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Abstract
Objectives: Locomotion training (LT) consisting of single- leg standing and 
squatting was developed to help prevent locomotive syndrome (LS), and is typi-
cally used in older people. The objective of this study was to examine the effects 
of LT on young and middle- aged people.
Methods: This study was performed at two companies. Workers in company A 
engaged in LT five times/week for 1 year, whereas workers in company B did not. 
Baseline and follow- up checkups consisted of questionnaires and physical perfor-
mance tests, including three kinds of locomotion tests.
Results: In total, 88 and 101 workers in companies A and B, respectively, met 
the inclusion criteria. LS stage, stand- up test results, and scores on a geriatric 
locomotive function scale significantly improved among workers in company A, 
but only stand- up test results significantly improved among workers in company 
B. Quadriceps power increased in company A, but did not change in company 
B. Especially, workers with LS in company A had more significant changes than 
those without LS and those in company B.
Conclusions: The results of this longitudinal study suggest that LT is useful even 
for young and middle- aged workers. LT was especially more effective for workers 
than those without LS.
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1  |  INTRODUCTION

The older population (age 65 years or older) in Japan has 
rapidly increased, exceeding 21% in 2007, making it the 
earliest super- aged society.1 This rate is expected to reach 
38.4% by 2065. The aging of the population has led to the 
increased prevalence of various diseases, and in turn, in-
creasing costs for nursing care. Motor organ problems are 
one of the most important causes of requiring nursing 
care. Falls and fractures, joint diseases, and spinal cord in-
juries have been reported to account for 12.5%, 10.2%, and 
2.3% of all causes for requiring nursing care in Japan.2 The 
Japanese Orthopaedic Association (JOA) has advocated 
the term “locomotive syndrome (LS)” to define a state 
of degraded mobility due to impaired locomotive organs 
and an elevated risk of disability.3 LS is assessed by three 
simple tests: a questionnaire (the 25- question Geriatric 
Locomotive Function Scale [GLFS- 25]), a two- step test, 
and a stand- up test.3 The symptoms of LS can worsen the 
quality of life and impair activities of daily living.4 In ad-
dition, older people with LS are at an increased risk of fall-
ing.5 The JOA has also advocated locomotion training (LT), 
which consists of squatting and single- leg standing with 
eyes open to prevent LS. LT exercises are recommended 
because they are directly related to standing and gait func-
tion6 and are safe and feasible to perform at home for self- 
management. LT has also been shown to be effective for 
preventing or improving LS in older people.7,8 Originally, 
these LT exercises were developed for older people, as few 
cases of LS in young and middle- aged adults have been re-
ported.9 A previous study9 found that about 20% of young 
and middle- aged workers had LS. From this point of view, 
the early detection of, and early interventions for, LS are 
important for decreasing the number of older people who 
will require nursing care in the future. However, to our 
knowledge, no studies have investigated whether LT is ef-
fective for young and middle- aged people. Therefore, the 
purpose of this epidemiological study was to examine the 
effects of LT on young and middle- aged people, including 
workers age between 30 and 64 years.

Exercise habits represent another important factor in 
preventing LS, as LS occurs less frequently in people than 
in those without good exercise habits.10,11 Therefore, an-
other purpose of this study was to examine whether LT 
improves exercise habits among workers.

2  |  MATERIALS AND METHODS

This study was performed at two companies recruited 
by the public health department of a local prefecture in 
Japan that agreed to participate. Company A was a drug 
company and Company B was a chemical company. The 

health departments of these two companies recruited em-
ployees to join health examinations and provided some 
rooms for the checkups. In total, 88 employees in com-
pany A and 101 employees in company B underwent the 
checkups. All participants provided written informed 
consent prior to participating. This study was approved by 
the Institutional Review Board of the authors’ affiliated 
institutions.

The checkups in this study consisted of question-
naires and physical performance tests. The questionnaires 
included items on age, sex, lifestyle, physical activity, 
changes in exercise behavior, and the GLFS- 25. Changes 
in exercise behavior were assessed using the following 
question from Oka's questionnaire12: “Could you tell me 
your exercise habits (a bout of exercise is considered ex-
ercising for more than 20  minutes at a time more than 
twice/week)?” The five responses that can be given to this 
question are as follows:

1. “I do not exercise now and I have no plan to exercise 
in the future.”

