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Purpose: To determine the bone bridge effect (BBE) and compare treatment outcomes of different osteoporosis medications in pa-
tients with lumbar osteoporotic vertebral compression fractures (OVCF).

Materials and Methods: This study followed 264 patients with lumbar OVCFs undergoing conservative treatment for more than 12
months. Patients were divided into four groups based on medication: denosumab monotherapy (group D), teriparatide and deno-
sumab combination (group TDco), sequential romosozumab followed by denosumab (group RDse), and bisphosphonate mono-
therapy (group B). Changes in bone mineral density (BMD), radiological parameters including BBE, and visual analog scale (VAS)
scores were compared from injury to 1 year post-injury.

Results: The 1-year BBE incidence was highest in groups treated with anabolic agents: group RDse (56.3%) and group TDco (51.8%).
These rates were significantly higher than in group D (28.6%) and group B (21.1%). The annual BMD increase was significantly great-
er in group TDco (1.04) compared to the other groups (RDse: 0.63; D: 0.55; B: 0.35). VAS scores decreased significantly by the
3-month mark in anabolic agent groups and in patients with confirmed BBE, indicating rapid pain relief. Multivariate logistic regres-
sion analysis confirmed that anabolic agent groups (TDco and RDse) were significant independent predictors of BBE formation
(oddsratio 2.717 and 3.472, respectively), even after adjusting for confounding variables such as initial BMD.

Conclusion: Anabolic agents appeared to be associated with more BBE formation, greater BMD gains, and faster pain reduction
compared to anti-resorptive agents. Therefore, treatment strategies using anabolic agents, such as those in groups TDco and RDse,
may be important considerations for treating patients with OVCFs.
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rosis, occurring in one in two women and one in five men
throughout their lifetime.! Among the types of osteoporotic frac-
tures, osteoporotic vertebral compression fractures (OVCFs)
have emerged as the most common type of fracture in patients
with osteoporosis.? The presence of OVCFs doubles the risk of
future fragility fractures and quadruples the risk of future verte-
bral fractures.’ Therefore, aggressive treatment and prevention
are crucial for OVCFs.

Most patients with OVCFs are treated conservatively; how-
ever, some patients in whom conservative treatment fails may
be treated using surgery or other procedures.** In addition,
appropriate osteoporosis drugs are essential for fracture heal-

INTRODUCTION

Osteoporotic fracture is a common complication of osteopo-
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ing and preventing further vertebral fractures. Recently, ana-
bolic agents, such as teriparatide (TPTD) and romosozumab
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(RM), have become increasingly valuable for the prevention of
fractures, along with anti-resorptive agents that have been
widely used in the past. Moreover, according to the Endocrine
Society Clinical Practice Guidelines, patients with osteoporosis
at high to very high risk of fracture are recommended to receive
anabolic agent treatment.®

In the follow-up of patients newly diagnosed with OVCFs,
we observed the bone bridge effect (BBE) in patients treated
with osteoporosis medications without surgery and other pro-
cedures. BBE involves the fusion of adjacent vertebrae via bone
formation at the anterior margin of the fractured vertebrae. This
retrospective study hypothesized that anabolic agents are more
likely to cause BBE than anti-resorptive agents and compared
BBE and other outcomes across treatment groups.

MATERIALS AND METHODS

Patient selection
The study protocol was approved by the Institutional Review
Board (IRB) of Severance Hospital, Yonsei University College
of Medicine (IRB No.: 4-2022-0003). Patients with OVCFs were
evaluated at the orthopaedic outpatient clinic or emergency
room of the same institution between May 2018 and December
2020. All patients were newly diagnosed with OVCFs following
low-energy trauma. One or more vertebral compression frac-
tures were found on computed tomography images and con-
firmed by low-intensity signal changes on T1-weighted images
and high-intensity changes on T2-weighted images with fat sup-
pression on MRL®

The bone mineral density (BMD) was measured by T-score
using dual-energy X-ray absorptiometry (Horizon, Hologic Inc.,
Bedford, MA, USA). If a patient had undergone a BMD test
within 1 year, the value from that test was used, and the history of
osteoporosis medication use was also examined in all patients.

