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Abstract : [Purpose] This study aimed to clarify the factors that judged timing for the first

surgery in the cerebral palsy patients who had undergone orthopedic surgeries.

[Methods] 176 questionnaires answered by guardians were selected among 358 patients

who had undergone the orthopedic surgery and be able to collect a questionnaire. We

clarified appropriate group and inappropriate group, unclear group from the query with

timing for surgeries. We carried out one-way analysis of variance and square test among

three groups and analyzed the reasons of query with timing for surgeries by qualitative

analysis.

[Results] Compared with the unclear group, the appropriate group showed a significantly

greater the current satisfaction for the physical function change. In addition, these categories

were selected “postoperative function recovery state”,

» o«

society”,

» o«

factor”, “individuality as severity of impairment”.

compatibility with the participation in society situation”,

» o«

specialized information of the

» o«

effect of environment

[Conclusions] The current satisfaction for the physical function change influenced a

judgment of timing for surgeries, and it was possibility that a judgment of timing for surgeries

and the postoperative satisfaction might improved by environmental setting.

Key words : cerebral palsy, environmental factor, timing for surgeries, questionnaire,

qualitative analysis

(20154 8 H 21 0 FfaEs2AT)

186

Vol.18 No.4 2016




17

s

=1

The Journal of Japan Academy of Health Sciences p.187~199

Effects of continuous exposure of mouse primitive neural stem

cells to methylmercury in proliferation and differentiation stages

Asami Suzukil, Takashi Nakayama4, Masanobu Kinoshita5, Nobuo Inoue

Abstract: Methylmercury (MeHg) is a potent neurotoxin that causes Minamata disease and
is particularly harmful during pregnancy, causing abnormal pregnancy or various adverse
effects including congenital Minamata disease. Neural stem cells (NSCs) can proliferate and
differentiate into neurons and glia, playing a key role in the formation of the CNS. Here, we
examined the effects of continuous exposure of homogeneous embryonic stem cell-derived
primitive NSCs to MeHg in the proliferation and differentiation stages. Cultured without
MeHg in the proliferation stage, NSCs showed an exponential increase in the number of the
cells up to day 4. However, continuous exposure of NSCs to MeHg induced apoptosis and
caused a decrease in the number of NSCs in a dose- and time-dependent manner. Continuous
exposure of NSCs to MeHg in the differentiation stage also caused a decrease in the number
of NSCs but had no or little effect on differentiation from surviving NSCs into neurons and
glia. The NSCs were about 20 times more susceptible to MeHg in the proliferation stage than
the differentiation stage. These effects of continuous MeHg exposure on NSCs may be
valuable in elucidating the mechanisms by which MeHg exposure during pregnancy causes
congenital Minamata disease and reproductive problems. In particular, the present results
suggests that MeHg even at a very low concentration may decrease the number of
proliferating NSCs in the early stages of development of central nervous system (CNS) and
cause shortage of NSCs required for normal development of CNS.
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I Introduction

Methylmercury (MeHg) is a notorious
neurotoxin that was shown to be responsible for
Minamata disease. The initial case of Minamata
disease was officially reported as a peculiar severe
neurological disease of unknown etiology in May
1956 in Minamata City, Kumamoto Prefecture,
Japan. At the end of the year, it was revealed that
there had been 54 patients with similar symptoms
since 1953 in the area around Minamata Bay, and
that 17 of the patients had already died" ™.
Typical symptoms of Minamata disease in children
and adults were sensory disturbance, ataxia,
muscle weakness, visual deficit, and auditory
deficit' ™. Extensive studies performed mainly by
researchers at Kumamoto University finally
established that the disease was caused by the
daily consumption of fish and shellfish that were
heavily polluted by MeHg in waste water from a
chemical factory6~8>. In addition to children and
adults, MeHg was shown to harm the embryonic/
fetal nervous system through the mother’s body
and result in abnormal pregnancy defined as fetal
death? or congenital (or fetal) Minamata
disease!® V. As of 2005, a total of 2265 people
have been officially certified as Minamata disease
patients in the Minamata area, and as many as
12300 people suffering from two or more
symptoms of the Minamata disease acquired
official support for medical expensesg>. In addition
to the Minamata area, outbreaks of Minamata
disease were also reported along the Agano River
in Niigata prefecture, Japan, in the 1950s and
1960512>, where 690 people were officially
certified”’, and in Iraq in 1971-1972"%.

Children with serious congenital Minamata
disease showed symptoms similar to cerebral
palsy together with symptoms characteristic of
congenital Minamata disease, including
intelligence disturbance, cerebellar symptoms, and
strabismus, although their mothers had moderate
symptomsw' 1 These results suggest that the

nervous system is highly susceptible to MeHg in
the developmental stage. During development of
the nervous system, neural stem cells (NSCs) play
a key role in proliferation and differentiation into
neurons, astrocytes, and oligodendrocytesm.
Therefore, it is necessary to assess the influence of
MeHg on NSCs to understand its effects on
development of the fetal nervous system. NSCs, as
well as neurons and gliam, have been reported to
be induced to undergo apoptotic cell death by
MeHg exposure using several types of NSCs, rat
primary embryonic cortical NSCs and an NSC line
originally derived from the neonatal mouse
cerebellum (C17.2 cells)'®, human NSC line
derived from umbilical cord blood (HUCB—NSCs)m,
and neural progenitor cells derived from the
embryonic brain18>. However, NSCs were acutely
exposed to MeHg in these previous studies,
although fetuses in the uterus are generally
exposed to MeHg chronically or continuously.

We reported previously that a large number of
homogeneous NSCs can be directly produced via
unidirectional neuronal differentiation from
embryonic stem cells (ESCs) by the simple neural
stem sphere (NSS) method!® 2V, ESC-derived

NSCs can be stably expanded exponentiallyzz>

and differentiated into neurons and gliaw’ 23,20
The NSCs have been used successfully to study
their responses to acute extrinsic stimuli, i.e.,

25) and heat shock%). Here, we

X-irradiation
investigated the responses of NSCs to a not acute
but continuous extrinsic stimulus, MeHg exposure,
in the proliferation and differentiation stages. In
addition, we focused on analyses of changes in cell
number during MeHg exposure, because a
sufficient number of NSCs is necessary to generate
appropriate numbers of neurons and glia required
for development of a normal central nervous
system (CNS). Consequently, we found that
continuous MeHg exposure induces apoptotic cell
death and decreases the number of NSCs in a time-
and dose-dependent manner, and that NSCs are
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more susceptible to MeHg in the proliferation
stage than in the differentiation stage.

II Materials and methods

1. Preparation of NSCs and culture

Homogeneous NSCs were prepared from mouse
ESCs by the NSS method, as described
previouslylg' 20 NSCs were plated onto dishes
coated with Matrigel (BD MatrigelTM Basement
Membrane Matrix Growth Factor Reduced;
Invitrogen, Carlsbad, CA) and allowed to
proliferate exponentially in proliferation medium
(PM) consisting of neurobasal medium (Invitrogen)
supplemented with 2% B-27 (Invitrogen) and
20 ng/ml fibroblast growth factor-2 (FGF-2) (R&D
Systems, Minneapolis, MN). The medium was
replaced every 2 days. To induce differentiation of
NSCs into neurons and glia, the medium was
switched from PM to differentiation medium
(DM) consisting of neurobasal medium
supplemented with 2% B-27 and 10% astrocyte-
conditioned medium (ACM). The cells were
cultured for up to 4 days without medium change.

2. Exposure of NSCs to MeHg

Proliferating NSCs were suspended in PM and
plated at a density of 2 X 10%/cm? on Matrigel-
coated dishes. To evaluate the effects of exposure
of NSCs to MeHg in the proliferation stage, the
culture medium was replaced by PM containing
various concentrations (0—1000 nM) MeHg
(methylmercury chloride; Sigma-Aldrich, St.
Louis, MO) on the next day after plating. The cells
were cultured in media containing MeHg for 4
days, with culture medium changed on day 2. To
investigate the effects of the exposure of NSCs to
MeHg in the neural differentiation stage,
proliferating NSCs in PM were plated as above.
The PM was replaced by DM containing MeHg on
the next day after plating. The cells were cultured
for 4 days without medium change. The numbers
of cells on dishes were determined every 24 hours
using five or ten images acquired using an inverted

phase-contrast microscope (Eclipse TE300; Nikon,
Tokyo, Japan).

3. Immunofluorescence analysis

Cells plated and cultured on Matrigel-coated
coverslips were fixed with 4% paraformaldehyde in
phosphate-buffered saline (PBS). Immunocyto-
chemistry was performed using standard protocols
and antibodies as follows: Nestin (Rat-401, 1:100;
Developmental Studies Hybridoma Bank, Iowa
City, IA); microtubule-associated protein 2
(MAP2) (1:200; Chemicon, Temecula, CA); glial
fibrillary acidic protein (GFAP) (1:400;
Chemicon); Alexa Fluor® 488- and 546-conjugated
secondary antibodies (1:200; Molecular Probes,
Eugene, OR). The nuclei were counterstained with
4’,6-diamidine-2’-phenylindole dihydrochloride
(DAPI). All fluorescence images were acquired
using a fluorescence microscope (Carl Zeiss,
Oberkochen, Germany).

4. Terminal deoxynucleotidyl transferase-
mediated dUTP nick end labeling (TUNEL)
staining

Cells on coverslips were fixed, and apoptotic

cells were detected by TUNEL staining with an In
situ Cell Death Detection Kit, Fluorescein (Roche
Applied Science, Mannheim, Germany) according
to the manufacturer’s instructions. Nuclei were
counterstained with DAPI, and TUNEL" nuclei
were assessed by fluorescence microscopy.

5. Real-time reverse transcription polymerase
chain reaction (RT-PCR) analysis

Poly (A) " RNA was extracted from the cells

cultured as above using Mlustra™ QuickPrep
Micro mRNA Purification Kits (GE Healthcare
Bio-Sciences Corp., Piscataway, NJ). Each mRNA
preparation was reverse transcribed into cDNA
using random hexamer primers. Quantitative
real-time RT-PCR was performed using a
StepOnePlusTM Real Time PCR System (Applied
Biosystems, Foster City, CA) and Power SYBR®
GREEN PCR Master Mix (Applied Biosystems)
with specific primer pairs. The primer pairs for
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glyceraldehyde-3-phosphate dehydrogenase
(GAPDH), Nestin, MAP2, GFAP, and myelin
basic protein (MBP), which have been used
previouslyw, and the following sense and antisense
primers were designed using Primer ExpressTM
software (Version 2.0; Applied Biosystems): S-actin
(ACTB), 5-ATGGTGGGAATGGGTCAGAA-3’
and 5-CCAGTTGGTAACAATGCCATGT-3;
ribosomal protein S29 (RPS29),
5-TACTGGAGTCACCCACGGAAGT-3" and
5-GGCACATGTTCAGCCCGTAT-3;
ribosomal protein L4 (RPL4),
5-AAAGCTCCCATTCGACCAGAT-3" and

5-TCTGATGACCTGCCAATTCACT-3". The
expression level of each gene was normalized
relative to that of the housekeeping gene, RPS29.

III Results
1. Dose- and time-dependent decreases in
the number of NSCs in the proliferation
stage associated with MeHg exposure
The effects of continuous MeHg exposure on
the number of proliferating NSCs were evaluated
by culturing NSCs in PM containing various con-
centrations of MeHg for 4 days. The morphologies
of the cells exposed to MeHg were similar to those
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Figure 1 Changes in morphologies and cell numbers of NSCs after MeHg exposure in PM

(A-C) Phase-contrast micrographs of NSCs cultured for 4 days in PM with 0 nM MeHg (A), 100 nM MeHg (B), or
1000 nM MeHg (C). Scale bars: 100 um. (D) Cell growth analysis of proliferating NSCs after MeHg exposure. NSCs were
plated at a density of 2 X 10°/cm? on dishes and cultured for 1 day in PM and subsequently for 4 days in PM with 0 nM
MeHg (control) (O), 1nM MeHg (£), 3nM MeHg (), 10 nM MeHg (), 30 nM MeHg (@), 100 nM MeHg (4),
300 nM MeHg (M), or 1000 nM MeHg ( 4 ). The numbers of cells were counted every day. The values represent the
means = SEM (bars). *P < 0.05, **P < 0.01 compared with control. (E) Dose-response curves on day 1 (O), day 2
(), day 3 ([), and day 4 (). The cell numbers are shown as percentages of control cells and are expressed as means
+= SEM (bars) of four determinations.
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of control cells (Fig. 1A-C). Cultured without
MeHg, NSCs showed an exponential increase in
the number of the cells up to day 4, with a doubling
time of about 24 hours (Fig. 1D). However,
increases in the numbers of cells were inhibited by
culture in the presence of MeHg in a
dose-dependent manner (Fig. 1D). The numbers
of cells cultured with more than 10 nM MeHg were
significantly lower than those in the controls, and
the number of cells cultured with 100 nM MeHg
reached the maximum on day 2 of culture but did
not increase thereafter (Fig. 1D). The majority of
NSCs were lost during culture in the presence of
> 300 nM MeHg, and the cell number dropped
below the initial number on day 4 (Fig. 1D). The
dose-response curve of each day in cell culture
(i.e., days 1, 2, 3, and 4; Fig. 1E), indicated that
the susceptibility of NSCs to MeHg increased in a
time-dependent manner. Finally, the dose-response
curve on day 4 showed a 50% inhibitory
concentration (ICs value) of about 20 nM MeHg.
The results indicated that exposure of NSCs to
MeHg in the proliferation stage decreases the
number of cells in a dose- and time-dependent
manner.

