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Abstract
Purpose To investigate the incidence and characteristics of subsequent vertebral fracture after osteoporotic vertebral fractures 
(OVFs) and identify risk factors for subsequent vertebral fractures.
Methods This post-hoc analysis from a prospective randomized multicenter trial included 225 patients with a 48-week 
follow-up period. Differences between the subsequent and non-subsequent fracture groups were analyzed.
Results Of the 225 patients, 15 (6.7%) had a subsequent fracture during the 48-week follow-up. The annual incidence of 
subsequent vertebral fracture after fresh OVFs in women aged 65–85 years was 68.8 per 1000 person-years. Most patients 
(73.3%) experienced subsequent vertebral fractures within 6 months. At 48 weeks, European Quality of Life-5 Dimensions, 
the Japanese Orthopedic Association Back Pain Evaluation Questionnaire pain-related disorder, walking ability, social life 
function, and lumbar function scores were significantly lower, while the visual analog scale (VAS) for low back pain was 
higher in patients with subsequent fracture. Cox proportional hazards analysis showed that a VAS score ≥ 70 at 0 weeks 
was an independent predictor of subsequent vertebral fracture. After adjustment for history of previous fracture, there was 
a ~ 67% reduction in the risk of subsequent vertebral fracture at the rigid-brace treatment.
Conclusion Women with a fresh OVF were at higher risk for subsequent vertebral fracture within the next year. Severe low 
back pain and use of soft braces were associated with higher risk of subsequent vertebral fractures. Therefore, when treating 
patients after OVFs with these risk factors, more attention may be needed for the occurrence of subsequent vertebral fractures.
Level of evidence III

Keywords Subsequent fracture · Osteoporotic vertebral fracture · Visual analog scale · Pain · Brace treatment

Introduction

The clinical characteristics of osteoporosis are recurrent 
fractures. Particularly, fracture history is associated with an 
increased risk of subsequent fracture [1, 2]. It is important 
to note that the risk of subsequent fracture is relatively high 
within 5 years following the initial fracture [1]. Approxi-
mately 10–23% of all subsequent fractures occurred within 
1 year after the first fracture [1, 3]. Recurring fractures were 
associated with severe deterioration in the quality of life, 
greater impaired function, and mortality [4, 5].

A recent study in women aged 65–74 years reported that 
14% of them experienced a clinical fracture within 1 year 
following an initial vertebral fracture [1]. However, previous 
reports on the incidence of subsequent fractures after osteo-
porotic fractures were mainly based on administrative claims 
databases and post-hoc analysis of a large prospective stud-
ies examining the effects of an osteoporosis drug [1, 2, 6, 7]. 
Moreover, using these data have certain limitations such as 
lower accuracy in the timing and identification of fractures 
and details of symptoms. Thus, current evidence is limited 
because few reports have closely investigated the incidence 
and characteristics of subsequent vertebral fracture after 
osteoporotic vertebral compression fractures (OVFs) using 
detailed radiographic assessments and patient-reported 
outcome measures (PROMs). Therefore, a more detailed 
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analysis of patients with subsequent fracture after OVF is 
needed to implement preventive measures to decrease the 
incidence of subsequent vertebral fractures. Furthermore, 
to date, no study has examined the incidence or risk factors 
for subsequent fractures using data from a prospective study 
examining the effect of braces on OVFs.

This study aimed to investigate the incidence of subse-
quent vertebral fracture after OVFs, characterize patient 
population with subsequent fracture after acute OVFs with a 
focus on PROMs and radiographic assessments, and identify 
predictors for subsequent vertebral fractures.