The inclusion criteria of the study were as follows: 1) patients
aged over 60 years, male patients or postmenopausal women
with a diagnosis of osteoporosis (T-score <-2.5); 2) patients tak-
ing osteoporosis drugs after being diagnosed with OVCF (ana-
bolic or anti-resorptive agents); 3) patients who were followed
up with imaging for more than 1 year and compared with a
BMD test performed 1 year later; and 4) naive patients who had
not been taking osteoporosis medications before being newly
diagnosed with OVCE

The exclusion criteria were as follows: 1) patients who had
undergone fusion surgery or procedures, such as vertebroplasty
(VP) or kyphoplasty (KP), at the fractured or adjacent level;
2) patients with a follow-up period of less than 1 year; 3) pa-
tients diagnosed with fractures due to infection or malignancy;
and 4) patients diagnosed with secondary osteoporosis (in-
cluding long-term steroid use, endocrine disorders, marrow-
related disorders, renal disease, and cancer).
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Drug treatments

According to the Endocrine Society Clinical Practice Guidelines,
patients with osteoporosis at high- to very-high-risk are recom-
mended for anabolic agent treatment— i.e., TPTD or abalopara-
tide for 2 years or RM for 1 year.” However, anabolic agents are
difficult to use for a sufficient period of time due to the incon-
venience of once-a-month visits or daily self-administration for
patients and poor cost-effectiveness. Therefore, we included pa-
tients who used anabolic agents for atleast 6 months in this study.

The reasons for setting the anabolic treatment period to 6
months were as follows: 1) At least 3 months of cyclic TPTD use
is reported to be helpful in treating osteoporosis and OVCEF;
therefore, two cycles are more helpful in treating fractures.”
2) In addition, for both TPTD and RM, up to 6 months is the pe-
riod showing the maximum anabolic window.®* 3) Finally, the
period to reach the formation phase in the bone remodeling
cycle is approximately 4 months."

Since many studies have reported that combination therapy
with TPTD and denosumab (DMAB) is more effective than
TPTD monotherapy, this study adopted a combination strategy
for TPTD with DMAB."*

Following its approval in May 2019, RM was introduced as
an effective bone-forming agent for the treatment of osteopo-
rosis. A sequential therapy, in which the BMD gains from an
initial course of RM are maintained and enhanced by subse-
quent treatment with DMAB, is now a widely used strategy in
clinical practice." In this study, sequential therapy was chosen
over combination therapy, as the concurrent administration of
RM and DMARB is considered to have no additional pharmaco-
logical benefit due to the overlapping anti-resorptive effects.

If a patient did not consent to the use of anabolic agent,
DMAB was given as the first-line medication. Bisphosphonate
(BP) was prescribed only when the patient preferred to take
BP. These patients were informed of the side effects of long-
term BP use and the need for a drug holiday.

Based on the preceding information, all patients were divided
into four groups according to medication: 1) DMAB only (Pro-
lia; Amgen Ltd, Thousand Oaks, CA, USA), group D; 2) DMAB
and TPTD simultaneously for the first 6 months, followed by
DMAB monotherapy for maintenance (group TDco); TPTD
was injected subcutaneously once a day (Forsteo; Eli Lilly and
Company Ltd, Indianapolis, IN, USA or Terrosa; Richter-Helm
Biologics Ltd, Hamburg, Germany) according to the patient’s
preference; 3) RM (Evenity; Amgen Ltd) for the first 6 months
in all cases, then only DMAB, group RDse; and 4) BP agents
alendronate (Fosamax; Merck Sharp & Dohme, Rahway, NJ,
USA) once a week and ibandronate (Bonfild inj.; Hanlim Pharm,
Seoul, Korea) every 3 months, group B. Importantly, RM was
not prescribed if a patient had cardiovascular risk factors (e.g.,
myocardial infarction, stroke, or history of stents) (Fig. 1).®

Following standard orthopedic principles, initial conserva-
tive treatment resulted in pain reduction for all patients.? There-
fore, percutaneous cement augmentation techniques, such as
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Fig. 1. Drug treatment schedule for each group. Group D, denosumab monotherapy; Group TDco, teriparatide and denosumab combination therapy;
Group RDse, sequential denosumab after romosozumab; Group B, bisphosphonate monotherapy.

Flg 2. BBE on X-ray. (A) Initial X-ray of a 76-year-old woman with L1 osteoporotic fracture. (B) BBE was formed between T12 and L2 after 12 months of
combined treatment with teriparatide and denosumab. (C) An 83-year-old woman with L1 osteoporotic fracture. (D) BBE between T12 and L2 was ob-
served after 12 months of sequential romosozumab therapy (yellow arrow indicates fracture site). BBE, bone bridge effect.

