 1 new-onset
F/U>2327+  +Ca(1.0-15 adjacent OVCF
5.13 months g/d)
+VitD (400-800
IU/d)
Jung et al. >75yearsold,  1p(, _41) P VAS, BMD, KA, VP: TP combination
(2021) BMD < —3.0 Age +Denosumab New onset 6 adjacent treatment
[28] OVCEF, 81.07 + 4.92 Combination > OVCF OVCFs at 1 yr without VP did
/Retrospective  /Definition of Gender (F:M) lyr HS, Days F/U not show
comparative acute OVCF 38:3 +Ca ambulation TP: significant
study was not Baseline BMD At 0 (post), 1,12 No significant differences in
reported. —3.51 + 0.42 months complications either clinical or
Painful OVCF F/U>1yr were reported radiologic
(VAS about 7, results
initial VAS7.62 YT (1=45) VP compared to VP
+ 0.78 for TP, Age +Alendronate, cases
and 83.07 &+ 5.02 Risendronate
780 + 059 for  Cender (F:M) +Ca
Baseline BMD
-3.62 + 0.44

F/U>1yr
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Table 1. Cont.
Study Inclusion Crite- Demographics Intervention Outcome Complications  Results
/Design ria/Definition and Follow-Up and Drug Evaluation
of Periods Dosage and Time
Acute OVCF Points
Gou et al. (2022) (i) 60-90 years TP (n = 22) TP (20 ug/d, VAS, ODI, VP: TP was better
[10] old; (ii) acute Age >6 months) SF-36, BMD, 8 new-onset than VP in
/Retrospective ~ OVCEF from 76.18 + 5.43 +Ca (1.2 g/d) KA, New onset  OVCFs terms of
comparative low-energy Gender (F:M) +VitD (800 OVCF TP: increasing
study trauma (fall 15:7 IU/d) At1,3,6,12 0 new-onset spinal BMD to
from standing Baseline L4 CT months OVCFs promote OVCF
height or less; HU No serious healing,
(iii) severe back  3.95 + 6.93 adverse events  reduce new
pain; (iv) F/U occurred in OVCFs, and
osteoporosis: 14.05 + 1.13 either group improve back
CT valuesof L4  months pain, physical
< 80 HU ability, and
/Trauma VP (n = 49) VP health-related
<2 wks, Age +C§ (1.2g/d) quality of life
based on MRI 73.63 £5.78 +VitD (800
exam Gender (F:M) IU/d)
35:14
Baseline L4 CT
HU
67.17 £ 11.55
E/U
13.82 +1.20
months

BMD, bone mineral density; Ca, calcium; F/U, follow-up; HS, hospital stay; HU, Hounsfield unit; JOA, Japanese
orthopaedic association; KA, kyphotic angle; ODI, Oswestry disability index; OVCE, osteoporotic vertebral
compression fracture; RCT, randomized controlled trial; SE-36, 36-item Short Form; TP, teriparatide (conservative
treatment using teriparatide); VAS, visual analog scale; VH, vertebral height; VitD, vitamin D; VP, vertebroplasty.

2.3. Statistical Analysis

R software was used to conduct statistical analysis (ver. 4.3.1; The R Foundation for
Statistical Computing, Vienna, Austria). Tests of heterogeneity were performed using 2
statistics. The interpretation of 1> was categorized according to its range, as follows: 0-25%
indicates low heterogeneity, 25-50% suggests moderate heterogeneity, 50-75% represents
high heterogeneity, and 75-100% signifies very high heterogeneity. The parameter with I?
values of p < 0.05, which was considered to have a significantly high degree of heterogeneity,
was additionally validated by subgroup analysis or sensitivity analysis. A random-effects
model was applied to obtain the effect size and its statistical significance, because it was
assumed that the subjects and methods of the included studies performed by independent
researchers could not be entirely equivalent and, therefore, could not have a common effect
size. A probability of p < 0.05 was considered statistically significant. The results were
expressed as the mean difference and 95% CI for continuous outcome data, and in the form
of an odds ratio and 95% CI for dichotomous outcome data.

3. Results
3.1. Literature Search

A preliminary literature search utilizing the subject headings revealed 17 articles
from PubMed, 43 studies from Embase, 22 studies from Web of Science, 0 studies from
the Cochrane clinical trials database, and 5 studies from the title field of Google Scholar
Advanced search. There were 37 duplicates among these 87 studies; thus, they were
eliminated. After evaluating the remaining 50 titles and abstracts, those that included
content regarding the clinical outcomes after TP or VP and provided comparative re-
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sults between the two treatment methods were finally selected. Finally, a total of five

studies were included in the meta-analysis (Table 1). Figure 1 presents the detailed

selection process.

