
Vol.:(0123456789)1 3

Journal of Bone and Mineral Metabolism (2019) 37:935–942 
https://doi.org/10.1007/s00774-019-00998-x

ORIGINAL ARTICLE

Predicting radiological vertebral fractures with a combined physical 
function and body composition scoring system

On Takeda1,2   · Gentaro Kumagai1 · Kanichiro Wada1 · Hitoshi Kudo1 · Toru Asari1 · Seiya Ota1 · Daisuke Chiba1 · 
Shigeyuki Nakaji2 · Yasuyuki Ishibashi1

Received: 16 December 2018 / Accepted: 4 March 2019 / Published online: 27 March 2019 
© Springer Japan KK, part of Springer Nature 2019

Abstract
The objective of this study was to investigate the incidence of vertebral fractures (VFx) and the value of physical function 
(PF) and body composition (BC) for predicting VFx in a Japanese population. This study included 307 subjects (113 men, 
194 women) at least 40 years of age who were assessed at community health check-ups in 2008 and 2016. PF was assessed 
by grip strength and by single-leg stance, timed up-and-go, and 30-s chair stand tests, each scored from 0 to 3 for a possible 
total of 12 points (higher scores reflect lower function). BC was scored on bioelectrical impedance measurements of trunk 
and appendage muscle volume, with 6 possible points. We diagnosed radiological VFx semiquantitatively on lateral views of 
the lumbar spine, and measured bone mineral status by quantitative ultrasound (QUS) of the calcaneus. We conducted logistic 
regression analysis with VFx as the dependent variable and age, sex, BMI, QUS, PF score, and BC score as independent 
variables. In 8 years, 36 participants (12%) sustained new VFx. After correcting for age, sex, BMI, and QUS, the odds of 
VFx increased with a PF score ≥ 8 (OR 5.6; 95% CI 1.21–25.90; P = 0.028) and increased further with a PF + BC score ≥ 9 
(OR 8.1; 95% CI 1.80–36.00; P < 0.01). Both PF and BC are important for predicting fragility fractures. The scoring system 
used here may reflect small differences better than categorical (single cutoff) definitions of poor function.
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Introduction

Fragility fractures increase mortality, morbidity, and eco-
nomic burden in the elderly [1] and these burdens will 
increase as the global population ages [2]. The cost of treat-
ing all postmenopausal women to prevent fractures may be 
nearly as great as the cost of treating the fractures, empha-
sizing the need to develop effective screening and preven-
tion methods to identify and treat individuals at higher risk 
[1]. Although current screening methods based on medi-
cal comorbidities and bone mineral density (BMD) are 
somewhat successful, Crandall et al. [3] reported that these 

methods may not predict the majority of osteoporotic frac-
tures in women aged 50–64. Furthermore, caution is needed 
when adapting these methods for use outside their native 
context [4].

Another issue with screening methods is that an endpoint 
of major osteoporotic fractures and self-reported fractures 
may overlook subclinical vertebral fractures (VFx), which 
also increase morbidity and the risk of future fractures and 
decrease quality of life (QOL) [5–7].

There is growing evidence that relationships between 
muscle, bone, and fat are involved in fragility fractures, 
and that these factors should be considered when predicting 
such fractures [8, 9]. Cross-sectional studies reported that 
patients with fragility fractures had lower muscle volumes 
[10, 11]. However, most studies measure body composition 
(BC) by whole-body DXA [12], which is difficult to translate 
to screening methods and to reproduce in epidemiological 
studies. Studies indicate that physical function (PF) tests 
may also be useful for predicting falls and fractures [13, 14]. 
Although PF measurements are important targets in exercise 
interventions and programs to prevent fractures [15], there 
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is little information to indicate whether PF and BC meas-
urements can be used to predict radiographic fragility frac-
tures. Thus, this study aimed to determine the longitudinal 
relationships between PF and BC and the incidence of mor-
phological VFx in a Japanese population, and to investigate 
whether BC and PF can predict radiographic VFx.