VP or KP, were not performed. All patients were supplemented
with vitamin D at 1000 [U/day by oral administration accord-
ing to the recommended dose.”

Assessment and statistical analysis

Outpatient follow-up was conducted for 1, 3, 6, 9, and 12
months. Visual analog scale (VAS) was assessed for the clinical
results, and the degree of collapse and occurrence of BBE were
observed by X-ray at each visit (Fig. 2). In addition, at the 12th
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month, the BMD level using DXA was re-measured. The BMD
values were investigated using the T-score of the spine except
for fractured vertebrae. Radiological assessments were per-
formed at the beginning of diagnosis and at the last follow-up
session, and, if BBE had occurred, at the time of BBE. The local
Cobb angle (CA) and CA were measured using lateral plain ra-
diographs.'® In addition, the vertebral height (VH) was mea-
sured by obtaining the average of the anterior and posterior
heights of the fractured vertebra (Fig. 3). In the case of multilevel
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Fig. 3. Methods used to assess the local CA, CA, and vertebral height on
X-ray. CA, Cobb angle.

fractures, measurements were made focusing on one vertebral
body that had collapsed the most. For the purpose of this study,
BBE was defined as the presence of continuous, mature bone
formation connecting the anterior cortex of the fractured vertebral
body to the anterior cortex of the adjacent superior or inferior
vertebra, as observed on sequential lateral plain radiographs.

All radiological assessments, including the determination
of BBE and the measurements of CA, local CA, and VH, were
performed independently by two orthopedic spine surgeons
(JY. Yoon, with more than 5 years of clinical experience; and
B.H. Lee, with more than 10 years of clinical experience), who
were blinded to each other’s measurements and the patient
groups. Any discrepancies were resolved by consensus. To as-
sess the inter-rater reliability, 40 cases (approximately 15% of
the cohort) were randomly selected and evaluated by both sur-
geons. The intraclass correlation coefficient (ICC) was calcu-
lated for all key measurements.

For continuous variables that can be analyzed in multiple
ways, analysis of variance was performed. For nominal vari-
ables, Pearson’s chi-squared test was performed to compare
two groups among the four groups. Furthermore, to specifi-
cally analyze the 1-year change in BMD while adjusting for
baseline differences, an analysis of covariance (ANCOVA) was
performed, with the initial baseline BMD T-score serving as the
covariate. To identify the independent risk factors for BBE for-
mation and to adjust for baseline confounding variables, a mul-
tivariate logistic regression analysis was performed. The occur-
rence of BBE (presence or absence) was set as the dependent
variable. Independent variables included the drug treatment
group (groups D, TDco, RDse, and B), patient characteristics
[age, sex, body mass index (BMI), and initial BMD], and ra-
diological parameters (initial CA, CA change, initial local CA,
local CA change, initial VH, and VH change). SPSS 23.0 (IBM
Corp., Armonk, NY, USA) was used for statistical analysis. All
variables were expressed as number, percentages, means+
standard deviation, or medians. Statistical significance was set
ata p-value <0.05.
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RESULTS

Baseline characteristics

The total number of patients included in the final analysis was
264, comprising 84 in group D, 56 in group TDco, 48 in group
RDse, and 76 in group B (Fig. 1).

The initial demographic and radiologic values were compared
across the four treatment groups (Table 1). No statistically sig-
nificant differences were found in age, BMI, or the proportion
of multiple fractures. However, there was a significant difference
in sex distribution (p=0.039), primarily because group RDse
consisted entirely of female patients due to treatment allocation
criteria. Initial BMD was also significantly different among
groups (p<0.001), with group B having the highest mean T-score
(-1.91) and group RDse having the lowest (-3.06). Significant dif-
ferences were also observed in the initial CA (p=0.007), where-
as the initial local CA and VH did not differ significantly.

Reliability of radiological measurements

The inter-rater reliability for the radiological measurements
was found to be excellent. The ICC value for the determination
of BBE (presence vs. absence) was 0.95 [95% confidence inter-
val (CI): 0.91-0.98], that for the CA measurement was 0.96 (95%
CI: 0.93-0.98), and that for the VH measurement was 0.94 (95%
CI: 0.90-0.97), indicating almost perfect agreement.