[ Identification of studies via databases and registers
Records identified from : ?;Z(;rnd”s? r.emoved fsiare
5 DEEhases (n =00) Du Iicatg .records removed
3 17 PubMed, 43 Embase, 0 i
= 22 Web of Science, —> e
= Records marked as ineligible by
c 0 Cochrane, 4 _
@ 5 Gooale Schol automation tools (n = 0)
z OIS S _° o Records removed for other
Registers (n = 0) _
reasons (n = 0)
———/
\ 4
Records screened Records excluded
(n=150) (n=31)
y
Re£>orts sought for retrieval Reports not retrieved
o (n=19) (n=0)
=
@ l
(3}
(7]
Reports assessed for eligibili
(n 5 19) gbly L Reports excluded
Reason 1 (n=12):
Wrong intervention or comparator
Reason 2 (n = 2):
Wrong study design
—/
f ™ ‘
o Studies included in review
3| | (n=5)
3 Reports of included studies
£ (n=5)
—/

Figure 1. PRISMA flow chart diagram [22].

3.2. Quality Assessment

The overall quality assessment using the five domains of the RoB-2 tool for RCTs and
the seven domains of the ROBINS-I tool for non-RCTs is shown in Figure 2. One RCT
study was assessed as presenting some concerns regarding the domains of deviations from
intended intervention, outcome measurement, and selection of reported results, because the
participants and researchers were aware of what the intervention was, and the deviations
did not affect the outcomes. The mediator outcome evaluators were informed about the
content of the intervention. Additionally, it was not specified whether the data analysis
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was conducted according to the pre-specified plan. Of the four non-RCTs, one study was
rated as having a serious risk of deviation from the intended interventions. This is because
imbalances between intervention groups that could affect the outcomes were found in the
baseline patient age and BMD categories. Of the 28 domains across all studies, 21 domains
(75.0%) were determined as low-risk; thus, the overall ROB was considered to be low. To
enhance transparency, we added tabulated domain-level justifications for studies with a
moderate or serious risk (Table 2).

Risk of bias domains

=

Domains: Judgement
D1: Bias due to randomisation .
D2: Bias due to deviations from intended intervention Low
D3: Bias due to missing data. B some concems
D4: Bias due to outcome measurement.
DE: Bias due to selection of reported result

=)

k)

=

0

@
©
®
@

® © & ©
® &6 © ©
® ©®© © @
® ©®© o ©

© @ ©

Domains: Judgement

D1: Bias due to confoundi

D2: Bias due to selection :?pamcupants. Low

D3: Bias in classification of interventions. . Serious
D4 Bias due to deviations from intended interventions

D5 Bias due to missing data = Moderale

D&: Bias in measurement of outcomes
DF: Bias in selection of the reported result

(B)

Figure 2. Quality assessment for extracted studies. (A) Risk of bias assessment using the RoB-2 (a
revised tool to assess risk of bias in randomized trials) for a randomized controlled study [25]. (B) Risk
of bias assessment using the ROBINS-I (Risk of Bias in Non-randomized Studies of Interventions)
tool [10,26-28].
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Table 2. Risk of bias assessment summary.

Study Assessment Domain Risk Level Justification
Bias due to deviations Blinding status of participants
from intended Some concerns and care providers was not
interventions explicitly stated.
Subjective outcomes such as
Tsene et al Bias in measurement of Some Concerns VAS were used, and assessor
& ' RoB-2 (RCT) outcome blinding was not clearly
(2012) [25] :
described.
Bias in selection of No pre-registered protocol or
reported results Some concerns statistical analysis plan was
P referenced.
Overall risk of bias Some concerns Lack (.)f clarity o bhndmg and
selective reporting domains.
Ma et al No statistical adjustment for
: Confounding Moderate baseline variables; possible
(2020) [26] . . : .
selection bias by patient choice.
Su et al. . Post hoc comparison group
(2013) [27] Confounding Moderate with no baseline adjustment.
Su et al. Classification Moderate Retrospective group received
(2013) [27] ROBINGS.I of in.teljventions Vari.ab.le a.nti-resorptives.
Su et al. (non-RCT) Deviations from Serious Variation in treatment length
(2013) [27] intended intervention and agent changes.
Su et al. No blinding; subjective
(2013) [27] Outcome measurement Moderate outcomes prone to bias.
Jung et al. Outcome measurement  Moderate Outcome assessors were not

(2021) [28]

blinded.

3.3. VAS at Immediate Period (<1 Week)

Two comparisons from five studies presented continuous data on VAS improvement
at an immediate time point within a week. The estimated overall mean difference was 1.21
(95% C1, 0.57 to 1.86, p < 0.01), indicating significant superiority of VP over TP (Figure 3A).
Significant heterogeneity was observed (I? = 97.4%, p < 0.01).