Materials and methods

Study population

Study data were derived from a community-based public 
health project, introduced by our institution in 2005, that 
aims to prolong a healthy lifespan in the general population. 
The project provides annual health check-ups to approxi-
mately 1000 volunteers who live in a city in northern Japan 
and are at least 20 years old, and collects basic anthropo-
metric data and lifestyle information, nutritional status, 
medical history, biomechanical test results, and biochemi-
cal blood and urine test results, as well as questionnaire and 
test findings related to examinations by various specialists. 
In 2008, 886 people participated in this public health project. 
Previous studies of this population reported an association 
between lumbar spondylosis and mobility [16], and between 
neck pain and LDL cholesterol [17].

For the present study, we looked for subjects who par-
ticipated in our public health project check-ups in both 2008 
and 2016, were at least 40 years old at the 2008 checkup, 
and had the following data available: quantitative ultrasound 
(QUS) of the calcaneus, bioelectrical impedance analysis 
(BIA), lumbar spine X-rays, and PF tests at both the 2008 
and 2016 examinations. Of 374 subjects, 307 met all of the 
criteria and participated in the study. There were 113 men 
and 194 women (average age when enrolling in this study: 
men 56.6 ± 10.2 years; women 58.2 ± 9.4 years). This study 
was approved by the Ethics Committee of Hirosaki Univer-
sity Graduate School of Medicine, and all subjects provided 
written consent before participating in the study.

BC measurements

BC was measured with a BIA scanner (MC-190, Tanita, 
Japan), a method that has been validated in both young and 
older individuals and is correlated with DXA BC measure-
ments [18, 19]. BIA has the advantage of being simple, fast, 
and relatively inexpensive, and it does not expose the subject 
to ionizing radiation. Its use and accuracy in epidemiological 
studies has been described [20]. BIA was used to measure 
the whole-body ratio of fat to body weight and to calcu-
late the skeletal muscle index (SMI) for the trunk, legs, and 
appendages. The SMI, which is calculated as the muscle 
volume divided by height (meters) squared, is widely used 

as an index of corrected muscle mass [12]. SMI decrease 
(ΔSMI) was calculated as a percentage by dividing the dif-
ference between the SMI at baseline (2008) and follow-up 
(2016) by the baseline measurement. All measurements were 
taken in the morning after a night of fasting.

PF tests

PF tests were conducted on the same day as the health 
checkup. Participants were asked to wear lightweight cloth-
ing and flat-soled shoes appropriate for exercise, and physi-
cal tests were conducted in the afternoon after a light meal. 
The tests were supervised by experienced staff from our 
facility who were trained in the measurement criteria for 
each test. PF was assessed by the timed up-and-go (TUG) 
test, the single-leg stance test (SLST), the 30-s chair stand 
test (30SCST), and handgrip strength.

In the current study, subjects taking the TUG test were 
asked to stand up from a chair, walk briskly to a mark 3 
meters away, walk back, and sit down. The chair had a seat 
height of 42 cm and did not have armrests. In accordance 
with the previous protocol [19], a cutoff of 12 s was used to 
differentiate between elderly individuals living in institutions 
and those living within the community [21].

The SLST is a reliable and reproducible test of balance 
[22] that predicts falls and self-reported fractures [23, 24]. 
For the SLST, we asked subjects to stand on one foot on 
a hard-surface floor. We then measured the time (seconds) 
from when the opposite foot left the floor to the time it 
touched the floor again. We used the best of three trials.

The 30SCST has been validated in a community-dwelling 
elderly population for measuring lower-extremity strength 
[25]. The test was designed to overcome the floor effect of 
the 5-repetition test, in which elderly participants may not 
be able to complete the task. Participants were asked to sit in 
a chair that had a 42-cm-high seat and no armrests, to cross 
their arms in front of their chest, and to stand and sit repeat-
edly for 30 s; we measured the number of full repetitions.