2. Induction of apoptosis in proliferating NSCs

by MeHg exposure

To determine whether the dose- and
time-dependent decreases in number of
proliferating NSCs by MeHg were due to apoptotic
cell death, TUNEL staining was performed on the
cells on day 1 after MeHg exposure. The ratio of
TUNEL" to DAPI-stained (total) nuclei increased
in a dose-dependent manner, with the percentage
of apoptotic cells following incubation at 100 nM
being 44.2%, which was 3.8-fold higher than that
of the control cells (Fig. 2). These results
indicated that MeHg at 100 nM induced severe
apoptotic cell death in proliferating NSCs and
caused the almost complete inhibition of increase
in cell number of NSCs (Fig. 1D and E).

50

*k

40

20

TUNEL* cells (%)

0 1 10 100
Concentration of MeHg (nM)

Figure 2 TUNEL detection of apoptotic cells after
MeHg exposure in PM

TUNEL assay was performed on NSCs cultured for
1 day in PM with 0 nM MeHg (white bar), 1 nM MeHg
(light gray bar), 10 nM MeHg (dark gray bar), or
100 nM MeHg (black bar). The TUNEL™ cells are
shown as percentages of the total cell number. All data
are presented as the means = SEM (bars) of three
determinations. * *P < 0.01 compared with control.

3. Effects of continuous exposure to MeHg on
NSCs at the differentiation stage

To evaluate the effects of continuous exposure
to MeHg in the differentiation stage, NSCs were
induced to differentiate by changing the culture
medium from PM to DM, ACM-supplemented
medium, containing various concentrations of
MeHg and cultured for 4 days. The control cells,
which were cultured without MeHg, showed
changes in morphology, and many neuron-like
cells appeared (Fig. 3A), and the morphologies of
the cells exposed to MeHg were similar to those of
control cells (Fig. 3B, C). The control cells
showed an exponential increase in cell number up
to day 2, after which the increase gradually slowed
and stopped by day 3 (Fig. 3D). The increase in
cell number was inhibited by MeHg in a
dose-dependent manner (Fig. 3D). The numbers
of cells cultured in the presence of >300 nM MeHg
were significantly lower than the controls from day
2 (Fig. 3D). The dose-response curves of cells
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Figure 3 Changes in morphologies and cell number of NSCs after MeHg exposure in DM
(A-C) Phase-contrast micrographs of NSCs cultured for 4 days in DM with 0 nM MeHg (A), 100 nM MeHg (B), or
1000 nM MeHg (C). Scale bars: 100 um. (D) Cell growth analysis of differentiating NSCs after MeHg exposure. NSCs
were plated at a density of 2 X 10%/cm? on dishes and cultured for 1 day in PM and subsequently for 4 days in DM with
0nM MeHg (control) (O), 10 nM MeHg (), 30 nM MeHg (@), 100 nM MeHg (A), 300 nM MeHg (H), or 1000 nM
MeHg (@). The numbers of cells were counted every day. The values represent the means = SEM (bars). *P < 0.05,
** P < 0.01 compared with control. (E) Dose-response curves on day 1 (O), day 2 (2), day 3 (1), and day 4 (<>). The
cell numbers are shown as percentages of control cells and are expressed as means + SEM (bars) of four determinations.

cultured for a prolonged period indicated that the
more prolonged exposure resulted in the more
decrease in cell number (Fig. 3E), and the curve
at day 4 showed an ICs value of about 400 nM
for MeHg. The value in the differentiation stage
was about 20 times higher than that in the
proliferation stage. These results suggest that the
effects of MeHg on the number of NSCs in the
differentiation stage are both dose- and time-
dependent and NSCs in the differentiation stage
were less susceptible to MeHg than those in the
proliferation stage.

4. Effects of MeHg exposure on neural cell
marker gene and protein expression in
NSCs in the proliferation and differentiation
stages

Real-time RT-PCR analysis was performed to

investigate whether exposure of NSCs to MeHg in
the proliferation and differentiation stages induces
changes in cellular characteristics. The expression
level of each target gene was normalized relative to
that of RPS29 mRNA in this experiment. In
previous studies, we used the GAPDH gene as a
housekeeping gene to normalize the expression

20, 22, 24~26

level of the target genes ), However,

because exposure to 100 nM MeHg upregulated
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Figure 4 Gene expression analysis of NSCs in proliferation and differentiation stages after MeHg exposure
Gene expression levels were measured by quantitative real-time RT-PCR and normalized relative to that of RPS29. Data are
presented as the means = SEM (bars) of four determinations. **P <001 and *P < 0.05 compared with control. (A)
Determination of the expression levels of various housekeeping gene candidates, including GAPDH, RPL4, and ACTB.
NSCs were cultured for 4 days in PM with 0 nM MeHg (control) (white bars), 100 nM MeHg (light gray bars), 300 nM
MeHg (dark gray bars), or 1000 nM MeHg (black bars). The ordinate represents the ratio of gene expression level to that
of control. (B) Gene expression of Nestin, a neural stem cell marker, after MeHg exposure in the proliferation stage. NSCs
were cultured for 4 days in PM with 0 nM MeHg (control) (white bars), 100 nM MeHg (light gray bars), 300 nM MeHg
(dark gray bars), or 1000 nM MeHg (black bars). The ordinate represents the ratio of gene expression level to that of
control. (C) Gene expression of neural cell markers after induction of neural differentiation. NSCs were cultured for 4 days
in PM (control) (white bars) or DM (gray bars). The values of the gene expression levels of Nestin (left), MAP2 (center),
and GFAP (right) were standardized relative to those in PM. The means of gene expression level were 0.09 (Nestin in
PM), 0.07 (Nestin in DM), 0.16 (MAP2in PM), 0.41 (MAP2in DM), 6 x 10> (GFAPin PM), and 0.10 (GFAP in DM).
(D) Gene expression of neural cell markers after MeHg exposure in the differentiation stage. NSCs were cultured for 4
days in DM with 0 nM MeHg (control) (white bars), 100 nM MeHg (light gray bars), 300 nM MeHg (dark gray bars), or
1000 nM MeHg (black bars). The ordinate represents the ratio of gene expression level to that of control.

GAPDH gene expression but not that of the RPS29 cells cultured in PM without MeHg for 4 days
gene as well as the other candidate housekeeping (Fig. 4B and C, left, white bar), whereas MAP2
genes, RPL4 and ACTB genes%) (Fig. 4A), we and GFAP genes, markers of neurons and astro-
adopted the RPS29 gene as a housekeeping gene cytes, respectively, were expressed at low levels
in this analysis. (Fig. 4C, center and right, white bar, respective-

Quantitative gene expression analysis demon- ly), as reported previouslyZO’ 22,:25.26) The level of
strated high levels of expression of the Nestin Nestin gene expression in the control cells was not
gene, a marker of NSCs, in proliferating control significantly different from that in cells cultured for
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Figure 5 Immunofluorescence analysis of NSCs
cultured in PM and DM, and surviving
NSCs after MeHg exposure subcul-
tured in PM and DM
(A-F) NSCs were cultured for 4 days in PM with 0 nM
MeHg (control) (A) or 100 nM MeHg (B), or were
cultured for 5 days in DM with 0 nM MeHg (control) (C
and E) or 100 nM MeHg (D and F). (G-L) NSCs were
cultured for 4 days in PM with 0 nM MeHg (control) (G,
I and K) or 100 nM MeHg (H, J and L). Surviving cells
after exposure were collected and subcultured for 4 days
in PM (G and H) or for 1 day in PM and subsequently for
5 days in DM (I, J, K, and L). Fluorescence microscopy
images of Nestin (red in A, B, G, and H), MAP2 (green
inC, D, I, and J), and GFAP (red in E, F, K, and L) with
DAPI counterstaining for nuclei (blue). Scale bars:
50 um.

4 days with higher concentrations of MeHg (100,
300, and 1000 nM) (Fig. 4B). Similarly, low levels
of MAP2 and GFAP genes expression were ob-

served in cells exposed to high concentrations of
MeHg (data not shown). In addition to gene ex-
pression analyses, immunofluorescence staining
showed that almost all of the cells exposed to
100 nM MeHg for 4 days were positive for Nestin
(Fig. 5A and B). These results indicated that the
cells surviving after MeHg exposure in the prolif-
eration stage retain the characteristics of NSCs
represented by capacity for Nestin gene and
protein expression.

Real-time RT-PCR analysis proved that NSCs in
DM can be induced to undergo differentiation
into neurons and astrocytes, as reported
previously?> 2% . Induction of differentiation in the
control cells reduced the level of Nestin gene
expression slightly but not significantly (Fig. 4C,
left, dark bar), and, in contrast, significantly
upregulated the levels of MAP2 and GFAP gene
expression (Fig. 4C, center and right, dark bars).
The expression levels of MAP2 and GFAP gene in
the cells exposed to MeHg were upregulated (data
not shown) but were not different from those of
the control cells (Fig. 4D, center and right, dark
and black bars). Expression of the MBP gene, a
marker of oligodendrocytes, was not detectable
in this experiment (data not shown).
Immunofluorescence staining confirmed that
control NSCs differentiated into MAP2-positive
neurons (Fig. 5C) and GFAP-positive astrocytes
(Fig. 5E) after culture for 5 days in DM, as
reported previouslyzs’ 2), Similarly, the NSCs
exposed to MeHg differentiated into MAP2-
positive neurons (Fig. 5D) and GFAP-positive
astrocytes (Fig. 5F). These results suggest that
differentiation from NSCs to neurons and
astrocytes is not significantly affected by exposure
to MeHg.

5. Proliferation and differentiation capacities

of surviving NSCs after MeHg exposure

To investigate whether the cells surviving after
MeHg exposure retain the characteristics of NSCs,
such as capacity for self-renewal and differentia-
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Figure 6 Cell growth analysis of subcultured NSCs
after MeHg exposure in PM

After NSCs were cultured for 4 days in PM with 0 nM
MeHg (control) (O) or 100 nM MeHg (), the surviving
NSCs were collected. The cells were plated at a density of
2 x 10%/cm? on dishes and subcultured for 4 days in PM.
The numbers of cells were counted every day.

tion, the cells were exposed to 100 nM MeHg for 4
days and surviving cells were subcultured in PM.
First, the surviving cells increased exponentially in
number in PM for 4 days similar to the control
cells (Fig. 6). Immunofluorescence analysis indi-
cated that almost all of the cells expressed Nestin
protein after subculture of both surviving cells and
control cells (Fig. 5H and G). These results indi-
cated that the surviving cells after exposure to
100 nM MeHg for 4 days retained the capacities for
proliferation and Nestin gene expression. Next, to
examine whether the surviving cells after MeHg
exposure retained neural differentiation capability,
the cells were subcultured in PM for 1 day and
subsequently in DM for 5 days to induce differenti-
ation. Immunofluorescence analysis demonstrated
that many MAP2-positive and GFAP-positive cells
were present after subculture of the surviving cells
and control cells (Fig. 5] and I, L and K). These
results suggest that the surviving cells after MeHg
exposure retained the characteristics of NSCs, i.e.,
capacities for proliferation and differentiation into
neurons and glia.

