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Research on the development of coping indexes for
main caregivers providing long-term care to seniors
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Takako Tsutsui', Sadanori Higashinoz, Masaaki Otaga1
Sumiei Tsutsui?’, Masahumi Kirinog, Kazuo Nakajima3
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Abstract : The purpose of this study was to develop an index for the measurement of “Coping”
using a sample size of 1,085 caregivers providing long-term care to elderly family members,
and to clarify the relationship between mental health and the coping strategies used by these
family caregivers. The index developed is a model based on the “long-term care stress coping
index,” which comprises two factors as subordinate concepts : “Coping through independent
resolution” and “Coping through resolution involving assistance from others.” With regard to
this model, we studied the goodness of fit on data from an oblique model comprised of these
two factors and clarified the construct validity. We also analyzed the relationship between
long-term care stress coping scores and mental health scores. As a result, the goodness of fit
on data from a factor model for the long-term care stress coping index reached a statistically
acceptable level, indicating that the index is valid. The scores for mental health were higher
for persons who used “Coping through independent resolution” more frequently and were
lower for persons who used “Coping through resolution involving assistance from others”
more frequently.

Keywords : Coping, GHQ, Family caregivers, Seniors requiring care

I Introduction to greater stress, both physically and mentally,
The act of providing long-term care is stressful, than the person receiving the care ; as a result, it is
regardless of whom the care is being provided to. not uncommon to see caregivers suffering from ill-
In some cases, the person providing care is subject nesses. There are several stress theories explain-
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ing this phenomenon, including Hill's ABCX Mod-
elVand the psychological stress cognitive

2~4>, which focuses on the research of Laza-

theory
rus et al.” In existing prior research targeting fami-
ly caregivers based on the stress cognitive theory,
analysis has been carried out on the order of fac-
tors® 7>, for example, “Is the caregiver aware of the
stress of caregiving?” and “If the caregiver is sub-
ject to stress, what types of coping behaviors are
required?” Based on the stress cognitive theory
proposed by Lazarus et al., models incorporating
stressors, stress awareness, and stress reactions
have been constructed to deal with topics right
from the process of feeling stress in caregivers to
the reactions to that stress. Hypotheses have been
put forward regarding stress awareness in judg-
ments of whether potential stressors represent
harm, threat, or a challenge to the individual in
question and regarding the definition of stress re-
actions through cognitive evaluation processes in
which the caregiver selects “coping behaviors” to
deal with these stressors.

At present, however, the relationship between
these stress reactions and the mental health of
caregivers has not been sufficiently investigated.
According to Folkman et a1.8>, such coping is de-
fined as a cognitive and behavioral effort to over-
come, resist, and reduce internal and external de-
mands and the conflicts between these demands. A
basic conceptual framework for coping was also
proposed by Baum et.al.9>, suggesting that the sub-
ordinate concepts are problem- and emotional-fo-
cused forms of coping. Problem-focused forms of
coping are said to be closely related to the belief
that the person has the capacity to directly change
the stressful environment and the ability to alter
the conditions. Emotional-focused forms of coping,
on the other hand, are said to operate effectively in
cases where it is difficult to change the conditions
at hand, but where the person has the ability to
control or minimize the emotional effects brought
about by the stressors.

In recent years, however, Stanton et.al.'”have
shown that among existing coping indexes, some
items are confounded with stress reactions (anxi-
ety, depression, tension, etc.), particularly those
items that are viewed as being emotion-focused.
This suggests that there is a risk of drawing the
conclusion that emotion-focused forms of coping
are inappropriate, based on the similarities with
items set for both types of coping.

Given the above situation, we can assume that
clarifying the moderating and regulatory effects'
of coping on the stress reactions of family caregiv-
ers in relation to long-term care for seniors will
contribute to the availability of materials for mak-
ing effective judgments when specialists in the
fields of medicine, insurance, and social welfare
provide clinical support to these caregivers. Specif-
ically, it will be possible to investigate the kinds of
methods of providing support to caregivers that
are most appropriate based on the status of the
coping reactions demonstrated by the caregivers
in question.

In order to achieve this goal, it would be desir-
able to develop an evaluation method for easily
grasping the ways in which caregivers cope. The
goal of the current research is threefold : (1) to
develop an index for measuring caregivers’ coping
in the face of stress, (2) to describe a factor model
related to stress coping in the provision of long-
term care, and (3) to clarify the relationship be-
tween these issues and the mental health of
caregivers.

I Methods

1. Survey subjects

The subjects were 1,143 individuals who, as of
April 1, 2002, were the main caregivers for any of
the 5,189 seniors living in City A, Prefecture S, cer-
tified as “Category 1 insured persons” after having
received certification of eligibility for long-term
care. All of the subjects agreed in advance to par-
ticipate in the study.
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2. Methods

1) Survey methods

The survey was conducted by City Office public
health nurses and Care managers that received
survey commissions from municipalities under the
long-term care insurance system. Meetings were
held so that the persons responsible for imple-
menting the survey in City A could explain the pur-
pose, details, and methods of the survey to the
Care manager. Following these explanations, the
surveyors distributed the survey forms individual-
ly to the main caregivers, and then recovered the
survey forms after obtaining written agreements
regarding the caregivers’ cooperation in the sur-
vey. The survey forms were sealed to ensure confi-
dentiality and were then sent via postal mail to City
A. The survey items asked questions pertaining to
the following : gender and age of the senior requir-
ing care and care required level, gender and age of
the caregiver and the relationship of the caregiver
to the senior requiring care, the period during
which care was provided, stress coping related to
caregiving, and mental health.

2) Method of developing evaluation indexes for

long-term care stress coping

“Long-term care stress coping” was defined as
strategies for coping with problems faced in the
context of providing long-term care. “Problem-fo-
cused coping” comprised a total of eight items
(hereinafter referred to as the “long-term care
stress coping index”), with four items each for
“Coping through independent resolution” and
“Coping through resolution involving assistance
from others.” Responses had to be provided on a
three-point scale (0 : Never ; 1 : Sometimes ; and 2
: Often).

In our investigation of coping, we used two defi-
nitions as a reference. The first is by Cox and Fer-
guson (1991), who defined coping as cognitions
and behaviors which, following a stressful transac-
tion and defined independently of outcome , have
the primary function, consciously decide, of deal-

ing with the emotion caused by the transaction and
developing a sense of personal control. This is
achieved by those cognitions and behaviors com-
bining into strategies which perform a mixture of
functions : problem solving, reappraisal and avoid-
anceu). The second definition, which was by Laza-
rus and Folkman (1984), defined coping as cogni-
tive and behavioral efforts to master, reduce, or
tolerate the internal and/or external demands that
are created by successful transaction'? .

In order to create an evaluation index related to
long-term care stress coping, that is, coping strate-
gies for problems that are expected to arise in long-
term care scenarios, - we first conducted an item

13, 14)showing the results

pool to existing literature
of a factor analyses. Second, we categorized those
items into “problem centered” and “emotion cen-
tered” while referring to Lazarus et al.’s research

515 Third, we developed items

on coping indexes
for a final survey while referring to prior research
in which question items were selected based on
confirmatory factor analysisls’ 19,

3) Indexes for mental health

Mental health was measured using the British
12-item General Health Questionnaire (GHQ-12).
Responses were obtained using a four-point Likert
scale and converted into scores using the GHQ
scoring method (with four graded responses
scored as 0-0-1-1 in ascending order, for a maxi-
mum of 12 points).

4) Analysis methods

In the statistical analysis, we investigated the
construct validity from the perspective of the factor
model for the long-term care stress coping index
by assuming an oblique model comprising of “Cop-
ing through independent resolution” and “Coping
through resolution involving assistance from oth-
ers” and studying the goodness of fit on the data.
Next, we examined construct validity in terms of
the relationship with external standards by creat-
ing a factor relationship model using “Coping
through independent resolution” and “Coping
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through resolution involving assistance from oth-
ers” as the independent variable and mental health
as the dependent variable, by examining the good-
ness of fit with the model’s data as well as the rela-
tionships between the variables.

In this study, we assumed that the GHQ-12 was a
single-factor model. To estimate the goodness of fit
of the model, we used the Comparative Fit Index
(CFI), the Tucker-Lewis Index (TLI), and the
Root Mean Squares Error of Approximation (RM-
SEA). To estimate the parameters, we used the
WLSMV (weighted least-squares parameter esti-
mates using a diagonal weight matrix with robust
standard errors and a mean- and variance-adjusted
chi-square test statistic), taking into account that
the scores represent binary variables.

The statistical analysis software used was M-plus
Version 2.01. With regard to the significance of the
standardized coefficient (path coefficient) for the
factor model, we referred to the value of the non-
standardized coefficient divided by the standard
deviation (hereinafter, the t-value) and defined
items showing an absolute value of 1.96 or more
(5% significant level) as being statistically signifi-
cant.

In the statistical analysis, we analyzed the data
for 1,085 individuals ; the data had no missing val-
ues in the responses to the GHQ-12. We used the
following variables : gender, age, and required lev-
el of long-term care by the senior requiring care ;
gender and age of the main caregiver ; relationship
with the senior requiring care ; the period of time
over which care was provided ; and the stress cop-
ing responses in relation to long-term care.