Experimental Control
Study N Mean SD N Mean SD TP vs. VP MD 95%-Cl P-value
Ma 2020 30 -2.35041 30 -3.90 0.36 —— 155 [1.35,1.75] < 0.0001
Jung 2021 41 -228 018 45 317 0.14 . 0.89 [0.82;0.96] < 0.0001
Common effect model 71 75 <'> 0.96 [0.90; 1.02] < 0.0001

Random effects model
Heterogeneity: 12 = 97.4%, 12 = 0.2121, p < 0.0001 T
151050 051 15

=== 121 [0.57;1.86]  0.0002

(A)

Figure 3. Cont.
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Experimental Control
Study N Mean SD N Mean SD TP vs. VP MD 95%-Cl P-value
Jung 2021 (1Day) 41 -228 018 45 -3.17 0.14 0.89 [0.82; 0.96] < 0.0001
Ma 2020 (1Week) 30 -235041 30 -390 0.36 ; - 1.55 [1.35; 1.75] < 0.0001
Ma 2020 (1Month) 30 -375036 30 -440 035 s 065 [0.47, 0.83] <0.0001
Tseng 2012 (1Month) 22 404 032 22 404 034 i+ 0.00 [-0.20; 0.20] 1.0000
Su 2013 (1Month) 32 -488 046 33 -219 046 ~ -2.69 [-2.91;-2.47] <0.0001
Gou 2022 (1Month) 22 523021 49 -488 0.16 ; -0.35 [-0.45;-0.25] < 0.0001
Ma 2020 (3Months) 30 -545038 30 -6.000.36 i s 0.55 [0.36; 0.74] < 0.0001
Jung 2021 (3Months) 41 -448 017 45 522 0.14 0.74 [0.67, 0.81] <0.0001
Gou 2022 (3Months) 22 752016 49 -712 013 : -0.40 [-0.48;-0.32] < 0.0001
Tseng 2012 (6Months) 22 -6.04 028 22 -4.89 0.36 g I -1.15 [-1.34;-0.96] < 0.0001
Su 2013 (6Months) 32 509038 33 -313 041 - ; -1.96 [-2.15;-1.77] <0.0001
Gou 2022 (6Months) 22 746 019 49 562 0.20 -1.84 [-1.94;-1.74] < 0.0001
Common effect model 346 437 i 0.00 [-0.03; 0.03] 0.9525

Random effects model gﬁ -0.33 [-1.08; 0.41] 03814

Heterogeneity: /* = 99.7%, t° = 1.7344, p=0

(B)
Experimental Control
Study N Mean SD N Mean SD MD 95%-Cl P-value
Ma 2020 30 545038 30 B.00 036 055 [0.36; 0.74] <0.0001
Jung 2021 41 448 017 45 522 014 074 [0.67, 0.81] <0.0001
Gou 2022 22 752016 49 712 013 -0.40 [0.48;-0.32] =0.0001
Common effect model 93 124 0.27 [0.22; 0.32] <0.0001
Random effects model 0.30 [-0.40; 0.99] 0.4050
Heterogeneity: I° = 99.6%, ©° = 0.3728, p < 0.0001
©
Experimental Control
Study N Mean SD N Mean SD TP vs. VP MD 95%-Cl P-value
Tseng 2012 22 504028 22 489036 } = -1.15 [1.34; -0.96] < 0.0001
Su2013 32 509038 33 -313 041 = -1.96 [-2.15;-1.77] = 0.0001
Gou 2022 22 746019 49 562020 & -184 [194;174] =00001
Common effect model 76 104 d) -1.74 [-1.82; -1.66] 0
Random effects model == -1.65 [-2.14; -1.16] < 0.0001

Heterogeneity: I = 95.6%, ©° = 0.1805, p < 0.0001

(D)
Experimental Control
Study N Mean SD N Mean SD TP vs. VP MD 95%-Cl P-value
Tseng 2012 22 707032 22 518 039 + -189 [210;-168] = 00001
Su2013 32 601036 33 370040 = | i 2231 [[249 -213] <00001
Jung 2021 41 564 017 45 586 014 ! 022 [015; 029] <00001
Gou 2022 22 746 019 49 537 023 -209 [-219;-199] 0
4

Common effect model 117 149
Random effects model
Heterogeneity: /% = 99.8%, t* = 1.3716,p =0

-0.68 [-0.73; -0.63] <0.0001
-1.52 [-2.67; -0.37] 0.0098

(E)

Figure 3. Forest plot of comparison [10,25-28]. (A) Mean difference for visual analog scale (VAS)
change between baseline and 1 week. (B) Mean difference for visual analog scale (VAS) change
between baseline and 6 months. Studies are arranged according to follow-up period, ranging from
immediately after treatment to 6 months. (C) Mean difference for VAS change between baseline
and 3 months. (D) Mean difference for VAS change between baseline and 6 months. (E) Mean
difference for VAS change between baseline and 12 months. Experimental, conservative treatment
using teriparatide; Control, vertebroplasty; MD, absolute mean difference (weighted mean difference);
SD, standard deviation; standardized mean difference; CI, confidence interval.
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3.4. VAS at 0—6 Months