To measure handgrip strength, the subject used a hand-
held dynamometer while standing up. Two trials were per-
formed for each hand, and the best value (in kilograms) was 
used.

PF and BC scoring system

We stratified results for the PF and BC tests using the orig-
inal scoring system shown in Table 1. In this system, the 
TUG, 30SCST, and grip strength were scored (0–3 points 
each) according to cutoffs (mean minus 1, 2, or 3 SD) 
based on sex-specific T scores calculated from younger 
volunteers (age 20–40 years) from the same health check-
ups. For feedback and educational purposes, the cutoff 
values were rounded to appropriate whole numbers. The 
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SLST had a ceiling effect, since participants were stopped 
at 80 s even if they could remain standing longer, so the 
SLST was scored (0–3 points) using cutoff values of 10, 
20, and 30 s as in previous studies [22, 23]. The total pos-
sible PF score was 12 points, with a higher score reflecting 
worse function. To explore the predictive value of adding 
BC values to this scoring system, limb and trunk SMI 
were scored (0–3 points each) according to cutoffs (young 
adult mean minus 1, 2, or 3 SD) calculated from younger 
volunteers given the same check-ups. The total possible 
score for PF + BC was 18 points.

Diagnosis of vertebral fractures and osteoporosis

VFx were evaluated on lateral-view X-rays of the lum-
bar spine using the semiquantitative method described by 
Genant et al. [26]. Two examiners, one with 13 years of 
experience as a spine surgeon (GK) and one with 7 years 
of experience as an orthopedic surgeon (OT), counted the 
grade 1 or greater fractures in the T12–L5 vertebrae. The 
examiners were blinded to the demographic data, such as 
age and sex, of the subjects. Cohen’s κ for inter-rater reli-
ability was 0.897 (95% CI, 0.76–1.04; P < 0.001), dem-
onstrating very good agreement between the raters. We 
compared results between subjects who had sustained a 
new VFx (VFx group) and those with no new fractures 
(non-VFx group) at follow-up.

Bone QUS

Bone quality was assessed at baseline by QUS (AOS-100 
scanner, Hitachi, Japan) of the left calcaneus (unless that 
region had been injured). At follow-up, we used the osteo-
sono index (OSI), calculated as (speed of sound)2 × trans-
mission index.

Statistical analysis

Baseline characteristics were compared using Fisher’s 
exact test for categorical variables and the Mann–Whitney 
U test for non-categorical values. Comparison of age, PS 
and BC with single vs. multiple VFx was conducted using 
the Mann–Whitney U test. The association of age, PS and 
BC with the semiquantitative grade of VFx was conducted 
using the Kruskal–Wallis test with post hoc Steel–Dwass 
analysis.

The relationship between VFx, PF, and BC was analyzed 
by logistic regression as in previous studies [27]. We used 
ROC curves to determine the optimal cutoff values for our 
proposed PF and BC scoring system. We used a stepwise 
method with VFx as the dependent variable and age, sex, 
BMI, OSI, and PF score as independent variables. The BC 
score was added as an independent variable to analyze the 
effect of body composition on VFx. A P value < 0.05 was 
considered statistically significant.

Table 1   Combined PF and BC 
scoring system for predicting 
fragility fractures

In this scoring system, each test or measurement is assigned 0–3 points, with more points assigned for 
worse function. The sum of the PF tests scores is the PF score (0–12 points). The PF + BC score (0–18 
points) is the sum of the PF score plus the scores for trunk and limb SMI
30SCST 30-s chair stand test, BC body condition, PF physical function, SLST single-leg stance test, SMI 
skeletal muscle index, TUG​ timed up-and-go test
a Cutoff values for grip strength, TUG, and 30SCT were calculated as the mean minus 1, 2, and 3 SD, cal-
culated from gender-specific T scores for healthy volunteers (age 20–40 years) from the same community 
program. Cutoff values were rounded to the appropriate whole number
b Cutoff values of 20, 15, and 10 s were used for the SLST