3. Ethical concerns

This research, which is a part of “Research oper-
ations related to improving the quality of long-term
care insurance services,” was conducted by City A
on a commission from the Ministry of Health, La-
bor and Welfare. Authorization was obtained with
regard to the publication of the research results
from an Ethics Committee established within City

A. The authors of this research were also designat-
ed by the mayor of City A as members of the re-
search committee.

The Long-term Care Insurance Section of the
City A’s Office acted as the secretariat in the case
of surveys related to the research operations, ex-
plaining the intent and purpose of the research to
the persons being surveyed as well as their fami-
lies. The survey forms and were distributed by the
Care managers who conducted the survey from
the secretariat. The enclosed documents included
a written request clearly explaining that the result-
ing data would be statistically processed and that
the survey results would be used in the future as
materials to contribute to the creation of policies
for long-term care in City A. A consent form was
also enclosed so that the subjects could indicate
their consent to participate in the survey based on
these explanations.

Survey forms were collected only from those
subjects who agreed to assist with the survey.
Forms were collected individually by postal mail.
The data used in this paper were collected along
with the consent forms. The consent forms are
currently stored and managed at the Long-term
Care Insurance Section of the City A Office. The
data sent to the author for analysis has been statis-
tically processed, and contains no information
whatsoever that would enable the identification of
any of the individuals involved.

III Results

1. Sample characteristics

The gender distribution of the 1,085 main care-
givers was as follows (Table 1): 246 of the care-
givers were male (22.7%) and 839 were female
(77.3%) . The average age of the subjects was 60.5
years (SD=11.6). The average period over which
care was provided was 48.2 months (SD=51.6).
The most common relationship between the care-
giver and the senior requiring care was that of
daughter-in-law and father-in-law (338 persons ;
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31.1%), followed by wife and husband (330 per-
sons ; 30.4%), and daughter and father (263 per-
sons ; 24.2%).

2. Distribution of responses on the long-term

care stress coping index

The item that received the most “Often” re-
sponses was “Actively used social welfare (human)
services”(30.5%). This was followed by “Creative-
ly used long-term care goods”(20.5%), “Actively
used methods for a change of scenery”(18.1%),
and “Thought of more efficient methods for provid-
ing care”(14.7%). The item that received the most
“Never” responses was “Left the care entirely up to
others”(82.9% ), followed by “Thought about plac-
ing the care receiver in a long-term care facility”
(62.4%), and “Used a long-term care facility or
hospital on a temporary basis” (43.5%) (Table 2).

As shown in Table 3, the distribution of re-

sponses on the British GHQ-12 was 4.04, with a
standard deviation of 3.32. Based on the scores
noted above, judging the presence of depressive
symptoms using a cut-off point of 2/3, the ratio of
subjects with scores of 3 points or more was 57.0%
(618 subjects). As a result, items indicating a de-
pressive tendency accounted for about 60% of the
total.

3. Compatibility of the long-term care stress

coping index

Goodness of fit with the data for the oblique
model comprising “Coping through independent
resolution” and “Coping through resolution involv-
ing assistance from others” was as follows : CFI=
0.927, TLI=0.932, and RMSEA = 0.107. All the path
coefficients were statistically significant.

Table 1 Sample characteristics (n=1,085)

Caregiver Senior requiring care

Gender Male 246(22.7%) | Gender Male 338(31.1%)
Female 839(77.3%) Female 748(68.9%)

Average Age 60.5(SD 11.6) | Average Age 82.7(SD 8.0)

Average Care Period 48.2(SD 51.6)

Relationship to Carereceiver Care required level
Spouse 330(30.4%) | Support-required level 78(7.2%)
Son 122(11.2%) | Care Level 1 316(29 1%)
Daughter in Law 338(31.1%) | Care Level 2 279(25.7%)
Daughter 263(24.2%) Care Level 3 169(15.6%)
Daughter’s husband 1(0.1%) Care Level 4 128(11.8%)
Granddaughter 1(0.1%) Care Level 5 116(10.7%)
Grandson 1(0.1%)
Other 30(2.8%)

Table 2 Distribution of responses for long-term care stress coping Index (n=1,085)

Question items Never Sometimes Often
Xc1  Creatively used long-term care goods 284(26.2) 579(53.4) 222(20.5)
Xc2 Used a long-term care facility or hospital on a temporary basis 472(43.5) 457(42.1) 156 (14.4)
Xc3 Actively used methods for a change of scenery 295(27.2) 594 (54.7) 196(18.1)
Xc4  Thought of more efficient methods for providing care 344(31.7) 581(53.5) 160(14.7)
Xc5  Actively used social welfare (human) services 274(25.3) 481(44.3) 330(30.4)
Xc6 Thought about placing the care receiver in a long-term care facility 677(62.4) 306(28.2) 102(9.4)
Xc7  Left the care entirely up to others 899(82.9) 160(14.7) 26(2.4)
Xc8 Gathered information useful for long-term care 328(30.2) 599 (55.2) 158(14.6)

(%)
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Table 3 Response distribution for the GHQ-12 (n=1,085)

Question items Response 1 Response 2 Response 3 Response 4
Xg1  able to concentrate 71(6.5) 700 (64.5) 272(25.1) 42(3.9)
Xg2 lost sleep due to worrying 131(12.1) 467(43.0) 345(31.8) 142(13.1)
Xg3  play a useful role 104(9.6) 660(60.8) 266(24.5) 55(5.1)
Xg4  capable of making decisions 79(7.3) 787(72.5) 202(18.6) 17(1.6)
Xg5  constantly under strain 60(5.5) 404(37.2) 456(42.0) 165(15.3)
Xg6 can’t overcome difficulties 163(15.0) 586 (54.0) 259(23.9) 77(7.1)
Xg7 feel reasonable happy 123(11.3) 739(68.1) 206(19.0) 17(1.6)
Xg8  enjoy normal activities 107(9.9) 461 (42.5) 397(36.6) 120(11.0)
Xg9 face up to problems 196(18.1) 559(51.5) 251(23.1) 79(7.3)
Xg10 unhappy and depressed 392(36.1) 538(49.6) 122(11.2) 33(3.1)
Xg11 losing confidence in yourself 49(4.5) 330(30.4) 626(57.7) 80(7.4)
Xg12 thinking of yourself as worthless 536(49.4) 392(36.1) 122(11.2) 35(3.3)

No. of Respondents (%)
* Item 1- “Response 1 : Was able to more than usual” ; “Response 2 : No change” ; “Response 3 : Was less able to than usu-
al” ; “Response 4 : Was completely unable to”.
Items 2, 5, 6, 10, 12- “Response 1 : Never” ; “Response 2 : Rarely” ; “Response 3 : Occasionally” ; “Response 4 : Often”.
Items 4, 7, 11- “Response 1 : Was able to” ; “Response 2 : No change” ; “Response 3 : Was unable to” ; “Response 4 : Was
completely unable to”.
Item 3- “Response 1 : Occasionally” ; “Response 2 : No change” ; “Response 3 : Rarely” ; “Response 4 : Never”.
Item 8- “Response 1 : Never” ; “Response 2 : No change” ; “Response 3 : Occasionally” ; “Response 4 : Frequently”.
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Figure 1 Factor structure for long-term care stress coping index
(standardized solution ; # = 1,085, CFI=0.927, TLI = 0.932, RMSEA = 0.107, Cronbacho = 0.72)

4. Relationship between long-term care stress
coping and mental health

The goodness of fit with the factor model data
(using care-related stress coping as the indepen-
dent variable and mental health as the dependent
variable) was as follows : CFI=0.946, TLI = 0.964,
and RMSEA =0.064. The path coefficient for men-
tal health in “Coping through independent resolu-
tion” was —0.171 and the path coefficient for men-
tal health in “Coping through resolutions involving

assistance from others” was 0.331. Both these path
coefficients were statistically significant. The con-
tribution rate of the independent variable to the de-
pendent variable (mental health) was 7.4%. It be-
came clear that “Coping through independent
resolution” contributed toward maintaining and
promoting mental health, while “Coping through
resolution involving assistance from others” con-
tributed toward reducing mental health.
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Figure 2 Relationship between long-term care stress coping and mental health
(Standardized solution ; # = 1,085, CFI =0.946, TLI = 0.964, RMSEA = 0.064)

IV Discussion

The goal of the current research was to develop
an index for measuring caregivers’ coping in the
face of stress, to clarify a factor model related to
stress coping in the provision of long-term care
and to clarify the relationship between these issues
and the mental health of caregivers.

First, with regard to the indexes for measuring
stress coping among caregivers, the research re-
sults demonstrated by Stanton et.al.'” showed that
among existing coping indexes, some items are
confounded with stress reactions (anxiety, depres-
sion, tension, etc.), particularly those items that
are viewed as being emotion-focused. Therefore,
we directed our attention to problem-focused cop-
ing. Furthermore, unlike previous evaluation meth-
ods, we adopted a method in which coping is de-
fined as “strategies for coping with problems faced
in the context of providing long-term care” and in
which problem-focused coping comprises the two

subordinate concepts of “Coping through indepen-
dent resolution” and “Coping through resolution
involving assistance from others.” Taking into ac-
count the fact that in previous coping indexes, fac-
tor model studies were insufficient, we investigated
the construct validity of the index model from the
perspective of internal structures, using constitu-
tive equation modeling.