Methods

This study was a secondary analysis of a previous prospec-
tive randomized study (UMIN000014876) that compared 
the effectiveness of rigid and soft braces for acute thora-
columbar OVFs [8]. Briefly, the original trial enrolled 284 
patients aged between 65 and 85 years who had received a 
diagnosis of one acute (within four weeks before inclusion) 
OVF between T10 and L2; 141 of these patients were ran-
domly assigned to wear rigid braces, and 143 were assigned 
to wear soft braces. Patients wore ready-made braces until a 
custom-made thoracolumbar sacral rigid or soft brace was 
applied. Patients in the rigid-brace group received a rigid 
thoracolumbosacral orthosis. Patients in the soft-brace group 
received a soft thoracolumbosacral orthosis. Patients in both 
the rigid and soft bracing groups were instructed to wear 
the braces at all times whenever possible. All participants 
were instructed to wear the braces for a total of 12 weeks. 
The previous study was approved by each hospital’s institu-
tional review board, and all participants provided oral and 
written informed consent prior to enrollment of the rand-
omized controlled trial. In terms of anti-osteoporosis treat-
ment, patients were allowed to use only the same medication 
they were taking before the injury or a newly prescribed 
active vitamin D to exclude any negative or positive effects 
of osteoporosis medication on vertebral deformity. Previ-
ous osteoporosis treatment consisted of bisphosphonates in 
31 patients and selective estrogen receptor modulators in 2 
patients. Accordingly, active vitamin D was not included as 
a previous osteoporosis treatment in this post-hoc analysis. 
Detailed inclusion and exclusion criteria of the study have 
been described previously [8].

The current analysis included patients with 1-level acute 
thoracolumbar OVF who had received either rigid or soft-
brace treatment and had undergone lateral radiography at 
0, 12, and 48 weeks and magnetic resonance imaging at 
48 weeks. In this study, patients who could not be followed 
up to week 48 and those with incomplete imaging studies 
were excluded in order to determine the exact number of 
vertebral fractures that had occurred by week 48. This study 

was approved by the institutional review board at the Tokyo 
Medical and Dental University and was compliant with the 
Declaration of Helsinki.

Patient‑reported outcome measures

For the PROMs, scores on the European Quality of Life-5 
Dimensions instrument (EQ-5D-3L; range, − 0.111 to 1, 
with higher scores indicating a better quality of life) [9], 
visual analog scale (VAS) scores for low back pain (range, 
0–100; higher scores indicating more severe pain) [10], and 
the Japanese Orthopedic Association Back Pain Evaluation 
Questionnaire (JOABPEQ) for pain-related disorders, lum-
bar spine function, walking ability, social life function, and 
mental health (range, 0–100; higher scores indicating better 
function) [11] were used. JOABPEQ includes five categories 
(25 items) selected from the Roland Morris Disability Ques-
tionnaire and Short Form 36. These PROMs were provided 
when patients visited the hospital at 0, 12, and 48 weeks.

Radiographic assessment

In this study, a subsequent vertebral fracture was defined 
as a fracture occurring within 1 year of an incident fracture 
at a different site. In the radiographic analysis, the anterior 
vertebral body compression percentage (AVBCP) [12], 
defined as the ratio between the vertical height of the com-
pressed anterior section of the injured vertebral body and 
the posterior vertebral body height at the same level, was 
measured independently by two radiologists as previously 
described in the original study. The mean values from the 
two evaluators were used. In addition to AVBCP measured 
in the original study, thoracic and lumbar vertebrae were 
graded on visual inspection of lateral radiography using the 
semiquantitative method of Genant et al. [13]. In this study, 
a new vertebral fracture was defined as a decrease of at least 
20% in the height of any vertebral body during the 48-week 
follow-up to accurately assess a new vertebral fracture [14]. 
The Genant classification and the diagnosis of subsequent 
fractures were evaluated by a spine surgeon with 17 years 
of experience.

Data analysis

Differences between the subsequent fracture and non-sub-
sequent fracture groups were analyzed. We analyzed con-
tinuous variables using an unpaired two-tailed t-test for 
normally distributed data and continuous data with skewed 
distribution using the Mann–Whitney U test after assess-
ing the normality with the Shapiro–Wilk test. Fisher’s exact 
test was used for nominal variables. We then categorized 
the continuous variables using the cutoff values based on 
clinical experience for survival analysis. Because in previous 
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studies, VAS 70 or greater has been defined as severe pain 
[15, 16], VAS 70 was used as the cutoff value in this study 
as well. For JOABPEQ, a clear criterion for the cutoff value 
is currently unclear, but since there is a report that each 
subdomain score on JOABPEQ in patients with lumbar spi-
nal disease was around 50 [17], 50 was chosen as the cutoff 
value. Regarding AVBCP, because a reduction of more than 
40% of the anterior vertebral body height is considered a 
severe fracture [13], a cutoff value of 60 was also used in 
this study. Regarding EQ-5D, as EQ-5D less than 0.3 has 
been defined as a severe condition [18], a cutoff value of 0.3 
was used in this study as well. The log-rank test was used in 
univariate survival analysis to identify independent baseline 
variables (age, osteoporosis treatment, previous vertebral 
fracture, brace treatment, EQ-5D, VAS, JOABPEQ, AVBCP, 
and Genant classification) that could predict subsequent 
fractures. Using univariate and multivariate Cox’s propor-
tional hazard models, we compared the baseline variables 
for the hazard of subsequent vertebral fractures during the 
48-week follow-up. In multivariate Cox’s proportional haz-
ard model, the model was adjusted for history of vertebral 
fracture. For all statistical analyses, JMP version 12 (SAS 