Twelve comparisons from five studies presented continuous data on VAS improvement
at 0-6 months, which could be used for an analysis of effect size by mean difference [10,25-28].
The data showed no significance between TP and VP, with an estimated mean difference of
—0.33 (95% CI, —1.08 to 0.41, p = 0.38). Significant heterogeneity was found (I? = 99.7%,
p < 0.01). During this period, there is a consistent trend where the point estimates for
VAS reduction shift more favorably from VP to TP as time progresses (the studies were
arranged according to the follow-up period). We represent this time-dependent trend
using gray arrows in Figure 3B, not for statistical validation, but to illustrate the observed
pattern over time (Figure 3B). Since these time points represent different clinical contexts,
we divided the data into two separate analyses, focusing on the 3-month and 6-month
intervals, while excluding data from other time points during this period. At the 3-month
mark, no significant difference in pain between the two groups was observed, with an
estimated mean difference of 0.30 (95% CI, —0.40 to 0.99, p = 0.41). Significant heterogeneity
was noted (I = 99.6%, p <0.01) (Figure 3C). However, at the 6-month mark, a significant
difference in pain reduction between the two groups was detected, with an estimated mean
difference of —1.65 (95% CI, —2.14 to —1.16, p < 0.01). Significant heterogeneity was noted
(I? = 95.6%, p < 0.01) (Figure 3D).

3.5. VAS at 12 Months

Four comparisons from four studies were included in an analysis of effect size by
mean difference for VAS improvement at 12 months [10,25,27,28]. The study by Ma et al.
was excluded, as it did not meet the 12-month follow-up requirement [26]. The estimated
overall mean difference was calculated as —1.52 (95% CI, —2.67 to —0.37, p < 0.01), which
meant significant superiority of TP over VP. The degree of heterogeneity was significantly
high (I? = 99.8%, p = 0.00) (Figure 3E).

3.6. BMD Differences at 12 Months

Three comparisons from three studies were included in the measurement of effect size
by mean difference for BMD improvement at 12 months, based on the mean difference
between the TP and VP groups [25,27,28]. All BMD measurements included in the analysis
were obtained using dual-energy X-ray absorptiometry (DEXA) from at least two evaluable
vertebrae in the lumbar spine region (L1-L4). Additional details regarding the sources
of BMD in each study are summarized in Table 3. The study by Gou et al. was excluded
because it measured the Hounsfield units in computer tomography images [10], making it
incomparable with other studies investigating BMD T-scores. The study by Ma et al. was
also excluded because it only reported baseline BMD values without follow-up data [26].
The overall mean difference was estimated as 2.73 (95% CI, 0.99-4.48, p < 0.01), indicating
that TP led to a significantly greater improvement in BMD compared to VP. Notably,
all included studies consistently reported superior BMD gains for TP. A high degree of
heterogeneity was revealed (I? = 93.7%, p < 0.01) (Figure 4A).

Table 3. Measurement of bone mineral density.

Study

Detailed Measurement Methods Remarks

Tseng et al. (2012) [25]

Anteroposterior and lateral lumbar spine radiographs, measured by  Included in the analysis
DEXA (Figure 4A)

At least two evaluable vertebrae in the lumbar spine region (L1-L4)

Vertebrae with structural changes or artifacts were excluded

Diagnoses were not made based on single vertebral bodies

Ma et al. (2020) [26]

Both lumbar and femoral neck BMD were measured using DEXA  Excluded due to the absence of
and recorded separately 1-year follow-up data
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Table 3. Cont.

Study

Detailed Measurement Methods

Remarks

Su et al. (2013) [27]

Anteroposterior and lateral lumbar spine radiographs, measured by

DEXA

Included in the analysis
(Figure 4A)

At least two evaluable vertebrae in the lumbar spine region (L1-L4)

Jung et al. (2021) [28]

Average value of lumbar spine radiographs (L1 to L4.), measured

by DEXA

Included in the analysis
(Figure 4A)

Gou et al. (2022) [10]

The CT value of L4 quantified on sagittal CT images
CT values of L4 < 80 HU were applied to the osteoporosis

diagnosis

CT values excluded due to
incompatibility with DEXA

T-scores

CT, computed tomography; DEXA, dual-energy x-ray absorptiometry; HU, Hounsfield unit.