2. “I do not exercise now but I have a plan to start to exer-
cise in the near future (in 6 months).”

3. “I exercise now but not regularly (less than twice/
week).”

4. “I exercise regularly now (at least twice/week). 
However, I have been doing this for less than 6 months.”

5. “I exercise regularly now (at least twice/week), and I 
have been doing this for more than 6 months.”

These choices correspond to different stages of exercise 
behavior, with choices 1 through 5 representing the pre-
contemplation, contemplation, preparation, action, and 
maintenance stages, respectively. To evaluate changes in 
exercise behavior, the responses were scored from 1 to 5 
according to the level of exercise activity (in order from 
precontemplation = 1 to maintenance = 5). The GLFS- 25 
is a self- administered questionnaire developed by Seichi 
et al.13 to evaluate LS. This questionnaire is composed 
of 25 questions, including four on pain during the last 
month, 16 on activities of daily activity living during the 
last month, three on social functions, and two on mental 
health status during the last month. These 25 questions 
are graded on a five- point scale, from no impairment (0 
points) to severe impairment (4 points), for a total possible 
score of 100 (with 0 being the healthiest and 100 the least 
healthy).

Physical tests consisted of those for quadriceps muscle 
strength, a two- step test, and a stand- up test. Quadriceps 
muscle strength was evaluated using the Locomo Scan 
rehabilitation device (ALCARE Co. Ltd). According to 
the instructions in a previous report,14 after receiving 
an explanation regarding how to apply the device to a 
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participant's quadriceps muscle, the tester measured the 
participant's maximum quadriceps muscle strength for 
10 s twice for each leg, and recorded the better value of 
the two measurements.

In the two- step test, participants move forward with 
the widest length of two strides from a starting line while 
being careful not to lose their balance. The two- step test 
score is then calculated by dividing the distance by the 
participant's height. The test was performed twice, and the 
best result was recorded.

The stand- up test assesses lower muscle strength by 
having the participant stand on one or both legs from a 
seat with a specified height (40, 30, 20, and 10 cm in order 
of difficulty from easy to difficult for the double- leg stance 
followed by the single- leg stance). The result is reported as 
the minimum height from which a participant can stand 
up. To evaluate the stand- up test quantitatively, the results 
were scored from 0 to 8 according to the level of difficulty 
(e.g., fail at 40 cm with the double- leg stance = 0, stand 
from 40  cm with the double- leg stance  =  1, stand from 
10  cm with the single- leg stance  =  8), as described in 
Ogata's report.15

According to the results of the three assessments (the 
GLFS- 25, the two- step test, and the stand- up test), the LS 
risk level was determined as follows16:

Stage 1 (LS- 1):

1. Two- step test score <1.3.
2. Difficulty standing from a 40- cm- high seat using one 

leg (either leg) in the stand- up test.
3. GLFS- 25 ≥7.

When a participant met any of the above- mentioned 
criteria, he/she was diagnosed as LS stage 1.

Stage 2 (LS- 2):

1. Two- step test score <1.1.
2. Difficulty standing from a 20- cm- high seat using both 

legs in the stand- up test.
3. GLFS- 25 ≥16.

When a participant met any of the above- mentioned 
criteria, he/she was diagnosed as LS stage 2.

Stage 3 (LS- 3):

1. Two- step test score <0.9.
2. Difficulty standing from a 30- cm- high seat using both 

legs in the stand- up test.
3. GLFS- 25 ≥24.

After the baseline checkup, workers in company A 
started LT, which was held in the morning assembly 
(Figure 1). The JOA originally recommended performing 

one- leg standing with the eyes open for 60 s on each leg 
and three sets of squats (six repetitions) per day.3 However, 
company A wanted the whole LT program to take only 
about 1 min because they did not want it to interfere with 
their working time. Therefore, we modified the LT to con-
sist of single- leg standing with the eyes closed for 20 s on 
each leg and at least six repetitions of squats. We gave a 
lecture about LS and LT to the workers in company A be-
fore the intervention and advised them to perform more 
than six repetitions of squats until they felt muscle fatigue. 
For company B, we also gave a lecture about LS and LT 
after the baseline checkup. The workers usually worked 
5  days/week; therefore, they engaged in LT five times/
week. The LT intervention continued for 12 months, after 
which, follow- up exams were given.