Institute, Cary, NC, USA), EZR (Saitama Medical Center, 
Jichi Medical University, Saitama, Japan), and a graphic user 
interface for R (The R Foundation for Statistical Computing, 
Vienna, Austria) [19, 20] were used. Regarding AVBCP, 
VAS, JOABPEQ, and EQ-5D, we imputed the missing data 
measurements with data obtained using the multiple imputa-
tion by chained equations package in R. We chose 20 itera-
tions for multiple imputations. All tests were two-sided, and 
p values < 0.05 were considered significant.

Results

Demographics

In total, 225 patients with 48 weeks of follow-up were 
included in this study. The exclusion criteria are shown in 
Fig. 1. Of the 225 patients analyzed in the present study, 15 
(6.7%) had a subsequent fracture during the 48-week fol-
low-up. None of the 225 patients analyzed in this study had 
undergone vertebroplasty. The baseline characteristics of 
the patients are shown in Table 1. Interestingly, while there 

Fig. 1  Participant flow through-
out the study. During the study 
period, 382 patients were 
assessed for eligibility. Finally, 
284 patients were enrolled in 
the original study. An additional 
59 patients were excluded dur-
ing the follow-up period
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was a trend toward a higher proportion of patients wearing 
a rigid brace in the non-subsequent fracture group in the 
distribution of braces (p = 0.07), there were no significant 
differences between the two groups in any of the background 
variables (Table 1). The number of subsequent fractures for 
each patient ranged from 0 to 7. A total of 25 vertebral frac-
tures were sustained during the follow-up period (Table 2). 
Thus, the annual incidence was 68.8 per 1000 person-years.

Details of the subsequent fracture group

Table 2 shows the detailed data of the subsequent fracture 
group. Of the 15 patients, 6 patients had subsequent fracture 
within 3 months after the original vertebral fracture, and 11 

patients (73.3%) had subsequent fracture within 6 months. 
As a result, the incidence of subsequent vertebral fracture 
at 12 weeks was 106.7 per 1000 person-years. Interestingly, 
most of the subsequent vertebral fractures occurred in the 
lower vertebrae than in the original fracture (14/15 patients).

PROMs and radiographic assessment

Table 3 shows differences in the PROMs and radiographic 
assessments between the subsequent and non-subsequent 
fracture groups. At enrollment, there were no differences 
in any scores between the two groups. At 12 weeks, JOAB-
PEQ walking ability and lumbar function scores were sig-
nificantly lower in the subsequent fracture group than in the 

Table 1  Baseline characteristics 
of the patients

SD, standard deviation

Characteristic Non-subsequent fracture Subsequent fracture

n = 210 n = 15 P value

Mean age (SD), years 75.2 (5.4) 76.5 (3.9) 0.41
Taking osteoporosis medication, n (%) 31 (15) 2 (13)  > 0.99
Previous vertebral fracture, n (%) 65 (31) 6 (40) 0.57
Ethnicity, n (%) Asian 210 (100) Asian 15 (100)  > 0.99
Level, n (%) 0.76
T10 4 (2) 0(0)
T11 17 (8) 0(0)
T12 76 (36) 6 (40)
L1 72 (34) 7 (47)
L2 41 (20) 2 (13)
Type of brace, n (%) Rigid 109 (52), Soft 101 (48) Rigid 4 (27), Soft 11 (73) 0.07

Table 2  Patient data in the 
subsequent fracture group

T, Thoracic; L, lumbar

Patient no Age (yr) Location 
of original 
fracture

Time from original fracture to 
first subsequent fracture (month)