Incidence and timing of BBE

Regarding the incidence of BBE according to drug regimen, the
anabolic agent groups showed the highest rates: group RDse at
56.3% and group TDco at 51.8%. These were significantly high-
er than group D (28.6%) and group B (21.1%) (overall p<0.001).
There was no significant difference in BBE incidence between
the two anabolic groups (TDco vs. RDse, post-hoc p=0.910),
nor between the two anti-resorptive groups (D vs. B, post-hoc
p>0.999) (Table 1).

BBE was confirmed significantly earlier in the anabolic groups
(overall p<0.001). The mean formation period was fastest in
group RDse (4.56+2.15 months), followed by group TDco (7.17+
4.15months), group D (9.17+4.07 months), and group B (10.50+
3.46 months). Post-hoc analysis revealed significant differ-
ences between group RDse and all other groups, and between
group TDco and group B (Table 1).

Changes in BMD and radiological parameters
The 1-year changes in BMD and radiological parameters also
varied by group (Table 1). The mean increase in BMD T-score
was greatest in group TDco (1.04 + 0.96), which was significantly
higher than all other groups (group D: 0.55+0.61; group RDse:
0.63+0.58; group B: 0.35+0.53; overall p<0.001). This finding was
validated by an ANCOVA, which confirmed that the superior
BMD gain in group TDco remained highly significant even after
adjusting for differences in baseline BMD (overall p=0.001).
Furthermore, the change in local CA was significantly greater
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Table 1. Baseline Characteristics and Outcomes by Osteoporosis Medication Group

Characteristic Group D (n=84) Group TDco (n=56) Group RDse (n=48) Group B (n=76) Overall p
Basic demographics in the initial period
Sex (male/female) 7/71 9/47 0/48 8/68 0.039*
Age (yr) 76.10+8.46° 78.48+8.73° 75.38+6.95 77.63+£9.13° 0.187
BMI (kg/m?) 24.42+2 84° 24.23+3.82° 22.95+2.71° 24.30£2.31® 0.033*
Fracture level (single/multiple) 64/20 39/17 12/36 60/16 0.671
BMD (T-score) -2.55+1.07% 24741497 -3.06+0.98" -1.91+1.64° <0.001*
Initial CA (°) 19.66+11.33% 21.74+1473" 24.95+13.40° 16.78+13.54° 0.007*
Local CA (°) 15.16+8.23" 17.50+9.68"° 16.78+9.43° 16.71+8.10° 0.435
VH (mm) 22.04+4.94° 20.79£3.57° 22.08£3.81° 21.72+381° 0.305
Difference between initial and last follow-up
BMD (T-score) 0.55+0.61° 1.04+0.96" 0.63+0.58" 0.35+0.53° <0.001*
CA(°) 1.34+6.09° 0.86+4.91° 0.88+8.69° 2.44+4.30° 0.381
Local CA (°) 1.04+5.96° 0.58+4.58° 0.74+7.72° 3.11+4.64° 0.034*
VH (mm) -1.65+2.71° -1.06+2.02% -1.93+1.84° -0.81+1.16" 0.008*
Bone bridge effect
(+) 24 (28.6) 29(51.8)° 27 (56.2)° 16 (211 <0.001*
Formation period (months) 9.17+4.07° 7174415 456+2.15° 10.50+3.46° <0.001*

BMI, body mass index; BMD, bone mineral density; CA, Cobb angle; VH, vertebral height.
Values are presented as mean+standard deviation or n (%). Overall p-values were calculated using analysis of variance (for continuous variables) or chi-squared
test (for categorical variables). Values in the same row not sharing a common superscript letter (a, b, c) are significantly different from each other (p<0.05) based

on Tukey's HSD post-hoc test.
*p<0.05.

in group B (3.11+4.64) compared to group D and group TDco
(p=0.034). The change in VH was significantly less in group B
(-0.81%1.16) compared to group D and group RDse (p=0.008).
There was no significant difference in the 1-year change for the
main CA (p=0.381).