IV Discussion

The present study clearly demonstrated that
continuous exposure of NSCs to MeHg induces
apoptosis in the proliferation stage and causes a
decrease in the number of NSCs in a
dose-dependent manner. Interestingly, the results
presented here also indicated that the
susceptibility of NSCs to MeHg in the proliferation
stage increased during continuous MeHg exposure
in a time-dependent manner, and became very high
after exposure for 4 days (ICso, 20 nM). On the
other hand, previous studies have not indicated
changes in the susceptibility of NSCs to MeHg
during continuous exposure. For example, acute
MeHg exposure for short periods (24 or 48 hours)
has been reported to induce apoptotic cell death in
various types of proliferating NSCs, including rat
primary embryonic cortical culturew), mouse NSC
line (C17.2) 16), and human NSC line (HUCB-
NSC) 1, Although another study indicated that
MeHg exposure for 6 days induced apoptosis in
proliferating mouse neural progenitor cells derived
from different regions of the embryonic brain
(telencephalon and diencephalon), the authors
have not reported the time-dependent changes in
susceptibility to MeHgm). The 1Cs¢ values
estimated from the results of previous
reportswwlg), from 100 to 600 nM, are much
higher than that of the present study after
exposure for 4 days (ICso, 20 nM). The biological
half-life of MeHg has been reported to be
considerably long, from 35 to 189 days, with an

28). Therefore, embryos/fetuses

average of 72 days
in utero are generally thought to be exposed to
MeHg continuously or chronically rather than
acutely. The time-dependent increase in
susceptibility of NSCs is thus very informative to
estimate the neurotoxic effects of MeHg on
nervous system development in utero.

It is speculated that apoptotic cell death is the
main cause of the time-dependent increase in

susceptibility to MeHg. Continuous MeHg
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exposure induces apoptosis in some NSCs.
Therefore, the pool of proliferating NSCs
decreases gradually during exposure, while all of
the control cells continued to proliferate
exponentially. In addition to apoptosis, other
groups have shown that acute MeHg exposure
inhibits proliferation of HUCB-NSCs'” and
primary fetal CNS cells in culture® . Further study
remains to elucidate fully in which mechanism
MeHg exposure inhibits proliferation of NSCs.
The susceptibility of NSCs to MeHg at the
differentiation stage has been demonstrated to be
lower than that at the proliferation stage, but it is
comparable to or higher than the other types of
neural cells, neurons and glia15>. In addition, we
showed that MeHg exposure decresed the number
of cells but did not significantly affect the process
of differentiation from the surviving NSCs to
neurons and glia itself. The results regarding
neuronal differentiation conflict with those
obtained in rat primary cortical culture'® but
agree with those obtained in HUCB-NSCs'”. With
regard to differentiation into astrocytes, however,
the present results were inconsistent with those
obtained in HUCB-NSCs!”’. The reasons for these
discrepancies are unclear, but may be due to the
differences in origin of the NSCs. In fact, the
susceptibilities of NSCs derived from the
telencephalon and the diencephalon to MeHg were
differentw). In contrast, we employed ESC-derived

19~22

primitive NSCs ), which was in the default

state'?.

From the present results, the effect of chronic
exposure of embryos/fetuses to MeHg in vivo is
presumed to be a decrease in the number of NSCs,
and it likely explain CNS maldevelopment and
reproductive problems caused by prenatal MeHg
exposure. Normal development of the CNS
requires the concomitant and coordinated
ontogeny of proliferation and differentiation to
occur in a temporally and spatially controlled

manner. Therefore, perturbations of the processes

during development by MeHg exposure can result
in disturbance of the structure and function of the
CNS®” . A number of in vivo studies in rodents and
non-human primates have demonstrated the effects
of MeHg exposure on neurodevelopmentglwe"l).
On the other hand, in humans, congenital
Minamata disease was established to be caused by
MeHg exposure of embryo/fetus during

pregnancylo’ 1

. Patients with this disease develop
severe various neurological and mental symptoms,
such as intelligence disturbance, primitive reflex,
cerebellar symptoms, disturbance of body growth
and nutrition, dysarthria, deformity of limbs,
strabismus, etc. 101D Pathological studies have
demonstrated that cortical lesions of the brain are
distributed more widely and more severely in
congenital Minamata disease than in infantile and

35, 36). In addition, in many cases,

adult cases
hypoplasia and dysplasia of the nervous system
were observed in congenital Minamata disease,
and a specifically small brain was reported in
two of three autopsy cases. Microcephaly
accompanying congenital Minamata disease was
indirectly suggested by the report that small heads
were observed in 40% of children that were exposed

37). A sufficient

to high levels of MeHg in utero
number of NSCs is necessary for normal ontology
of developmental processes in the CNS. Therefore,
the decrease in NSC number by MeHg exposure
may result in the pathogenesis of congenital
Minamata disease, microcephaly, hypoplasia, and
disturbance of CNS function. In addition, if the
influence of MeHg on the NSCs is not so severe, it
may result in moderate symptoms depending on
the severity. In the case of Iraqi infants that had
been exposed to MeHg during pregnancy, a
dose-response relationship was reported between
the severity of symptoms and MeHg concentration
in maternal hair®® . In addition, an epidemiological
study suggested a relationship between pre- or
postnatal exposure to MeHg and psychiatric
symptoms among the general population in
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Minamata® . Severe loss of NSCs during ontology
may terminate development of the embryo/fetus
and result in reproductive problems, such as
miscarriage, abortion, and stillbirth. In fact, an
epidemiological study indicated that the incidence
rates of reproductive problems, defined as fetal
death, stillbirth, and spontaneous abortion, were
increased in two areas heavily contaminated with
MeHg, around Minamata Bay in the period
between 1956 and 1968, when the pollution became
serious” .

An epidemiological study on neurotoxicity
suggested that MeHg exposure is more hazardous
prenatally than postnatally‘m). MeHg in the
environment is therefore a matter of great concern,
and to protect human health and the environment
from anthropogenic emissions and release of
mercury and mercury compounds, the “Minamata
Convention on Mercury was agreed at the
Intergovernmental Negotiating Committee in
Geneva, Switzerland, in 2013. Epidemiological
studies performed to date have mainly focused on
assessment of the neurotoxic effects of MeHg on
infants and children. However, as shown above, it
will be necessary to assess the effects of MeHg on
reproductive problems in addition to neurotoxic
effects in future studies.
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W EERT 5720, TROFET HwTH
L 7= EEMEIC B 2 B omE OMICx LT,
WSO & 5 tBEx H W MBI e e ZE
Mhrwhrr g Lz (B 1),

ErER AL = a - B+,
THMEFAEL ] =y

(o - P BYERIE A EEL" ], B HEBY N i A
),y RBEETIE AL ])

BEVEIC BT B RBIETZ0h 9 5 ERAET - LRI
OB EHET 2720, HEGSIT T Hvz. £
7o, BEMEIC B M T & o R R/ R R R
RO R (/e tt) & 2 B/ s/ e AT F FE o
s /B ) ok LT, BiEIC & 5w L AHIC
LBV EHERT S 720, KARNEIZ & 5 It
B EAT 8 £ 0% E L E (Bonferroni ) %

vz, 5612, ZEIEICBIT 2 S/ OGS
(% MVC)IZRFL T, BIMEIC X 2BV EHIZL S
HEWEERT 4720, KAEHEIC X 5 ZIoREsy
BT B & 0% H L EHE (Bonferroni #:) % v
720

FTRTOMRIOFEAKHEL 5% & L7z,

IV #8

3EMEOAR T Ty FEMEIZBWT, BBIETE i
50° F Tl et clhE L TEREL T\, £
T, RIS (e RAED - WRBAED - ERIEN 0°
WAL & BAAGIAE, MeBAETAT 50° F T L7z
BARTRAME L, BREEH? BT sTLo
A RAES & LB A O 7 — & (42 10 #1) % fiF
L7z

ER OB = O EFILO HEICE T % ICC
(L)1, KEREAAT0.67, HNHEILR A 091, 4+
A 5 A% 0.90, KB TAAG 25 0.98, P BEARA A
0.95, BENEASNHITEAS 0.73, BEIEASYMHISE AT 0.85,
Hi IS G55 0.88 T, § TR CHIMEA TR
T&7. REITHT BHEA & R H 0GR TR
DOEER) FTOHBEOE G (BEHERZE) [%]1E,
NS 75 60.5(6.8), FS#%779.2(4.9), BS #%20.5(5.8)
THY, BEMMTHEEESR SN0, Wk
FIIIRE Y IZ 3D A Ty FEWERXBIL
TITo TV S E DR TESe A2 T v M)
VED AT R O F I (B 25) [sec]id, NS
71.15(0.47), FS $%1.49(0.59), BS 7% 1.40(0.55)
T, NSAFS - BS & ) A EICHAITRE M 2348 5 -
720 %A Ty NEMWEBRITH O S B B K%
EFHGE & TRYES A EOF Y E, R1IIR
L7z &A 2Ty FEWEDEHIZ B CTIREER
L TRMASHGE L OICIZEEEITIAS R
T, TRTCORZ T v NEECTHR L TRUILIETT
RN TW 22 EDRIBE N,

15 e 75 e B £ B V259 % IS 5 i o BE & AL B
R AEOMRER 2, 312K, 2hib,
3L BT RTEVIERKL0994 <R <
0.999) O EAMEIFRCTRT Z LA TE . T2k
FET 50° Ji B A7 |2 )53 L 72 1 2 C oD Jigs B it i
B & ERIER YR A Ol (EHRERE) X, Zh
ZINS T 53.8(9.5), 19.7(5.3), FS T 54.5(8.7),
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x1 &Z77 v FEMEICH T BHRERAE & TRIARAEOFHE (FEREE) [°)

NS FS BS
1 hag THR heg The 1h5¢ THR
1 1.2 (1.0) 21 (1.3) 1.7 (1.1) 1.9 (0.7) 2.1 (0.4) 1.0 (1.5)
2 25 (1.8) 4.3 (2.2) 3.3 (1.6) 42 (1.4) 3.8 (0.8) 2.0 (2.2)
3 4.4 (2.4) 6.1 (2.9) 5.3 (2.0) 6.2 (1.9) 59 (1.1) 3.1 (3.3)
4 6.3 (2.8) 7.6 (3.3) 7.2 (2.5) 8.4 (2.4) 8.0 (1.5) 4.2 (4.1)
5 8.3 (3.2) 9.2 (3.7) 9.4 (2.8) 109 (2.7) 9.9 (2.1) 5.6 (4.6)
6 10.1 (3.5) 11.2 (4.0) 11.4 (3.0) 12.9 (3.0) 11.6 (2.4) 7.0 (5.3)
7 11.7 (3.9) 13.5 (4.4) 12.9 (3.1) 14.9 (3.3) 13.2 (2.8) 8.6 (5.9)
8 13.2 (4.1) 15.6 (4.8) 14.7 (3.1) 17.2 (4.0) 14.8 (3.2) 10.3 (6.7)
9 14.7 (4.5) 17.8 (5.0) 15.9 (3.3) 19.3 (4.6) 16.1 (4.1) 11.9 (8.1)
10 16.0 (4.6) 19.7 (5.3) 17.7 (3.0) 22.2 (5.9) 17.6 (4.7) 13.1 (8.8)
60
55 -|- NS:y=1.05x+0.41, R*=0.999, p<0.001
FS:y=1.08x—0.24, R?=0.999, p<0.001
50 - BS:y=0.91x—1.10, R?=0.997, p<0.001
45 A
L4
B 10 v
E% / r"
B 55 P
& / ’o-' NS
22 30 o
B o5 I/J' eFS ———
— P
— 20 /'/’ rd ABS -on---
15 P
“a
ol g
o
5 P
/.""
0 = T T T T T T T T 1
0 5 10 15 20 25 30 35 40 45 50

IRasiEd A E [ ]
X2 RREAEREmA IO Y 2 BREAEE A E

22.2(5.9), BS T45.4(13.3), 13.1(8.8) TH » 7=
FAG I & % —JCEL @ 5w - % & e
X, ML L BSANS-FS LB LTHE
IAME T - 72 (p < 0.05) 6
ZEEICBI D/ IR - /IR R 2 1%
L7zo B/ - /MR E HICHIC X B TWF &
RHAEIEA SN Do 7288, BIWEIC & 5 FAh5
(JB/Mtt © F = 25.053,p < 0.001, J&//kt : F =
19.904,p < 0.001) ZBD7z. 2F D, T XTOH
ECHIENIZABEEZIZIALN o720, EfEME
TIHEEENAS N, B/ - B/

fiilx, NS-FSTizZnhZFnBBLZ11 04,
BSTIX09 02&7%bh, WMik&d NS FSIZh
LCBS A EIKETH - 726