Location of subsequent fracture

1 69 L1 3 L3
2 77 T12 12 L4
3 76 L2 6 L4
4 73 T12 3 T6, T9, L1, L2, L3, L4, L5
5 77 L1 12 L3
6 81 T12 6 L3
7 80 L1 3 T12
8 78 T12 12 L1, L2
9 71 L1 3 T12, L4
10 78 L1 3 L2
11 74 T12 6 L3
12 80 L1 12 L2
13 80 L1 6 L5
14 72 T12 6 T11, L2, L4
15 69 L2 3 L3
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non-subsequent fracture group (p = 0.02 and 0.03, respec-
tively). At 48 weeks, EQ-5D and JOABPEQ pain-related 
disorder, walking ability, social life function, and lumbar 
function scores were significantly lower, and VAS for low 
back pain was higher in the subsequent fracture group than 
in the non-subsequent fracture group (p = 0.004, 0.03, 0.001, 
0.01, 0.008, and 0.02, respectively). Regarding the radio-
graphic assessment, there were no differences in AVBCP 
and Genant’s grades between the two groups.

Predictors for subsequent fracture

Then, we evaluated the risk of subsequent fracture using 
the log-rank test to identify variables that could predict a 
subsequent fracture. Clinical experience was used to cat-
egorize the continuous variables. The univariate analysis 
of the prognostic factors affecting subsequent fracture is 
shown in Table 4. The VAS score for low back pain showed 
a significant effect on subsequent fracture in the univariate 
analysis (p = 0.04). The brace treatment approached signifi-
cance (p = 0.06), suggesting a difference in the occurrence 
of subsequent fracture (Table 4).

Univariate Cox proportional hazard models showed that 
a VAS score ≥ 70 alone was predictive of fracture-free sur-
vival rate (p = 0.02, hazard ratio (HR) = 6.31, 95% confi-
dence interval [CI] 1.27 to 114.42) (Table 5). Furthermore, 
the univariate Cox proportional hazard model showed that 
the brace treatment alone was approaching as a significant 
predictor (p = 0.05, HR = 0.35, 95% CI 0.10 to 1.02). To 
assess whether subsequent vertebral fracture rates were sig-
nificantly lower in the rigid-brace treatment compared to the 
soft-brace treatment after accounting for the difference in 
patient characteristics, we performed an additional analysis. 
Multivariate Cox proportional hazard model showed that 
there was a ~ 67% reduction in the risk of subsequent verte-
bral fracture with rigid-brace treatment (HR 0.33, 95% CI 
0.09–0.99, p = 0.048) after adjustment for history of verte-
bral fracture (Table 5).

Discussion

This study investigated the incidence, characteristics, and 
predictors of subsequent fracture after acute OVFs. We 
found that the annual incidence of subsequent vertebral frac-
ture after fresh OVFs in women aged 65–85 years was 68.8 
per 1000 person-years. A population-based cohort study 
in Japan showed that the annual incidence of women aged 
70–79 years without a vertebral fracture was 24.5 per 1000 
person-years [14]. Thus, the incidence of vertebral fractures 
in the year following a fresh vertebral fracture is likely to 
be higher than in patients without a prior vertebral fracture.

Table 3  Patient-reported outcome measures and radiographic assess-
ments

* p < 0.05, EQ-5D, European Quality of Life-5 Dimensions 
(range, − 0.111–1, with higher scores indicating a better quality of 
life); VAS, visual analog scale (range, 0–100; higher scores indicat-
ing more severe pain); JOABPEQ, Japanese Orthopedic Association 
Back Pain Evaluation Questionnaire (range, 0–100; higher scores 
indicating better function); AVBCP, anterior vertebral body compres-
sion percentage (range, 0–100; higher percentages indicating lesser 
kyphotic deformity of the original fracture vertebrae); SD, standard 
deviation

Measure Non-subsequent fracture Subsequent fracture P value
n = 210 n = 15

EQ-5D (SD)
 0 0.28 (0.28) 0.22 (0.26) 0.45
 12 weeks 0.71 (0.19) 0.67 (0.22) 0.30
 48 weeks 0.75 (0.19) 0.52 (0.26) 0.004*

VAS low back pain (SD)
 0 75.0 (25.7) 85.3 (13.3) 0.21
 12 weeks 28.9 (23.6) 31.5 (26.8) 0.73
 48 weeks 26.5 (26.1) 41.8 (27.4) 0.02*