Independent predictors of BBE formation

A multivariate logistic regression analysis was performed to
identify independent predictors of BBE formation (Table 2).
After adjusting for all patient and radiologic variables, the drug
regimen was a significant independent predictor. Compared to
the reference group D, both group TDco [odds ratio (OR)=2.717,
p=0.010, 95% CI: 1.268-5.823] and group RDse (OR=3.472,
p=0.004, 95% CI: 1.488-8.103) showed a significantly higher
likelihood of BBE formation. Both anabolic groups were also
significantly superior to group B (TDco vs. B: p=0.002; RDse vs.
B: p<0.001). There was no significant difference between the
two anabolic groups (RDse vs. TDco, p=0.579).

Among the radiologic factors, CA change (1-year change)
was also identified as a significant independent predictor of
BBE formation (OR=1.074, p=0.009, 95% CI: 1.018-1.134). In
this multivariate model, other variables such as initial BMD
(p=0.698), initial CA (p=0.104), and BMI (p=0.772) were not
found to be significant independent predictors.

Pain outcomes (VAS scores)

The mean VAS scores for pain were similar across all groups at
the initial diagnosis (Fig. 4A). However, at 1 month, the anabolic
agent groups (TDco and RDse) reported lower mean VAS scores
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(4-point range) compared to the anti-resorptive groups (D and
B, 5-point range). This difference became more pronounced at
3 months, with anabolic groups in the 2-point range and anti-re-
sorptive groups in the 3-point range or higher. From 6 months
onward, mean VAS scores were similarly low (plateaued) across
all groups.

Statistical analysis of the decrease in VAS from baseline
confirmed significantly greater pain reduction in the anabolic
groups compared to group D and group B at both 1 month and
3 months (Fig. 4C). There was no significant difference between
the two anabolic groups (TDco vs. RDse) at these early time
points (p=0.325 at 1 month, p=0.542 at 3 months). At 6 months,
while a numerically greater reduction was observed in the an-
abolic groups, the difference was no longer statistically signifi-
cant among the four groups.

When comparing patients based on BBE formation, the group
with confirmed BBE (+) showed a significantly greater reduction
in VAS scores at the 3-month mark compared to the group with-
out BBE (-) (p=0.016) (Fig. 4B and D). No significant differences
in VAS reduction were observed between the BBE (+) and BBE
(-) groups at 1 month or 6 months. Additionally, no new verte-
bral or non-vertebral fractures were observed in any of the four
treatment groups during the 12-month follow-up period.

DISCUSSION

In OVCFs, the primary therapy is conservative treatment.>'” As
previously described, cement augmentation procedures for

https://doi.org/10.3349/ymj.2025.0325
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Table 2. Multivariate Logistic Regression Analysis of Risk Factors for BBE
Formation (n=263)

Variable
Drug regimen (pairwise comparisons)

OR (95% Cl) p

Group TDco vs. Group D 2.717 (1.268-5.823) 0.010*
Group RDse vs. Group D 3.472(1.488-8.103) 0.004*
Group B vs. Group D 0.581(0.257-1.311) 0.191
Group RDse vs. Group TDco 1.278(0.539-3.033) 0.579
Group B vs. Group TDco 0.214(0.082—0.560) 0.002*
Group B vs. Group RDse 0.167 (0.061-0.457) <0.001*
Patient and radiologic factors
Sex, male (vs. female) 0.885(0.287-2.728) 0.832
Age 1.027 (0.990-1.065) 0.150
BMI 0.984 (0.886-1.094) 0.772
Initial BMD (T-score) 0.951(0.739-1.224) 0.698
Initial CA (°) 1.022 (0.996-1.048) 0.104
CA change (°) 1.074(1.018-1.134) 0.009*
Initial local CA (°) 1.020(0.974-1.069) 0.399
Local CA change (°) 1.019(0.962-1.078) 0.523
Initial VH (mm) 0.967 (0.879-1.065) 0.498
VH change (mm) 1.063 (0.912-1.238) 0434

OR, odds ratio; Cl, confidence interval; Group D, denosumab monotherapy;
Group TDco, teriparatide and denosumab combination therapy; Group RDse,
sequential denosumab after romosozumab; Group B, bisphosphonate mono-
therapy; BMI, body mass index; BMD, bone mineral density; CA, Cobb angle;
VH, vertebral height.