In past research, the standpoint of the research-
ers can be classified into two approaches : one
places an emphasis on the stable aspects of coping
and the other emphasizes the variable aspects re-
sulting from interactions between persons and cir-
cumstances. In order to resolve this problem, we
proposed a format that uses common items that ap-
ply to, both, dispositional coping (which refers to
the trend toward the general use of regular/day-to-
day coping strategies in recent years) and situa-
tional coping (which targets specific stressful
events at specific times), and changes only the di-

JJpn Health Sci  Vol.11 No.3 2008

109




rection and reaction item512>. For this reason, in
the current research, rather than adopting this
type of highly general-purpose evaluation method,
we attempted to develop a coping measurement
method related to the unique characteristics of
long-term care, with a particular focus on situation-
al coping.

The results of the analysis based on the above
conditions were as follows : goodness of fit with
the data for the oblique model comprising “Coping
through independent resolution” and “Coping
through resolution involving assistance from oth-
ers” was as follows : CFI=0.927, TLI=0.932, and
RMSEA =0.107. All the path coefficients were sta-
tistically significant. In past research, Midorika-
wa'¥and Kawamura'®have reported on coping
strategies used by caregivers. Midorikawa con-
ducted a main component analysis of the struc-
tures related to coping by family members provid-
ing long-term care to seniors living at home. The
coping factors identified in this study were catego-
rized into three types : “Problem-focused,” “Prox-
imity/awareness,” and “Avoidance/emotion.”
Kawamura reported on four factors that constitute
coping strategies in the case of long-term care at
home : “Improvements in circumstances,” “Intro-
spection,” “Optimistic thinking,” and “Change of
scenery.” He points out that “Improvements in cir-
cumstances” corresponds to “Problem-focused
coping” and that the remaining three factors can
be interpreted as subordinate concepts in “Emo-
tion-focused coping.”

The view adopted in the current research is sim-
ilar to the “problem-focused” approach described
above. It could be stated, however, that the detailed
measurements based on these two subordinate
concepts is a unique feature of the index construct
in the current research and that this index is easier
to use. It could also be said that the ability to test
construct validity is a significant accomplishment
of the current research. In the current research, in
order to investigate the construct validity of the

long-term care stress coping index, we used men-
tal health as an external standard and analyzed the
relationship between these elements. The results
of this analysis were as follows : the path coeffi-
cient for mental health in “Coping through inde-
pendent resolution” was —0.171 and the path coef-
ficient for mental health in “Coping through
resolution involving assistance from others” was
0.331. Both of these path coefficients were statisti-
cally significant and the contribution rate on the
dependent variable was 7.4% in both cases. As in-
dicated by these results, the fact that the factor re-
lationship itself fits the data can be interpreted as
supporting the direct effects of coping on mental
health!® 20 Among the coping strategies investi-
gated here, however, it became clear that “Coping
through independent resolution” contributed to
maintaining and promoting mental health, while
“Coping through resolution involving assistance
from others” contributed to reducing mental
health.

This means that caregivers with a strong tenden-
cy toward coping through independent resolution
are in a situation that would promote mental
health, but that caregivers who cope by seeking as-
sistance from others have a strong tendency to
move in the other direction. We believe that this is
important information when studying methods of
providing support to caregivers. The contribution
rate of coping to mental health obtained from this
research was low (7.4%). We assume that one
reason for this was due to the large distribution in
the ages of caregivers, the period of care, and the
care required level.

In the current research, we considered “Coping
through resolution involving assistance from oth-
ers” as problem-focused coping, but the fact that
this type of coping has functions that work in the
same direction as “emotional coping” in past re-
search suggests that it is important to conduct
more detailed studies in the future regarding the
subordinate concepts related to coping. Based on
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the above results, we can assume that in order for
family caregivers to provide continued care to se-
niors, it would be desirable to actively offer infor-
mation related to caregiving and to provide practi-
cal information on direct caregiving as well as the
methods of using social welfare tools. At the same
time, it would be desirable to enhance the opportu-
nities for caregivers to enjoy a change of scenery
as a break from ongoing caregiving activities.

Past research that investigated the relationship
between stress and mental health did not necessar-
ily adopt the same view of the regulatory effects of

19727 of these studies do not rec-

coping. About hal
ognize the buffer effects of “problem-focused” and
“emotion-focused” coping ; the other half, while not
recognizing the regulatory effects, support the
moderating effects'® 28~35),

The mental health of the main caregivers can be
closely related to a number of different variables,
including age and physical health of the caregiver,
common level of care need in the person requiring
care, and the use of long-term care services. In this
research, we studied the relationships among
these variables. As a result, we found that there
was a weak relationship between the age of the
caregiver or the senior requiring care and the care
required level (Table 4). The relationship be-

tween mental health and a range of variables has

been pointed out in numerous research papers,
and for the most part, similar results were derived
from the current study, based on the outcome of
the analyses.

The goal of this research, however, was to fur-
ther eliminate these complex factors to the great-
est extent possible and study the goodness of fit on
data for models using care-related coping as an in-
dependent variable in order to investigate the sim-
plest cause and effect relationships. Taken from
another perspective, this is a test of whether it is
possible to hypothesize a cause and effect relation-
ship between two factors, which is something that
has not been sufficiently investigated in the past.
Based on the premise that this can be explained, it
will be possible to create a series of cause and ef-
fect models for factors such as Source of stress,
Recognition of stress, Coping, and Stress reactions.
Our intent was to determine whether coping is an
indirect effect factor, a moderating effect factor, or
a regulatory effect factor in long-term care scenari-
0s. As a result, we determined that it would be nec-
essary to conduct further studies on whether cop-
ing is a moderating or regulatory effect factor.

The results of this analysis showed a positive
correlation between ‘coping through resolution in-
volving assistance from others’ and ‘GHQ.’ In this
regard, one issue for the future will be to analyze

Table 4 Relationship between sample characteristics and each index score

Caregiver Senior

requiring care

Age Average care period GHQ-12 score Coping score Age Care required level
Correlation Correlation Correlation Correlation Correlation Correlation
- L = . . P-Value . P-Value
Coefficient Coefficient Coefficient Coefficient Coefficient Coefficient
Caregiver Age 1 — 0.06  0.04 * —0.06 0.07 0.04 0.20 —0.01 0.72 0.05  0.08
Average
care 1 —0.02 0.54 0.04 0.14 —0.04 0.22 0.11 0.00
period
GHQ-12 1 — 0.08 0.01 3* 0.09 0.00 #* 3 0.07  0.023%
score
Coping 1 — 004 021 015  0.003% %
point
Senior Age 1 — 0.00 0.99
requirng  care
care required 1 —
level
* P<.05, * * P<.01
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the cause-and-effect relationships, including the
possibility that caregivers who receive high scores
for ‘coping through resolution involving assistance
from others’ may not be successful at coping.

We believe that this knowledge will be useful
when Care managers propose care plans focused
on achieving a better quality of life not only for the
seniors requiring care about also for caregivers be-
cause this approach can be used when proposing
methods that will reduce the burden on the care-
givers. This is because until now with regard to
long-term care for seniors, support by specialists in
insurance, medicine, and social welfare for the
most part has placed an emphasis on providing the
family with knowledge of caregiving or actual care-
giving methods. However, the trends in coping
used by the caregivers themselves, as demonstrat-
ed in the current research, indicate that it is neces-
sary not only to provide support by simply teach-
ing knowledge and skills regarding caregiving but
also to provide support based on a variety of cop-
ing strategies, including minimizing, avoiding, en-
during, or accepting the problems faced by care-
givers in specific situations.

We can therefore assume that when caregiving
support specialists and other professionals in-
volved in caregiving study or evaluate the services
provided to caregivers, closely examining the cop-
ing behavior patterns demonstrated by the caregiv-
ers and creating long-term care service plans
based on those patterns, it would lead to more ap-
propriate long-term care at home.
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Abstract : The purpose of this study was to evaluate the motion and muscle activity of wheel-

chair users with disabilities when a car stops and starts suddenly. A subject was placed in a

wheelchair fixed to a carriage and sudden stop and sudden start experiment was performed

to evaluate the motion and muscle activity of the subject using a seatbelt and headrest. The

sudden stops were simulated by performing front carriage crashes. The sudden starts were

simulated by performing rear carriage crashes. Volunteer subjects including people with dis-

abilities participated in the experiment. The cervical angle, the trunk angle and the muscle

activity were measured. The experiment results show that the muscle reflection of disabled

people was stronger than that of normal people. And, the results of these experiments dem-

onstrated that the muscle reflection of disabled people without a seatbelt were stronger than

that with a seatbelt. Both of these results show that use of seatbelt and headrest is indispens-

able for the safety of wheelchair users in motor vehicles. People with disabilities depend

more on seatbelt and headrest than people without disability.

Key Words : Wheelchairs traveling in motor vehicles, Muscle activity, Motion of people with

disabilities, Seatbelt, Headrest
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Abstract : The purpose of the study is to express the motion of disabled people at a sudden
stop and start by using a muscle reflection model. The model was composed of two rigid
links and three masses and was characterized with muscle reflection defined by Hill's equa-
tion. A sudden stop and start experiment was performed to obtain human muscle parameters
and to evaluate the model. Volunteer subjects including people with disabilities participated
in the experiment. The subjects were placed in a wheelchair fixed to a carriage. The cervical
angle, the trunk angle and the myoelectric potential were measured. This model simulated
the motion and the myoelectric potential of each subject without/with seatbelt. The simula-
tion results were similar to experimental results. The simulation results show that safety
equipments are more important for people with disabilities than for people without disability.