JOABPEQ (SD)
Pain-related disorder
 0 31.9 (29.9) 22.9 (32.7) 0.13
 12 weeks 72.5 (30.5) 61.8 (34.0) 0.20
 48 weeks 59.7 (29.4) 42.3 (30.4) 0.03*

Walking ability
 0 20.8 (26.7) 10.9 (16.0) 0.21
 12 weeks 57.0 (32.7) 36.7 (34.4) 0.02*
 48 weeks 63.7 (33.2) 33.8 (35.1) 0.001*

Social life function
 0 21.4 (26.5) 17.1 (22.1) 0.74
 12 weeks 54.0 (26.8) 41.7 (18.8) 0.06
 48 weeks 61.9 (25.9) 41.4 (29.8) 0.01*

Mental health
 0 38.7 (22.1) 34.7 (21.4) 0.42
 12 weeks 54.1 (19.6) 48.3 (17.0) 0.14
 48 weeks 56.2 (19.0) 48.5 (23.6) 0.25

Lumbar function
 0 18.4 (25.4) 11.1 (18.6) 0.33
 12 weeks 59.1 (29.7) 42.3 (30.4) 0.03*
 48 weeks 66.7 (29.4) 44.0 (31.7) 0.008*

Genant classification at 0 weeks, n
 ≤ grade1, 58  ≤ grade1, 3 0.89
grade2, 87 grade2, 7
grade3, 65 grade3, 5

AVBCP (SD)
0 71.7 (14.0) 72.2 (15.8) 0.91
12 weeks 56.1 (15.8) 55.7 (17.9) 0.92
48 weeks 54.2 (16.8) 53.2 (16.6) 0.82
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We also found that most of the subsequent vertebral 
fractures occurred within 6 months of the original verte-
bral fracture. In this study, to exclude the effect of various 
anti-osteoporosis medications on vertebral fracture heal-
ing, patients were only allowed the same medication used 
before injury or newly prescribed active vitamin D. Given 
the relatively early occurrence of many subsequent frac-
tures, the earlier the osteoporosis treatment is started, in 
theory, the better. Conversely, concerns have been raised 
about the possible negative impact of bisphosphonates 
on bone healing [21, 22]. Accordingly, there has been no 
consensus to date regarding the exact timing of starting 
anti-osteoporosis treatment after acute OVFs. Regard-
ing the use of anti-resorptive agents, alendronate reduced 
the risk of clinical vertebral fracture by month 12 and of 

non-vertebral fracture by month 24 in the Fracture Inter-
vention Trial [23]. Zoledronic acid reduced the risk of all 
clinical fractures by 12 months [24]. Denosumab reduced 
the risk of vertebral fractures after 1 year [25]. Regard-
ing anabolic agents, anti-sclerostin antibody and teripara-
tide decreased vertebral fracture risk over 12 months and 
21 months, respectively [26, 27]. Hence, these agents have 
been shown to be effective in inhibiting vertebral frac-
tures, although there is still insufficient evidence regard-
ing which treatment strategies can best reduce sequential 
fractures after fresh OVFs. Therefore, future prospective 
studies will be needed to determine which of these agents 
will most effectively reduce subsequent fractures after 
OVFs. In addition, further evidence on the timing of drug 
administration should be accumulated.

Table 4  Results of survival 
analysis

* p < 0.05, EQ-5D, European Quality of Life-5 Dimensions (range, − 0.111–1, with higher scores indicating 
a better quality of life); VAS, visual analog scale (range, 0–100; higher scores indicating more severe pain); 
JOABPEQ, Japanese Orthopedic Association Back Pain Evaluation Questionnaire (range, 0–100; higher 
scores indicating better function); AVBCP, anterior vertebral body compression percentage (range, 0–100; 
higher percentages indicating lesser kyphotic deformity of the original fracture vertebrae)