BRI B DI EIR L, BEEDD -2
DIHEFRI IR LI

KERESS, WHLE, SMIARH T, 8ifEic
BEMEELZAEREAS N h 7208, ML
B FRRAE ROz, KERERH O X 2 FE)E(F
= 6.032, p < 0.005) 1, FE1MHEDEE 8~ 104,
BE2MHE D9 1040, 3 ~64 L D% 104
THEICHITHED S o 720 WHIEHOMIZ X
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60

55
50
45 +—— -
NS:y=0.39x+0.05, R*=0.997, p<0.001
F'% 40 +—— FS:y=0.44x—0.24, R?>=0.999, p<0.001
&5 BS:y=0.27x—0.62, R?=0.993, p<0.001
# 35— XNS ——
E 30
®FS ———
E 25
= 20 _g=% aBS -----
- "
15 -
——
10 L
; -ﬂ""-i
O —I = T T T T T T T T 1
0 5 10 15 20 25 30 35 40 45 50
IREsEHRAE [ ]
X3 EEEEMAEICHT 2 EHEHETEAE
£2 BAUTv FEMEICH T BB/ERE ER/IREDEHE LU LEDOFEYE (BERE)
B/ Bkt B/Rt
8 NS FS BS NS FS BS
1 1.19 (0.43) 1.05 (0.34) 0.79 (0.30) 0.43 (0.25) 0.39 (0.15) 0.20 (0.30)
2 1.18 (0.39) 1.09 (0.29) 0.82 (0.27) 0.43 (0.22) 0.42 (0.14) 0.20 (0.22)
3 1.12 (0.34) 1.06 (0.25) 0.81 (0.27) 0.41 (0.19) 0.41 (0.13) 0.21 (0.22)
4 1.06 (0.30) 1.06 (0.23) 0.81 (0.25) 0.38 (0.16) 0.42 (0.12) 0.21 (0.20)
5 1.04 (0.27) 1.06 (0.22) 0.83 (0.25) 0.37 (0.15) 0.43 (0.11) 0.23 (0.18)
6 1.04 (0.25) 1.05 (0.20) 0.85 (0.2) 0.37 (0.13) 0.43 (0.10) 0.23 (0.18)
7 1.05 (0.24) 1.06 (0.18) 0.87 (0.24) 0.39 (0.13) 0.43 (0.10) 0.25 (0.17)
8 1.06 (0.22) 1.06 (0.18) 0.89 (0.25) 0.39 (0.12) 0.43 (0.10) 0.26 (0.17)
9 1.07 (0.20) 1.08 (0.17) 0.91 (0.27) 0.40 (0.11) 0.43 (0.10) 0.26 (0.18)
10 1.08 (0.19) 1.09 (0.17) 0.91 (0.26) 0.39 (0.11) 0.44 (0.12) 0.26 (0.18)
2HEOFE 1.09 (0.06) 1.07 (0.01) 0.85 (0.04) 0.40 (0.02) 0.42 (0.02) 0.23 (0.03)
BEIC L BER NS - FS > BS*™ NS - FS > BS™
* . p <005
L EG(F = 12.846, p < 0.001) &, HE1FH LY BEIC L B ERN R LM X A FRFEZED 2 H
F6~1040, %2 3MHEIVET~104H, H4 12X B FEREF = 11.624, p < 0.001) (&, %5 14

MEDEE9, 1041, 255 6MHLVHEI0HTHE
CHHEB R A Z o 720 AMUIEF OAHIZ & 5 18)
F(F = 31.725,p < 0.001) &, #H1MHLDES~
1040, %2, 3MEDHE6~104H, 4, 5K
D8~ 104, %56 7THILVE9 10MTHE
G B A S H o oo

HICE 7 Cld, SCHEAERIR A S N2 7298,

EDE6~104, FE2MEDET~ 104, 53
MEDES~ 104, HE4ME D9, 104, %5,
6 &L VEI0H CTHEICHIGEIELZ 2> 72
BRI L 5 R (F = 3.833, p < 0.005) ix, FS
LD NS, NS &b BS CHEICHIFEHELSZ 22>
720
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£33 BEXVT v MEMEILE T 2 REGBEEEDOTIHE (BERFE) (%]
1 2 3 4 5 6 7 8 9 10
NS 4.47 5.33 5.07 5.63 5.69 6.64 7.27 8.53 8.18 10.36
(0.69) (1.81) (0.97) (1.87) (2.29) (4.53) (4.62) (5.98) (3.85) (4.97)
) 4.85 4.99 6.70 5.63 6.02 6.59 7.04 7.95 8.67 9.01
AR £
KEBERS FS (1) (1a7) (452 (209  (230) (375  (312)  (524)  (534)  (511)
BS 5.43 5.75 6.81 6.69 7.47 7.85 11.75 11.16 11.97 14.22
(1.76) (2.44) (3.25) (3.07) (3.91) (5.27) (10.06) (9.30) (10.50)  (14.17)
ZELEH [\ Y \ VI VI VI n.s. n.s. n.s. n.s.
N 1095 12.71 14.26 15.84 17.56 20.40 22.46 22.94 23.56 28.38
(4.98) (5.02) (5.56) (6.85) (5.92) (8.62) (11.77)  (12.30) (8.61) (14.87)
" 8.24 12.63 15.41 16.06 16.70 16.42 21.41 19.78 18.59 21.37
|
WRILE  FS (2.63) (4.95) (6.89) (5.44) (4.71) (4.65) (9.04) (7.52) (5.78) (8.43)
BS 7.72 8.24 10.43 10.69 10.93 15.22 16.83 18.28 19.55 21.14
(2.92) (2.71) (4.79) (2.77) (3.62) (8.92) (7.75) (6.30) (6.79) (7.55)
ZELE Il 11l 11l \% VI Y n.s. n.s. n.s. n.s.
NS 6.08 7.37 7.37 9.93 14.39 13.28 15.85 20.08 20.17 21.83
(1.95) (2.61) (2.61) (4.33) (7.92) (4.95) (7.54) (8.12) (7.84) (6.96)
7.48 9.21 9.21 12.05 11.71 14.88 14.92 17.70 18.89 18.44
SMULES  FS (1.20) (4.35) (4.35) (6.22) (3.93) (5.80) (6.43) (6.81) (5.25) (4.25)
Bs 6.64 7.29 7.29 9.80 8.59 10.90 11.14 14.24 17.73 21.43
(1.63) (2.68) (2.68) (2.54) (2.60) (4.11) (4.77) (4.59) (9.81) (12.42)
ZE L | Il 1l \% \% \% \% n.s. n.s. n.s.
NS 6.31 6.16 7.24 9.19 14.16 13.81 17.02 20.79 21.10 26.16
(4.49) (3.65) (4.03) (7.38) (9.80) (10.63)  (14.55)  (21.63) (20.38)  (22.57)
SEEH* FS 3.01 417 5.01 8.54 8.42 9.11 10.16 11.72 12.33 13.66
AR (1.38) (3.87) (5.87) (12.67) (13.50)  (15.11)  (15.86) (16.04)  (13.36)  (14.44)
Bs 8.38 14.11 13.83 15.87 17.34 24.09 25.68 25.95 30.11 37.01
(4.14) (11.44)  (10.27) (8.58) (8.66) (9.38) (13.32)  (11.09) (12.74)  (15.72)
ZEILE I Il v Y VI VI n.s. n.s. n.s. n.s.

% L Bonferroni {3 COL HE ILEAREIZ T, T & IZAHITEY 2 Ll L 7285 2.

ns. D O E O LETW»FI D p > 0.05(not significant), 1: %55~ 10 #15XTi2x L T p < 0.05,

: 456~ 10 3~ TR LCp < 0.05 TI: 457 ~ 10 l3~<CI2kt LT p < 0.05,

V58~ 103 _XTITHLTp<0.05 V:&9~10HT<TIZH LTp <005 VI: 4104+ LTp <0.05
* D EEICL D EMEDS D (p <0.05). Bonferroni #:CHLENEMEIZT, BS, NS, FS OIEIZAEIZHEEIRAL V.

V EZ%
1. TEEEAEORMKE TIRMEEHROES LT
=

X2 XYW RIfET & BB ET OB E X o F
1%, NS771.05 FS#%1.08, BS#'091 THV, BS
PROBMETH o7 B3 L0 BB & EBE]
OEHEEIFE R O AB L, NS AY0.39, FS7A%0.44,
BS %3027 Th 0, BT & W o &) B[R] A%,
BS 75 b IMETH - 72,

235D ATy NEIWEIZ B B IR
i f B2 LR 9 2 B E R i A E B & VR B ET
HEOWRIIEEX MU C—ETH o720 B/
oS EIX, NS 2%1.09, FS7A%1.07, BS 7%0.85
THY, B/IEOFIEMEIL, NS 25040, FS A
0.42, BS70.23 Tdh o720 WMilb& & BSAINS -

Jith
it

FSICHARTHEICKMETH 72 INED, T
RTCTOFMET TR OES L Tz 8 U
T—ETHo7275, FOMIZELTIL, NS-FS
& BSHIZEWDH DH I EHHERTE /2,

EMREGER O &SRB RIE, WE L b EE
i EEDTIES 5 & b ) — T OB A EEAET
EL2E00, WEIEFA—OD DL L THMRTE
LLERD, TIT, MEOH KT GHLETES
HIBRTW L,

F1 LD BBIE50° JE BRI EE L 2 # T
NCOREIES - RO AETIE, NS & FS
BRI E EE IR N o720 L L,
NS - FS & BS M Ti&, MBIHEHE il AR & L B
WIE AL BS AYNS - FS & b L CF &2l
Th o7z EMREIFRUL, B BIETE ik B )
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L CZ&AL % IRBIE - ERIE OB AE LKL C
Wh 7z, RROABRIEEEMIC BT BT
NCTOMHBEOEVE KL T\wb, o7,
T TOXBEEHAEPERIKMHETH - 72
BSi, AMIZE L TH NS - FS & b L Tl
ol bEZ Tz, BELETH KRS, W/
e/ Btk 312, BSASNS - FS |2~ CEAfE
THY, MR AEELER TS,

AWFZED BS 1&, RMEIR L TR & AR E
FOWATRIREZ R 2SS ELZ BRI ICBE S
BLAT Ty VEETH LA Ty MEIETIE,
ZOMDO RIS N THHM ERGET 5 &, K
i & LS RS E LRI E S A E
%, BRI E L B ICBE S5 HET
bbb D120, BS TEHIHNOELBE % K
Dz sz e L, BREHEIICL ) BLEHZRITIC
B S5 EAHEIE L b L ER T2, 35
oA 77y VEEOEBILELY 2D L, B/
e, B/ E L IINS - FS &R L TBS YA
FIBRBETH o7 TNL Y B/ RILICERT S
&, B S IE, RMEOTEAEE LR TS
LT, BLUORIABH Rz EZ T, F2
JERAFI DI DOV, JERIRE O I £ AN
LT ELIBRAICRE T 2720, NS-
FS FERICRBIET I 2 375 & X ) R I2E O
BELTLES), 2ICTHELOZEFIIBIISES
BRTHLHEAHOIEMAEL LR $THILT
ING U ARBEYELIZEER T,

Z Z°C, NS-FSTiE, [ mEE L R
iR AEOL’ BB L2 1.1, RBIEEih AR
ERMEERAEORNI BB L Z04TH DT
o, BeREIHY 5° SRR, EBEET X 5.5° JRHA L,
JERAETIL 2° WET 5 2 LR SN/,

— 75 BSICB LT, I BHETE i RE & R B
JEHAEOIZB B X209, BRI il L
EHEAEEAEORRBBLZ02THL720,
B B E A5 5° S B9 UL, BRI 1Z 4.5° JE AR L,
FERENX 1 TET 52 EAURIEE Lz,

2. FEEEEDIEM

ARWEZE TIIHEBRE O Pl E T A 7 7 v M EE
wFEIEL TWDo MATHEEMIZ, NSAYFS - BS &
DHEBIZE»o 720 F—5&M0A 77y FEET

ZOME R L 2 THIEBE OBV & RET L 725617
Whge 7V cix, KBRS, HIBRS, CRERESB X O
KRR BRI, BYEEEEDR T S X ) KA B
FEEAE LS, KRR, NRER, SMUE
EHEEDENI L A ERETROON LD o7
LS L Cwb, L L, SHNEERLR D50 A
0y FEWER ORI D720, — BRI Bk
BV CUEMmBRE A BT E Ve EX D, £
Dz, SHNIEA 7Ty NEIEOREEZ ZE L
TEEL T,