Key Words : Muscle reflection model, Wheelchair traveling in motor vehicles, Motion of

people with disabilities, Seatbelt
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Effects of joint traction and position changing of upper limb

on the reaction time of quadriceps femoris

FIRBIEFE | & IR 2 L ATIBR I B SO R 12 3502

Takayuki Koyamal, Ken Yanagisawaz, Osamu Nittaz, Jun-ya Aizawa®
A B2 Mg R R % MR i

Abstract : The purpose of this study was to examine the effects of joint traction and posi-
tion of upper limb on the pre-motor time (PMT) and motor time (MT) of quadriceps femo-
ris. Twenty healthy male subjects participated in this study. The subjects lay supine on the
torque machine with their left knee flexed at 30 degree angle. The subjects were tested for
the maximum isometric extension of the left knee in an immediate response to a signal sound
trigger, while holding the following eight testing positions : Two types of right upper limb
positions (neutral position and PNF position with shoulder joint extension of 30 degrees, ab-
duction of 20 degrees, internal-rotation of 70 degrees) as combined with four types of traction
forces (no-load, 30N, 60N and 90N). Ten trials were measured for each testing position. PMT
was measured to represent the time from the trigger to the onset of EMG, and MT, the time
from the onset of EMG to the onset of the muscle torque. The results indicated major effects
on the PMT in relation to traction forces and upper limb positions with significant level of
interactions. No significant effect was found as to the MT. The result of multiple comparison
analyses showed that the PMT shortened with the increase in the traction force in the neu-
tral position (significant differences were observed for varying PNF positions and for ON~
all, 30N~60N, and 30N~90N traction forces). The PMT was significantly shorter in the PNF
positions with ON and 30N traction forces compared to that in the neutral position with the
same traction forces. The PMT is known to reflect the process of the central nervous systems
(CNS). These results suggest that the joint traction of upper limb and the PNF position have
facilitating effects on the lower limb by arousing the CNS.

Key Words : PNF position, Joint traction, central nervous system, pre-motor time
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I Backgrounds

Proprioceptive Neuromuscular Facilitation
(PNF)method was developed by Knott and Voss
(1968)", and was generally used as a physical
therapy technique in patients with neuromuscular
dysfunction. As the basic principles of facilitation in
PNF, following procedures are instructed; resis-
tance, irradiation and reinforcement, manual con-
tact, therapist’s body position and body mechanics,
verbal commands, vision, traction and approxima-
tion, stretch, normal timing, and movement pat-
terns?. Spiral-diagonal movement patterns are
most characteristic in PNF, and these patterns are
similar to the movement patterns in many sports
such as a kicking in soccer, a throwing in baseball,
and a attacking in volleyball. Therefore, the adapta-
tion of PNF has been recently expanded to include
the treatment for patients with orthopedic disease
including the sports-related injury. PNF method
has been developed on the basis of physiological
studies’ ™. It has been concluded that the start-
ing position of the movement patterns in PNF (PNF
position)influences motor output mechanisms of
the central nervous system (CNS)by stimulating
sensory inputs from proprioceptors such as muscle

10~16) This movement patterns are clini-

spindles
cally used with joint traction which acts as a stretch
stimulus by elongating muscles and other joint pro-
prioceptors. The physiological basis of PNF posi-
tion has been well examined, but only few studies
are available on the traction as a facilitation tech-
nique”’ 18)'

We previously examined the effects of joint trac-
tion of the upper limb on the soleus H-reflex, and
found that the amplitude of H-reflex increased with
the traction'?. This result indicates that the joint
traction makes excitability of o-motoneuron facili-
tated. The question still remains what relationships
exist between the upper limb and the lower limb if
the traction is added to the upper limb, or whether
an interaction exists between the traction and the

positions of upper limb. We hypothesized that the

joint traction of upper limb facilitates the CNS or
the somatic nervous system (SNS)by stimulating
muscle spindles or other joint proprioceptors, and
that the traction in PNF position influences the
CNS more than in neutral position. In the EMG

2, 21), it is well known that the electromyog-

study’
raphy (EMG)- reaction time of initial movement
represents the process of CNS. It is considered
that pre-motor time (PMT) as a reaction time of ini-
tial movement is shortened if the joint traction
and/or limb positional change makes the CNS fa-
cilitated. Therefore, the purpose of this study was
to examine the effects of joint traction and position
of the upper limb on the PMT and the motor time

(MT) of quadriceps femoris.

II Methods

1. Subjects

Subjects were recruited from the student of To-
kyo Metropolitan University. Twenty healthy males
with no past medical history of orthopedic or neu-
rological disease participated in the study. The
mean (standard deviation; SD, range) age, height,
and weight of the subjects were 23.1(2.2, 21~28)
yr, 171.7(5.9, 155~180) cm, and 66.6(7.3, 48~81)
kg, respectively. The study was approved by the
Ethics Committee of Tokyo Metropolitan Universi-
ty. All subjects provided written informed consent.

2. EMG recordings

EMG activity of the left rectus femoris muscle
was recorded using surface electrodes. Bipolar sil-
ver/silver chloride electrodes were applied one-
third distally between anterior superior iliac spine
and the patella tip with an inter-electrode distance
of 20 mm. The ground electrode was placed over
the head of fibula. Before the electrode placement,
the skin was shaved, swabbed with alcohol, and
gently abraded with polishing powder to reduce
electrical impedance.

3. Traction apparatus

The pulley machine (Lojer Inc, Finland) was used
to apply traction force to pull subjects’ right upper
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limb. The bangle was fixed on the distal end of
right forearm. The pulley attachment was fit with
the bangle, and the pulley was so positioned as to
enable pulling their right upper limbs longitudinal-
ly. Traction forces were applied with four different
loads (no-load, 30N, 60N and 90N). All subjects ex-
perienced traction of 90N, and were checked for
the presence of any provocative pains or uncom-
fortable feelings before initiating the tests.

4. Procedure

The subjects lay supine on the torque machine
(BIODEX system 4, Biodex medical systems inc,
New York), and their left knee was flexed at 30 de-
grees (Figure 1). Then the subjects were passive-
ly placed both in the right upper limb neutral posi-
tion and in PNF positions (with shoulder joint
30-degree extended, 20-degree abducted, 70-de-
gree internally rotated)in parallel with the joint
traction by the pulley machine. In all, tests were
conducted in eight positions (2 positions X 4 trac-
tion forces). The subjects were tested with the left
knee at maximum isometric extension in an imme-
diate response to the trigger of an electrical sound,
while holding each testing position.

The interval of the electrical sound was about
15 seconds. The first 5 trials (first session) were
measured in a random order, and the last 5 trials
(second session)were measured in a same order

Pulley

torque machine

signal versatile
trigger measuring
device

AD converter

Figure 1 Apparatus settings
EMG data were sampled at 2,000 Hz and, together
with the extension torque and the electrical sound
trigger, recorded in a personal computer using a
versatile measuring device through an amplifier.

as first session. Subjects took ten minutes’ break
between sessions. When the subject visibly failed
in a trial in the examiner’s observation, an addi-
tional trial was given and measured until 5 trials
were completed. In all, ten trials were measured
for each testing position.

EMG data were sampled at 2,000 Hz, and togeth-
er with the extension torque and the electrical
sound trigger, recorded in a personal computer us-
ing a versatile measuring device (Neuropack 2
plus, Nihon-koden inc, Tokyo) through the AD con-
verter (MacLab, AD Instruments inc).

5. Data analysis

All data were imported to the spreadsheet soft-
ware (Excel 2007, Microsoft inc.). Following the
full-wave rectification, the onset of EMG was iden-
tified as the point where the mean of 400 subse-
quent samples before the trigger exceeded the
background activity level by 2 SDs. The onset of
the muscle torque was also defined, by the same
procedure, as the onset of EMG. The PMT and MT
were measured, which were identified as the time
from the trigger to the onset of EMG, and from the
onset of EMG to the onset of the muscle torque,
respectively. (Figure 2). The following formula
was used to calibrate the distance from the trigger
of electrical sound to the subject’s ear hole.

sound velocity (m/sec) =331.5+0.61 t
(t= Celsius temperature)

6. Reliability

Intraclass correlation coefficients (ICCs)were
calculated to examine the reliability of testing pro-
cedures. The averages of first session and second
session with the PMT, as representative values re-
spectively, were used to identify test-retest reliabili-
ty.

7. Statistical analysis

With the PMT and the MT as dependent vari-
ables, repeated measure analysis of variance (ANO-
VA)was done with two factors (two upper limb posi-
tions X four types of traction forces)to identify the
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Figure 2 Calculation of PMT and MT
PMT was defined as the time from the trigger to the onset of EMG, and the MT was defined as the time from the

onset of EMG to the onset of the muscle torque.

presence of any significant effects. Sheffe’s multi-
ple comparison was used as a post hoc test. All
data analyses were performed using SPSS for win-
dows 13.0(SPSS Inc, Chicago). The statistical sig-
nificance level was set at 0.05 probability.

III Results

1. Reliability

The results of ICCs are shown in Table 1. The
test procedures and the number of trial times were
appropriate for the reason that ICCs of the PMT
were excellent in all testing positions (ICCs = 0.922
~0.968).

