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Abstract:

Introduction: The present study aimed to investigate the association between trunk muscle strength, lumbar spine bone
mineral density (BMD), lumbar scoliosis angle (LSA), and appendicular skeletal muscle mass index (ASMI) and the sever-
ity locomotive syndrome (LS) using dual-energy X-ray absorptiometry (DXA) technology in elderly individuals.

Methods: In this cross-sectional study, we enrolled 168 individuals aged >60 years. We measured their trunk muscle
strength (flexion and extension) and BMD, LSA, and ASMI using DXA. We defined degenerative lumbar scoliosis (DLS)
as LSA > 10° by the Cobb method using the DXA image. The locomotor function was evaluated using the timed up-and-go
(TUG) test and the 25-question Geriatric Locomotive Function Scale (GLFS-25) score. Normal locomotor function, LS-1,
and LS-2 were defined as a GLFS-25 score of <7, 27 and <16, and 216, respectively. We compared the three groups, ana-
lyzing the associations between all variables and the locomotor function using univariate and multivariate analyses.

Results: Although there was no significant difference in sex ratio, BMD, ASMI, and trunk-flexor strength, significant dif-
ferences were observed in age (p < 0.01), the prevalence of DLS (p = 0.02), trunk-extensor strength (p < 0.01), and trunk-
extensor/flexor strength ratio (p < 0.01) among the three groups. In multiple regression analyses, the significant risk factors
of the TUG test were age (B = 0.26), body mass index (§ = 0.36), LSA (B = 0.15), ASMI ( = —0.30), and trunk-extensor
strength (B = —0.19), whereas the significant factor of the GLFS-25 score was trunk-extensor strength (f = —0.31).

Conclusions: The results indicate that it is clinically important for LS to pay careful attention not only to BMD but also
to lumbar scoliosis when DXA examination of the lumbar spine is routinely conducted. Moreover, it is essential to note that
trunk-extensor strength is more important than trunk-flexor strength in maintaining locomotor function in elderly individu-
als.
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Introduction sagittal plane and spinal scoliosis, and malalignment of the
coronal plane'™.
Osteoporosis and relevant spinal deformities are often ob- In the Japanese society, “locomotive syndrome (LS)” was

served in elderly individuals with functional decline. These initially proposed as a new concept called the “muscu-
spinal disorders are associated with locomotor disabilities, loskeletal ambulation disability system complex” for elderly
including back pain, spinal kyphosis, malalignment of the individuals*®. This concept is considered important in Ja-
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pan’s aging society. Several studies have indicated that
physical performance™, osteoporosis”, sagittal spine imbal-
ance, and sarcopenia'” are indicators for LS. “Sarcopenia,”
defined as a reduction of muscle mass, muscle strength, and
physical performance, was associated with functional decline
over a 2-year period in elderly Japanese'’.

The association between spinal kyphosis and clinical out-
comes in the elderly is well documented in several meta-
analysis'”, and the association between sagittal plane imbal-
ance and LS is also recently reported in Japan™'?. Although
Schwab et al. reported a significant association between spi-
nal scoliosis, defined as having a Cobb angle > 10°, and
quality of life'”, they subsequently found that adult spinal
scoliosis was not significantly associated with visual analog
scale scores or nutritional status in healthy, elderly volun-
teers'”. Robin et al. previously reported that scoliosis in the
elderly rarely became a clinical problem'”. Nevertheless, the
clinical relevance of radiographical outcome in adult degen-
erative scoliosis has been well investigated in recent stud-
ies"*”. To the best of our knowledge, (1) the association be-
tween adult lumbar scoliosis and LS in Japan has not been
investigated yet.

In general, bone mineral density (BMD) measurement is
used to diagnose osteoporosis and is assessed using dual-
energy X-ray absorptiometry (DXA) technology'*”. Over a
10-year period, decreased BMD at the spine and prevalent
spinal kyphosis establish the diagnosis of vertebral fractures
in Japanese women'”. However, (2) the association between
BMD at the lumbar spine and LS is still unknown. Cur-
rently, DXA can evaluate not only BMD but also whole
body composition, such as muscles and fats® and lumbar
scoliosis angle (LSA)™, enabling the simultaneous evalu-
ation of LSA, BMD, and skeletal muscle volume (SMV)
and their clinical relevance.