KEERRS, PIRIERS, SMAIERICOWTIE, %8
EARH LB L 2 BRI A S N h o 7295,
AN X B FREDBAS N0 TNHD 3 IR
55 00 I i 8 FEE 518 4 120 AU T IS B AT 0 L
Fro TAED RS D5 COKEGE BRI
oA 2 7y MBI 2 iSRRI 2
s Vi, BUASBRFICBBLEZAL Ty MK
f0C, RBRERG, PYBEE, ML A
FEEEOSRINL, F7, MBI O R S
IZONT, BEBESRIL TV, A2 T v b
el % 35 < LCw < L FIEBIEDH T L v s
BOCHAREOSE L[ THD LV E D,

LA L, KR TIFo BB OS5 40 2
723200 A7 Ty MEMEIZBWTIX, LFio 35
DIFEB R IBER A TR SN A D57,
THUE, A7 Ty MEIEREO RSO B RE (I
BIE O M £ ) DB L % L 2 720 SBATHE
e ClAkR A BEMIRE o7 F FEOEHIIC
BRI SECTW7z720, BREEOME N V2 &k
HOJEER MV 7 DAL 72 2 & T, KBRIEH A
ORISR L2 8 E 2 b. —H, T
BEOMERE & R OB E 2 5 AL L HICA
Ty MEER SRR, SefTige Y b R
mY, BLABH BS54 TLIRMEO
g~V 7 EEBET O T NV &7 (2N L
Lol 8T, HERBIEEIZEOMMASA LN
ol E 27,

B ERIZOWTIX, RAEEHIZA LN D>
7S, NS & 2 FRDR L BRI & B BRI AR
Nize MIZL 2 ERRIE, KERER, WHEG
S & A, BB o il S 3 1z o
THHGEB RSB L Torze K227 7y NEE
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o % K % MVC 1E, NS254925 %, FS725 4y
15%, BS 7% 35% T, #ixd BS CTHGEI=N %
Polze T, BELPBRAICEEITLH LT,
MERE— A Y POJEJEE— X >~ MASEINL, I
B O m O YEDGE QIR B 2SI L 72720 & 2
720
RIFFETIEZ, A7 7y NEIEDOBME? HHT IS
2T, THCORTANALE T 2 KBRE R A
5, MRS, B A O EIAYE BB L 7z
7%, PRI AEE 2 RBR B e, WERS
OB EEZ 8 U THERZLIZ W &
MR CE e NAA M) Y 7RI, A2 Ty ME)
PECIE—EDRETEHNT VWL EAEETH AL
LGS NTHS B, AR TY, KBRTE
&R LB 2 0l U CRSEN R NS A
L, —EOMIERE T ML Tz, Hf
5100, AKWgE & FRRIC RS & A S TR
NEDEMEE N AZT2A 2Ty NEIER O IEE) %
BEL, BEESOMmEB R IISHHCHEERZ TR
CITRTOEMTIRETH - 2L T b,
AWFFETY, BfEx @ U CHHIEH OmiGEEIL—
ETHY), B RO R o720 Lo T,
A2 7y NEEEITH (BRI AT 0 ~ 50° F CJE
M52, BEEM OMGEEANIE L A Sl
LanwEEz 5,

VI AHROEKEH

A AN % 0k G2 L CFEME L 72 AR 7E D 2
777y MEIEICBWTCIE, RRBET, ERIET, 2
HrEIC—EORERCTHEIT L LA TE
720 NS+ FSTix, EBHEI2Y5° W4 nid, B
BEIX 5.5° R L, EREIT 2 BET2Z LAt
RSz, BS T, BERBIETAS5° SRR UL,
WEBEETIL 4.5° SRR L, ERENX 1 BET L2 &
AR S 7z,
FARMWEDO A7 Ty NEMEIZB VT, BIER
B2 5 # T2 T C I BCATTE O CRBRIE R, W
WA, AL, FREE ) ASE BTG E) % 5
-, BeBAE 8 A EEAE 312 o TG E)
wHHINT 5 &) HAIWM LA bz, &
D OITRIEE I, BANELERE S TT)
A7y MR EEBIEDSEEICHETH -

725

ol 21, MAEBER TICHAMEH ) Bk
ED L 2 DARIARIE TR NLEREK, FE
BSHIR 2 TR 2 B BEICH LT, AR THEL
TeRMETAZ Ty FEMERELTHS ). 2
T, RRCISR L7 TR BIET M o BB = A & i
THHE, WHWHLRMBEENEEZLNDN, H
OEFE L TUIRIZERE R, 5 1%, KEBEESHR N
WL FR, AMINLRS, AIIEE 5 O MEENIAT 5 A0
MESE LTV DRSS RIE SN D, 72, §F
12 BS TEBHILZEOI & D 2 BlifE D R b 7286
&, FRICHIEE B OFGEIE DS, 5 2DFERIC
Lo TAhRYTHELoTWnAREEZ L, FD20,
D& RBHIZZFOMO BRI L TOWE
L EE L 2L % 5wy, RIFEkEE S
IHFICHIIR B OMIGEIEZ MmO 5 2 &05, Hil
DX % L2 DARABEEIZ BT DI OANLE
EEAZYGET 2 2O OEFEIO—212% ) 9
bEEZ D,

X #

1) HEFEZ : 277y FEMEICBI 2151 Hdbse
LFEERF INE) T— 3 V¥R R F25 5
175 :27-37, 2006.

2) F Lacquaniti, R Grasso, M Zago : Motor Patterns in
Walking. News Physiol. Sci, 14 : 168—174, 1999.

3) R Grasso, L Bianchi, F Lacquaniti : Motor Patterns
for Human Gait-Backward Versus Forward Locomo-
tion. J Neurophysiol 80 : 1868—1885, 1988.

4) V3, BURR, ARE, b 0 MRUC & 2 BRI i
B OFRNT. BFHRET29(4) £ 113-118, 2002

5) P AUBBEENZ E N2 TTEIT 5 0. HEE
HY v —F)140(6) : 477-486, 2006.

6) TrIbis, ke, MR, M0 MR SIS 5
(2 & 2 BARL T oo il 1B 34 55 itk i G ) o g A — A1 B
BHES - REALPBE BT - WEAHEAE R BT o B 5- 12D wvT—.
A 33(7) £ 363-369, 2006.

7) Inman V T, Saunders ] B M, Abbott L C : Observa-
tions of the function of the shoulder joint. J Bone
Joint Surg, 26A : 1-30, 1944

8) Pt MM, BREORIE, M : MRIC X % J8 BAEI
HEB) O ENT. B AR GRER S 23514(1) £ 13-23,
2011.
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9)

10)

11)

WIRASE, TREHI, okt . 22 7 v MEMIZE

VF 2 JEEH O E O E DY T AT O RGN T

R BERE A, 30(1) : 8-13, 2003.

FLHIDTW, MR, RIRE  BIFIRRED R 5 A S
7y MAEBEE & R E DD O OB LU
BIET bV 2125 2 B RIRE, 53 1 321-336,
2004.

Gaston Ariel Nishiwaki, Yukio Urabe, Kosuke Tana-
ka : EMG Analysis of Loweer Extremity Muscles in
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Abstract : The purpose of this study was to show the relationship and the definite flexion
angle proportion among the lower limb joint angles and the characteristics of muscle activity
in different squatting conditions. The subjects were eight healthy men. Exercise tasks were
squatting in three CFP (center of foot pressure) positions; 1:neutral, 2:forward and
3:backward. As a result, the relationships between two specific flexion angles (knee joint vs.
hip joint, and ankle joint vs. hip joint) were shown in linear regression equation in every CFP
position. The flexion angle proportion of the knee and ankle joint angle to the hip joint angle
(knee to hip ratio, ankle to hip ratio) remained constant, but the value differed according to
the CFP positions. The above mentioned proportions were 1.1 and 0.4 respectively in
conditions 1 and 2, but were 0.9 and 0.2 in conditions 3. Muscles activity of rectus femoris,
vastus medialis, vastus lateralis, and tibial anterior effectively increased throughout the
motion in every condition. There was a difference among the motions only in the tibial
anterior. The muscle activity was significantly higher in order of conditions 2,1,3. The above
results suggest that there were the definite flexion angle proportions between lower limb
joint angles during squatting, but the value of flexion angle proportion differed depending on
the CFP positions and the value of the backward squatting was smaller than the value of the
neutral and forward squatting.

Key words : Squat, Muscle activity, Flexion angle proportion
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Effects of hassles related to wheeled walking aid use on
frequency of outings and quality of life among
the elderly living at home

Teppei Miharal’z, Masafumi Kirino3, Takashi Murakosos,
Jin Sun Park4, Tadahide Okun02, Kazuo N.akajima5

Abstract : This study was conducted to identify effects of hassles related to wheeled walking
aid use on the frequency of outings and quality of life (QOL) of elderly individuals using
wheeled walking aids. In total, 219 elderly individuals living at home participated in this
survey. These respondents used the Community General Support Centers in Prefecture A
and used wheeled walking aids when going out. Survey items included the following:
subjects’ gender; age; family composition; place of residence; physical fitness; type of
wheeled walking aid currently used; frequency of outings using wheeled walking aids;
frequency of hassles associated with wheeled walking aid usage and negative feelings toward
these hassles; and QOL. In this study, cause-and-effect relationship models were
hypothesized: (1) wheeled walking aid-related hassles affect the frequency of outings using a
wheeled walking aid through negative feelings associated with the use of a wheeled walking
aid and (2) the frequency of outings has an effect on QOL. Structural equation modeling was
used to confirm that the data generally fit this cause-and-effect relationship model. Results
suggested that in order to promote a higher frequency of outings among the elderly using
wheeled walking aids, hassles attributable to wheeled walking aid and negative feelings
toward these hassles (e.g., “psychological stresses about wheeled walking aid use,”
“instability,” “difficulties with storage,” “difficulties with operation,” and “difficulties with
sitting”) must be minimized.

Key words : The Elderly, Wheeled walking aid, Frequency of outings, QOL
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I Introduction

The going-out rate of community-dwelling resi-
dents (the ratio of the number of individuals who
went out of their homes to that of the total popula-
tion) and the number of trips (the number of times
a person goes from one place to another with a cer-
tain purpose) dramatically declines in the age hier-
archy from 60 years old". This decrease in going-
out rate and number of trips observed in the
elderly suggest decrease in the frequency of pur-
poseful outingsz'3>. Previous studies have demon-
strated that the decreased frequency of outings in
the elderly is closely related to personal factors
such as decreased physical fitness and a decreased
need to leave home as well as environmental fac-
tors such as the use of a walking aid and the walk-
ing environment of the community‘hw). Walking
aids that are typically used by the elderly include
canes, walkers, and wheeled walking aids. Wheeled
walking aids, including the traditional Japanese ‘sil-
ver carts’, are used by elderly in Japan7>. This
study adopted the following definition wheeled
walking aids: a walking aid with two or more
wheels that ambulatory elderly individuals use to
walk, carry items, or rest when going out from
their home. In other words, a wheeled walking aid
is not only a walking aid for persons who experi-
ence ambulatory disabilities, but also includes
functions for carrying items (e.g. when shopping)
and a seat for resting (the seat is not designed for
moving while seated). According to an approval an-
nouncement by the Consumer Product Safety As-
sociation, the number of approved wheeled walk-
ing aids in Japan increased from approximately
225,000 in 2000 to approximately 400,000 in 2010.
The rate of use of wheeled walking aids among the
elderly aged =65 years increased from 5.7% in 2000
to 6.4% in 2010; this clearly demonstrates that
wheeled walking aids are widely used in Japan. Be-
cause an increase in outing opportunitues to im-
prove QOL in the elderlylz’ 13)
demands for wheeled walking aids for such indi-

, it is speculated that

viduals will continue to increase in the future.

In Japan, wheeled walking aids are intended for
the elderly who can walk independently and are
thus not covered except for the model of the part
by long-term care insurance. Therefore, private en-
terprises emphasize on the ‘lightness, stability,
and price” of their wheeled walking aids as selling
points. As a result, there is no great progress
against the expansion of the market. However, in
Japan, it has implemented a welfare policy that has
the goal of 2025, which aims to build a “compre-
hensive community care system” that provides in-
tegrally a dwelling, medical care, nursing care, pre-

14). This means a

vention and life support
transformation of policy to home care from the fa-
cility care, along with the increase burden on fami-
ly, is expected to promote the self-reliance of the
elderly themselves. From the perspective of the so-
cial welfare, Identifying effects of daily hassles as-
sociated with wheeled walking aid usage on the
frequency of outings among the elderly may offer
significant suggestions for wheeled walking aid de-
sign. Moreover, these observations can serve as
important information for building safe communi-
ties for the elderly in aging societies.