2. Reaction time

The PMT and the MT of each testing position

are shown in Table 2, and the results of repeated
measure ANOVA, in Table 3. As to the PMT, both
traction force and position had major effects. A sig-
nificant interaction was found between traction
forces and positions. As to the MT, no significant
effects were found of any testing positions.
Multiple comparison analyses indicated signifi-

Table 1 ICCs between first session and second

session
Neutral position PNF position

Traction force | ICCs 95%Cl ICCs 95%Cl
ON 0.922 0.818 ~ 0.968 | 0.942 0.861 ~ 0.976
30N 0.961 0.905 ~ 0.984 | 0.968 0.923 ~ 0.987
60N 0.952 0.886 ~ 0.981 | 0.967 0.919 ~ 0.987
90N 0.968 0.923 ~ 0.987 | 0.961 0.906 ~ 0.984
ICCs : Intraclass correlation coefficients, 95%Cl : 95%

confidence interval

Table 2 Results of repeated measure ANOVA

pre-motor time motor time
Factor DF MS F-value P-value | DF MS F-value P-value
Position (A) 1 4786.91 790 .005* | 1 20.16 .61 436
Traction force (B) | 3 9548.49 1576  .000" | 3 6.86 .21 .892
A XB 3 5104.96 828 .000* | 3 4878 1.47 221
DF : degree of freedom, MS : mean square, * p<.05
Table 3 mean (SD) reaction time (msec)
Neutral position PNF position
Traction force PMT MT PMT MT
ON 178.2(32.5) 52.4(7.0) 166.1(29.1) 53.1(5.6)
30N 169.8(28.7) 53.2(6.6) 164.7(29.6) 52.5(5.5)
60N 162.9(28.3) 52.6(5.8) 164.8(31.8) 52.6(5.4)
90N 160.8(28.0) 52.4(6.1) 163.7(29.8) 52.0(5.2)

PMT : pre-motor time, MT : motor time
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cant differences in the PMT between the traction
forces ON~30N, ON~60N, ON~90N, 30N~60N
and 30N~90N in the neutral position (Table 4),
while in the PNF position, no differences were
found between the different levels of traction forc-
es. With ON and 30N traction forces, there were
significant shortening of the PMT in PNF position
compared with that in neutral position (p<.05).

IV Discussion
We have previously examined the effects of joint

19) in set-

traction of upper limb on soleus H-reflex
tings similar to this study, and found that the ampli-
tude of the soleus H-reflex was increased following
the traction in accordance with its force. Statistical
significance was noted with 60N traction and
above. H-reflex represents the excitability of
o-motoneuron, and is affected by the CNS such as
pyramidal tract, extrapiramidal tract, cerebella or
vestibula, as well as by the SNS. The results of the
previous study indicated that the changes in the
H-reflex following the upper limb traction were due
to the CNS and/or SNS arousals. If the traction in-
fluences on the CNS more than the SNS, the trac-
tion may possibly shorten the PMT. It is well
known that PMT represents the process of CNS,
and MT represents the process of SNS2:2D g
know how the traction influences on either the

CNS or SNS, we consequently examined the ef-
fects of joint traction and position of upper limb on
the EMG-reaction time of quadriceps femoris mus-
cle in this study. The results of this study showed
that the joint traction of upper limb shortened the
PMT of quadriceps femoris in accordance with the
increasing traction force, and that PMT in the PNF
position was shorter than that in the neutral posi-
tion under low load (<<30N) of joint traction. MT of
quadriceps femoris was not affected by the traction
or positional changes of upper limb.

Knott and Voss? stated that joint traction sepa-
rates joint surfaces, thereby stretching joint struc-
tures and stimulating those receptors sensitive to
stretch. Common proprioceptors are known to be
sensitive to stretch include : pacinian corpuscle,
ruffini ending, muscle spindle, and Golgi tendon
organ. Muscle spindle and Golgi tendon organ are
the slowly-adapting receptors, while pacinian cor-
puscle and ruffini ending are the rapidly adapting
receptors. In this study, the muscle spindle may
mostly affect the outcome for the reason that the
subjects were tested in sustained tractions and po-
sitions.

Previous studies have reported that EMG activi-
ty of quadriceps femoris increased by the knee
joint traction (Svendsen et al., 198317>), and that
EMG reaction time of quadriceps femoris de-

Table 4 Results of multiple comparisons (pre-motor time)

Neutral position PNF position

Traction force MD SE P-value 95%Cl MD SE P-value 95%Cl
ON 30N 8.84 1.98 .000 * 3.30 to 14.37 2.16 2.62 .877 —5.17to 9.49
60N 16.18 1.98 .000 * 10.64t0 21.72 2.22 2.62 .869 —5.12t0 9.55
90N 18.73 1.98 .000 * 13.19t0  24.27 3.46 2.62 627 —3.8810 10.79
30N ON —8.84 1.98 .000 * —14.37to —3.30 —2.16 2.62 .877 —9.49to 5.17
60N 7.34 1.98 .003 * 1.80to 12.88 .05 2.62 1.000 —7.28t0 7.38
90N 9.90 1.98 .000 * 4.36 to 15.44 1.29 2.62 .970 —6.04to0 8.62
60N ON —16.18 1.98 .000 * —21.72to0 —10.64 —2.22 2.62 .869 —955t0 5.12
30N —7.34 1.98 003 * —12.88to0 —1.80 —.05 2.62 1.000 —7.38t0 7.28
90N 2.56 1.98 .644 —2.98to 8.09 1.24 2.62 974 —6.09t0 8.57
90N ON —18.73 1.98 .000 * —24.27to —13.19 —3.46 2.62 .627 —10.79to 3.88
30N —9.90 1.98 .000 * —15.44to0 —4.36 —1.29 2.62 .970 —8.62t0 6.04
60N —2.56 1.98 .644 —8.09 to 2.98 —1.24 2.62 974 —8.57to 6.09

MD : mean difference, SE : standard error, 95% CI : 95% confidence interval
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creased by the traction of knee joint (Kurosawa et
al., 199018>). We found that the traction of upper
limb also shortened EMG reaction time of lower
limb muscle; whereas, in these previous studies,
the tractions were performed with the relevant
knee joint. This finding was explained mainly by
stretch stimulus of proprioceptors (mostly muscle
spindle), task cognition from skin pressure/mus-
cle extension, or by divergence phenomenon of
nerve impulse.

Positional changes of upper limb affected the
outcome : PNF position significantly shortened the
PMT of quadriceps femoris compared with that in
neutral position. It is well known that the excitabili-
ty within the spinal cord changes in response to
the alteration of limbs position, via long-loop reflex.
Previous studies have analyzed the effects of limb
position changes. Positioning the contralateral
shoulder at extension facilitated the soleus H-re-
flex, while positioning the ipsilateral shoulder at
flexion inhibited (Delwaide et al., 19731”’) . Some of
the upper limb PNF positions facilitated the soleus
H-reflex, and no inhibition of the soleus H-reflex
was observed in other PNF positions (Yanagisawa
et al., 199113>). In upper limb PNF position, EMG
reaction time of the wrist extension muscles was
shorter, and motor-evoked potential amplitude was
larger and its latency was shorter than in the neu-
tral position (Shimura and Kasai, 2002'%). Our
study findings supported these previous studies.
Clinical implications are that the traction technique
can be applied by 30N or more to facilitate between
limbs, and may need not to be applied by 90N be-
cause both 60N and 90N of traction force were the
similar effect in this study. Meanwhile, no syner-
gistic positive effect was provoked by any possible
combinations of PNF positions and joint tractions
clinically well applied in physical therapy. This phe-
nomenon may depend on the specificity of EMG
reaction time. That is, the reduction in EMG reac-
tion time may be limited to a certain amount of
time even if the processing performance of the

CNS should be raised to its maximum. Our find-
ings indicate a possible facilitation of the CNS by
the traction, however it may need to note that the
PMT does not necessarily comprise the process of
CNS itself.

V  Conclusion

We studied the effects of joint traction and posi-
tion of the upper limb on the reaction time of quad-
riceps femoris muscle. The results showed that the
joint traction of upper limb shortened PMT of
quadriceps muscle with shorter PMT in the PNF
position than in the neutral position on low load of
joint traction. It is considered that these results are
due to the effect of arousal of the CNS.
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Influence of aging change in visual system on postural control
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Abstract : The purpose of this study was to clarify how age related changes in the visual sys-
tem contribute to declining postural stability. Fourteen healthy, elderly subjects (mean age,
67.75+6.11 years) with no history of falls and who had normal vision were recruited along
with 14 young controls (mean age, 19.14 £ 0.53 years). Postural stability when standing was
assessed during anterior-posterior translations of a force plate accompanied by visual misin-
formation where a plain white wall was tilted towards the subjects as they swayed. Concur-
rent visual data was documented by an eye mark recorder and also assessed. A significant
difference between age groups was found in Equi-test data for rectangle area of postural
sway, and in vision data for fixation point duration, pupil diameter, convergence angle, and %
eye movement velocity. For area of length, a significant difference between age groups was
found only for left eyes. In the elderly, the center of gravity was larger as eye movements
increased. The elderly subjects made more frequent saccadic eye movements resulting in
shorter durations of point fixations causing blurred reflexive images on the retina. As the
control of body movement is strongly linked to visual cues which are hindered by aging
changes, performance of gait and balance changes in response to visual cues, and associated
strategies to negotiate the visible environment, differ between young and elderly. We suggest
that the elderly may benefit from intervention including training to control direction of gaze
and other factors related to visual information processing to reduce the risk of falls.