Points PF tests BC values

Grip strengtha 
(kg)

TUG​a (s) 30SCSTa SLSTb (s) SMI limbs SMI trunk

Men
 0 ≥ 40 ≤ 6 ≥ 20 ≥ 30 ≥ 8.2 ≥ 9.6
 1 < 40 > 6 < 20 < 30 < 8.2 < 9.6
 2 < 30 > 7 < 13 < 20 < 7.2 < 8.8
 3 < 20 > 8 < 8 < 10 < 6.2 < 8.1

Women
 0 ≥ 25 ≥ 6 ≥ 20 ≥ 30 ≥ 6.4 ≥ 8.2
 1 < 25 > 6 < 20 < 30 < 6.4 < 8.2
 2 < 20 > 7 < 13 < 20 < 5.7 < 7.6
 3 < 15 > 8 < 8 < 10 < 5.1 < 7
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Results

VFx incidence and severity

At follow-up, 36 participants (12%; 12 men and 24 
women) had sustained new VFx; of these, 10 had new VFx 
at multiple levels. The peak incidence of VFx was at T12, 
with most fractures occurring in the transitional zone from 
the thoracic to the lumbar vertebrae. By maximum fracture 
grade, 23 participants were classified as grade 1, nine as 
grade 2, and four as grade 3 (Fig. 1). The VFx group was 
significantly older than the non-VFx group (65.8 ± 8.8 vs. 
56.5 ± 9.3; P < 0.001), but the other demographic charac-
teristics and the prevalence of medical comorbidities were 
statistically similar (Table 2). The self-reported bodily 
pain category of the SF-36 did not differ between groups.

Age, PF and BC scores among those with single and 
multiple VFxs did not differ significantly. Comparison of 
age, PF, PF + BC scores among the semiquantitative VFx 
grades showed no difference among groups (Table 3).

Longitudinal associations among VFx, PF, and BC

Baseline PF was worse in the VFx group than the non-VFx 
group in the SLST (52.0 ± 27.9 vs. 61.8 ± 22.0, P = 0.02) 
and 30SCST (17.5 ± 5.6 vs. 19.5 ± 4.9, P = 0.03). Although 
the baseline BC was similar in the two groups (Table 2), 
the rate of SMI decline (ΔSMI) was significantly higher 
in the VFx than the non-VFx group (ΔSMI trunk 3.4 ± 5.9 
vs. 1.5 ± 4.5, P = 0.02; ΔSMI appendicular 4.6 ± 5.0 vs. 
2.5 ± 5.1, P = 0.01).

As shown in Table 4, stepwise logistic regression showed 
that age and a PF score of 8 or more significantly increased 
the odds of VFx by 5.6 (95% CI 1.21–25.90, P = 0.028. 
For the combined PF + BC score, we determined a cutoff 
of 9 to be optimal, and the odds ratio rose to 8.1 (95% CI 
1.80–36.00, P < 0.01).

Discussion

In this study, we examined the relationship between BC, 
PF, and radiographic VFx. Over an 8-year period, 36 par-
ticipants (12%) sustained a new VFx. Baseline SLST and 
30SCST values were worse in the VFx group than in the 
non-VFx group, but the baseline SMI and body fat ratio 
were comparable in the two groups. We proposed a scoring 
system for PF and BC to help identify individuals with a 
high risk of VFx, as shown in Table 1. Using this scoring 
system, we found that a PF score of 8 or more increased 
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Fig. 1   Incidence and grade of fractures per vertebral level

Table 2   Background data for VFx and non-VFx subjects

Non-categorical variables are shown as mean ± SD
30CST 30-s chair stand test, BC body composition, BMI body mass 
index, PF physical function, OSI osteo-sono index, SLST single-leg 
stance test, SMI skeletal muscle index, TUG​ timed up-and-go test, 
VFx vertebral fracture
*P < 0.05. Non-categorical variables were tested by Mann–Whitney 
U test and categorical variables by Fisher’s exact test