2.1 | Statistical analysis

Means and standard deviations are summarized for all 
continuous variables unless otherwise noted. All data were 
statistically analyzed using PASW Statistics for Windows, 
version 25 (SPSS Inc., IBM Corp.). Differences in con-
tinuous and categorical variables between Companies A 
and B were evaluated using an unpaired t- test and the 
chi- squared test, respectively. Differences in continuous 
values such as quadriceps muscle strength, the two- step 
test, and the GLFS- 25 between baseline and follow- up in 
both groups were tested for significance using a paired t- 
test. Differences in ordinal variables such as the stand- up 
test and changes in exercise behavior between baseline 
and follow- up were tested using the Wilcoxon signed- 
rank test. LS stage between baseline and follow- up were 
tested using Fisher's exact test. The interaction between 
time and group for scores on the two- step test, stand-
 up test, GLFS- 25, and muscle strength was analyzed by 

F I G U R E  1  Flowchart of the study design and participant 
selection
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repeated- measures ANOVA. Significance was determined 
at a level of 5% for all tests.

3  |  RESULTS

Table  1  shows the physical characteristics of the par-
ticipants in both groups. No significant differences were 
found between groups in sex, age, height, weight, or BMI. 
The implementation rate of LT (i.e., the percentage of 
workers coming to work in the morning) was 80.3%.

Table 2 shows the results of the three locomotion tests, 
LS stage, and muscle strength for both groups. LS stage 
was significantly improved in Company A (baseline: stage 
0/1/2/3 = 67/20/1/0; follow- up: stage 0/1/2/3 = 80/6/2/0; 
P = .022), but no significant changes were seen in Company 
B (baseline: stage 0/1/2/3  =  88/11/2/0; follow- up: stage 
0/1/2/3  =  84/15/2/0; P  =  .320). No significant changes 
were seen in the two- step test scores for either group, 
but significant improvement was seen in the stand- up 
test for both groups. GLFS- 25  scores (mean  ±  standard 
deviation [SD]) significantly improved for Company A 
(baseline: 3.88 ± 3.54; follow- up: 2.72 ± 2.81; P =  .002), 
but not for Company B (baseline: 3.64 ± 5.30; follow- up: 
3.28  ±  3.84; P  =  .325). The baseline and follow- up val-
ues for quadriceps muscle strength were 501.8 ± 132.5 N 
and 525.4  ±  126.4  N, respectively, for Company A, and 
526.7  ±  128.7  N and 518.0  ±  134.0  N, respectively, for 
Company B. No significant changes were found between 
baseline and follow- up scores for Company B, but a signif-
icant increase was seen for Company A (P = .010).

The numbers of participants with LS at baseline were 
21 in Company A and 13 in Company B. Table 3 shows 
the results regarding LS stage, the three locomotion tests, 
and quadriceps muscle strength at baseline and follow- up 
among the participants with LS for both companies. LS 
stage (baseline: stage 0/1/2/3  =  0/20/1/0; follow- up: 
stage 0/1/2/3 = 16/5/0/0; P <  .001) and GLFS- 25 scores 

(baseline: 8.38  ±  3.75; follow- up: 4.67  ±  2.97; P  =  .001) 
significantly improved among the participants with LS 
in Company A; however, no significant differences were 
seen in Company B.

The numbers of participants without LS at base-
line were 67 in Company A and 88 in Company B. 
Table 4 shows results regarding LS stage, the three loco-
motion tests, and quadriceps muscle strength at baseline 
and follow- up among the participants without LS for both 
companies. In Company A, muscle strength significantly 
increased and performance in the stand- up test tended 
to be improved at follow- up compared with baseline 
(P = .065). On the other hand, for Company B, LS stage 
at follow- up was significantly worse than that at base-
line (baseline: stage 0/1/2  =  88/0/0/0; follow- up: stage 
0/1/2/0 = 79/9/0; P =  .003). However, the results of the 
stand- up test for Company B were significantly improved 
at follow- up compared with baseline (P = .031). Regarding 
changes in the stand- up test, 22 were improved, 55 were 
unchanged, and 11 were worse. Most of the participants 
who showed improvement on the stand- up test were LS 
stage 0 in the baseline survey; fewer participants who 
were LS stage 1 or 2 in the baseline survey showed im-
provement on the stand- up test.