Although the 25-question Geriatric Locomotive Function
Scale (GLFS-25) was established to assess the presence or
the severity of LS™, this comprehensive tool is often influ-
enced by psychosocial disabilities based on patient-reported
outcome measure. Thus, a physical performance test is ideal
concomitant with the GLSF-25 to assess locomotor function.
The National Institute of Clinical Evidence guidelines rec-
ommend the timed up-and-go (TUG) test for the assess-
ments of gait and balance in elderly people’™, and some
studies revealed a close link between LS and TUG*"**. Ima-
gama et al. reported that gait speed in elderly people was
associated not only with spinal deformities but also with
back muscle strength. Therefore, trunk muscle strength as-
sessment was needed to evaluate the associations between
LS, locomotor function, and physiological parameters meas-
ured by DXA examination.

To address both questions of (1) and (2), this study aimed
to investigate the association between trunk muscle strength,
lumbar scoliosis, BMD at lumbar spine, and SMV and loco-
motor function in elderly individuals using DXA technology.

Spine Surg Relat Res 2020; 4(2): 164-170

Materials and Methods

Subject enrollment

This was a cross-sectional study conducted in a single in-
stitute. In our center, users are well and are able to exercise
alone regardless of several concurrent comorbidities, such as
hypertension, hyperlipidemia, and various musculoskeletal
disorders, with or without medication. They usually perform
supervised physical exercises, depending on their condition,
to promote their health. They undergo an annual medical
checkup to assess their health. We used these opportunities
to conduct a research study that investigated the association
between LS and degeneration or osteoporosis of the lumbar
spine in elderly individuals from September 2014 to Decem-
ber 2016. We recruited participants who were interested in
this study. Participants aged >60 years and those who could
perform physical exercises to treat their diseases or to pro-
mote their health were included. Participants who underwent
lumbar operation with metal implant and those who were
not able to continue performing exercises alone because of
cognitive disorders, suspected dementia, or severe pulmo-
nary and heart abnormalities diagnosed during annual
checkup were excluded.

A total of 169 elderly individuals voluntarily participated
in this study. This study was ethically approved by the Re-
search Ethics Committee of our institute. After being in-
formed of the purpose and protocols of the study, the par-
ticipants provided written informed consent before undergo-
ing any examinations.

Epidemiological and morphological characteristics

First, we checked the epidemiological background of the
participants in terms of age and sex to assess their contribu-
tion to each parameter. Second, height, weight, and body
mass index (BMI) of the participants were assessed as mor-
phological parameters.

Dual-energy X-ray absorptiometry scans

We measured both the LSA and BMD of the lumbar
spine using a DXA scanner (QRD 4500, Hologic, Inc.)™.
The DXA scans of the lumbar spine were routinely per-
formed with patients assuming a supine position. The LSA
in the coronal plane was measured using the Cobb method
between L2 and L4 if a curve was evident. Two examiners
(H.T and J.S) independently measured the scoliosis angles
twice. Intra- and interobserver reliability was calculated for
the intra- and interclass correlation coefficient (ICC)”". We
confirmed that the intra-observer reliability of LSA was very
good (ICC (1,1) = 0.96, 0.98), and the interobserver reliabil-
ity was also very high (ICC (2,2) = 0.98). Therefore, we
adapted the mean of LSAs measured by Observer 1 (H.T).
Subsequently, we classified the participants into dichoto-
mous subgroup by LSA according to the Schwab criteria™'”,
positive for degenerative lumbar scoliosis (DLS) (LSA was
>10°) or negative for DLS (LSA was <10°).
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Simultaneously, BMD in the lumbar spine (L2, L3, and L
4) was assessed using the conventional anteroposterior view
method. Osteoporosis was defined using the criteria of the
World Health Organization (T-score < —2.5)*. Furthermore,
we measured the appendicular skeletal muscle mass (ASM)
of each participant to determine SMV. ASM was calculated
by summing the muscle masses of the four limbs, assuming
that all nonfat and non-bone mass was skeletal muscle. For
normalization, the appendicular skeletal muscle index
(ASMI) was defined as ASM/height’ (kg/m*)™.

Trunk muscle strength

Isometric muscle strength was measured using a muscle
function analyzing device (Cybex Norm®, Cybex Co., Ltd.).
A maximum 5-s isometric strength (Nm) was measured
once for flexion and extension in both trunk muscles with
patients assuming a standing position, and an average of
those values was adapted. The trunk-extensor/flexor ratio
was used to indicate trunk muscle balance™.