Non-VFx (n = 271) VFx (n = 36) P

Age, years 56.5 ± 9.3 65.8 ± 8.8 < 0.001*
Women, no. (%) 170 (63) 24 (67) 0.72
Height, cm 158.6 ± 8.5 156.8 ± 8.6 0.29
Weight, kg 58.6 ± 10.2 57.8 ± 10.1 0.64
BMI, kg/m2 23.2 ± 3.1 23.4 ± 2.7 0.79
OSI 2.64 ± 0.37 2.60 ± 0.57 0.19
Existing VFx, no. (%) 12 (4.4) 2 (5.6) 0.67
Osteoporosis treat-

ment (%)
6 (2.2) 3 (8.3) 0.08

Trunk SMI, kg/m2 9.0 ± 0.9 9.0 ± 0.8 0.53
Leg SMI, kg/m2 5.5 ± 0.8 5.3 ± 0.7 0.13
Appendicular SMI, 

kg/m2
7.2 ± 1.1 6.9 ± 0.9 0.24

Body fat, % 25.6 ± 8.0 27.3 ± 6.5 0.16
ΔSMI trunk − 1.5 ± 4.5 − 3.4 ± 5.9 0.02*
ΔSMI legs − 2.1 ± 5.6 − 4.0 ± 5.6 0.06
ΔSMI appendicular − 2.5 ± 5.1 − 4.8 ± 5.0 0.01*
Grip strength, kg 35.9 ± 11.2 32.5 ± 10.7 0.08
TUG, s 7.0 ± 1.6 7.2 ± 1.7 0.56
SLST, s 61.8 ± 22.0 52.0 ± 27.9 0.02*
30CST 19.5 ± 4.9 17.5 ± 5.6 0.03*
PF score 2.5 ± 1.9 3.5 ± 2.8 0.14
PF + BC score 4.7 ± 2.3 6.1 ± 3.4 0.10
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the odds of VFx by 5.6, and a combined PF + BC score of 
9 or more increased the odds ratio to 8.1.

VFx is a hallmark of osteoporosis, and the presence of 
morphological VFx increases morbidity [5] and lowers 
QOL [6]. The cumulative incidence of radiological VFx 
in a Japanese rural population by decade of life (40 s, 50 s, 
60 s, and 70 s) was reported to be 2.1%, 8.3%, 10.0%, 
and 12.2% for men and 2.1%, 6.1%, 18.0%, and 22.4% 
for women, respectively [28]. The incidence of VFx in 
our study population was 12%; when stratified by age, the 
incidence was 4.1%, 6.3%, 15.7%, and 33.3% for the entire 
population in their 40 s, 50 s, 60 s, and 70 s or above, 
respectively. The incidence of fractures in women by age 
group was 2.4%, 4.2%, 20% and 33.3% in their 40 s, 50 s, 
60 s and 70 or above, respectively. This was comparable 
to previous studies conducted in Japan. Our study did not 
have an adequate number of male VFx to compare to pre-
vious studies of radiographic VFx [29–33].

Efforts to predict fragility fractures have focused on medi-
cal comorbidities and BMD, and have had some success. 
However, these screening methods must be calibrated for 
different populations [3, 34]. Moreover, after testing the 
performance of three predictive strategies (FRAX, fracture 
risk assessment tool; SCORE, simple calculated osteopo-
rosis risk estimate; and OST, osteoporosis self-assessment 
tool), Crandall et al. [3] reported that these methods may not 
be able to predict the majority of osteoporotic fractures in 
women aged 50–64. After following women aged 70 or older 
over a 10-year period, Ensrud et al. [35] reported that the 
predictive strength of FRAX was similar to that of simpler 
tools. Rubin et al. [36] reported that FRAX and even simpler 
tools were not superior to age alone in predicting fractures 
in women aged 45–90 over a 3-year period. These results 
suggest that risk factors for osteoporosis are of limited value 
for predicting fractures, and that the focus should be broad-
ened to include risk factors for falls in both middle-aged and 
elderly women.