The baseline and follow- up values (mean  ±  SD) for 
exercise behavior in Company A were 2.83  ±  1.38 and 
2.80 ± 1.32, respectively, while those in Company B were 
2.83  ±  1.41 and 2.66  ±  1.40, respectively. No significant 
differences were seen between the baseline and follow- up 
scores in either group.

4  |  DISCUSSION

In this study, we investigated the effects of LT for middle- 
aged workers. LT on weekdays (5 days/week) for 1 year 
improved the LS stage in middle- aged workers, which 
suggests that LT is especially useful for workers with LS. 
However, LT did not change their exercise habits.

Safe, simple, and effective multifactorial exercises 
involving balance and muscle strengthening are rec-
ommended for to help prevent LS. Therefore, the JOA 
proposed LT consisting of standing on one leg with the 
eyes open and performing squats.17 The objective of LT is 
mainly strengthening the muscle power of the lower ex-
tremities and improving balance, which is indispensable 
for ambulation and carrying out basic activities of daily 
living. Sakamoto et al.18 reported that training involving 
standing on one leg with the eyes open was effective to 
prevent falls and hip fracture among clinically defined 
high- risk older people. Some studies19,20  have reported 
that squats are effective to prevent functional decline and 
improve muscle strength in older women. Aoki et al.7 

T A B L E  1  Physical characteristics of each group

Company A, 
n = 88

Company 
B, n = 101 P value

Sex (male/female) 71/17 76/25 .387

Age (years) 46.0 ± 7.4 46.9 ± 8.8 .418

Height (cm) 168.0 ± 8.8 167.1 ± 8.2 .460

Weight (kg) 65.3 ± 11.3 64.3 ± 9.7 .511

BMI (kg/m2) 23.0 ± 2.6 23.0 ± 2.6 .938

Note: Data are expressed as the mean ± standard deviation for age, height, 
weight, and BMI. Differences in age, height, weight, and BMI between the 
two groups were analyzed for significance using an unpaired t- test, and 
differences in sex were analyzed using Pearson's chi- squared test.
Abbreviations: BMI, body mass index; n, number.
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reported that community- dwelling older people engaged 
in self- directed home exercises. One exercise was single- 
leg standing with the eyes open (three sets/day involv-
ing 1  min of standing on each leg/set), and the other 
was squatting or performing a chair- rise exercise with or 
without hand support (three sets/day, 5– 6 times/set). In 
their report, 3 months of training lead to improvements 
in seven of eight subscales on the Short Form- 8 question-
naire and various physical function tests. Ishibashi et al.8 
also reported the effects of LT (including three sets/day of 
single leg standing for 1 min and three sets/day of squat-
ting 5– 10 times) on older females (mean age: 76.2 years). 
In their report, physical function, including gait speed, 
knee extension muscle power, and single leg standing 
time significantly increased after 2  months of training. 
The exercises used in this study are almost the same as 
those used in these previous studies, which found that LT 
consisting of single- leg standing with the eyes open and 
performing squats were highly effective for preventing LS 
in older people. In this study, quadriceps muscle strength 
significantly increased in Company A, which suggests that 
LT including squatting and single- leg standing might be 
effective for improving quadriceps muscle strength. Based 
on previous studies,7,8,19,20 six repetitions of squats is not 

sufficient to improve muscle strength, especially in young 
and middle- aged adults. However, we advised the work-
ers in company A to perform more than six repetitions of 
squats until they felt muscle fatigue, which most workers 
were able to do. Workers who performed more repetitions 
of squats might have raised the average quadriceps muscle 
strength in company A. LT was also effective for prevent-
ing LS in young and middle- aged workers, especially in 
workers with LS.