Physical performance test

The TUG test was used to measure functional capacity in
the subjects. We measured the time it took a participant to
rise from a standard chair (46-cm seat height from the
ground), walk a distance of 3 m, turn around, walk back to
the chair, and sit down. All participants performed two tri-

als, and the superior time was adapted.
Severity of locomotive syndrome (LS)

Recently, a quantitative screening tool called the 25-
question Geriatric Locomotive Function Scale (GLFS-25)
has been developed to measure the severity of LS*. The
GLFS-25 is a self-administered, relatively comprehensive
measure that consists of 25 items, including 4 questions re-
garding pain during the last month, 16 questions regarding
activities of daily living during the last month, 3 questions
regarding social functions, and 2 questions regarding mental
health status during the last month. These 25 items are
graded on 5 points from no impairment (0 points) to severe
impairment (4 points) and, subsequently, arithmetically
added to produce a total score (minimum 0 and maximum
100). A higher score is considered to be associated with a
higher severity of LS. Using the recently determined GLFS-
25 cutoff value, participants were divided into three groups.
A normal locomotor function was defined by a GLFS-25
score of <7, LS stage 1 (LS-1) was defined by a GLFS-25
score of >7 and <16, and LS stage 2 (LS-2) was defined by
a GLFS-25 score of >16™.

Statistical analyses

We compared the three different LS severity groups using
the Kruskal-Wallis test followed by the post hoc Steel-
Dwass method for the continuous variables or y* test for the
categorical variables. We analyzed the association between
the GLFS-25 score and each variable using Spearman’s cor-
relation coefficient for univariate analysis. Further analysis
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using a stepwise multiple linear regression model was con-
ducted to predict the contributors for the TUG or the GLFS-
25 score. Independent variables (sex, age, BMI, BMD, T-
score, osteoporosis(+), ASMI, LSA, DLS(+), trunk-flexor
strength, strength, extensor/flexor
strength ratio) were included in the multiple regression
model if a potential association with the TUG or the GLSF-
25 response was at p < 0.1 in the univariate analysis. Statis-
tical analyses were performed using the Statistical Package
for the Social Sciences software (version 25.0J; IBM Corp.,
Armonk, NY). A significance level of p < 0.05 was consid-
ered statistically significant.

trunk-extensor and

Results

Comparison of each parameter according to the LS sever-
ity

In 168 participants, 34% and 22% had LS-1 and LS-2, re-
spectively. Table 1 presents the mean + standard deviation of
each variable in the groups divided by the GLFS-25 cutoff
value. There were significant differences in age, but not in
BMI, BMD, ASMI, or sex, between the groups. Although
there was no significant difference in trunk-flexor strength,
significant differences
strength and trunk-extensor/flexor strength ratio between the
groups. Additionally, there were significant differences in
the prevalence of DLS at 10.8% in the normal group, 17.5%
in the LS-1 group, and 32.4% in the LS-2 group.

were observed in trunk-extensor

Correlation analysis between each of the variables

The correlation coefficients (p) between each measured
variable are presented in Table 2. The TUG outcomes and
the GLSF-25 scores revealed a significant positive associa-
tion with female, aging, LSA, and DLS (+) and significant
inverse association with trunk-extensor strength and flexor/
extensor strength ratio. Furthermore, the TUG revealed an
inverse association with trunk-flexor strength.

Multiple linear regression analysis revealed that the sig-
nificant risk factors of TUG were aging, BMI, LSA, ASMI,
and trunk-extensor strength with the coefficient of determi-
nation (R*) = 0.25. Moreover, the significant risk factor of
GLFS-25 score in multiple linear regression analysis was
trunk-extensor strength with R* = 0.14. (Table 3)

