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consists of 25 items, including 4 questions on pain during

the last month, 16 questions on activities of daily activity
during the last month; 3 questions on social functions, and

2 questions on mental health status during the last month.*
The 25 items are scored from 0 (no 1mpa1rment) to 4
(severe impairment), and the total score ranges from 0 to
100 points. Higher scores indicate worse locomotive func-
tion, and the cutoff score for LS is 16 points, as determined
by receiver operating characteristic (ROC) analysis. The
validity of the GLFS-25 was confirmed by demonstrating
significant correlation with the European Quality of Life
Scale-5 Dimensions questionnaire. Sasaki et al.® reported
that the prevalence of LS was 21.2% in males and 35.6%
in females and increased with age for both sexes. It is
important to identify factors that are associated with the
development of LS.

Physical function can predict future incidence of disabil-
ity, dependence in activities of daily living, institutionaliza-
tion, and death in initially nondisabled older adults.613
A relatively strong relationship between general health
and physical function in middle-aged and older adults
is observed.! Several reports have shown that muscle
strength, standing balance, and walking, ability are key
components of physical performance in older adults.!516
The Ministry of Education, Culture, Sports, Science, and
Technology in Japan has proposed grip strength, coming
up to a sitting position from a supine position, unipedal
stance time with eyes open, seated toe-touch, 6-minute
walk distance, and a 10-m obstacle walk time as variables
that can be used to test the physical performance of older
adults.!” Physical performance measures such as walking
speed, standing balance, and ability to repeatedly rise from
a chair are highly predictive of 'subsequeﬁtkdisability9 12 In

“addition, hand grip strength is an important predictor of

dlsablhty and mortahty in older adults.68:13

Muramoto et al.!19 reported that the GLFS-25 score

‘strongly correlated with several measures of physical per-

formance. However, there is little evidence about the rela-

‘tionship between measures of physical performance and LS
‘and little information on the threshold values of physical

performance measures relevant to LS.*! Furthermore,
there are no reports on physical performance measures that
are associated with the development of LS. In thlS study,
we evaluated phy51cal performance using grip strength,
unipedal stance time with eyes open, seated toe-touch, and

‘normal and fast 6-m walk time (6MWT). We hypothesized

that these variables would be predlctlve of GLFS-25 score.
The purpose of this study was to determine the physical
performance measures associated with LS, the threshold
values of these physical perforrnance measures for discrimi-
nating individuals with and without LS, and the odds ratio

of LS according to performance greater than or less than

these thresholds in healthy mxddle aged and older Japanese
women o

METHODS

Partuc:pants
One hundred and thirty-four healthy adul tjapanese women,

“ who belonged to the Japan Agricultural Cooperative Kinan

Women’s Club and who attended a “Lecture. meeting and
checkup for health” supported by the local government in
Tanabe, Wakayama, in 2013 volunteered to participate in
‘this study. Eight women were excluded because they were
unable to complete the physical performance test due to
disabilities. The remaining 126 participants completed
the physical performance tests and the GLFS-25 and were
included in this study. Participants were aged from 34
to 84 years (mean age = 61.8 + 10.2 years). All partici-
pants provided informed consent. The Ethics Committee
for Human Research at Osaka Kawasaki Rehablhtatlon
University approved the study protocol.

Outcome Measures

Status (presence and degree) of LS was evaluated using
the GLFS-25.* Several measures of physical performance
were obtained. Body weight was measured using a body
weight meter (KaradaScan362, OMRON Co, Kyoto,
Japan). Height was measured and used to calculate body
mass index (BMI). Grip strength was measured bilaterally
when the participant was in a standing position using a
grip strength dynamometer (T. K. K. 5401, Takei Scientific
Instruments Co, Ltd, Niigata, Japan). Both hands were
tested 2 times, and the maximum value was taken as grip
strength. Unipedal ‘stance’ time ‘with eyes open was mea-
sured from the time when the foot was raised from the
floor to the time when the foot was placed back on the
floor, for a maximum of 60 5.2 The time was measured
for each lower limb, and the maximum value was taken as
the unipedal stance time. Seated toe-touch was measured

“with the participant sitting on the floor with the knees

extended. The participant was instructed to push their fin-
gers forward and lean forward from the hip joint, and the
distance reached by the fingertip was measured once using
a digital long seat body anteflexion meter (TK.K. 5112,
Takei Scientific Instruments Co, Ltd, Niigata, Japan). The
6MWT was measured as the time required to complete a
6-m walk in a straight line from a static start. The 6MWT
test was performed once at normal walkmg speed and once
as fast as possible. -