Experimental Control
Study N Mean SD N Mean SD
Tseng 2012 22 076020 22 028 0.1
Su 2013 32 094018 33 012018
Jung 2021 41 040 0.08 45 0.28 0.08
Common effect model 95 100
Random effects model
Heterogeneity I° = 93.7%, 1° = 2.2245, p < 0.0001
4 2 0 2 4
(A)
Experimental Control
Study N Mean SD N Mean SD TP vs. VP
Jung 2021 41 251343 45 173548 —=
Gou 2022 22 118 0.85 49 049274 74'_,7
|
Common effect model 63 94 {i}
Random effects model =
Heterogeneity: 12 = 0.0%, 1= 0, p = 0.7100
05 0 05
(B)
Experimental Control
Study N Mean SD N Mean SD TP vs.VP
Jung 2021 41 166 1080 45 068 885
Gou 2022 22 11.05 478 49 11.20 450
Common effect model 63 94

Random effects model
Heterogeneity: 1* = 0.0%, t* = 0, p = 0.6958

—

04 02 0 02 04
©
Experimental Control
Study Events N Events N TP vs.VP
Tseng 2012 122 4 22—
Su2013 1 32 5 33 —
Jung 2021 0 4 8 A5—1—7
Gou 2022 0 22 8 49 I —
i
1
Common effect model 117 149 ==
Random effects model
Heterogeneity: 17 = 0.0%, t° = 0, p = 0.9400
0.01 01 1 10 100
Odds Ratio
(D)

SMD 95%-Cl P-value

234 [156;3.12] < 00001

| —%— 449 [356,542] <00001

148 [1.00;1.96] <0.0001

216 [1.79; 2.53] <0.0001
273 [0.99; 4.48] 0.0021

SMD 95%-Cl P-value
0.17 [-0.26;0.59] 0.4391
0.29 [0.21;0.80] 0.2566

0.22 [-0.11; 0.54] 0.1862
0.22 [-0.11; 0.54] 0.1862

SMD 95%-Cl P-value
0.10 [-0.32;052] 06473
0.03 [-0.54,047] 0.8997

0.04 [-0.28; 0.37] 0.7881
0.04 [-0.28; 0.37] 0.7881

OR 95%-Cl P-value
0.1854
0.1288
0.0782
01331

021 [0.02;209]
018 [0.02;164]
0.07 [0.00;1.34]
011 [0.01;197]

0.0027
0.0027

0.15 [0.04; 0.51]
0.15 [0.04; 0.51]

Figure 4. Forest plot of comparison [10,25,27,28]. (A) Mean difference for T-score of bone mineral
density (BMD) change between baseline and 12 months. (B) Mean difference for kyphotic angle (KA, °)
change between baseline and 12 months. (C) Mean difference for compression ratio based on average
height of upper and lower adjacent vertebral bodies (%, Jung et al. [28]) or anterior height loss (%,
Gou et al. [10]) between baseline and 12 months. (D) Odds ratio of new-onset subsequent osteoporotic
vertebral compression fractures (OVCFs). Experimental, conservative treatment using teriparatide;
Control, vertebroplasty; Events, new-onset OVCEF; SD, standard deviation; SMD, standardized mean
difference; CI, confidence interval.
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3.7. KA Differences at 12 Months

Two studies were included in the analysis of effect size by mean difference for KA at
12 months [10,28]. The estimated overall mean difference was calculated as 0.22 (95% CI,
—0.11-0.54, p = 0.19), slightly favoring VP, without statistical significance. No heterogeneity
was observed (I? = 0%, p = 0.71) (Figure 4B).

3.8. AH Loss or Compression Ratio Change at 12 Months

Two studies were included in the analysis of effect size by mean difference for the
compression ratio or AH loss at 12 months [10,28]. The data showed no significant differ-
ence between TP and VP with an estimated mean difference of 0.04 (95% CI, —0.28-0.37,
p = 0.79). No heterogeneity was observed (I? = 0%, p = 0.70) (Figure 4C).

3.9. New-Onset OVCFs

Four studies provided dichotomous data which could be included in the measurement
of effect size by odds ratio for new-onset OVCFs [10,25,27,28]. This suggested that a smaller
number of new-onset OVCFs was observed for TP than for VP, with an estimated odds
ratio of 0.15 (95% CI, 0.04-0.51, p < 0.01), with statistical significance. No heterogeneity was
observed (I2 = 0%, p = 0.94) (Figure 4D).

3.10. Heterogeneity Handling

To investigate the substantial heterogeneity observed across studies, we conducted
time point-specific and subgroup analyses for the differences in pain scores between the
TP and VP groups at 3, 6, and 12 months. The overall heterogeneity was high at all
time points.

To identify potential sources of heterogeneity, we performed subgroup analyses based
on age (<75 vs. >75 years), fracture type (adjacent vs. new), co-medication (use of deno-
sumab with TP or BP with VP), and study design (RCT vs. non-RCT) (Table 4). Stratification
by age revealed that heterogeneity was substantially reduced in certain age-based sub-
groups. Specifically, the I? dropped to 64.1% in the <75-year group at 12 months, and
to 19.98% in the >75-year group at 6 months, suggesting that patient age may influence
treatment response consistency (Table 5).