Therefore, this study aimed to identify effects of
hassles experienced by the elderly when using a
wheeled walking aid on the frequency of their out-
ings and their QOL. With the results of this study,
it is possible to obtain basic information about de-
veloping safe and highly functional wheeled walk-
ing aids contributes to keeping and the improved
QOL of the community-dwelling elderly residents.

II Methods

1. Participants

Participants for this study were selected from 38
locations that agreed to participate of 61 Communi-
ty General Support Centers in Prefecture A. Sur-
veyors (Persons with social welfare professional
qualifications who work at the above mentioned
center) individually explained the purpose of the
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study to 305 elderly participants (aged =65 years),

who both regularly visited the above-mentioned
centers and used wheeled walking aids, and then
requested their participation in the study. Eventu-
ally, 219 individuals agreed to participate in this
study. This study was reviewed by the Okayama
Prefectural University Ethics Committee (No. 286).

2. Procedure

The surveyor distributed a self-administered
survey form and this surveyor collected it one
month later. Survey questions included subjects’
gender, age, family composition, place of resi-
dence, physical fitness, type of wheeled walking
aid currently used, frequency of outings using a
wheeled walking aid, frequency of hassles associat-
ed with wheeled walking aid usage as well as the
cognitive stress experienced because of these has-
sles, and QOL.

Considering the influence that family composi-
tion has on the degree of support for the elderly in
going out, responses to the “family composition”
question were divided into following groups: (1)
“single-person household” and “married-couple
households” where little familial assistance can be
expected (hereafter “elderly households™); (2)
“two-generation households”; (3) “three-genera-

1. Large silver
car car

[

5. Walking stick
-like rollator

2. Compact silver

6. Four-wheeled
shopping cart

tion households”; and (4) “other households,”
where a considerable amount of familial assistance
can be expected (hereafter “other households™).
Answer choices for the “place of residence”
question were ‘residential area,” “urban area,”
“rural area,” “industrial area,” and “other areas.”
Physical fitness was measured using “Motor
Function Scale,” the ninth item of the “Tentative
Measures of Functional and Structural Integrity”

15). A dichotomous scale

developed by Futoyu et al
[1 point: yes (can); 0 point: no (cannot)] was used
for these questions. The construct validity and reli-
ability of this scale has already been verified by its
developers.

Participants selected the type of wheeled walk-
ing aid that they used on a daily basis from the
sample types presented in Figure 1. Answers to
“frequency of outings using a wheeled walking
aid” were based on wheeled walking aid usage
over the past month (four options; 0 point: less
than once per month; 1 point: about once per week;
2 points: about once every two or three days; 3
points: daily).

Thirty-six hassles experienced by elderly indi-
viduals when using a wheeled walking aid (hereaf-
ter “wheeled walking aid-related hassles”) were
uniquely identified on the basis of preliminary in-

3. Rollator with
handles

8. Walker with
wheels

7. Two-wheeled
shopping cart

Figure 1 Types of wheeled walking aids used by participants
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terviews conducted by the present study’s authors.
A dichotomous scale was used to ask whether or
not participants had experienced these wheeled
walking aid-related hassles (1 point: yes; 2 points:
no). Furthermore, three answer options were pro-
vided for the cognitive stress that participants ex-
perienced because of these hassles (hereafter
“negative feelings regarding wheeled walking aid
use”) (0 point: no stress, 1 point: some stress, 2
points: considerable stress).

The Revised Health-Related QOL Satisfaction
Scale developed by Kirino et al. was used to mea-
sure QOL16>. Three answer options were provided
(2 points: yes, 1 point: neither yes nor no, 0 point:
no). The construct validity and reliability of this
scale has already been verified by its developers.

The survey was conducted over three months,
from January to March 2013. Of 219 survey forms
collected, data from 204 forms, which had no miss-
ing values for questions such as gender or age,
were used in analysis.

3. Statistical analysis

To build a measurement scale for wheeled walk-
ing aid-related hassles, the content validity of the
scale was first analyzed using exploratory factor
analysis (promax rotation) 17 Wheeled walking
aid-related hassles experienced by =90% or <10%
of participants were excluded from this explorato-
ry factor analysis because there is a risk of multi-
collinearity and unicity. Items with a factor loading
of =0.4 were used to interpret factors. Conversely,
items with a factor loading of <0.4 or items that
had a factor loading of =0.4 on two or more factors
were considered to not load on any factor and
therefore excluded from the scale.

Second, using items and factors selected
through the abovementioned process as referenc-
es, the construct validity of the “Wheeled Walking
Aid-Related Hassles Scale” in a factorial structure
model was assessed using confirmatory factor

18)

analysis ~’. A second-order factor model using fac-

tors obtained through the confirmatory factor anal-

ysis as first-order factors and “wheeled walking
aid-related hassles” as second-order factor was hy-
pothesized as the factorial structure model of the
“Wheeled Walking Aid-Related Hassles Scale.”
The “Negative Feelings Regarding Wheeled
Walking Aid Use Scale,” which measures the cog-

19 caused by wheeled walking aid-re-

nitive stress
lated hassles, was also developed, and its reliability
was assessed. The same factorial structure model
(the number of factors and their component items)
as the “Wheeled Walking Aid-Related Hassles
Scale” was hypothesized as the factorial structure
model of the “Negative Feelings Regarding
Wheeled Walking Aid Use Scale.” The construct
validity of the scale in that factorial structure model
was assessed using confirmatory factor analysis.

The reliability of the “Wheeled Walking Aid-Re-
lated Hassles Scale” was determined using the
Kuder-Richardson Formula 20 (KR-20), whereas
the reliability of the “Negative Feelings Regarding
Wheeled Walking Aid Use Scale” was determined
using Cronbach’s coefficient alpha.

The conformability to the data and the relation
between variables to the causality model who sup-
posed (“wheeled walking aid-related hassles” and
“negative feelings regarding wheeled walking aid
use” influenced “QOL" via “frequency of outings
using a wheeled walking aid") were considered by
a structure equation modelingzm. To avoid making
the model overly complex and to obtain a stable es-
timate with the abovementioned analysis, cumula-
tive total scores were used for items of “wheeled
walking aid-related hassles,” “negative feelings re-
garding wheeled walking aid use,” “QOL,” and
“physical fitness,” which comprised primary fac-
tors. Control variables in this model were gender,
age, family composition, and physical fitness of
participants.

In all above statistical analyses, tetrachoric (poly-
choric) correlation was used to calculate correla-
tion coefficients between dichotomous (polyto-
mous) items, and the weighted least squares
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method adjusted for means and variances
(WLSMYV) was used to estimate parametersm.
Three indices of fit are the Comparative Fit Index
(CFD), the Tucker-Lewis Index (TLI), and Root
Mean Square Error Approximation (RMSEA). In
general, the proposed model is accepted when CFI
and TLI are =0.90?’. RMSEA is an index that re-
fers to the magnitude of discrepancy per degree of
freedom, and values closer to zero indicate a stron-
ger fit. In the factorial structure model, based on
the value of the unstandardized coefficient divided
by its standard error, standardized coefficients
(path coefficients) with an absolute value of >1.96
(5% significance level) were determined to be sta-
tistically signiﬁcant23>. The software used was M-
plus Version 2.14%Y.

III Results

1. Distribution

Demographics of participants are presented in
Table 1. Participants comprised 17 males (8.3%)
and 187 females (91.7%). Mean age was 84.0 years
(standard deviation: 6.0, range: 65—98 years).
Twelve participants were aged 65—74 years (5.9%),
and 192 were aged =75 years (94.1%). Ninety-three
participants lived alone (45.6%), 29 lived with their
spouses (14.2%), 46 lived in two-generation house-

holds (22.6%), 27 lived in three-generation house-
holds (13.2%), and 9 lived in other households
(4.4%). Half participants (n=102) lived in residen-
tial areas, and 83 (40.7%) lived in rural areas.

The distribution of answers for physical fitness
is presented in Table 2. The average cumulative
score on the motor function scale was 1.2 points
(standard deviation: 1.5, range: 0—8 points). This
value suggests participants experienced difficulties
mobilizing without assistive devices.

Types of wheeled walking aid currently used by
participants are presented in Table 3. Seventy-sev-
en participants (37.7%) used a large silver car, 26
(12.7%) used a compact silver car, 67 (32.8%) used
a rollator with handles, 29 used a basic rollator
(14.2%), and 5 (2.5%) used a four-wheeled shopping
cart. Among participants other types of wheeled
walking aids were not used. The frequency of
wheeled walking aid use on outings is presented in
Table 4. Eight participants (3.9%) used a wheeled
walking aid “less than once a month,” 25 (12.3%)
used one “about once per week,” 42 (20.1%) used
one “about once every two or three days,” and 130
(63.7%) used one “daily.”

The distribution of answers regarding “wheeled
walking aid-related hassles” and “negative feelings
regarding wheeled walking aid use” is presented

Table 1 Demographic distribution of participants (n = 204)

Units : Participants (%)

Gender Male 17 ( 8.3 )
Famale 187 ( 91.7 )
Age 65-74 years old 12 ( 5.9 )
275 years old 192 ( 941 )
Mean + Standard deviation(range) ~ 84.0+6.0 ( 65~98years )
Family Single-person household 93 ( 45.6 )
Married-couple household 29 ( 14.2 )
Two-generation household 46 ( 22.6 )
Three-generation household 27 ( 13.2 )
Other household 9 ( 4.4 )
Place of Residential area 102 ( 50.0 )
Urban area 14 ( 6.9 )
Rural area 83 ( 40.7 )
Other area 5 ( 25 )
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Table 2 Distribution of answers regarding participants’ physical abilities (n = 204)

Units: Participants (%)
Response categories

Item
Yes No
a1 Canjump 7 (34 ) 197 (966 )
a2 Can speed up and overtake other people who are walking 7 (34 ) 197 (966 )
a3 Can walk continuously for 30 min or longer 50 (245 ) 154 ( 755 )
a4 Can carry a full bucket of water 10 ( 49 ) 194 (951 )
a5 Can lift a 10-kg bag of rice 18 ( 88 ) 186 ( 91.2 )
a6 Can pick up a fallen bicycle 22 (108 ) 182 ( 89.2 )
a7 Can open the lids of jars such as jam jars 88 (43.1 ) 116 ( 56.9 )
a8 Can stand up from a chair with no hand support 26 (127 ) 178 ( 873 )
a9 Can stand on tiptoes without holding onto anything 9 (44 ) 195 (956 )

Mean + Standard deviation (range) 1.2+1.5 (0~8 point)

Table 3 Distribution of answers regarding the types of wheeled walking
aid currently used by participants (n = 204)

Units: Participants (%)

Type of wheeled walking aid Large silver car 77 ( 377 )
Compact silver car 26 ( 127 )
Rollator with handles 67 ( 328 )
Basic rollator 29 ( 142 )
Four-wheeled shopping cart 5 ( 25 )

Table 4 Frequency of outings during which participants used a wheeled

walking aid (n = 204)

Units: Participants (%)

Frequency of outings using a
wheeled walking aid

Less than once per month 8
About once per week 25 (123)

(39 )

About once every two or three days 41 (201 )

Daily

130 ( 637 )

in Table 5. Three wheeled walking aid-related has-
sles that were most prevalent were “b34: It is diffi-
cult to carry when it is folded up” (38.7%), “b35: It
is difficult to fit into a car” (38.7%), and “b36: There
is no place to accommodate it when travelling in
public transportation” (38.2%). In contrast, the least
experienced hassle was “b18: The positioning of
the brake is not good” (1.5%). The feature that most
frequently caused participants “considerable
stress” or “some stress” was “bl: I feel sad that it
is hard to go out on a walk without using a wheeled
walking aid” (20.6%). However, participants were
not bothered by “b18: The positioning of the brake

is not good” (1.5%), “b17: The brake does not re-
spond well” (2.0%) and “b20: It is hard to under-
stand how to operate it” (2.0%).

The distribution of answers regarding QOL is
summarized in Table 6. The average cumulative
score on the QOL scale was 11.0 points (standard
deviation: 5.7, range: 0—24). This result suggests
that subject is not an extreme group.