Statistical Analysis

Participants were classified as LS (GLFS 25 score >16) or
non-LS (GLFS-2§ score <16), and indeperident variables
were compared between the 2 groups. For numerical vari-
ables, normality of distribution and homogeneity of vari-
ance were tested prior to the comparison across groups.
The Student ¢ test was used when the assumptions of
normal dxsmbutlon and homogenelty of variance were met
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in both groups, the Welch # test was used when the assump-
tion of normal distribution was met but homogeneity of
variance was not, and the Wilcoxon signed-rank test was
used when the data were nonnormally distributed.

The threshold of each physical performance measure
for discriminating the LS group and the non-LS group
was evaluated using an ROC analysis. An area under an
ROC curve (AUC) of 1.00 indicates perfect discrimina-
tion, whereas an AUC of 0.50 indicates complete absence
of discrimination. Variables with AUC greater than 0.72!
were included in a multiple logistic regression model to
calculate the odds ratio of LS. Statistical analysis was con-
ducted using JMP Pro 10.0 (SAS Institute Inc, Cary, NC).
All statistical tests were 2-tailed, and a significance level of
0.05 was used.

RESULTS

Age, BMI, each measure of physical performance, and the
GLFS-25 score are shown in Table 1. Fourteen participants
(11.1%) had a GLFS-25 score of 16 or more and were
classed as LS. The LS group was older and had a higher
BMI than the non-LS group. Significant differences between
the 2 groups in unipedal stance time, normal 6MWT, and
fast 6MWT were observed (Table 2). The LS group had a
shorter unipedal stance time and a longer normal and fast
6MWT than the non-LS group. By contrast, there were no
significant differences between the 2 groups in hand grip
strength or seated toe-touch.

The ROC analysis was conducted for each physical per-
formance measure, and the threshold corresponding to LS
was identified. Unipedal stance time, normal 6MWT, and
fast 6MWT had AUC greater than 0.7 in the ROC analysis.
The threshold for discriminating the non-LS and LS groups
was 15 s for unipedal stance time, 4.8 s for normal 6MWT,
and 3.6 s for fast 6MWT. Figure 1 shows the ROC curves
for grip strength, unipedal stance time, seated toe-touch,
normal 6MWT, and fast 6MWT. The threshold values,
AUC, sensitivity, and specificity are shown in Table 3.
Unipedal stance time, normal 6MWT, and fast 6MWT
were included in a multiple logistic regression model, which
showed that unipedal stance time less than 15 s was signifi-
cantly related to LS (odds ratio = 8.46; P < .01; Table 4).

DISCUSSION

The purpose of this study was to determine the physical
performance measures associated with LS, the threshold
values of these physical performance measures for discrimi-
nating individuals with and without LS, and the odds ratio
of LS according to performance greater than or less than
these thresholds in healthy middle-aged and older Japanese
women. We found that the LS group had a shorter unipedal
stance time and longer normal and fast 6MWT than the
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Table 1. Characteristics of the Study Partlclpantsa

Age ) 61.8 (10.2)
Height (cm) 1535 (5.8)
Weight (kg) 54.9 (8.0)
BMI (kg/m?) 233(3.1)
Grip strength (kg) 26.2 (4.5)
Unipedal stance time (s) 47.5(19.6)
Seated toe-touch (cm) 355(9.7)
Normal 6-m walk time (s) 4.5(0.9)
Fast 6-m walk time (s) 3.3(06)
GLFS-25 score (points) 7.6(8.8)
#Data are mean = standard deviation.

non-LS group. The threshold for discriminating the non-LS
and LS groups was 15 s for unipedal stance time, 4.8 s for
normal 6MWT, and 3.6 s for fast 6MWT. Moreover, we
found that unipedal stance time less than 15 s was signifi-
cantly related to LS, with an odds ratio of 8.46 identified
by multiple logistic regression analysis.