Characteristics Non-subsequent 
fracture group

Subsequent fracture 
group

P value 
(log-rank 
test)n = 210 n = 15

Age, ≥ 75/ < 75 111/99 10/5 0.31
Osteoporosis treatment yes/no 31/179 2/13 0.89
Previous vertebral fracture yes/No 65/145 6/9 0.47
Brace treatment rigid/soft 109/101 4/11 0.06
EQ-5D, ≥ 0.3/ < 0.3 98/112 7/8 0.99
VAS for low back pain, ≥ 70/ < 70 142/68 14/1 0.04*
JOABPEQ
Pain-related disorder, ≥ 50/ < 50 45/165 3/12 0.90
Walking ability, ≥ 50/ < 50 27/183 0/15 0.14
Social life function, ≥ 50/ < 50 46/164 3/12 0.88
Mental health, ≥ 50/ < 50 72/138 2/13 0.10
Lumbar function, ≥ 50/ < 50 23/187 1/14 0.60
AVBCP, ≥ 60/ < 60 170/40 11/4 0.46
Genant classification, > grade2/ ≤ grade2 65/145 5/10 0.84

Table 5  Crude and adjusted 
hazard ratios of predictors for 
subsequent fracture

Cox proportional hazard model, significance at p < 0.05*
VAS, visual analog scale; CI, confidence interval
+ Adjusted for history of previous vertebral fracture

Characteristics Hazard ratio (95% CI)

Crude P value Adjusted+ P value

Model1: VAS for low back pain
 VAS for low back pain ≥ 70 6.31 (1.27–114.42) 0.02* 6.29 (1.26–113.94) 0.02*
 Control (VAS for low back pain < 70) 1.00 1.00

Model 2: Brace treatment
 Rigid brace 0.35 (0.10–1.02) 0.05 0.33 (0.09–0.99) 0.048*
 Control (Soft brace) 1.00 1.00



2704 European Spine Journal (2021) 30:2698–2707

1 3

At 12 weeks after OVFs, while there were no significant 
differences in EQ-5D scores and VAS for low back pain 
between the groups, JOABPEQ walking ability and lumbar 
function scores were significantly lower in the subsequent 
fracture group than in the non-subsequent fracture group. 
We also found that EQ-5D and JOABPEQ pain-related dis-
order, walking ability, social life function, and lumbar func-
tion scores were significantly lower, and VAS for low back 
pain was significantly higher in patients with subsequent 
fracture than those without subsequent fracture at 48 weeks. 
Hence, subsequent fractures have a significantly negative 
impact on the quality of life, walking ability, and social life 
activities of patients.

Interestingly, most subsequent fractures occurred in the 
lower vertebrae than at the original fracture site. A biome-
chanical study found that while a significantly greater com-
pression force was observed at one level below the fracture 
site compared with the non-fracture group, a compression 
force was not different one level above the fracture site [28]. 
Moreover, another biomechanical study found that verte-
bral deformities due to vertebral fractures are exacerbated 
by the anterior translation of the upper spinal column, which 
increases compressive loads on the lower vertebrae [29]. 
Thus, as biomechanical studies have shown, the kyphotic 
deformity caused by OVFs may have caused subsequent 
fractures in the vertebra below the fracture site due to an 
increased compression force applied to the lower vertebrae.

The Cox proportional hazard models showed that the pre-
dictor for subsequent vertebral fracture until 48 weeks fol-
lowing vertebral fracture was a VAS score ≥ 70 at 0 weeks. 
Thus, it is important to note that patients with severe low 
back pain immediately after an injury may be more prone to 
subsequent vertebral fractures. We speculate that this risk 
is related to the limitation on body movement due to pain 
because skeletal unloading causes regional loss of bone 
mineral density (BMD), primarily in the spine [30]. In the 
present study, although not significant at week 0, there was 
a clear trend toward severe pain and reduced walking ability 
in the subsequent fracture group. Therefore, it is inferred 
that daily movements were restricted by the intense pain 
experienced in the acute phase. The accompanying decrease 
in the loading stimuli on vertebrae may have reduced the 
bone strength and made them prone to subsequent fractures. 
In patients with fresh OVFs, a retrospective study reported 
that acute pain was negatively correlated with the functional 
independence measure (FIM) improvement ratio and that 
the FIM improvement ratio was an independent risk factor 
for subsequent vertebral fractures [31], which supports our 
speculation. Regarding the relationship between pain and 
bone fragility after acute OVFs, Lyritis et al. reported that 
fresh OVF patients with more severe vertebral deformity 
had more pain in the acute phase and significantly lower 
BMD than those with less severe vertebral deformity [32]. 

However, the association between acute pain and bone fra-
gility in patients with acute OVFs is still unclear and should 
be investigated in future.