Yamada et al.21 reported reference values for an LS 
risk test according to age in Japan. In their report, the re-
sults of three kinds of LS tests gradually decreased with 
the age of the participants. Increasing age is one of the 
primary causes of decreased mobility.22– 24 Decreased mo-
bility has been shown to accelerate later in life, especially 
at age 70  years or over.25 Yamada et al.23 also indicated 
that increased age is not related to worse results on the 
three LS tests among older people with a disability. The 
percentage of people with a disability is much higher 
among older than among young and middle- aged people. 
Therefore, interventions for young and middle- aged peo-
ple could be considered reasonable. LT is relatively light 
exercise for young and middle- aged people. However, our 
results showed that LT was effective for recovering LS 

T A B L E  2  Comparison of locomotive syndrome (LS) stage and LS tests between baseline and follow- up for both companies

Company A (n = 88) Company B (n = 101)

Baseline Follow- up P value Baseline Follow- up P value

LS stage

Stage 0/1/2/3 67/20/1/0 80/6/2/0 88/11/2/0 84/15/2/0

Median (IQR) 0 (0– 0) 0 (0– 0) .022* 0 (0– 0) 0 (0– 0) .32

Two- step test score

Mean ± SD 1.66 ± 0.12 1.66 ± 0.11 .822 1.65 ± 0.12 1.66 ± 0.12 .064

Stand- up test

Median (IQR) 6 (5– 8) 6 (5– 8) .012* 6 (5– 7) 6 (5– 8) .042*

GLFS- 25

Mean ± SD 3.88 ± 3.54 2.72 ± 2.81 .002* 3.64 ± 5.30 3.28 ± 3.84 .325

Pain

Mean ± SD 1.97 ± 2.21 1.59 ± 1.62 .070 1.68 ± 1.90 1.63 ± 1.93 .741

Activities

Mean ± SD 0.63 ± 1.11 0.42 ± 1.36 .016* 0.78 ± 2.50 0.57 ± 1.57 .384

Social functions

Mean ± SD 1.09 ± 1.82 0.58 ± 1.21 .003* 0.86 ± 1.47 0.80 ± 1.38 .716

Mental health

Mean ± SD 0.25 ± 0.58 0.13 ± 0.40 .052 0.32 ± 0.87 0.27 ± 0.71 .334

Muscle strength (N)

Mean ± SD 501.8 ± 132.5 525.4 ± 126.4 .010* 526.7 ± 128.7 518.0 ± 134.0 .209

Abbreviations: GLFS- 25, 25- question Geriatric Locomotive Function Scale; IQR, interquartile range; LS, locomotive syndrome; SD, standard deviation.
*P < .01.
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stage level and maintaining quadriceps muscle strength, 
even in young and middle- aged adults. LT had a relatively 
weaker effect on workers without LS. In addition, workers 
without LS in Company B showed significant improve-
ment in the stand- up test. However, workers without LS 
in Company A only tended to show improvement, and 
workers without LS in Company B showed significantly 
worse LS stage and tended to show decreased quadriceps 
muscle strength. The improvement seen for the stand- up 
test in Company B might have been the results of tech-
nical learning because workers at the follow- up checkup 
already knew how to perform the stand- up test and some 
workers might have trained for it. In fact, their quadriceps 
muscle strength tended to decrease. These results suggest 
that LT is effective for maintaining physical performance, 
such as muscle strength, even in young and middle- aged 
workers without LS.

GLFS- 25 scores improved in all workers (Table 2) and 
workers with LS (Table 3) at company A. In all workers, 
activities of daily living and social functions during the 
last month significantly improved. Previous reports found 
that quadriceps strength26,27 and balance28 are positively 
related to activities of daily living and social functions 

among older people. In the present study, LT, which aimed 
to improve lower muscle strength and balance, had posi-
tive effects on activities of daily living and social function 
on the GLFS- 25, even in young and middle- aged workers. 
Among workers with LS, the pain element on the GLFS- 
25 significantly improved. In some diseases such as knee 
osteoarthritis, weak muscle strength has been found to be 
associated with pain, and muscle training can reduce joint 
pain.29 In the present study, LT might have had a positive 
effect on pain in workers with LS.

Exercise habits represent another important factor in 
the prevention of LS. In their cohort study, Nishimura 
et al.10 reported that exercise habits during middle age af-
fect LS in old age. Yoshimura et al.11 also reported that LS 
was less frequent in people than in those without an exer-
cise habit. In Japan, students have to take part in physical 
education classes in their school. Moreover, they usually 
undergo a physical function test every year. However, 
after they start to work, they do not usually have to par-
ticipate in mandatory exercise programs like physical 
education classes for students or physical function tests 
in their workplace. Most workers are not forced to par-
ticipate in mandatory exercise programs and no chance 

T A B L E  3  Comparison of locomotive syndrome (LS) stage and LS tests between baseline and follow- up for workers with LS for both 
companies