Locomotive syndrome was proposed by the Japanese
Orthopaedic Association in 2007 to identify individuals
at high risk of requiring nursing care because of problems
with locomotive organs.2 The GLFS-25 has been developed

to measure the presence and degree of LS in Japanese indi-

viduals. #1819 However, the cutoff value to identify LS from
the GLFS-25 score has been determined with reference to
health-related quality of life, and limited information exists
on the association of the GLFS-25 score with physical per-
formance. Therefore, we examined the association between
the presence of LS, as determined by the GLFS-25 score,

Table 2. Comparison of Characteristics Between Nonlocomotive
Syndrome and Locomotive Syndrome

Age (y) 6100996 [.6821x964 |.0116
BMI (kg/m?) 23.04 292 2549 + 333 | .0043
Grip strength (kg) 2638+ 463 | 2443500 | .1290
Unipedal stance

time (s) 50.15 = 16.88 | 2642 = 26.22 ‘0006’
Seated toe-touch (cm) | 35.67 = 9.77 3371 £9.36 | .5141
Normal 6-m walk

time (s) 445+ 0.78 518 + 131 | .0122
Fast 6-m walk time (s) |  3.27 = 0.51 389 +0.66 | .0004
2Data are mean * standard deviation.
b ocomotive syndrome: GLFS-25 score =16 points.
The Student t test was applied for age, body mass index, and grip strength.
9The Wilcoxon signed-rank test was applied for unipedal stance time, anteflexion, normal
6-m walk time, and fast 6-m walk time.
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Flgure 1. Recelver operatmg characteristic (ROC) curves showing the relatlonsmp between sensitivity and (1 spectfrcuty) for
each measure of physical performance. In each plot, the yellow line represents a 45° tangent to the ROC curve and marks

“an optimal threshold where false negatives and false positives have similar costs. (A) ROC curve for grip strength. The
area under the ROC curve was 0.606. The optimal threshold for detection of locomotive syndrome (LS) was 21 kg, with

- 35.7% sensitivity and 86.6% specificity. (B). ROC curve for unipedal stance time, The area under the ROC curve was
0.740. The optimal threshold for detection of LS was 15 s, with 57, 1% sensitivity and 93.8% specificity. (C) ROC curve
for seated toe-touch. The area under the ROC curve was 0.554. The optimal threshold for detection of LS was 43 cm,
‘with"100% sensitivity and 19.6% specificity. (D) ROC curve for normal 6-m’ walk time. The area under the ROC curve was
0.706. The optimal threshold for detection of LS was 4.8 s, with 64.3% sensitivity and' 74:1% specificity. (E) ROC curve
for fast 6-m walk time. The area under the ROC curve was 0.792: The opttmal threshold. for detect:on of LS was 3.6 s,
with 71.4% sensmv:ty and 77.7% specmc:lty . ; .

and various measures of physxcal perforrnance, 1nc1udmg of hamstrmg ﬂex1b1hty was associated Wlth low back pain,
“unipedal stance time with eyes open, grip strength, seated-  postural devratlons, gait limitations, risk of falling, and
 toe touch, and normal and fast EMWT. Our results showed  straight leg raising range. However, in this study, we did
that the LS group héd‘é, shorter unipedal stance time-and not find a significant association between grip “strength
longer normal and fast 6MWT than the non-LS group. The ~ or seated toe-touch and LS. This ‘may be due to a lack of
" association between unipedal stance time and LS supports statistical power, because the sample size of this study was
 the findings of Muramoto et al.'® The association between ~ small. o
6MWT and LS is consistent with previous. reports that The threshold for discriminating between the non-LS
~ walking speed predicted the onset of functional decline in  and LS groups was 15 s for unipedal stance time, 4.8 s
older adults living in rural Japan, and that there was a sig-  for normal 6MWT, and 3.6 s for fast 6MWT. Muramoto
mﬁcant association between walking ability and d1sab1hty ‘et al.18 reported a threshold of 15 s for umpedal stance
in middle-aged and older adults.*22 time, but this was the mean value from both lower limbs,
~ Previous reports have suggested that hand grip strength in contrast with this study in which we adopted the
- is a good indicator of overall muscle strength and an impor- hlgher value from the 2 lower limbs. Therefore, we cannot
tant predictor of disability and mortality in older adults2®  directly compare the threshold for umpedal stance time
~ The seated toe-touch test is a commonly used field measure ~ measured in this study with- that reported by Muramoto
" of hamstring flexibility. Jones et al.2# reported that a lack et al.!® Our calculation was more consistent with the
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Table 3. Threshold Values of the Physical Performance Tests for
Locomotive Syndrome
— e

Ly

Grip strength 21 0.606 357 866
(kg)

Unipedal stance | =, 5 0.740 57.1 038
time (s)

Seated toe- 43 0.554 100 196
touch (cm)

Normai 6-m 48 0.706 64.3 74.1
walk time (s)

Fast 6-m walk 36 0792 714 777
time (s)

2Data are mean = standard deviation.

b ocomotive syndrome: GLFS-25 score =16 points.

standardized method recommended by the Japanese
Orthopaedic Association.