Finally, we found that the use of a soft brace was associ-
ated with an increased risk for subsequent vertebral fractures 
compared to the use of rigid braces in this study. In addi-
tion, the incidence of subsequent fracture up to 12 weeks 
was higher than the incidence of subsequent fracture up to 
48 weeks. In theory, because a rigid brace is firmer than a 
soft brace, its use is expected to inhibit the anterior trans-
lation of the upper spine compared to the use of a soft 
brace. Regarding the biomechanical effects of the brace, the 
molded TLSO showed 94% restriction in lateral bending 
and 69% restriction of flexion–extension in the lumbar spine 
[33]. Restricting the overall movement of the upper body can 
reduce the load on the lumbar spine [34], so a molded rigid 
brace may have reduced the load on the lumbar spine lead-
ing to fewer subsequent fractures. Moreover, in the original 
study results, while there was no difference in the AVBCP 
between the two groups at 48 weeks, the group treated with 
rigid braces had significantly less vertebral deformity than 
the group treated with soft braces at week 12 [8]. Given that 
most subsequent fractures occur relatively early after injury, 
the importance placed on preventing vertebral deformity in 
the early post-injury period may have led to a reduction in 
subsequent vertebral fractures in the rigid brace group. Col-
lectively, until new evidence is presented for brace treatment 
of fresh OVFs, rigid rather than soft braces may be a better 
choice in terms of preventing subsequent fractures. However, 
the inhibitory effect of rigid braces on subsequent vertebral 
fractures will need to be confirmed in future prospective 
comparative studies. In this case, it is preferable to consider 
the unbraced group as a comparison group.

There are some limitations to this study. First, we did 
not investigate the BMD of patients. While risk factors of 
subsequent fracture have been proposed as bone-related 
factors such as osteoporosis, fall-related factors, and the 
use of medications targeting the central nervous system 
[35], several previous studies showed that subsequent 
fracture risk among women with a previous fracture may 
be independent of BMD [1, 5, 36]. For example, a meta-
analysis reported that low BMD explained only 8% of 
the subsequent fracture risk in patients with a previous 
fracture [36]. Thus, irrespective of having low BMD or 
not, postmenopausal women with a fresh OVF may need 
a rapid and strong treatment and fall prevention measures 
to reduce the risk of subsequent fracture. Second, numer-
ous patients were excluded after enrollment. Accordingly, 
there may be a possibility that the rate of subsequent verte-
bral fracture was underestimated as patients may have been 
diagnosed with a subsequent vertebral fracture at other 
hospitals, which may reflect an underestimation of the 
actual number of subsequent fracture cases. Third, there is 
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a lack of consensus on a precise definition of osteoporotic 
vertebral fractures by spine radiography [37]. For exam-
ple, in one study, a new vertebral fracture was defined as 
a reduction in vertebral height of 20% or more [14], while 
in another study, it was defined as a reduction of 15% or 
more [38]. Unfortunately, the imaging definition of a sub-
sequent vertebral fracture was not clearly defined in the 
original study. Thus, we clearly defined subsequent verte-
bral fractures on imaging for the current study and inves-
tigated the occurrence of subsequent vertebral fractures in 
patients who completed 48 weeks of follow-up. Because 
the original study included patients who dropped out dur-
ing the study period, the numbers of patients involved 
differed between the original and current studies. As a 
result, the number of subsequent vertebral fractures and 
the conclusion drawn from the current study were slightly 
different from those in the original study. However, if the 
occurrence of subsequent vertebral fractures is diagnosed 
using the imaging definition used in this study, we believe 
that the use of rigid braces will be more preferable than 
soft braces to prevent the occurrence of subsequent verte-
bral fractures. With these limitations, further studies are 
required to address these issues and validate our findings.

In conclusion, the current study demonstrated that the 
annual incidence of subsequent vertebral fracture after 
fresh OVFs in women aged 65–85 years was 68.8 per 
1000 person-years. Subsequent fractures result in dete-
rioration in the quality of life and chronic low back pain. 
We also found that most of the subsequent vertebral frac-
tures occurred within 6 months after the original fracture. 
Finally, severe low back pain and the use of soft braces 
were associated with an increased risk of subsequent ver-
tebral fractures. Therefore, when treating patients after 
OVFs with these risk factors, greater attention is needed 
for the occurrence of subsequent vertebral fractures.
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