Discussion

In this study, we investigated the associations between
LSA, lumbar BMD, ASMI, and trunk muscle strengths and
locomotor function in elderly Japanese individuals using
DXA technology. Our results revealed that the degree of
LSA was more likely associated with the severity of loco-
motor function than that of BMD, implying that it is clini-
cally important to pay careful attention to lumbar scoliosis,
regardless of intact BMD, for elderly individuals when DXA
examination of the lumbar spine is routinely performed.
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Table 1. Comparison of Variables between Normal, LS1, and LS2.
Locomotive syndrome (LS)
Variables Normal p-value
Stage 1 (LS1) Stage 2 (LS2)
Number of subjects, N (%) 74 57 37
Demographic parameters
Sex, male/female 22/52 15/42 5/32
Age (yr), 69.26 (5.12) 71.56 (6.26) 73.59 (7.26) ** <0.01
BMI (kg/m?), 22.84 (2.75) 23.68 (4.28) 23.30 (3.06) 0.78
DXA parameters
BMD (L2- L4) (g/cm?), 0.92 (0.19) 0.92 (0.18) 0.93 (0.20) 1.00
T-score, -0.88 (1.62) -0.91 (1.50) -0.79 (1.77) 1.00
Osteoporosis, N (%) 8 (10.8) 9 (15.8) 5(13.5) 0.70
ASMI (kg/m?), 6.54 (0.83) 6.59 (0.93) 6.28 (0.88) 0.19
LSA (°), 2.65 (4.39) 3.96 (6.72) 6.38 (8.94) 0.14
Lumbar scoliosis, N (%)
Normal (LSA<10), N (%) 66 (89.2) 47 (82.5) 25 (67.6) 0.02
Scoliosis (LSA>10), N (%) 8 (10.8) 10 (17.5) 12 (32.4)
Physical function
TUG (sec) 5.09 (0.64) 5.76 (0.96) ** 6.73 (1.59) ** 3 <0.01
Trunk-flexor strength (Nm), 95.65 (42.23) 93.00 (39.55) 80.54 (38.14) 0.15
Trunk extensor strength (Nm) 143.15 (69.41) 130.05 (55.47) 93.35 (52.65) ##: %% <0.01
Trunk extensor/flexor ratio 1.56 (0.50) 1.49 (0.51) 1.23 (0.53) ** <0.01

Abbreviations: BMI, body mass index; BMD, bone mineral density; ASMI, appendicular skeletal mass index;
LSA, lumbar scoliosis angle; TUG, timed-up-and-go test; GLFS-25, Geriatric Locomotive Function Scale. Each
variable is compared across the three groups using y? test for categorical varibables, or using the Kruskal-Wallis
test with the post-hoc Steel-Dwass method for continuous variables (*p<.05, **p<.01 for normal vs LS2, $p<.05,

$p<.01 for LS1 vs LS2).

Table 2. Correlation Coefficients between Each of the Variables.

Sex Age BMI BMD  T-score Po(rf)Sls ASMI LSA DLS(+) TUG Flexor-s Extensor-s rE:il:) GLFS25
Sex 1.00 -0.07 -0.19* -0.50** —0.45%% 0.14  -0.59**¢ 0.14 0.16*  0.17% -0.43** -0.31** (.15 0.17%*
Age 1.00 0.00 0.02 0.01 0.05 -0.02 0.30%* 0.21** 0.35%* —0.08 —0.25%%  —0.23%*  (.23%*
BMI 1.00  0.30%* 0.31%* -0.26%* 0.64** -0.17* -0.17* 0.11 0.11 0.00 -0.22* 0.04
BMD 1.00 0.99%*% —0.58** 0.49** (.10 0.09 -0.09 0.387%:* 0.21%* —0.19* 0.02
T-score 1.00  -0.58** 047*¢ (.10 0.10  -0.09 0.377%:* 0.20%  -0.19* 0.02
Porosis (+) 1.00  -0.23** —-0.05 0.00 0.03  -0.22%x —0.15 0.09 0.01
ASMI 1.00 -0.09 -0.12 -0.11 0.35%%* 0.17 -0.26%*% —-0.13
LSA 1.00 0.76**  0.21%* .02 -0.12 -0.19* 0.17*
DLS (+) 1.00 0.21*%*  0.06 -0.13 -0.19* 0.227%*
TUG 1.00  —0.23%*% —-0.38** —0.25%*  (.50%*
Flexor-s 1.00 0.71%% —0.28%* —-0.13
Extensor-s 1.00 0.40%*  —0.29%*
E/F ratio 1.00 —0.23%*
GLFS25 1.00

Value: Spearman’s correlation coefficient * p<.05, ** p<.01

Abbreviations: BMI, body mass index; BMD, bone mineral density; ASMI, appendicular skeletal mass index; LSA, lumbar scoliosis angle; DLS, degenerative

Iumbar scoliosis; TUG, timed-up-and-go test; Flexor-s, trunk-flexor strength; Extensor-s, trunk-extensor strength; E/F ratio, trunk—extensor/flexor strength ratio;

GLFS-25, Geriatric Locomotive Function Scale

Moreover, our results indicate that it is important to note
that trunk-extensor strength is more important than trunk-
flexor strength in maintaining locomotor function in elderly
individuals.