Key Words : Postural control, eye movements, Visual

I Introduction factors. There are 2 types of balance, dynamic and
Falls in the elderly have multiple contributing static. Effective postural control requires more
factors, including intrinsic physiological and mus- than the ability to generate and apply forces for
culoskeletal factors and extrinsic environmental controlling the body’s position in space. The cen-
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tral nervous system (CNS)must organize informa-
tion from sensory receptors and proprioreceptors
throughout the body to determine the body’s posi-
tion in space. Normally, peripheral inputs from vi-
sual, somatosensory, and vestibular systems are
available to detect the body’s position and move-
ment in space with respect to gravity and the envi-
ronment" 2. Visual cues are especially important
and many studies of the effect of vision on quiet
stance have examined the amplitude of sway with
eyes open versus that with eyes closed and have
found a significant increase in sway in normal sub-
jects with eyes closed® ™. Visual inputs provide
information regarding the position and motion of
the head with respect to surrounding objects.
Therefore, vision is unique because among the
senses that contribute to stance, it is believed that
vision is usually the primary source of information
regarding the body’s position in space. Many stud-
ies on the visual system have shown deterioration
in function with age. Such deterioration results in
limitations in the ability to adopt movements re-
quired for stable postural balance in response to
changing task and environmental demands. The
purpose of this study was to clarify which changes
in the visual system functions, which are important
for posture and balance control, contribute to de-
clining stability as people age.

II Method

Twenty eight healthy Japanese adults with no
history of falls and who had normal corrected vi-
sion were enrolled for this study after giving writ-
ten informed consent. Subjects were sorted into
the 2 groups, elderly and young. The elderly
group comprised 14 adults (mean age, 67.75*6.11
; range, 60~84 years ; sex, male 7, female 7),
whose average height was 160.29 = 6.63 cm and av-
erage weight was 55.29 £7.34 Kg. The young
group comprised 14 adults (mean age, 19.14 +0.53
; range 19~21 years ; sex, male 5, female 9) whose
average height was 160.79 +6.66 cm and average

weight was 60.43 =7.56 Kg. Subjects were fitted
with an EMR-8B head mounted eye tracker (EMR)
complete with field lens (NAC Image Technology)
and the cap, mirror arm, field lens and image bina-
rization were set up. The visual axis angle was cal-
culated from the distance of the image of corneal
reflex to the center of the pupil. Calibration of the
visual axis angle data is important to compensate
for head motion. For calibration, subjects gazed at
9 calibration points whilst sitting and respective
measurements were taken according to the manu-
facturer’s protocols. After visual parameter calibra-
tion, subjects were instructed to stand erect in the
computerized dynamic posturography (CDP) appa-
ratus (Equi-test, NeuroCom International, Clacka-
mas, Ore.)while an adjustment was made for foot
width. To control for gaze, a plain white screen was
fitted to the moveable visual surround, henceforth
termed front tilting wall, during posturography test-
ing. Subjects were exposed to perturbations accord-
ing to the maker’s protocol for sensory organiza-
tion test 6 wherein the tilting wall is tilted towards
or away from the direction of the subjects body
sway, delivering inaccurate visual information about
his orientation, whilst at the same time, the force
plate that he is standing upon is shifted back or
forth in tandem with his body sway. Subjects were
instructed to maintain an upright position with their
arms by their sides during the procedure.

The mode of analysis of EMR included docu-
mentation and calculation of area of length

(S:%\(03:2—99:1)(93}3—9y1)—(9x3—9x1)(9y2—6y1)\),

the mean of X=lozx_ and the mean of
n S

n

Y= %o 214 Y. fixation point duration, pupil diam-
eter, convergence angle, convergence distance, di-
opter, % eye movement velocity (a standard com-
parable score determined by the equation : % eye
movement velocity = {(Fix (Xdeg, Ydeg)i — FixX (Xdeg,
Yaeg)i-1)1/(Ti=Ti-1). Before analysis and com-
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paring the EMR data of the two groups, it was ad-
justed to compensate for differences in distance
between both eyes, and distance from above and in
front of the eye to the field lens as described. Neu-
roCom Equi-test equipment and Sensory Organiza-
tion Test protocol 6 and standards were used, and
results of RMS, rectangle area=X(max-min) XY
(max-min), length of postural sway=

T\ (dv )
J. (E) + (d%‘)j dt were analyzed for each subject

accordingly and data of the elderly and young
groups were compared using a one-tailed t-test in-
cluded in Windows 15.0 version of SPSS.

III Results

Table 1 shows the Equi test data collected for
both groups. There were significant differences be-
tween the mean scores of the elderly group and the
young group (data shown in brackets), respective-
ly, in Equi-test data: rectangle area 19.66
22.64 cm®(8.25+6.74 cm®)mean of Y 3.12+
2.29 cm (4.87 2.0 cm). Table 2, 3 shows the EMR
data collected for both groups. EMR right eye data

: fixation point duration 0.86+1.12s(2.95%5.62's),
pupil diameter 3.29%0.96 cm (3.64 +0.54 cm),
and % of eye movement velocity 90 ms 20.35*
13.31% (13.59 £ 13.32% ), 120 ms 0.65+ 1.23% (0.32
+1.20%); and EMR left eye data: area of length
0.21%0.30°%(0.14+0.11° %), fixation point duration
0.62+0.55s(2.34*5.11 s), pupil diameter 3.33 +
0.56 cm (3.55*0.44 cm), and% of eye movement
velocity 90 ms 21.79+19.51% (17.04 +11.75%),
120 ms 1.22+2.13% (0.29 +1.075% ) . Also, a signifi-
cant difference was found in convergence angle
10.86+5.88 °(6.6+2.14 °), and diopter 3.46*2.0°
(1.98+0.68°). For technical reasons, the conver-
gence angle in EMR of five of the elderly subjects

Table 1 Comparison of Equi-test data sway paths
in elderly and young

Elderly (N=14)  Young(N=14)
RMS [cm?] * 16.26 + 21.63  21.59 + 24.32
Length [cm] 2874+ 935 37.91 + 15.70
Rectangle Area[cm?] * 19.66 + 22.64 825+ 6.74
Mean of X [cm] 0.07+ 069 —051%+ 124
Mean of Y [cm] * 487+ 204 312* 229

* P<0.05, mean*SD

Table 2 Comparison of mean eye mark recorder (EMR) date in elderly and young

Right eye Left eye
Elderly (N=14)  Young(N=14) Elderly (N=14)  Young(N=14)
Mean of X[°] 9.99+ 875 10.23 £ 5.32 |Mean of X[°] 1472 £ 1019 15.31 = 4.40
Mean of Y [°] —5.06 £+ 6.22 —432=+ 6.14 |MeanofY[’] —8.16 £ 595 —4.94+ 6.18
Area of length [ %] 024+ 035 0.13% 0.09 |Area of length[*?]* 021+ 030 0.14%* 0.11
Fixation Point Duration[Sec] * | 0.86 = 1.12 2.95 + 5.62 |Fixation Point Duration[Sec] * | 0.62 = 0.55 234+ 5.11
Pupil Diameter [cm] * 329+ 096 3.64 + 0.54 |Pupil Diameter[cm] * 333+ 056 355+ 0.44

% P<0.05, mean = SD

Table 3 Comparison of mean% eye interfixation velocity in elderly and young

Right Light
[deg/s] Elderly [%] Young [%] [deg/s] Elderly [%] Young [%]

0.00 ~ 10.84 = 792 17.07 £ 18.37 0.00 ~ 15.41 = 1548 20.21 £ 19.18
30.00 ~ 14.33 + 10.44 9.16 = 7.24 | 30.00 ~ 10.94 = 10.09 12.03 £ 8.01
60.00 ~ 18.23 = 10.94 16.49 £ 15.96 | 60.00 ~ 13.87 = 9.00 12.89 £+ 12.98
90.00 ~* 20.35 = 13.31 13.59 + 13.32 90.00 ~* 21.79 = 19.51 17.04 = 11.75
120.00 ~ 20.52 = 19.21 19.56 = 19.77 |120.00 ~ 22.33 = 27.09 18.88 + 14.02
150.00 ~ 12.94 + 1448 12.80 = 17.46 |150.00 ~ 446 + 5.85 6.20 = 8.06
180.00 ~ 1.95+ 3.34 3.86 = 6.55 |180.00 ~ 253 + 5.09 5.36 = 11.76
210.00 ~* 0.65 + 1.23 0.32+ 1.20 [210.00 ~* 122+ 213 0.29 = 1.07
240.00 ~ 0.18 = 0.64 0.00 = 0.00 |240.00 ~ 0.34 = 1.28 0.00 = 0.00

* P<0.05, mean = SD
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and one of the young subjects was not available for
analysis, so the data of 9 elderly subjects was statis-
tically compared with that of 13 young subjects.

IV Discussion

In this study, we compared CDP performance
and EMR data in groups of elderly and young peo-
ple to examine how changes in the visual system,
contribute to declining stability as people age.
There was a significant difference between the age
groups in rectangle area indicating an increased
sway path in elderly people. In addition, EMR of
the elderly group showed increased area of length,
decreased fixation point duration, decreased pupil
diameter, increased convergence angle, and in-
creased % eye movement velocity.

At least one study has reported that the center of
gravity increased with eye movements in the elder-
ly6>. The data of this study concurs and clearly
showed that there is a difference between elderly
and young people in visual functions that are asso-
ciated with postural control. Generally, more re-
cent studies have measured spontaneous sway in
different age groups using stabilometry, or static
force plates. They have found that postural sway
increased with each decade of life® . This has been
attributed to a limited range of motion, decreased
muscle power, and less ﬂexibility6>. Usually, inputs
from visual, somatosensory, and vestibular systems
are important sources of information about the
body’s position and movement in space with re-
spect to gravity and the environment. However,
many studies of posturography have examined the
process of aging and have shown a decline in the
efficiency of sensory and motor processes in many
older adults® . Many studies on the visual system
have also reported declines in function with age6>.
Here, we focused on the association of sight with
body functions of postural control by age.