Subgroup analysis also showed that studies without co-treatment (i.e., TP monother-
apy) and those targeting adjacent fractures tended to yield more consistent results favoring
TP. We conducted a sensitivity analysis excluding studies involving adjacent fractures
(Tseng and Su) [25,27]. The pooled mean differences in AVAS remained in favor of TP at
both 6 months (—0.36; 95% CI: —0.47 to —0.24, p < 0.01) and 12 months (—0.44; 95% CI:
—0.56 to —0.32, p < 0.01), despite persistent high heterogeneity (I> > 99%, p = 0.14).

In contrast, the study by Jung et al. [28], which involved denosumab co-administration
with TP and showed a reversed treatment effect in favor of VP, contributed notably to the
overall heterogeneity. The only RCT (Tseng et al.) [25] demonstrated consistent superiority
of TP over VP across both pain relief and outcome precision. These patterns were stable
across multiple time points, and were reinforced by sensitivity analyses.
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Table 4. Summary of mean differences in pain reduction (AVAS) between teriparatide and vertebro-
plasty at 3, 6, and 12 months, with subgroup characteristics.

Study Time MD SE CI CI Age TP VP Fracture RCT Overall
point Lower Upper Drug Drug  Type I (%)
Ma et al. (2020) [26] AVAS 0.55 0.10 0.36 0.74 <75 TP BP New non 99.60
at 3M
Jung et al. (2021) [28] AVAS 0.74 0.03 0.67 0.81 >75 TP+ BP New non 99.60
at 3M Deno
Gou et al. AVAS —0.40 0.04 —0.48 —-032 <75 TP No New non 99.60
(2022) [10] at 3M
Tseng et al. AVAS —1.15 0.10 —1.34 —096 <75 TP BP AdjFx RCT 95.59
(2012) [25] at 6M
Su et al. (2013) [27] AVAS —1.96 0.10 —-2.15 —-1.77 >75 TP BP AdjFx  non 95.59
at 6M
Gou et al. (2022) [10] AVAS —1.84 0.05 —1.94 —-1.74 <75 TP No New non 95.59
at 6M
Tseng et al. AVAS —1.89 0.11 —-2.10 —-1.68 <75 TP BP AdjFx RCT 99.84
(2012) [25] at 12M
Su et al. (2013) [27] AVAS —2.31 0.09 —2.49 —-2.13 >75 TP BP AdjFx non 99.84
at 12M
Jung et al. (2021) [28] AVAS 0.22 0.03 0.15 0.29 >75 TP+ BP New non 99.84
at 12M Deno
Gou et al. (2022) [10] AVAS —2.09 0.05 —-2.19 -199 <75 TP No New non 99.84
at 12M
BP, bisphosphonate; CI, 95% confidence interval; Deno, Denosumab; MD, mean difference; RCT, randomized
controlled trial; SD, standard error; TP, teriparatide; VAS, visual analog scale; VP, vertebroplasty.
Table 5. I statistics by age-based subgroups for AVAS at each time point.
Time Point Age Group 2 (%) Study Count
AVAS at 3M <75 98.81 2 [Ma et al. (2020), Gou et al. (2022)] [10,26]
AVAS at 3M >75 - 1 [Jung et al. (2021)] [28]
AVAS at 6M <75 97.46 2 [Tseng et al. (2012), Gou et al. (2022)] [10,25]
AVAS at 6M >75 - 1 [Su et al. (2013)] [27]
AVAS at 12M <75 64.07 2 [Tseng et al. (2012), Gou et al. (2022)] [10,25]
AVAS at 12M >75 99.84 2 [Su et al. (2013), Jung et al. (2021)] [27,28]

4. Discussion

For patients suffering from OVCFs, the short-term goals of treatment are pain relief
and recovery of quality of life, while the long-term goal is the prevention of new-onset
fractures. Unfortunately, a significant portion of patients do not fully recover after an
OVCEF [8,29], even with active medical intervention. Ideal strategies should achieve both
short-term (pain reduction, early restoration of quality of life) and long-term goals (fracture
healing, progressive improvement of life quality, and prevention of new-onset OVCF) [26].
This meta-analysis identified the superiority of conservative treatment using TP. The well-
known primary advantage of VP is pain control in the initial stages of fractures. However,
there was no difference between TP and VP in the initial comparison within three months
of fracture. In contrast, at the 6-month and 12-month points, the VAS score was significantly
lower in the TP group.

Previous studies have reported that the minimal clinically important difference (MCID)
for VAS in patients with lower back pain ranges from approximately 1.2 to 2.0 points [30—
33]. In our analysis, the VAS reduction in the TP group was 1.65 points at 6 months and
1.50 points at 12 months compared to in the VP group, which meets or exceeds the lower
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threshold of MCID. These findings suggest that TP treatment not only yields a statistically
significant improvement, but also confers a clinically meaningful benefit in pain relief. This
is thought to be due to the significantly lower incidence of new-onset subsequent OVCFs
and higher BMD in the TP group based on the rapid bone-healing effect of TP [17-20].
Based on these findings, we propose the use of TP in conservative treatment as a novel
therapy for addressing acute OVCFs.