Loss of BMD and degenerative vertebral deformity in the
lumbar spine are usually separately examined in the elderly

on medical care because they are independent biomarkers
that predict functional decline in the future. According to the
previous studies, decreased physical performance is associ-
ated with a low BMD™. Although several authors have re-
ported that a low BMD was associated with LS using cal-
caneal quantitative ultrasound (QUS)***, to the best of our
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Table 3. Multiple Linear Regression Analysis for Locomotive Function.

Independent

Outcome variables R? B 95% CI for B B p-value
TUG
Age 0.25 0.05 0.02, 0.08 0.26 <0.001
BMI 0.13 0.06, 0.19 0.36  <0.001
ASMI -041 -0.17,11.37 -0.30 <0.001
LSA 0.03 0.05, 4.25 0.15 0.041
Trunk extensor 0.00 -0.01, 0.00 -0.19 <0.01
GLSF-25
Age 0.14 0.18  -0.62,6.59 0.14 0.10
Sex 299  -0.05,041 0.12 0.13
LSA 0.15  -0.08,0.37 0.10 0.20
Trunk flexor 0.04 -0.01, 0.09 0.19 0.10
Trunk extensor -0.04 -0.02,-0.08 -0.31 <0.001

R2: Coefficient of determination, B: Unstandardized coefficients, B: Standardized coefficients

Abbreviations: BMI, body mass index; ASMI, appendicular skeletal mass index; LSA, lumbar

scoliosis angle; TUG, timed-up-and-go test; GLFS-25, Geriatric Locomotive Function Scale

knowledge, no previous study has investigated the associa-
tion between BMD of the lumbar spine using the DXA and
LS. The current study initially demonstrated that lumbar
spine BMD was not associated with LS, which was one of
the strengths in this study. The possible reasons to these in-
consistencies are discussed as follows. First, sampling bias
would affect the results of each study because approximately
half of our samples were considered as out of the LS range.
Second, a measurement variation between calcaneal QUS
and DXA has been discussed in the previous literatures, and
a systematic review concluded that QUS of the calcaneus
still cannot be used to establish the diagnosis of osteoporo-
sis using DXA™. Third, it is well known that the presence
of spondylophytes and degenerative intervertebral discs,
which are commonly observed in the DLS, overestimates
DXA BMD measurements™. Therefore, we assume that
the BMD of the participants with the DLS in our study
seems to show an evident increase due to sclerotic change™.
Hence, studies involving a whole body scan to assess BMD
using DXA will be required for LS in the future.

Regarding the physiological and physical parameters, we
found that scoliosis parameter was associated with LS, and
LSA was a significant risk factor of the TUG, but not the
GLSF-25. As the TUG test is more considered to predict
pure locomotor capacity than the GLSF-25 score, the sever-
ity of lumbar scoliosis has to be considered as a significant
risk factor to locomotor decline. Moreover, we found that
trunk muscle strength was a potential predictor for not only
locomotor capacity but also the BMD in the lumbar spine.
Previous studies have reported that a decline in back muscle
power was associated with LS™ and 10-m gait speed”,
which is consistent with the study results. Trunk muscle bal-
ance with predominance of extensor over flexor muscles is
associated with better physical capacity’’ and less back
pain®”’. Masaki et al. reported that maximal walking speed
was negatively associated with the thickness of lumbar erec-
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tor spinae muscles in middle-aged and elderly women®.
Some authors have recently reported that the ratios of trunk
flexion to extension in healthy untrained adults were usually
lower than those in athletes”, suggesting that a superiority
of trunk-extensor to flexor strength is associated with high
performance even in the healthy participants. Moreover, our
results revealed that trunk-extensor strength was associated
with not only physical performance but also LS severity af-
ter controlling several confounders, and age was associated
with trunk-extensor/flexor strength ratio. Thus, an instruction
of back muscle training is important for elderly individuals
to prevent from developing LS.

Meanwhile, we found that trunk-flexor strength is possi-
bly associated with lumbar BMD; however, a further study
is required to confirm this association by controlling the
possible confounders, such as age, sex, underlying disease,
and mediations between them.