LS in Company A (n = 21) LS in Company B (n = 13)

Baseline Follow- up P value Baseline Follow- up P value

LS stage

Stage 0/1/2/3 0/20/1/0 16/5/0/0 0/11/2/0 5/6/2/0

Median (IQR) 1 (1– 1) 0 (0– 0.5) 1 (1– 1) 1 (0– 1)

Two- step test score

Mean ± SD 1.63 ± 0.13 1.61 ± 0.10 .210 1.63 ± 0.13 1.65 ± 0.12 .228

Stand- up test

Median (IQR) 5 (4– 7.5) 5 (5– 8) .059 5 (5– 7) 6 (5– 8) .683

GLFS- 25

Mean ± SD 8.38 ± 3.75 4.67 ± 2.97 .001* 13.15 ± 9.92 9.31 ± 6.16 .126

Pain

Mean ± SD 4.14 ± 2.87 2.33 ± 1.49 .002* 4.62 ± 2.18 4.08 ± 2.78 .552

Activities

Mean ± SD 1.57 ± 1.63 1.00 ± 1.87 .096 4.31 ± 5.88 2.38 ± 3.52 .12

Social functions

Mean ± SD 2.24 ± 2.36 1.00 ± 1.58 .008* 2.77 ± 2.62 1.54 ± 1.98 .041*

Mental health

Mean ± SD 0.43 ± 0.81 0.33 ± 0.66 .589 1.46 ± 1.85 1.31 ± 1.38 .680

Muscle strength (N)

Mean ± SD 458.1 ± 105.6 482.3 ± 131.6 .298 501.2 ± 125.0 506.7 ± 184.7 .819

Abbreviations: GLFS- 25, 25- question Geriatric Locomotive Function Scale; IQR, interquartile range; LS, locomotive syndrome; SD, standard deviation.
*P < .01.



   | 7 of 9NISHIMURA et al.

to know their physical function. From this point of view, 
interventions for young and middle- aged workers may be 
effective to help them form exercise habits and prevent 
the development of LS. However, the interventions in the 
present study did not cause workers in Companies A and 
B to improve their exercise habits. Information regarding 
their decreased physical function provided through the 
health checkups did not lead to improvements in their 
exercise habits. These results suggest that mandatory ex-
ercises might be an ideal way to help workers maintain 
their physical function and prevent the development of 
LS.

This study had several limitations. First, the number of 
participants was relatively small. Especially, there were far 
fewer female than male participants. In general, females 
have more orthopedic diseases and less muscle mass 
than males. In addition, the prevalence of LS is higher 
in females than in males.4,22 Therefore, our LS test scores 
might be relatively higher than those in the general popu-
lation. Second, this study was not population- , but rather, 
occupational field- based. The participants in our study 
worked at a drug or chemical company and had mostly 
“white- collar” jobs, which also does not reflect the general 

population. Third, the health examinations were volun-
tary as opposed to compulsory; therefore, workers who 
had some pain or who worried about their motor function 
tended not to participate. Fourth, the number of squats 
performed by workers in company A was unclear.

In conclusion, the results of this longitudinal study 
suggest that LT is useful even for young and middle- aged 
workers. Especially, LT was more effective for workers 
than for those without LS. However, neither checkups for 
LS nor a combination of checkups for LS and LT improved 
the workers’ exercise habits. Therefore, mandatory exer-
cise programs at the workplace might be an ideal way to 
help prevent LS.
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T A B L E  4  Comparison of locomotive syndrome (LS) stage and LS tests between baseline and follow- up for workers without LS for both 
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Baseline Follow- up P value Baseline Follow- up P value

LS stage

Stage 0/1/2/3 67/0/0/0 64/1/2/0 88/0/0/0 79/9/0/0

Median (IQR) 0 (0– 0) 0 (0– 0) .102 0 (0– 0) 0 (0– 0) .003*
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Mental health
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Muscle strength (N)

Mean ± SD 515.5 ± 137.8 539.0 ± 122.6 .016* 530.4 ± 129.5 519.6 ± 126.2 .133

Abbreviations: GLFS- 25, 25- question Geriatric Locomotive Function Scale; IQR, interquartile range; LS, locomotive syndrome; SD, standard deviation.
*P < .01.; **P < .05.
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