Statistical notes: the OR indicates the likelihood of bone bridge effect forma-
tion; an OR >1 suggests an increased likelihood, while an OR <1 suggests a
decreased likelihood compared to the reference group. For pairwise drug regi-
men comparisons, the second-named group in each pair (e.g., Group D in “Group
TDco vs. Group D”) serves as the reference group. For categorical variables, the
reference category is “female” for sex. The 95% Cl is the range in which the
true OR is likely to fall; if the interval does not include 1.0, the finding is consid-
ered statistically significant. “Change” variables (e.g., CA change) represent the
1-year difference calculated as (Last follow-up value - Initial valug).

*p<0.05.

OVCFs are commonly performed when conservative treatment
fails during the early period after fracture, and favorable out-
comes have been reported."** However, cement leakage during
the procedure or adjacent segmental fractures after the proce-
dure are commonly reported complications.?"** Therefore, we
focused on conservative treatment and avoided this proce-
dure when possible. Accordingly, cement augmentation was not
performed, except in patients with Kummel disease (who were
not included in the present study), as patients generally re-
sponded well to conservative treatment.

In this study, we analyzed and compared the outcomes of dif-
ferent osteoporosis medications in the treatment of patients
with OVCE Among the drugs, TPTD and RM are used as anabol-
ic agents. TPTD is a recombinant human parathyroid hormone
primarily involved in remodeling-based bone formation.”#**2
RM, another anabolic agent, is a humanized immunoglobulin G2
monoclonal antibody that binds to sclerostin and inhibits its in-
teraction with the Wnt signaling co-receptor.* Unlike the ac-

https://doi.org/10.3349/ym].2025.0325
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tion mechanism of TPTD, RM has a dual action of promoting
bone formation and reducing bone resorption. Several studies
have reported the use of these anabolic agents in combina-
tion, sequential therapy, or monotherapy.?”** Among these, the
combination of TPTD and DMAB significantly increased BMD;
notably, in short-term studies of less than 1 year, a greater in-
crease in BMD was observed compared with anabolic agent
monotherapy.?®* Therefore, this combination is widely used
as it is considered beneficial for fracture healing. In addition,
DMAB inhibits bone resorption more than BP and preserves
modeling-based bone formation, while BP inhibits both bone
resorption and modeling-based bone formation.*®*"* Thus,
when combination therapy with TPTD and DMAB is used,
PTH-stimulated bone modeling can occur in the relative ab-
sence of remodeling, thereby maximizing the anabolic win-
dow.* Therefore, we chose DMAB as the drug used in combi-
nation therapy in this study. As another anabolic therapy, RM
has been shown to significantly increase BMD of the spine and
hip and to reduce the risk of vertebral fracture when used as
sequential therapy or monotherapy.>* In another report dem-
onstrating that RM significantly increased spinal BMD, treat-
ment-naive patients achieved significantly higher BMD than
patients with a history of prior osteoporosis treatment.* Based
on these findings, we included only treatment-naive patients
in this study to more clearly evaluate the effects of RM.

Unlike previous studies reporting that RM showed more gains
in BMD than TPTD,*** group TDco demonstrated the most sig-
nificant BMD gains compared with the other groups in our
study. Additionally, group RDse demonstrated a higher BMD
increase than group D and group B, but was only significantly
higher than group B. The reason for this is likely that previous
studies compared TPTD and RM monotherapy, whereas our
study compared combination and sequential therapy. Our
findings showed that the combination of TPTD and DMAB in-
creased BMD more than sequential therapy using RM over a
short period of 1 year.

The Endocrine Society Clinical Practice Guidelines recom-
mend 12 months of RM therapy for very-high-risk patients.” In
addition, a study of bone turnover markers during RM treat-
ment reported that the anabolic window was greatest for up to
6 months, after which the anti-resorptive effect predominated.*
In this study, because RM was administered for a maximum
of 6 months, mid- to long-term results (longer than 6 months)
were not assessed. The difficulty in continuing RM (or combi-
nation therapy with TPTD) for longer than 6 months is largely
due to the economic burden imposed on patients under Ko-
rean insurance standards. Therefore, additional studies are
needed to determine whether the anabolic effect of RM can be
clinically sustained for a longer period after 6 months, which
could then be compared with our data on DMAB sequential
treatment.