Interestingly, our results revealed that there was no sig-
nificant association between ASMI and LS severity. Al-
though some authors had found an association between sar-
copenia and LS, they defined sarcopenia according to the
consensus report'™'"”, we assessed SMV only by ASMI with-
out grip strength and walking speed. Although our results
indicate a weak association between ASMI and TUG in
multivariate analysis,
ASMI and LS in our study might be explained by the non-
linear association between muscle strength and SMV** or
sampling bias. Clinical significance of muscle mass decrease
for LS should be discussed in further study.

This study has some limitations. First, we measured the
LSA using only the DXA method. The LSA has tradition-
ally been measured using an X-ray method with participants
assuming a standing position'”. On the contrary, in this
study, LSA was measured using the DXA method with par-
ticipants assuming a supine position. The LSA using the
DXA method was reported to be approximately 5° less than

a discordant association between
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that using the X-ray method™. Moreover, we measured only
the LSA within the L2-L4; hence, thoracolumbar malalign-
ment in both the coronal and sagittal planes could not be as-
sessed in this study. Therefore, our result might have been
different if the scoliosis angle had been measured using the
X-ray method and had been assessed until the thoracolum-
bar curve, including sagittal imbalance. Second, basic infor-
mation regarding musculoskeletal disorders of the partici-
pants, such as osteoarthritis, which was related to LS*”, was
not assessed in this study. Therefore, other musculoskeletal
disorders, concurrent comorbidities such as metabolic syn-
drome, and medication uses must relatively affect the results
of this study. Moreover, the severity of LS defined using the
GLFS-25 questionnaire was associated not only with physi-
cal capacity but also with psychosocial status**. Therefore,
multifactorial factors surrounding the participants might also
affect the results. Third, this was only a cross-sectional
study. Hence, a longitudinal study is required to confirm the
association between LSA and LS in the future.

In conclusion, the association between LSA, lumbar
BMD, ASMI, and trunk muscle strengths and LS was inves-
tigated in elderly Japanese individuals using the DXA tech-
nology. The results indicate that it is clinically important for
LS to pay careful attention not only to BMD but also to
lumbar scoliosis when DXA examination of the lumbar
spine is routinely performed. Moreover, it is important to
note that trunk-extensor strength is more important than
trunk-flexor strength in maintaining locomotor function in
elderly individuals.

Conflicts of Interest: The authors declare that there are
no relevant conflicts of interest.

Author Contributions: Takenaka H. conceived and de-
signed the study, analyzed the data, and prepared the draft
and tables.

Ikemoto T. conceived and designed the study, collected
data, analyzed the data, and prepared the draft and tables.

Suzuki J. analyzed the data and prepared the draft and ta-
bles.

Inoue M. & Arai Y.C. collected the data and prepared the
draft and tables.

Ushida T. & Deie M. designed the study and reviewed
drafts of the paper.

Kamiya M. conceived and designed the study, prepared
the draft and tables, and reviewed drafts of the paper.

Informed Consent: Informed consent was obtained by all
participants in this study.

References
1. Schwab FJ, Blondel B, Bess S, et al. Radiographical spinopelvic
parameters and disability in the setting of adult spinal deformity: a
prospective multicenter analysis. Spine. 2013;38(13):E803-12.
2. Schwab FJ, Smith VA, Biserni M, et al. Adult scoliosis: a quanti-
tative radiographic and clinical analysis. Spine. 2002;27(4):387-92.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Spine Surg Relat Res 2020; 4(2): 164-170

. Katzman WB, Huang MH, Lane NE, et al. Kyphosis and decline

in physical function over 15 years in older community-dwelling
women: the Study of Osteoporotic Fractures. J Gerontol A Biol
Sci Med Sci. 2013;68(8):976-83.

. Nakamura K. A “super-aged” society and the “locomotive syn-

drome.” J Orthop Sci. 2008;13(1):1-2.

. Nakamura K. Locomotive syndrome: disability-free life expec-

tancy and locomotive organ health in a “super-aged” society. J Or-
thop Sci. 2009;14(1):1-2.

. Nakamura K. The concept and treatment of locomotive syndrome:

its acceptance and spread in Japan. J Orthop Sci. 2011;16(5):489-
91.

. Imagama S, Ito Z, Wakao N, et al. Influence of spinal sagittal

alignment, body balance, muscle strength, and physical ability on
falling of middle-aged and elderly males. Eur Spine J. 2013;22(6):
1346-53.