First of all, let us consider differences of eye
movements. Figure 1 shows that their gaze moves
from place to place at more frequent intervals.

Generally, when the eyes simultaneously dart from
one point to another it is called a saccade’ ™ Tt is
an important factor of eye function and many stud-
ies have been undertaken on saccadic eye move-
ments. It has been reported that there is an associ-
ation between postural control and saccade in a
comparison that was made between stable elderly
and unstable elderly, where subjects had to step
over stones that were laid out in random order'”’.
The stable elderly and the young subjects looked
at a target stone before one of their lower limbs
was drawn up and remained focused on the target
until they stepped onto it. However, in the unstable

O 1 Sec size

24.0

Y [deg]

—240
—31.0 0.0 31.0
X[deg]
Figure 1 Typical patterns of fixation point
shifts in elderly subject
Subject A (Age =74 yrs)

O 1 Sec size

34.5

Y [deg]

—34.5- ‘ ‘ ‘ ; ‘ ‘ ‘
—46.0 0.0 46.0
X[deg]

Figure 2 Typical patterns of fixation point

shifts in young subject
Subject B (Age =19 yrs)
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elderly, their line of vision moved off the target
stone before their foot landed on it. This showed
that their visual line, a computed straight line be-
tween the subject’s eyes and the target, moved at
shorter intervals'” . This study showed that quick
saccadic eye movements hindered accurate posi-
tioning of lower limbs. In addition, several studies
have shown that quick saccadic eye movements re-
sult in erroneous visual feedback to the body re-
garding spatial perceptionHNlS). Generally, when
people perform a saccadic eye movement, inclusive
of before as well as after the eye movement, they
do not have conscious access to the spatial relation-
ships of the images until after the saccade move-
ment has completed (about 100 ms)to obtain infor-
mation concerning their body’s spatial relationship
to the images. It follows that for spatial perception,
one needs sufficient time to process information
about the body’s position and movement in space
with respect to gravity and the environment.
Furthermore, movements involved in a postural
change that are associated with a saccade in the el-
derly tend to occur later in the elderly than in the
young. Studies have shown that the information
processing speed during a saccade is slower in the
elder1y14~16) . Judging from the above reports, that
during a saccade including just before and up until
just after the eye movement, information about a
body’s position in space is not available, a quick sac-
cade together with a delayed movement response
velocity do provide optimum proprioreceptor infor-
mation to the CNS. This means that the visual line
and the body function are usually always strongly
related. Even though, our study and those of previ-
ous reports adopted different experimental tasks,
the findings agree. As unstable elderly change their
line of vision more quickly and have a delayed
movement velocity leading to inappropriate proprio-
ceptor feedback, it follows that bringing these two
these factors in line with each other may be benefi-
cial to correct a body’s position and movement in
space with respect to gravity and the environment.

In this study, a white board was attached to the
front tilting wall. This may explain why the involun-
tary element of a response to a translation that op-
erates in postural control to stabilize the field of vi-
sion was stronger than the voluntary element of
the response that either pursues the movement of
a visual indicator or moves to stabilize gaze upon
the indication point. Ocular responses to stabilize
the field of vision include vestibulo-ocular reflexes
(VOR)and optokinetic reflexes'” 1
movements are optokinetic responses to reduce

). Such ocular

blurring of retinal images. Normally, light from the
environment forms images on the retina and when
both the eye and the environment are stationary,
no temporal changes occur to the image. However,
when the subject moves in relation to the environ-
ment - in other words, when the cephalic region
rotates - the retinal image changes readily”’ 18),
The vestibular system is stimulated in tandem with
the rotation of the cephalic region, and VORs occur
to compensate for this movement. However, the ra-
tio of the speed at which the eyes and head move
is never 1.0, and blurring of the retinal image oc-
curs accordingly. Ocular movement is induced by
visual stimulation and occurs in order to reduce
blurring of retinal images as much as possible. In
addition, the field of vision uniformly flows in the
opposite direction in tandem with the rotation of
the cephalic region. Optokinetic reflexes operate
when that flow is realized and the eye is rotated in-
voluntarily without resistance. This contributes to
the involuntary stabilization of the visual field'"2*,

We found that the elderly had decreased pupil
diameters compared to those of the young. This
was likely a result of morphological changes due to
hardening of the constrictor fibers in the iris, or
from changes in the nervus sympathicus due to ag-
ing21>. As a result, we believe retinal illumination is
reduced causing the elderly make more adjust-
ments through ocular movements resulting in a
notable blurring of retinal images for elderly, as
compared to younger people. Cephalic oscillations
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typically constitute up to 7 Hz, whereas VORs re-
spond to components of 6~8 Hz, and thereby cor-
rect the blurring that results from cephalic oscilla-
tions'” "2, These ocular movements change the
subject’s gaze based on information gained from
cephalic movements or the spatial position of the
viewed object. Taking this into consideration, we
posit that because the locus of the center of gravity
is higher in the elderly, their cephalic movements
are greater than those of younger people. As a re-
sult, their vestibular system is more readily stimu-
lated and retinal images become more blurred.
Commencing ocular movements ahead of postural
adjustments may help to prevent retinal blurring.
With respect to our study of ocular movements
that occur during postural control, there are still
conflicting viewpoints about the validity of spatial
information during a saccade. Therefore, we can-
not strictly differentiate the aforementioned sac-
cade from these VORs. Studies have reported that
17.18) Neverthe-

less, it is clear from the results of this study that

these are, in fact, shared patterns

prior ocular movement does not provide accurate
positional information for postural control within a
given space, but does influence bodily movement.
Tilting of the front tilting wall stimulated forward
and backward movements in subjects such that
depth perception became a crucial component for
postural control. In contrast to the aforementioned
saccade, which was important for shifting one’s
gaze in the frontal parallel plane, converging move-
ment was vital for shifts in the direction of depth.
Convergence, binocular parallax, and binocular ad-
justment are generally noted as important ele-

22,28) Convergence is

ments of depth perception
the angle formed by the intersection of each eye’s
line of vision when gazing at an object, and consti-
tutes one of the research topics of this study. Based
on research conducted in a ‘swinging room’ by Lee
et al., we know that when the sole assignment is to
shift the front tilting wall forward and back, as in

this study, the body brushes the front when the

surrounding wall is tilted forwards away from the
body sway, and brushes the back when the wall is
brought in close?? . The body acts to compensate
for such visual changes. In the present study, depth
perception became more difficult because the floor
also moved. As such, this study revealed an in-
crease in convergence angles in the elderly. Accu-
rate data could not be obtained for 5 of the 14 el-
derly subjects (and 1 of the younger subjects),
most likely due to enlargement of the ocular paral-
lax between each eye. The distance between the
forward tilting wall and the eye was approximately
70 cm, so in this instance, the visual object was rel-
atively close. In this case, the front tilting wall was
tilted away from and towards the subject, in tan-
dem with his body sway in response to anterior-
posterior force plate translations. When the dis-
tance between the eye and the object was short,
the lines of vision for each eye were not parallel,
but rather crossed at the position of the viewed ob-
ject whereas when it was far, the lines of vision
were parallel. We believe that one aspect of depth
perception is the tightening of the extraocular
muscle during the creation of convergence angles
that occurs when the eyes rotate inward. However,
with elderly subjects, we noted that the extraocular
muscle had atrophied with age. The lenses, which
are necessary for making adjustments, had also
changed with age, such that the ocular parallax
necessary for depth perception had increased, and
subjects could not accurately perceive depthzs’ 2),
This may explain the observed fluctuations in the
center of gravity among elderly subjects. These
degradations in depth perception mean that the el-
derly cannot accurately measure distance when
they view obstacles from a longer distance and
therefore, their bodies are not able to prepare for
feed-forward control. Moreover, due to the latent
times observed during muscle exertion in the el-
derly, they often perform inadequate body move-
ments to avoid dangerous objects immediately in
front of them. We contend, therefore, that this often
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results in falls during daily activities of the elderly.
As has been noted, change in visual function by
aging influences posture control. In elderly people,
physiological aging changes of myotic pupil diame-
ter and other factors effecting change tend to in-
crease incidence of blured retinal image. The el-
derly changed their visual line more quickly to
make visual changes to collect information about
body position in spatial relationships. However, one
cannot process input of space perception when one
moves the visual line quickly for example in a sac-
cade. Furthermore, their onset of moving velocity
was delayed compared with that of young people
meaning that there was a loss of time needed to
collect appropriate information for postural control.
That is that their visual information tended to pro-
vide temporally incorrect information to the CNS.
In addition, the convergence function necessary
for binocular cues of depth or distance perception
had decreased too. Generally, peripheral inputs
from visual, somatosensory, and vestibular systems
are available to detect the body’s position and
movement in space with respect to gravity and the
environment. However, to the extent that vision
provides information on the spatial relationships of
the exterior environment that is necessary for pos-
tural control, decline in visual function is a problem
in active daily life, and may be a risk factor for
falls. Patients with unilateral spatial neglect (USN)
walking improve by control of visual line and inter-