For patients with acute OVCFs and persistent pain, VP is effective and safe. Pain relief
after VP is immediate, and is significantly greater than that achieved with conventional
conservative treatment [34]. In this study, a subgroup meta-analysis limited to the immedi-
ate period within one week also showed that VP significantly outperformed in reducing
VAS scores. It is commonly accepted that pain reduction following VP and kyphoplasty
occurs due to the stabilization of the fractured vertebrae and the cessation of both micro-
scopic and macroscopic movements at the site of the fracture [35]. Additionally, suggested
mechanisms for alleviating pain involve the chemical neurolytic properties of Poly Methyl
Methacrylate (PMMA) and the heat-induced neurolytic effects caused by the exothermic
reaction of PMMA [35].

However, several adverse effects have been associated with vertebral augmentation,
including cement leakage, osteonecrosis, recompression, infection, and adjacent-segment
fractures [1,28,36]. The complications of cement leakage include neurologic deficits and
pulmonary embolisms. Moreover, the incidence of new OVCFs after VP has been re-
ported to range from 8% to 52% [37], with 41-69% of new vertebral compression fractures
being immediately adjacent to the treated vertebra [1,38,39]. The relative risk of adjacent-
level fracture is 4.62 times that of nonadjacent-level fracture [40]. In this study too, the
odds proportion of new-onset OVCFs in the VP group was significantly higher (0.15 with
95% CI, 0.04-0.51, p < 0.01).

The issue of inhibited physiologic bone healing following VP is also a concern. PMMA-
based bone cement is not ideal for bone ingrowth due to its biologically inert characteristic,
meaning it does not degrade [41,42]. After VD, a peripheral halo was observed in over
10% of cases, and there was a higher re-fracture rate in the index vertebrae where VP was
performed [43]. This suggests that the space needed for bone healing or regeneration is
occupied by PMMA, hindering the process of natural bone healing [26].

Treating OVCF requires attention to both pain relief and the prevention of additional
fractures. Failure in pain management due to a new-onset OVCEF is a significant issue.
Failure of fracture healing in OVCFs leads to intractable back pain associated with non-
union [44]. Attention must be paid to treating both local fractures and overall low bone
density. The addition of postural rehabilitation may also be beneficial [45]. In the present
meta-analysis, TP achieved a greater improvement in BMD with statistical significance,
with the overall mean difference estimated as 2.73 (95% CI, 0.99-4.48, p < 0.01). Since
VP does not contribute to the prevention of further fractures, considering conservative
treatment using bone anabolic agents as an alternative treatment option is viable.

TP has been demonstrated to promote bone healing and prevent fragility fractures
in both rats and humans [46,47]. Although it has numerous clinical advantages, TP has
some less-well-known contraindications, such as a history of radiation therapy and the
presence of primary malignant and metastatic bone tumors [20]. And, TP includes higher
costs compared to other conventional anti-osteoporosis treatments, it has a limitation of
24 months of use in a lifetime, and the inconvenience of daily injections may lead to de-
creased patient compliance, which is an essential consideration in the overall effectiveness
of the treatment.

TP, as a bone anabolic agent, has shown superior therapeutic effects in various com-
parative studies with conventional anti-resorptive agents (bisphosphonates, BPs) [19,44,48].
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BPs are commonly utilized for osteoporosis management. In the four studies on BPs in-
cluded in this meta-analysis, BP was administered as a standard treatment to patients in the
VP group. Clinical trial findings indicate a 40% to 50% reduction in the likelihood of OVCFs
following three years of BP treatment [49,50]. Nonetheless, these agents might hinder the
fracture-healing process by excessively suppressing physiologic bone turnover [51]. Fur-
thermore, there is a noted association between the occurrence of intravertebral clefts and BP
medication history [52]. In the treatment of acute OVCF patients with severe osteoporosis,
the therapeutic effect of BP is too slow, and the use of these agents is associated with a high
risk of new-onset fractures [25]. In a retrospective study of a total of 98 patients undergo-
ing non-operative treatment for recent single-level OVCFs, the union rate at six months
after treatment was 89% in the TP group and 68% in the BP group. Fracture-site surgical
interventions were not required in the TP group; however, two patients in the BP group
eventually underwent surgical treatment for symptomatic non-union or vertebral collapse.
In addition, TP significantly affected union in cases of vertebral deformity progression [44].
Thus, the use of BP in conservative treatment does not effectively improve the treatment
outcomes for acute OVCFs. It could be inferred that employing a bone anabolic agent for
active fracture healing may provide practical assistance.