2. Development of scale of measurement

Development steps in the “Wheeled Walking
Aid-Related Hassles Scale” to measures the
wheeled walking aid-related hassles and “Negative
Feelings Regarding Wheeled Walking Aid Use
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Table 5 Distribution of answers on wheeled walking aid-related hassles (n = 204)

Units: Participants (%)

Hassle
ltem
Yes No
b1 | feel depressed that it is hard to go out on a walk without using a wheeled walking aid 54 ( 26.5 ) 150 ( 73.5 )
b2 It ruins my reputation 23 (113 ) 181 ( 88.7 )
b3  Other people do not understand (removed) 16 ( 7.8 ) 188 ( 922 )
b4 | have no support from people around me 25 (123 ) 179 ( 87.7 )
b5 It has poor functionality 21 (103 ) 183 ( 89.7 )
b6 Itis not very portable 45 (1221 ) 159 (779 )
b7 |do not like the design (removed) 12( 59 ) 192 (941 )
b8 1 do not like the color (removed) 11 ( 54 ) 193 (946 )
b9  Expensive 32 (157 ) 172 ( 843 )
b10 Itis not suited to my body type (removed) 13( 6.4 ) 191 ( 936 )
b11 Itis not suited to my health (removed) 10 ( 49 ) 194 (951 )
b12 Itis heavy and difficult to move (removed) 17 ( 83 ) 187 ( 91.7 )
b13 Itis big and difficult to move (removed) 18 ( 88 ) 186 ( 91.2 )
b14 | cannot lift the front wheels over steps 41 (201 ) 163 ( 79.9 )
b15 The steering is not intuitive 30 (147 ) 174 ( 853 )
b16 The position of the handles is not good (removed) 9( 44 ) 195( 956 )
b17 The brake does not respond well (removed) 5( 25 ) 199 (975 )
b18 The position of the brake is not good (removed) 3( 15 ) 201 (985 )
b19 It gets in the way of moving my feet (removed) 14 ( 69 ) 190 ( 93.1 )
b20 Itis hard to understand how to operate it (removed) 6( 29 ) 198 (971 )
b21 Itis hard to latch the folding lock 23 (113 ) 181 ( 88.7 )
b22 Itis hard to move with items on it 33(16.2 ) 171 ( 83.8 )
b23 It is difficult to sit on it 31 (152 ) 173 ( 84.8 )
b24 ltis light and unstable (removed) 15( 74 ) 189 ( 926 )
b25 It is small and unstable (removed) 15( 74 ) 189 ( 926 )
b26 It does not support my balance (removed) 13( 6.4 ) 191 (936 )
b27 | easily lose my balance on slopes (especially downward slopes) 47 (1 23.0 ) 157 ( 77.0 )
b28 | easily lose my balance on steps 51 (250 ) 153 ( 75.0 )
b29 | easily lose my balance when loading items 24 (118 ) 180 ( 88.2 )
b30 | easily lose my balance when | try to sit down 29 (142 ) 175( 858 )
b31 The folding lock unlatches unexpectedly (removed) 11( 54 ) 193 (946 )
b32 | cannot fold it 46 (225 ) 158 ( 77.5 )
b33 | cannot move it when it is folded 59 (1289 ) 145( 711 )
b34 It is difficult to carry when it is folded 79 (387 ) 125 ( 61.3 )
b35 It is difficult to fit into a car 79 (387 ) 125 ( 61.3 )
b36 There is no place to take it on public transportation 78 (1382 ) 126 ( 61.8 )

Note) grey shading : wheeled walking aid-related hassles experienced by 290% or <10% of participants.

Scale” to measures the cognitive stress caused by
wheeled walking aid-related hassles is as follows.
As presented in Table 5 and Table 6, =90% (or
<10%) participants answered “yes” to 16 of 34
items that comprised wheeled walking aid-related
hassles and Negative Feelings Regarding Wheeled
Walking Aid, including “b3: Other people do not
understand,” “b7: I do not like the design,” and
“b8: I do not like the color.” Therefore, these 16

items were excluded from exploratory factor analy-
sis (promax rotation) because there is a risk of
multicollinearity and unicity, which was therefore
conducted with remaining 20 items (Table 7).

On the basis of concordance (fit) of the data to
the model (RMSEA =0.048) and latent factor inter-
pretations, five factors were considered as optimal
solutions.

Items “b1: I feel sad that it is hard to go out on a
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Table 6 Negative feelings regarding wheeled walking aid use (n = 204)

Units: Participants (%)

ltem

Negative feelings

b1 | feel depressed that it is hard to go out on a walk without using a wheeled walking aid 162 ( 79.4

b2 It ruins my reputation

b3  Other people do not understand (removed)

b4 | have no support from people around me

b5 It has poor functionality

b6 Itis not very portable

b7 | do not like the design (removed)

b8 | do not like the color (removed)

b9  Expensive

b10 Itis not suited to my body type (removed)

b11 Itis not suited to my health (removed)

b12 Itis heavy and difficult to move (removed)

b13 Itis big and difficult to move (removed)

b14 | cannot lift the front wheels over steps

b15 The steering is not intuitive

b16 The position of the handles is not good (removed)
b17 The brake does not respond well (removed)
b18 The position of the brake is not good (removed)
b19 It gets in the way of moving my feet (removed)
b20 Itis hard to understand how to operate it (removed)
b21 ltis hard to latch the folding lock

b22 It is hard to move with items on it

b23 It is difficult to sit on it

b24 Itis light and unstable (removed)

b25 It is small and unstable (removed)

b26 It does not support my balance (removed)

b27 | easily lose my balance on slopes (especially downward slopes)

b28 | easily lose my balance on steps

b29 | easily lose my balance when loading items

b30 | easily lose my balance when | try to sit down

b31 The folding lock unlatches unexpectedly (removed)
b32 | cannot fold it

b33 | cannot move it when it is folded

b34 It is difficult to carry when it is folded

b35 It is difficult to fit into a car

b36 There is no place to take it on public transportation

N/A Some Considerable
No stress stress stress

) 32( 157 ) 10( 49 )

185 (907 ) 13 ( 64 ) 6( 29 )
190 ( 93.1 ) 9 ( 44 ) 5( 25 )
185 (907 ) 16 ( 7.8 ) 3(15 )
185 (907 ) 15 ( 74 ) 4( 20 )
174 (853 ) 22 (108 ) 8( 39 )
197 (1 96.6 ) 4 ( 20 ) 3( 15 )
197 (1 96.6 ) 4 ( 20 ) 3( 15 )
187 (917 ) 14 ( 69 ) 3( 15 )
195 (1 95.6 ) 8 ( 39 ) 1( 05 )
198 (1 97.1 ) 5( 25 ) 1( 05 )
188 (922 ) 13 ( 64 ) 3( 15 )
188 (922 ) 10 ( 49 ) 6( 29 )
173 (1848 ) 26 ( 127 ) 5( 25 )
180 (882 ) 17 ( 83 ) 7( 34 )
196 (961 ) 6( 29 ) 2( 10 )
200 (980 ) 3( 15 ) 1( 05 )
201 ( 98.5 ) 2 (10 ) 1( 05 )
193 (1946 ) 8 ( 39 ) 3( 15 )
200 ( 98.0 ) 3(15 ) 1( 05 )
189 (1926 ) 10 ( 49 ) 5( 25 )
177 (868 ) 18 ( 838 ) 9( 44 )
183 (189.7 ) 17 ( 83 ) 4( 20 )
193 (1946 ) 8 ( 39 ) 3(15)
194 (1951 ) 7( 34 ) 3(15 )
194 (1 95.1 ) 6 ( 29 ) 4( 20 )
169 (1828 ) 22 (108 ) 13( 64 )
164 (804 ) 28 (137 ) 12( 59 )
186 (912 ) 12 ( 59 ) 6( 29 )
182 (892 ) 16 ( 7.8 ) 6( 29 )
197 (1 96.6 ) 6 (29 ) 1( 05 )
195 (1 95.6 ) 8 ( 39 ) 1( 05 )
192 (1941 ) 7(34 ) 5( 25 )
177 (868 ) 15 ( 74 ) 12( 59 )
159 (779 ) 24 ( 118 ) 21( 103 )
167 (819 ) 18 ( 88 ) 19( 93 )

Note) grey shading : wheeled walking aid-related hassles experienced by 290% or <10% of participants.

walk without using a wheeled walking aid,” “b2: It
makes me look bad,” and “b4: Other people do not
help me” comprised Factor 1. However, unlike oth-
er two items, the meaning of the item “b4: Other
people do not help me” did not reflect the factor
well, and hence, that item was excluded. Items that
comprised Factor 1 were all related to psychologi-
cal stresses that participants felt about using a
wheeled walking aid; therefore, Factor 1 was
named “psychological stresses about wheeled
walking aid use.” Factor 2 comprised three items,
including “b27: I easily lose my balance on slopes

(particularly downward slopes),” “b28: I easily lose
my balance on steps,” and “b29: I easily lose my
balance when loading items.” These items all focus
on balance while using a wheeled walking aid;
therefore, Factor 2 was named “instability.” Factor
3 comprised six items, including “b21: It is hard to
latch the folding lock,” “b32: I cannot fold it,” and
“b33: I cannot move it when it is folded.” These
items all relate to difficulties with storing or mov-
ing a wheeled walking aid; therefore, Factor 3 was
named “difficulties with storage.” Factor 4 com-
prised five items, including “b5: It has poor func-
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Table 7 Distribution of answers regarding QOL (n = 204)

Units: Participants (%)

Question items

Response categories

Yes Neither yes nor no No
Physical QOL:
c1  Are you satisfied with your physical condition? 23 (113 ) 52(255 ) 129(632 )
c2 Are you satisfied with your fithess? 25(123 ) 43 (211 ) 136 (66.7 )
c3 Are you satisfied with how your body movements? 18 ( 88 ) 28 (137 ) 158 (775 )
c4 Are you satisfied with your ability to recover from fatigue? 22 (108 ) 52 (255 ) 130 (63.7 )
Mental QOL:
c5 Are you satisfied with your mental clarity? 52 (255 ) 72(353 ) 80(392)
c6 Are you satisfied with your own decision-making? 81 (397 ) 72(353 ) 51(250)
c7 Are you satisfied with your beliefs (principles)? 87 (426 ) 68 (333 ) 49(240 )
c8 Are you satisfied with your concentration when working on things? 86 (422 ) 61(299 ) 57(279)
Social QOL:
c9 Are you satisfied with your relationships with friends? 103 (505 ) 56 (275 ) 45(221 )
¢10 Are you satisfied with your relationships with family and relatives? 121 (593 ) 49(240 ) 34(16.7 )
c11 Are you satisfied with your relationships with neighbors and community members (center staff)? 105 ( 51.5 ) 53 (26.0 ) 46 ( 225 )
c12 Are you satisfied with your relationships with the opposite sex? 42 (206 ) 107 (525 ) 55(27.0)

Mean + Standard deviation (range)

11.045.7 (0~24 point)

Table 8 Results of exploratory factor analysis of items that comprise wheeled walking aid-related hassles (n

= 204)

Factor name Item

Factor|  Factor Il Factor lll  FactorlV  Factor V'

b1 | feel depressed that it is hard to go out on a walk without using a wheeled walking aid

Psychological b2 It ruins my reputation

-0.056 0.041 0.012 -0.053
0.212 -0.088 -0.148 0.198

stresses
b4 | have no supports from people around me 0.032 0.137 0.071 -0.032
b27 | easily lose my balance on slopes (especially downward slopes) -0.009 0.173 -0.182
Instability b28 | easily lose my balance on steps -0.062 0.063 0.059

b29 | easily lose my balance when loading items

0.082 0.037 0.049

b21 Itis hard to latch the folding lock
b32 | cannot fold it
Difficulties with b33 | cannot move it when it is folded
storage b34 Itis difficult to carry when it is folded up
b35 It is difficult to fit into a car

b36 There is no place to accommodate it when travelling in public transportation

b5 It has poor functionality
b6 Itis not very portable
Difficulties with  b14 | cannot lift the front wheels over steps
operation b15 The steering is not intuitive
b22 Itis hard to move with items on it
b9  Expensive

Difficulties with  b23 It is difficult to sit on it
sitting b30 | easily lose my balance when | try to sit down

Note) grey shading : Items with a factor loading of 20.4. The item b4 did not reflect the factor well, and hence, that item was excluded.

tionality,” “b6: It is not very portable,” and “b14: I
cannot lift the front wheels over steps.” These
items all relate to the operation of a wheeled walk-
ing aid; therefore, Factor 4 was named “difficulties
with operation.” Factor 5 comprised two items, in-
cluding “b23: It is difficult to sit down” and “b30: I
easily lose my balance when I try to sit down.”
These items all reflect instability experienced by
participants when sitting down on a wheeled walk-

ing aid; therefore, Factor 5 was named “difficulties
with sitting.”