The results of the multiple logistic regression analysis
indicated that unipedal stance time less than 15 s was sig-
nificantly associated with LS, with an odds ratio of 8.46.
Unipedal stance time is used to evaluate both static and
dynamic balance. Islam et al.?% reported that unipedal
stance time was associated with activities of daily liv-
ing.2¢ Furthermore, Kikuchi et al.?” reported that the fall-
predicting score correlated with the duration of unipedal
stance, as well as the timed up-and-go score, functional
reach, grip strength, and tandem gait. In this study, LS was
identified according to the results of a self-report question-
naire. The results of this study highlight the importance of
measuring unipedal stance time in older adults, not only
for predicting falls but also as a simple physical test to
identify LS. Sakamoto et al.282° reported that a unipedal
stance exercise (the dynamic flamingo) reduced the inci-
dence of falls and hip fracture. The Japanese Orthopaedic
Association is now keen to identify exercises that are use-
ful for preventing or improving LS.? It is possible that an
interventional study using a unilateral stance exercise for
preventing or improving LS will be conducted in the future.

Table 4. Multiple Logistic Regression Analysis for Odds Ratio
and 95% Confidence Interval of the Physical Performance Tests
for Locomotive Syndrome

Unipedal stance time (s} 8.46 1.88-41.7 0055
Normal 6-m walk time (s) 2.34 0.46-12.8 .3067
Fast 6-m walk time (s) 3.79 0.67-25.1 1331

2Data are mean * standard deviation.
bData were adjusted by age and body mass index.
€Locomotive syndrome: GLFS-25 score 216 points.

Journal of GERIATRIC Physical Therapy

This study has several limitations. First, the sample size of
126 was quite small. We did not find significant relationships
between LS and handgrip strength or seated toe-touch, and
this may be partly due to the lack of statistical power. Second,
because the participants of this study were limited to women,
the results cannot be generalized to men. Men should be
included in future studies. We believe that this study con-
tributes new information about the relationship between LS
detected by self-report questionnaire and unipedal stance and
has important implications for future studies.

CONCLUSION

Unipedal stance time was significantly associated with LS
in middle-aged and older Japanese women. The threshold
value for LS was 15 s. This measure may be useful for
simple detection of LS.
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Abstract

The Wakayama Spine Study (WSS) is. a population-based study to elucidate the prevalence,
natural history and impact on the individual/society of the main degenerative spinal disorders
including cervical myelopathy and lumbar spinal stenosis. The WSS derived from the Research on
Osteoarthritis/osteoporosis Against Disability (ROAD) as a sub-cohort study. The WSS added a
whole spine MRI and several physiological examinations associated with spinal disorders to the
inhabitants in Wakayama Prefecture of the ROAD study. The baseline examination of the WSS
(sample size : approximately 1000) revealed a high prevalence (29.3% in men and 21.9% in
women) of cervical cord compression (CCC)in the elderly. On the other hand, the prevalence of
cervical myelopathy was low (3.2% in men and 16.1% in women)in the CCC. The grip and release
test, 6 —-m walking time at a maximal pace, step length, and chair-standing time were significantly
associated with the presence of CCC. The prevalence of radiographic LSS was also much higher
than the prevalence of symptomatic LSS. The prevalence of participants with moderate or severe
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radiographic central stenosis was 76.5% in total, while the prevalence of symptomatic LSS was
9.3% in total, 10.1% in men, and 8.9% in women. The 6 -m walking time at a maximal pace alone
was significantly associated with the presence of symptomatic LSS. The WSS will provide the
information required to develop clinical algorithms for the early identification of potential high-risk
populaﬁons It will also provide information required to develop policies for the detection and
preventxon of spmal disorders. Further longltudmal surveys. of the Wakayama Spine Study will help
to further clarify the incidence and risk factors for the degeneratxve spinal disorders of the whole

spine.
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