In this study, we focused more on the BBE phenomenon rath-
er than the drug-related increase in BMD. BBE occurs when a
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Fig. 4. Changes in the VAS according to treatment agent and the presence or absence of the BBE. (A and B) Differences in mean VAS by treatment strategy
and with or without BBE from initial diagnosis to 1, 3, 6,9, and 12 months. (C and D) VAS decrease at 1, 3, and 6 months from initial diagnosis according to
treatment strategy and the presence or absence of BBE. (C) If there is statistical significance, each group is marked with a connecting line, and the p-
value is indicated. (D) All p-values between groups are displayed above the connecting lines. Group D, denosumab monotherapy; Group TDco, teripara-
tide and denosumab combination therapy; Group RDse, sequential denosumab after romosozumab; Group B, bisphosphonate monotherapy. Data were
presented as medians, and comparisons were performed using Pearson’s chi-squared test. VAS, visual analog scale. BBE, bone bridge effect.

fractured vertebra fuses with an adjacent vertebra via bone for-
mation at the anterior margin of the vertebral body (Fig. 2). This
fusion is considered to be helpful in fracture healing by stabiliz-
ing the vertebrae.

Our results suggest that treatment with group RDse and
group TDco is associated with a stronger bone formation effect
compared with anti-resorptive monotherapy, and the initia-
tion of bone bridge formation appeared faster in group RDse
than in group TDco (Table 1). A greater impact on new frac-
ture-related bone turnover and enhanced healing, potentially
contributing to greater spine BMD gains, has been reported in
patients treated with RM.*>* Furthermore, a recent experimen-
tal study demonstrated that RM significantly enhances neo-
bone formation and stability even in compromised osteopo-
rotic conditions, supporting its potent biological stimulus for
BBE formation.*” Therefore, the authors recommend that pa-
tients actively consider starting RM to further increase BMD
when a new fracture occurs.®

A key concern in this retrospective study was that the signif-
icant baseline imbalances, particularly in group RDse, could
have introduced confounding variables. Our multivariate lo-
gistic regression analysis (Table 2) was performed to address
this potential bias.

The analysis yielded two critical findings. First, even after ad-
justing for all patient and radiologic confounders (including age,
sex, BMI, and initial BMD), the anabolic agent groups (TDco
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and RDse) remained powerful independent predictors of BBE
formation compared with anti-resorptive groups (D and B).
This strongly suggests that the observed increase in BBE is a
true pharmacological effect associated with anabolic agents,
not simply an artifact of selection bias.

Second, our multivariate logistic regression analysis (Table
2) provided critical insights by separating true independent
predictors from confounding factors. Notably, initial BMD was
not found to be a significant independent predictor of BBE for-
mation (p=0.698). This finding suggests that the higher BBE in-
cidence observed in the anabolic groups (particularly group
RDse) is not simply an artifact of their lower baseline bone
density.

Instead, the analysis revealed two significant and indepen-
dent predictors of BBE formation: the drug regimen and radio-
logical change. Even after adjusting for all other variables, ana-
bolic treatment (e.g., group RDse vs. D, OR=3.472, p=0.004)
remained the most potent predictor. Independently of this drug
effect, the CA change (representing progressive collapse over 1
year) was also identified as a significant predictor (OR=1.074,
p=0.009).

This suggests that BBE formation may be influenced by two
distinct conditions: a “biological stimulus” (provided by the an-
abolic agent, which actively promotes bone formation, as stud-
ies on RM have reported enhanced bone turnover and healing
at recent fracture sites*) and a “geometric opportunity” (creat-
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ed when progressive collapse narrows the anterior gap between
vertebrae). Therefore, the superior BBE rate in the anabolic
groups cannot be dismissed as a simple result-oriented conse-
quence of collapse; rather, it appears to be a robust pharmaco-
logical effect that is further facilitated by the fracture’s geomet-
ric changes.

We additionally investigated VAS scores at each follow-up
period to evaluate clinical outcomes. It was observed that both
group RDse and group TDco showed greater pain improvement
than the anti-resorptive groups up to 3 months, corresponding
to the early stage of fracture healing. Previous studies have dem-
onstrated improvement in VAS scores when TPTD was admin-
istered to patients with fractures”* In addition, pain relief was
also achieved when TPTD was combined with DMAB in our
study. However, no studies have directly compared TPTD mono-
therapy with combination therapy; therefore, further research is
warranted.