On the basis of abovementioned results of the
exploratory factor analysis, construct validities of
the “Wheeled Walking Aid-Related Hassles Scale”
and the “Negative Feelings Regarding Wheeled
Walking Aid Use Scale” in this factorial structure
model were assessed using confirmatory factor
analysis. A second-order factor model with the five
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first-order factors of the “Wheeled Walking Aid-Re-
lated Hassles Scale” generally fits with the data [;(2
(df) = 62.314 (43), CFI = 0.962, TLI = 0.975,
RMSEA = 0.047]. In addition, the KR-20 reliability
coefficient of the scale was 0.819. The second-order
factor model with the five first-order factors of the
“Negative Feelings Regarding Wheeled Walking
Aid Use Scale” fits with the data [y (df) = 35.676
(26), CFI = 0.984, TLI = 0.987, RMSEA = 0.043].
Cronbach’s alpha reliability coefficient of the scale
was 0.859.
3. Effects of wheeled walking aid -related
hassles and negative feelings regarding
wheeled walking aid use on frequency of
outings and QOL
The concordance (fit) of the data to the cause-
and-effect relationship model hypothesized in this
study [* (d) = 113.192 (39), CFI = 0.987, TLI =
0.987, and RMSEA = 0.097] met generally accept-
able statistical standards (Fig. 2). The contribu-
tion rate of “frequency of outings” was 23.0%, and
the contribution rate of “QOL" was 22.5%.

A significant positive correlation was observed
between “wheeled walking aid-related hassles”
and “negative feelings regarding wheeled walking

aid use” (path coefficient = 0.964). Moreover, a
significant negative correlation was observed be-
tween ‘negative feelings regarding wheeled walk-
ing aid use” and “frequency of outings” (path coef-
ficient= —0.341). Furthermore, a significant
positive correlation was observed between “fre-
quency of outings” and “QOL’ (path coefficient =
0.449). The items, “gender,” “physical fitness,”
and “family composition,” which were introduced
as control variables, revealed a statistically signifi-
cant positive correlation with “frequency of out-
ings” alone. Because statistically significant corre-
lation had not been seen, item “Residential areas”
and “ Types of wheeled walking aid” were exclud-
ed from the control variable.

IV Discussion

This study aimed to identify effects of hassles
experienced by the elderly when using a wheeled
walking aid on the frequency of their outings and
their QOL. This findings provide basic information
that can be used for developing safe and highly
functional wheeled walking aids contributes to
keeping and the improved QOL of the community-
dwelling elderly residents.

0: Male 0 : Other household
1: Female 1 : Elderly households
f Physical
Age Famil "
9 Gender i fitness

Negative
feeling

o R?=0.230 Tae,,  R?=0.225

_ Frequency [
0.341 =P of outings 0.449 @

n=204 X*=113.192 df=39
CFI=0.987 TLI=0.987 RMSEA=0.097

Note)

1) To avoid overcomplicating the figure, the indicators (observable variables) of each latent variable and their respective errors are omitted.

2) Because wheel walking aid-related hassles and negative feelings share same items, a significant correlation was evident among errors of corresponding items.

Figure 2 Effects of wheeled walking aid-related hassles and negative feelings regarding wheeled walking aid

use on frequency of outings and QOL
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As a first step in this study we have developed
the “Wheeled Walking Aid-Related Hassles Scale”
to measures the wheeled walking aid-related has-
sles and “Negative Feelings Regarding Wheeled
Walking Aid Use Scale” to measures the cognitive
stress caused by wheeled walking aid-related has-
sles. It confirmed the content validity by using the
exploratory factor analysis in developing. Five fac-
tors that were identified were “psychological
stresses about using a wheeled walking aid,” “in-
stability,” “difficulties with storage,” “difficulties
with operation,” and “difficulties with sitting.” The
concordance (fit) of the data from abovementioned
scales to a second-order factor model with five fac-
tors identified as first-order factors and negative
feelings regarding wheeled walking aid use as sec-
ond-order factors was assessed using structural
equation modeling. The construct validity of these
scales in a factorial structure model was statistical-
ly supported. These results suggest that both
scales developed in this study are each conceptual-
ly unidimensional. Scales that we developed for
measuring wheeled walking aid-related hassles and
negative feelings regarding wheeled walking aid
use among the elderly could play an important role
in wheeled walking aid development in the future.
For example, “instability,” “difficulties with stor-
age,” “difficulties with operation,” and “difficulties
with sitting” could yield valuable suggestions for
developing better wheeled walking aids for elderly
individuals. Although several previous studies as-
sociated with the wheeled walking aid have fo-
cused on the “stability” and “usability” of wheeled
walking aids, very few studies have focused on
“difficulties with storage” or “difficulties with sit-
ting.” “Psychological stresses about using a
wheeled walking aid” is another important point
that very few previous studies have identified. In
future, it is necessary to eliminate these psycho-
logical stress by redesigning wheeled walking aids
following recommendations that can be inferred
from the measures.

Second, results of this study confirmed a cause-
and-effect relationship, wherein wheeled walking
aid-related hassles affected the frequency of out-
ings as well as QOL through negative feelings as-
sociated with these hassles. The empirical findings
are in line with the theory of stress with “wheeled
walking aid-related hassles” as the stressor, ‘nega-
tive feelings regarding wheeled walking aid use”
as the cognitive appraisal of the stress, “frequency
of outings” as the coping mechanism, and “QOL’
as the response to the stress'”. Previous research-
es on wheeled walking aids have primarily focused

25, 26), but a psychological ap-

proach will also be necessary in the future®” ¥,
The Ministry of Health, Labour and Welfare clas-

sifies individuals who go out “less than once per

on biomechanics

week” as homebound, which is an established
cause of becoming bedridden or requiring care
among elderly individuals®® *”’. Previous epidemio-
logical surveys estimate this prevalence as approxi-
mately 15%, and this study, which focused on elder-
ly individuals using wheeled walking aids, yielded
a similar prevalence. A recent review on home-
bound behavior among elderly individuals broadly
identified that physical, psychological, and social
factors influence homebound behavior in a com-
plex wayBD, but factors that were identified in this
study offer new knowledge not found in previous
studies. If, as suggested by earlier research, the
frequency of outings of the elderly has a large im-
pact on their QOL, the design and layout of
wheeled walking aids to assist these individuals in
their outings should be carefully studied. Wheeled
walking aid manufacturers and other companies
that sell wheeled walking aids, as well as individu-
als who buy wheeled walking aids for elderly fami-
ly members, should focus on the stress of the indi-
vidual who will use the wheeled walking aid and
potential users should be offered trial periods to
assess the usability of recommended wheeled
walking aids. In Japan, developing orthoses and
daily living aids require expert judgment from doc-
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tors, physical therapists, occupational therapists
and care-managers. In the future, engineers and
design professionals will probably also need to in-
tervene in a comprehensive manner with elderly
individuals who wish to use wheeled walking aids.

To summarize results of this study, elderly indi-
viduals who used wheeled walking aids were sur-
veyed to identify how hassles they experience
when using a wheeled walking aid (wheeled walk-
ing aids-related hassles and negative feelings re-
garding wheeled walking aid use) influence the
frequency of their outings and their QOL. These
findings empirically verify the cognitive theory of
stress. Furthermore, the study results suggest that
“psychological stresses about using a wheeled
walking aid,” “instability,” “difficulties with stor-
age,” “difficulties with operation,” and “difficulties
with sitting” should be taken into account in the
development of wheeled walking aids.

As a limit of this study, results obtained in this
study are those areas which are limited as A pre-
fecture B city. Therefore, in order to arrive at gen-
eralizable findings the present study should be
replicated among elderly from different geographi-
cal regions and to arrive at a sample representative
of the population of elderly using wheeled walking
aids. In addition to research on wheeled walking
aids themselves, developing the walking environ-
ment of areas wherein elderly individuals live will
be another important issue in promoting going out
and social participation, as well as for preventive
care, among the elderly. To solve this problem,
barriers that the elderly using wheeled walking
aids encounter in their cities must be quickly and
efficiently identified.
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BUREER & NEMRBR D 72012, FNERFEE
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7 — 7V (daily) B £ OFERFH & L TOREETE
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FAHEM AR E, p = 0.52 > 0.05). Table 4 |2
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HETIX 10, 20 FFICIZR E 2 LId R o 7228
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TR E T o 7.

IV EZ&

X MEEEICB 5 MEEHIE, i CRA
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Table 1 Details of database

Tables Primary Keys columns Data length (kB)
adminuser admin_id, admin_pass 2 0.8
hospitalinfo admin_id, hospital_id 7 2.0
roominfo admin_id, hospital_id, room_id 15 1.7
acce_repro admin_id, hospital_id, room_id 30 2.7
acce_kvma admin_id, hospital_id, room_id 35 3.3
acce_times admin_id, hospital_id, room_id 20 2.7
reproducible admin_id, hospital_id, room_id, testdate 25 1.0
kvma admin_id, hospital_id, room_id, testdate 29 1.4
times admin_id, hospital_id, room_id, testdate 17 1.6
daily admin_id, hospital_id, room_id, testdate 13 1.4
Table 2 Number and steps of programs
HTML JavaScript PHP Total
Programs
program steps program steps program steps program steps
Login, Menu 1 722 1 908 4 540 6 2,170
Acce repro 1 342 2 1,166 10 292 13 1,800
kvma 3 555 3 924 14 370 20 1,849
times 3 443 3 742 10 286 16 1,471
list 1 68 1 329 3 136 5 533
Cons repro 1 317 2 1,087 12 325 15 1,729
kvma 3 591 3 1,004 14 521 20 2,116
times 3 456 3 874 13 352 19 1,682
list 1 75 1 384 4 230 6 689
graph 4 585 0 0 8 517 12 1,102
Daily test 5 1,147 1 648 18 756 24 2,551
Hospitalinfo 1 177 1 235 117 9 529
Roominfo 1 276 1 367 8 188 10 831
Total 28 5,754 22 8,668 125 4,630 175 19,052
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Table 3 Elapsed times of registration processing

EXCEL Web application
Members
2 3 1 2 3
A 111" 59" 105" 105" 112" 103"
B 111" 101" 106" 105" 1°13" 105"
o] 1117 59" 105" 1°06" 111" 105"
D 112" 58" 106" 106" 1'11" 106"
E 112" 59" 106" 106" 112" 105"
F 111" 100" 106" 1°06" 112" 1°05”
Average 105" 107"
SD 5" 3"

Table 4 Elapsed times of displaying list

EXCEL Web application
Members
10 20 30 10 20 30
A 452" 333" 247" 0.1" 0.7" 5"
B 230" 308" 321" 02" 1.08" 5.25"
C 427" 315" 305" 0.7" 0.7" 4.9
D 522" 345" 340" 0.8" 12" 6.13"
E 320" 348" 332" 0.65 07" 421"
F 339" 343" 255" 1.77 078" 6"
Average 401" 332" 313" 0.69" 086" 5.25
SD 103" 16.8" 1'14" 0.57" 022" 0.72"

Table 5 Elapsed times of displaying graph

EXCEL Web application
Members
1 2 3 1 2 3
A 410" 615" 530" 1.17 12" 1.0
B 505" 603" 512" 1.07" 1.84" 247
¢ 6'13” 1127 834" 13" 1.09° 1.17
D 929" 733 729" 1.18 1.03" 12"
E 728" 1329" 823" 1.03° 1.05" 1.13"
F 852" 12'12” 803" 12" 1.017 129"

Average 6'52" 950" 711" 1.14" 120" 1.37
SD 2'06" 315" 129" 0.10" 0.32" 055"
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Abstract : The quality control of medical x-ray equipment has become increasingly important
in order to ensure the safety of patients as well as the quality of medical imaging. Hitherto,
the quality control of x-ray equipment has been commonly conducted via spreadsheet
programs used to manage data on the tube voltage, tube current, exposure times and air
kerma, etc. We have developed a quality control program for x-ray equipment which run in
conjunction with a web-based application, and have also constructed a relational database.
Through this QC program, acceptance testing, constancy testing, and routine checks as
various kinds can all be seen together, allowing evaluation and analysis between different
facilities. Furthermore, quality control is optimized through simplification of the data
aggregation process and shortening of analysis time. We believe this program will be of great
use in the quality control of medical x-ray equipment.
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