. Ikemoto T, Inoue M, Nakata M, et al. Locomotive syndrome is as-

sociated not only with physical capacity but also degree of depres-
sion. J Orthop Sci. 2016;21(3):361-5.

. lizuka Y, lizuka H, Mieda T, et al. Population-based study of the

association of osteoporosis and chronic musculoskeletal pain and
locomotive syndrome: the Katashina study. J Orthop Sci. 2015;20
(6):1085-9.

Momoki C, Habu D, Ogura J, et al. Relationships between sarco-
penia and household status and locomotive syndrome in a
community-dwelling elderly women in Japan. Geriatr Gerontol Int.
2017;17(1):54-60.

Tanimoto Y, Watanabe M, Sun W, et al. Association of sarcopenia
with functional decline in community-dwelling elderly subjects in
Japan. Geriatr Gerontol Int. 2013;13(4):958-63.

Glassman SD, Berven S, Bridwell K, et al. Correlation of radio-
graphic parameters and clinical symptoms in adult scoliosis.
Spine. 2005;30(6):682-8.

Hirano K, Imagama S, Hasegawa Y, et al. Effect of back muscle
strength and sagittal spinal imbalance on locomotive syndrome in
Japanese men. Orthopedics. 2012;35(7):e1073-8.

Muramoto A, Imagama S, Ito Z, et al. Physical performance tests
are useful for evaluating and monitoring the severity of locomotive
syndrome. J Orthop Sci. 2012;17(6):782-8.

Schwab F, Dubey A, Pagala M, et al. Adult scoliosis: a health as-
sessment analysis by SF-36. Spine. 2003;28(6):602-6.

Schwab F, Dubey A, Gamez L, et al. Adult scoliosis: prevalence,
SF-36, and nutritional parameters in an elderly volunteer popula-
tion. Spine. 2005;30(9):1082-5.

Robin GC, Span Y, Steinberg R, et al. Scoliosis in the elderly: a
follow-up study. Spine. 1982;7(4):355-9.

Cummings SR, Karpf DB, Harris F, et al. Improvement in spine
bone density and reduction in risk of vertebral fractures during
treatment with antiresorptive drugs. Am J Med. 2002;112(4):281-
9.

Iki M, Tamaki J, Kadowaki E, et al. Trabecular bone score (TBS)
predicts vertebral fractures in Japanese women over 10 years inde-
pendently of bone density and prevalent vertebral deformity: the
Japanese Population-Based Osteoporosis (JPOS) cohort study. J
Bone Miner Res. 2014;29(2):399-407.

Baumgartner RN, Koehler KM, Gallagher D, et al. Epidemiology
of sarcopenia among the elderly in New Mexico. Am J Epidemiol.
1998;147(8):755-63.

Albanese CV, Diessel E, Genant HK. Clinical applications of body
composition measurements using DXA. J Clin Densitom. 2003;6
(2):75-85.

. Pappou IP, Girardi FP, Sandhu HS, et al. Discordantly high spinal

169



Spine Surg Relat Res 2020; 4(2): 164-170

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

bone mineral density values in patients with adult lumbar scolio-
sis. Spine. 2006;31(14):1614-20.

Seichi A, Hoshino Y, Doi T, et al. Development of a screening
tool for risk of locomotive syndrome in the elderly: the 25-
question Geriatric. J Orthop Sci. 2012;17(2):163-72.

NICE clinical guideline 161. Assessment and prevention of falls in
older people. NICE [internet]. 2013 June - [cited 2013 June 13].
Available from: https://www.nice.org.uk/guidance/cgl61/evidence/f
alls-full-guidance-190033741.

Muramoto A, Imagama S, Ito Z, et al. Threshold values of physi-
cal performance tests for locomotive syndrome. J Orthop Sci.
2013;18(4):618-26.

Aaro S, Dahlborn M. The longitudinal axis rotation of the apical
vertebra, the vertebral, spinal, and rib cage deformity in idiopathic
scoliosis studied by computer tomography. Spine. 1981;6(6):567-
72.

Shrout PE. Measurement reliability and agreement in psychiatry.
Stat Methods Med Res. 1998;7(3):301-17.

Binkley N, Kiebzak GM, Lewiecki EM, et al. Recalculation of the
NHANES database SD improves T-score agreement and reduces
osteoporosis prevalence. J] Bone Miner Res. 2005;20(2):195-201.
Sanada K, Miyachi M, Tanimoto M, et al. A cross-sectional study
of sarcopenia in Japanese men and women: reference values and
association with cardiovascular risk factors. Eur J Appl Physiol.
2010;110(1):57-65.