BC is associated with bone strength and fractures [8]. 
Hida et al. [11] used whole-body DXA to measure muscle 
volume in 216 women with acute osteoporotic VFx diag-
nosed by MRI, and found that the appendicular SMI was 
lower and the prevalence of sarcopenia was higher in women 
with acute VFx compared to healthy control subjects. Walsh 
et al. [37] reported that a positive association between SMI 
and BMD disappeared when corrected for physical activity. 
The VFx and non-VFx groups in our study had a similar 
baseline SMI and prevalence of sarcopenia, but the rate of 
muscle decline was greater in the VFx group. This result 
is consistent with studies showing lower muscle volume 
in patients diagnosed with fragility fractures [11, 38, 39]. 
Because the baseline muscle volume was similar in the VFx 
and non-VFx groups, the loss of muscle volume may not be 
not a cause, but rather the result of a common confounding 
factor for bone strength and muscle volume, such as aging, 
a sedentary lifestyle, or comorbidities. Although a causal 
relationship between BC and fractures remains to be clari-
fied, our study showed that muscle mass is unlikely to be an 

Table 3   Difference of age, PF, and BC between single or multiple VFX and VFx grade

Mann–Whitney U test, Kruskal–Wallis test with post hoc Steel–Dwass analysis

Single VFx (n = 26) Multiple VFx (n = 10) P

Age, years 65.5 ± 9.3 68.5 ± 7.8 0.62
PF score 2.5 3.0 0.53
PF + BC score 3.0 ± 3.1 4.0 ± 3.4 0.52

VFx grade 1 2 3 P

Age, years 64.7 ± 9.0 66.2 ± 9.8 71.5 ± 3.5 0.22
PF score 3.2 ± 2.7 3.4 ± 2.6 5.3 ± 3.9 0.41
PF + BC score 4.3 ± 3.1 4.1 ± 2.9 6.5 ± 3.7 0.40

Table 4   Relationship between PF, BC, and VFx

Results of stepwise logistic regression with VFx as a dependent 
variable and age, sex, BMI, OSI, and PF score (model 1) or PF + BC 
score (model 2) as independent variables
BC body composition, PF physical function, VFx vertebral fractures
a Model 1: higher age and a PF score of 8 or more significantly 
increased the risk of vertebral fractures
b Model 2: a PF + BC score of 9 or more significantly increased the 
risk of vertebral fractures

OR 95% CI P

Model 1a

 Intercept 4.7 × 10−4 0.00–0.01 < 0.01
 Age 1.1 1.1–1.2 < 0.01
 PF score ≥ 8 5.6 1.2–25.9 0.028

Model 2b

 Intercept 4.7 × 10−4 2.9 × 10−5–7.7 × 10−2 < 0.01
 Age 1.1 1.1–1.1 < 0.01
 PF + BC score ≥ 9 8.1 1.8–36.0 < 0.01
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independent predictor, and thus a cause, of VFx. Sarcope-
nia, as defined by the Asia Working Group for Sarcopenia 
(AWGS), was less prevalent in our study population (12.5%) 
than that reported elsewhere (20%) [12], possibly because 
our population included younger individuals or because the 
study was conducted in a region where the main industry is 
agriculture, and most workers are self-employed and con-
tinue to work into their later years.