In addition, TP seems to aid in the relief of acute pain. In this meta-analysis, there no
significant difference was found between the VP group and the TP group in VAS scores over
3 months. However, during this period, the point estimates shift in a direction favoring
TP as time progresses. This aligns with recent animal studies that reported that the time
point for pain reduction with TP was earlier than that noted for its bone anabolic effects.
The DRG neurons are a direct target of TP, and TP immediately induces an antinociceptive
effect [53]. And, its inhibitory effect on inflammatory cytokine expression might be related
to one of the mechanisms by which TP rapidly reduces pain [21].

Meanwhile, once vertebral necrosis occurs, achieving union becomes difficult in the
presence of a vertebral cleft. When using TP, peripheral bridging of bones along the
vertebral edges occurs, restoring the stability of the collapsed vertebra [44]. In relation
to peripheral bridging around fractures, TP promotes ossification of the spinal ligaments
and accelerates hyperplastic bone formation around vertebral fractures in cases of diffuse
idiopathic skeletal hyperostosis [54,55].

On the other hand, a meta-analysis regarding radiologic outcomes related to sagittal
alignment was also conducted, and the VP group showed a slight superiority in the increase
in KA and AH loss or compression rate at 12 months, without statistical significance.
Although the follow-up period was limited to three months, and thus it was not included in
this meta-analysis, there was no difference in AH and posterior height between TP and VP
in comparisons up to three months [26]. In studies involving patients who did not undergo
VD, there was a statistically significantly lower compression rate in patients treated with
TP [56]. In studies with patients who underwent VP, although not statistically significant,
there was a smaller increase in KA and compression rate in cases where TP was used [57].
Since these two studies were not focused on a direct comparison between VP and TP, they
were excluded from this meta-analysis.

This meta-analysis has several limitations. Firstly, the number of included studies
was few. However, the present study is the first meta-analysis to offer a direct overview
of conservative treatment using TP and VP comparison. Second, most of the included
studies were non-RCTs, which may introduce selection bias and limit the strength of causal
inference. Third, there was no standardization among the included studies regarding the
basic strategies of conservative treatment and VP, including the bedrest duration, analgesic
medication, combination with anti-resorptive drugs, method of VP or kyphoplasty, and time
from injury to first treatment. Therefore, caution is necessary while interpreting our pooled
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estimates. Fourth, the Cls in some categories were too widely ranged to achieve precision or
accuracy. Fifth, significant heterogeneity in the VAS metric raises concerns about drawing
definitive conclusions. High heterogeneity across studies is a well-recognized challenge
in meta-analyses comparing therapeutic interventions in heterogeneous populations. In
our analysis, we observed considerable statistical heterogeneity in VAS outcomes at all
time points. However, further exploration revealed that this heterogeneity could be at
least partially explained by underlying clinical and methodological differences among
the included studies. Age emerged as a key effect modifier. Younger patients (<75 years)
consistently demonstrated greater and more homogenous pain relief with TP, while patients
aged >75 years showed variable responses. The use of denosumab in the TP group in
one study (Jung et al.) [28] likely introduced an additional confounding effect, as this was
the only study that showed a treatment advantage for VP. Sensitivity analysis excluding
this study resulted in an increased effect size and reduced heterogeneity, underscoring its
impact on the pooled results. Furthermore, studies targeting adjacent fractures showed
consistent benefits from TP, possibly due to its osteoanabolic effects in high-risk fracture
zones. Lastly, the single RCT included (Tseng et al.) [25] provided robust support for TP’s
effectiveness, adding methodological strength to the overall conclusions. The heterogeneity
might also be due to the inconsistency in the prescription of opioids and nonsteroidal
anti-inflammatory drugs. However, the recommendations for these drugs are all based
on weak evidence and lack consistency across guidelines [3,58]. Taken together, these
sources of clinical and methodological inconsistency contribute to lowering the overall
level of evidence and weakening the strength of the meta-analysis. Lastly, our analysis
exclusively focused on VP as the surgical intervention for comparison with conservative
treatment. While this approach was chosen to ensure homogeneity within the surgical
intervention group and to facilitate a direct 1:1 comparison with conservative treatment,
it inherently excluded kyphoplasty, which is a widely performed cement augmentation
technique in clinical practice. As a result, the findings may not fully represent the broader
spectrum of outcomes associated with cement augmentation procedures. Future studies
and updated meta-analyses should aim to include kyphoplasty and its synonyms in order
to provide a more comprehensive evaluation of all relevant interventions and enhance the
generalizability of the results.

5. Conclusions

The novel conservative treatment, primarily utilizing TP as a bone anabolic agent,
showed no significant difference to VP in terms of early period pain control associated with
acute OVCFs. With the 6-month and 12-month results indicating a reduction in the new
onset of subsequent OVCFs and a superior pain-control effect, this treatment strategy could
be suggested as an alternative approach for acute OVCFs. Further large-population-based
RCTs are needed to evaluate the efficacy of conservative treatment of OVCFs using TP
compared with VP.
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