In addition, it was observed that the group in which BBE was
formed had a significant decrease in VAS at 3 months from the
initial diagnosis and quickly reached a plateau with VAS scores
of less than 2 points. Considering that the overall mean time to
BBE confirmation was 7.4 months, and that faster confirma-
tion was observed in group RDse (mean 4.5 months), which
also showed early pain relief, this observation raises the possi-
bility that the BBE formation process itself might be associated
with pain reduction. Furthermore, it is important to consider
the clinical significance of this pain reduction. While the Mini-
mal Clinically Important Difference (MCID) for spine-related
VAS pain scores can vary, it is frequently cited in the literature
to be approximately 1.5 to 2.0 points.” Our findings, which
showed a significantly greater VAS reduction at 3 months in
both the anabolic agent groups and the BBE (+) group (Fig. 4),
exceeded this MCID threshold. This suggests that the ob-
served early pain relief was not only statistically significant but
also clinically meaningful for the patients. However, more de-
tailed research is needed to determine whether other factors
influence pain outcomes and how these effects differ across
additional clinical criteria.

This study is the first to describe BBE, and we believe these
findings are significant in terms of the utilization of potent an-
abolic agents or combination therapies.

However, our study also had several limitations. First and
most importantly, this study has a retrospective, non-random-
ized design, which carries an inherent risk of selection bias and
confounding variables. As mentioned, treatment allocation was
based on factors such as differences in drug-related cost bur-
den and the contraindication of RM in patients with a history of
cardiovascular disease. This led to significant baseline imbal-
ances, notably in group RDse, which consisted entirely of fe-
male patients and had significantly lower baseline BMD. Al-
though we performed a multivariate regression analysis
(Table 2) to adjust for these factors, this limitation must be
considered when interpreting the results. Furthermore, as a
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single-center study with treatment allocation influenced by
national insurance policies and patient preferences, the gen-
eralizability of our findings to other clinical settings or popu-
lations may be limited. Second, the follow-up duration of 12
months is relatively short. This timeframe may not be sufficient
to fully capture the long-term evolution of the BBE or to defini-
tively assess sustained clinical outcomes, such as long-term
pain relief and prevention of subsequent fractures. Third, our
clinical assessment was limited to VAS scores for pain. Due to
the retrospective nature of the study, more comprehensive func-
tional outcome measures, such as the Oswestry Disability Index
or quality-of-life scores (e.g., EuroQol 5-dimension), were not
available for analysis. Therefore, future prospective studies in-
corporating these functional and quality-of-life measures are
essential to more comprehensively evaluate the clinical signifi-
cance and long-term benefits of the BBE. Fourth, the 6-month
duration of active anabolic agent administration (both TPTD
and RM), which was based on national insurance reimburse-
ment policies, warrants discussion. While standard protocols
often extend to 12 or 24 months, we believe this timeframe was
appropriate for the study’s specific endpoints. The 6-month
active treatment period aligns well with the typical window for
acute osteoporotic fracture healing—which is commonly as-
sessed radiologically at 3 and 6 months®—making it a sufficient
duration to assess the primary endpoint of BBE formation. Fur-
thermore, the total 12-month follow-up period was adequate
to observe the subsequent maturity of the BBE and to monitor
for our key clinical outcome: the incidence of new subsequent
fractures. Fifth, data on bone turnover markers were incom-
plete, a limitation stemming from both the retrospective design
and the economic burden on patients undergoing these tests.
Sixth, this study only included naive patients, so it was difficult
to observe the effect of previous osteoporosis drugs on current
treatment. In future studies, it will be necessary to analyze pa-
tients who were previously treated. Seventh, patients in this
study did not undergo procedures such as VP or KP because
none had uncontrolled pain or neurological deficits. However,
as these procedures are still commonly used in the treatment
of OVCFs, it would be necessary to compare the results of osteo-
porosis medication treatments in patients who underwent ce-
ment augmentation procedures. Finally, to determine whether
segments with BBE have greater stability, biomechanical stud-
ies are needed.

In summary, group TDco appeared to be associated with
greater short-term BMD gain compared to group RDse. Al-
though BBE occurred most rapidly with group RDse, the occur-
rence of BBE between group RDse and group TDco was not
significantly different. In addition, anabolic treatments were as-
sociated with superior BBE formation and earlier VAS reduction
compared with anti-resorptive agents. Therefore, non-surgical
treatment of OVCFs likely benefits from aggressive administra-
tion of osteoporosis medication, and a treatment strategy in-
volving combination or sequential administration of anabolic
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agents may be more effective than conventional anti-resorptive
monotherapy.
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