In this study, we used a scoring system (PF score) to 
assess physical function based on the TUG test, SLST, 
30SCST, and grip strength (Table 1). A PF score of 8 or 
more increased the odds of VFx by 5.6, which was signifi-
cant after correcting for age, sex, BMI, and OSI. The rela-
tionship between poor PF and susceptibility to falls and sub-
sequent fractures has been studied. Poor PF is hypothesized 
to increase the incidence of falls, which in turn increases the 
number of fractures. A cross-sectional study by Prato et al. 
[13] showed that grip strength in the first quartile increased 
the odds ratio of self-reported falls by 2.3. Lee et al. [40] 
found that the incidence of VFx was higher in women with a 
lower jump strength, but was not associated with SMI. These 
reports are consistent with our current results, which showed 
that taken separately, poor PF but not BC increased the risk 
of VFx. Longitudinal studies have demonstrated associa-
tions between PF measurements and self-reported fractures 
in elderly individuals living in the general community [14, 
24, 27, 41]. Although the method of diagnosing fractures 
differed, these studies concluded that a combination of PF 
tests, rather than a single measurement, is best for predicting 
osteoporotic fractures. These results agree with our findings 
that a combination of PF tests, rather than a single measure-
ment, is required for predicting VFx. Different tests measure 
different abilities, and a decline in several areas may be nec-
essary to increase the risk of fracture.

One advantage of our study is that our risk stratification 
includes both PF and BC. Previous studies have reported 
the risk of these factors independently, but few have con-
sidered both factors for predicting radiographic vertebral 
fractures. Our results showed that the addition of BC to 
PF was cumulative in predicting fractures. The PF scor-
ing system used in this study may reflect small differences 
better than a categorical definition of poor function (i.e., 
one cutoff value), and this may also be an advantage when 
tracking the value of interventions such as physical train-
ing and exercise. Our population was younger and more 
physically fit than populations in previous studies, for 
example, none of our subjects met the criteria for poor PF 
described by Chun et al. [24]. We believe that populations 
that are growing older but have a relatively low degree of 
functional decline, like our study population, can benefit 
the most from fracture prevention strategies. It is impor-
tant to screen for and treat high-risk individuals before 
PF is severely impaired, when there is greater potential to 

conserve function and thereby conserve medical resources. 
Additional studies are warranted to confirm these results 
and determine whether targeted improvement of the physi-
cal measures used in our PF scoring system can prevent 
fractures.

Our study had several limitations. We excluded volun-
teers with incomplete data, which may have excluded vol-
unteers whose condition was too poor to complete the PF 
tests. Thus, our data may be representative of a relatively 
fit population. Second, the study was conducted in a rural 
community with a relatively high percentage of elderly 
people compared to urban populations in Japan, and our 
results may not be representative of Japan as a whole.

Third, DXA measurements were not available in this 
study. DXA is widely used for the diagnosis and screen-
ing of osteoporosis and is a valuable factor for predicting 
fractures. However, there are screening tools that do not 
utilize DXA that have shown some success [3]. Because 
our physical function tests do not require any special 
equipment, we believe our scoring system may be useful 
for screening purposes where DXA is unavailable.

The fourth limitation was the unavailability of thoracic 
X-rays. Incident vertebral fractures most frequently occur 
in the thoracolumbar region, but also occur in the upper 
thorax [29, 42]. Future studies should include the thoracic 
spine to validate our results.

Finally, our study did not consider symptoms such as 
knee or back pain. Knee pain is associated with falls in 
women [43], and knee pain and osteoarthritis are associ-
ated with osteoporotic fractures [44]. Pain is a possible 
feature and confounding factor in BC, PF, and VFx, and 
future studies should encompass all of these factors for a 
more complete understanding of the factors that increase 
the risk of VFx.

Our study also had several advantages. We used radio-
graphic VFx as the outcome, in contrast to other studies 
based on self-reported fractures. Although the presence 
of subclinical radiographic VFx may seem insignificant, 
these fractures increase morbidity and decrease QOL [5, 
6]. Second, our study included younger participants, who 
are ideal targets for preventative intervention.

In conclusion, the incidence of VFx over an 8-year period 
was 12% in our study population. Baseline SMI was not a 
factor in the risk of future VFx, but the rate of decline in 
muscle volume was greater in those who sustained VFx. In 
our proposed PF scoring system, which assigns a point value 
based on results from the TUG test, 30SCST, SLST, and grip 
strength, a cutoff of 8 points identified an increased risk of 
future VFx. The OR of this point system was increased by 
adding points for lower SMI in the trunk and limbs.
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