Podsiadlo D, Richardson S. The timed “Up & Go”: a test of basic
functional mobility for frail elderly persons. J Am Geriatr Soc.
1991;39(2):142-8.

Mayer TG, Smith SS, Keeley JA, et al. Quantification of lumbar
function. Part 2: Sagittal plane trunk strength in chronic low-back
pain patients. Spine. 1985;10(8):765-72.

Nakamura K, Ogata T. Locomotive syndrome: Definition and
management. Clin Rev Bone Miner Metab. 2016;14(2):56-67.
Bevier WC, Wiswell RA, Pyka G, et al. Relationship of body
composition, muscle strength, and aerobic capacity to bone min-
eral density in older men and women. J Bone Miner Res. 1989;4
(3):421-32.

Lindsey C, Brownbill RA, Bohannon RA, et al. Association of
physical performance measures with bone mineral density in post-
menopausal women. Arch Phys Med Rehabil. 2005;86(6):1102-7.
Ohsawa T, Shiozawa H, Saito K, et al. Relation between the
stand-up test and gait speed, knee osteoarthritis, and osteoporosis
using calcaneal quantitative ultrasound-Cross-sectional study. J Or-
thop Sci. 2016;21(1):74-8.

Matsumoto H, Nakaso N, Matsuura A, et al. Relationship between

170

37.

38.

39.

40.

41.

42.

43.

4.

45.

46.

dx.doi.org/10.22603/ss11.2019-0083

severity of locomotive syndrome and the incidence of falling,
prevalence of low bone mass, and sarcopenia. Rigaku Ryohogaku.
2016;43(1):36-46. Japanese.

Floter M, Bittar CK, Zabeu JL, et al. Review of comparative stud-
ies between bone densitometry and quantitative ultrasound of the
calcaneus in osteoporosis. Acta Reumatol Port. 2011;36(4):327-35.
Kinoshita H, Tamaki T, Hashimoto T, et al. Factors influencing
lumbar spine bone mineral density assessment by dual-energy X-
ray absorptiometry: comparison with lumbar spinal radiogram. J
Orthop Sci. 1998;3(1):3-9.

Rand T, Seidl G, Kainberger F, et al. Impact of spinal degenerative
changes on the evaluation of bone mineral density with dual en-
ergy X-ray absorptiometry (DXA). Calcif Tissue Int. 1997;60(5):
430-3.

Hirano K, Imagama S, Hasegawa Y, et al. Impact of back muscle
strength and aging on locomotive syndrome in community living
Japanese women. Nagoya J Med Sci. 2013;75(1-2):47-55.
Nava-Bringas TI, Ramirez-Mora I, Coronado-Zarco R, et al. Asso-
ciation of strength, muscle balance, and atrophy with pain and
function in patients with degenerative spondylolisthesis. J Back
Musculoskelet Rehabil. 2014;27(3):371-6.

Masaki M, Ikezoe T, Fukumoto Y, et al. Association of walking
speed with sagittal spinal alignment, muscle thickness, and echo
intensity of lumbar back muscles in middle-aged and elderly
women. Aging Clin Exp Res. 2016;28(3):429-34.

Zouita AB, Salah FZ, Dziri C, et al. Comparison of isokinetic
trunk flexion and extension torques and powers between athletes
and nonathletes. J Exerc Rehabil. 2018;14(1):72-7.

Goodpaster BH, Park SW, Harris TB, et al. The loss of skeletal
muscle strength, mass, and quality in older adults: the health, ag-
ing and body composition study. J Gerontol A Biol Sci Med Sci.
2006;61(10):1059-64.

Janssen I, Baumgartner RN, Ross R, et al. Skeletal muscle cut-
points associated with elevated physical disability risk in older
men and women. Am J Epidemiol. 2004;159(4):413-21.

Ohtsuki M, Nishimura A, Kato T, et al. Relationships between
body mass index, lifestyle habits, and locomotive syndrome in
young- and middle-aged adults: A cross-sectional survey of work-
ers in Japan. J Occup Health. 2019;61(4):311-9.

Spine Surgery and Related Research is an Open Access journal distributed under
the Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 Interna-
tional License. To view the details of this license, please visit (https://creativeco
mmons.org/licenses/by-nc-nd/4.0/).