27). Also, the neural circuitry

vention in depth vision
involved in eye movements, the cerebrum, cerebel-
lum, and basal ganglia, is the same as that involved
in perceptual function. The relationship of the
nerve system involved in visual function and body
movement is not yet clarified, and several studies
have shown that visual information is important for

the control of limbs28>

. The physical therapists
treat many patients where there are problems in
the visual system and physical function in many
cases for example USN. Therefore, it is necessary

to perform treatment that takes the visual function

into consideration for postural control. It is neces-
sary to further clarify the relation between visual
function and physical function in future studies.
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3. 7—4&tAl

Rl 2 1, 1.5T @ fMRI 2% & (Signa Horizon
LX, General Electric, Milwaukee, WI) % i[5 L 7z,
ZEMIANELT, N=Fr—YRQD A~y F
T4 AR, FRE I T R SETEE C
%44 X 9 12 L 720 echo-planar imaging (EPI)
MR sequence |2 X DIREL, ZD/8F 2 — %14,
TR = 4,000 ms, TE = 90.5ms, flip angle = 80°,
matrix size = 128 X 128 pixels, FOV = 240 X
240 mm?, slice thickness = 6.0 mm & L7,

Mz T, MWEmEGEOWR%IE, fast SPGR I &

% T1 MR 2 Az, w87 2 — % 1% axial
plane, TR = 26.0ms, TE = 2.4 ms, flip angle
= 30°, matrix size = 256 X 256 pixels, slice thick-
ness = 2.3mm, FOV=240 x 240 mm® & L 7=
PAGE /N T SHEEE TEEL L 1L
720

4. fREtERAR

TR & SERI O B OFEFEDEW L, £TF
TR & 5 A O [ DFREFR D2 D W TR
% 72812 One-Way ANOVA % H Tt 247
726

fMRI 7 — % O f##7 1%, MatLab (Math Works
A ETRI% S v/ SPM99 (Statistical Para-
metric Mapping ; http://www.fil.ion.ucl.ac.uk/
spm/software/spm99/) % FH\VTAT - 72 HTI,
fMRI 7 — % D%ELEE ZEE L, &N 10 AF v
v & BRAN L THOME L 7z realign, reslice, nor-
malize, smoothing DEZIZHEF T —FIZOWTP
< 0.001 (uncorrected for multiple spatial compari-
sons) C random effects analysis % F i L 720 A&
WrgE T, FERDHRE L TREFIBM vs, BEB, <
HICFATT B FOREM % 4 4 MA T AL TR R D
BEF3 DDA Y T A MIDOWTHHT L7,

nm # £

1. REREROAMER

HREZFATHOE T A B R» S, BRERITHE
B & 0 B BEIERCBYTEWEETH - 72
25, P<005 THEZIIZFEOON o7 (R
R 3.33 = 1.18%, #aAfl » 1.52 = 0.52%) o

2. fIMRI ¥ —%

1) SRR & LEEL U /- BR D AR SR fif D 45 A0 A

EED (LUT, BRESIEM vs. 18 M &7 3)

RTIL v, SR, W ERTEER] (supe-
rior frontal gyrus ; SFG), Wil FHiSHMA (inferior
frontal gyrus ; IFG 4 - £k BA45 - 46, /£ - Kk
BA44), 14 {8 5 @i ¥ [\ (middle frontal gyrus ;
MFG), /A W fl #7 ¥ [\ (medial frontal
gyrus;mFG), 72 FUATE/NEE (inferior parietal lob-
ule ; IPL), TWiMIBE2HEIE (precuneus) & /& T HI5H
A (inferior temporal gyrus ; ITG) (2B WT, MK
HESRO LNz (F1, B3-A),
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2) AFERAROBEEEM vs. SFRMEBEL

WEENGTF (FIET) 2HH L T LIFOM
BB vs, SR O BS121X, /2 SFG, /£ mFG,

=1

FREIEM vs. SEEMICH T 2FELRRESRAM (P < 0.001 uncorrected, N =11)

L/R Location BA MNI t voxels
X y z
R superior frontal gyrus 10 24 62 —4 6.19 48
R 11 22 50 —8 5.19 48
L 9 —22 48 34 5.26 20
R inferior frontal gyrus 8, 45, 46 54 24 22 8.42 567
L 44 —48 12 18 5.74 52
R  middle frontal gyrus 6 26 12 46 6.72 567
R 9 42 34 24 5.86 567
R 10 42 54 18 5.33 7
R 12 36 38 —12 5.83 26
L 9 —48 8 38 4.37 10
L 10, 46 —32 42 2 5.55 107
L 10 —32 50 —2 5.06 107
L 10 —38 56 8 4.36 6
L 10, 32 —36 40 10 4.66 107
L 8 —12 16 50 4.4 6
L  medial frontal gyrus 8 —10 32 46 5.23 28
L inferior parietal lobule 40 —64 — 34 32 4.26 1
L 40 —62 — 30 32 4.24 1
R precuneus 7 20 — 68 32 4.96 18
R 19 48 —72 34 5.71 27
L 7 —14 —72 40 5.36 43
L inferior temporal gyrus 20 —56 — 50 —18 5.4 17

RAFIIS KB ETRT (L=A%¥K R=B%K).
Location | % & % B B 7E 584, BA = Brodmann area, MNI = Montreal Neurological Institute coordi-
nate T, HEBOEZRETRY (1> 4.15),

7o BEED

3 AR vs. SRR THEICRIEY 5 H%

(P < 0.005 uncorrected for illustration)
(A) IR vs., BEREML (ERIA) 1BV T, I
g TR L 72 5H

(B) A FEHH IR O fREAI vs. SRR B\ CTHE L
72

(C) e FMEHIRE O fREII vs. SR B\ CTHE L
72

A <Tix, W IFG % SFG - MFG 7 & DEB D 137,
T HIELRETR 7 & DIEE 7RO H 7z,

B T, /£ SFG, A IFG, 7 SPL, 75 IPL A5 #2H0
DIETHED BT,

C T, 1 MFG, IFG, 7#% Enl, Wifil IPL, 728200
i, fE EAER] 7 & OEEIASEED STz,

1+ MFG, 13 IFG (BA45),

Bk
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ke, A5 RBEHTE
/NEE  (superior parietal lobule ; SPL), 4 IPL, £
rhuBE/NEE  (paracentral lobule), ARZHIEE, 45
(cuneus), /£ L f25H M (superior occipital
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gyrus ; SOG), # i t2 [ (middle occipital gy-
rus ; MOG) & G#5#ERE (fusiform gyrus) /&
JRIAL (lingual gyrus) CTHEZ2IGEINFID S/
(%2, M3-B).

3) EFEAROREIIEM vs. BEMEMAEL

7B iEED

WeERE AT ER & F) 2 L 7B Offs
Bl vs. SEHLM O S TIE, B MFG, 1 IFG,
fME/NEE, % Bl (supramarginal gyrus),
M IPL, Z2B2wiEs, /2 LMISHE (superior tem-
poral gyrus ; STG), 72 ITG THIEEI 2R X
7o (2, 3-C)o

v £ £

1. BICH B TEIER (IFG) D&EE

FRZREM vs, GBI (ERH) 12BWT, £D
IFG (BA44) t A4 IFG (BA45) THRGHEIATRED
5172, Broca L, SEEICHG- 458 LT
H LALLM T VDS, AR TR EE O ST
g - B - BT AT W O OEEFRE Y &
ITLTWA M, Broca BOIGEIAHEINT 5 &9
HWid 5 9, Mirror Neuron System (%, AF
DR OFHTATEN A & IFG (BA44/45) \ZHIET %
rubitw s 2, IFG @ Mirror Neuron Sys-
tem (I T 2B 2O MR ER T 2 — ML
2 19 23 GETAE O Mirror Neuron System (%
BT 2B X 0B Ry 3 — ey s MY,
INHDZ kb, KiFETHRD S NKEIFG
DOIEENE, S E R L T & 0 8T L v i
FIR O ROBEO HiNE 2 — NMLd 5 1%H %
RIZLTWZTREEDSEZ 515,

Broca ¥ O LEAEERALIL, VbW D RS
¥4  Response Inhibition” & ®EJ#EEAS, neu-
roimaging %812 BV CRIBE T2 B9,
PV TIEZ O CFATSEHIERTEB ) O [F 5
M35 T, ROSEIH O WLZE 7 No—Go E D BLE
BFRB Bl TBY ¥ v bTir—
AR o> A5 i S T B AR A O f A L B AT 4R 1S
L oT, HIFG 2T OMHIZIIRL I EDT
XBVHEMTH LI EARENTYD D, KR
FETIL, BERM CHEBRE ORREED L D AR
WZdholzps, ThuL, HARZIRT TR, RS

N-TLEoMEBERRICHIZMOT2MHEHLTL
FIVDTHLEEZDLIENTEL, FEBATE)
FETEH LS, GEONEMRTFEEMALT
WAHIEEE, LX) HRICEMINSZ LAVREN
Twa BY 2o, BEBIHO &M THR,
PUR S NTEB) & BRI RS 572012, BARIC
o TLE ) EE 2T 2 UESH o728 E
ZAHTEDNTE D, o T, 4 0 OIFH M
vs. SEIAC BT 24 IFG OE#)IE, %4 DFT
REE 2 T> T D, BRICEZ-TLED
BhE2IH L CnikEZ 5N D,

2. BRIEERIEF (PMd) &FRBHSED

REEE

BHEDHROER HEUESHE (PMd)
DHEERE O L T2 FI2B b 5 3BT O
EEICHBICEHL TS Z LD o7, Sa-
dato 5%, AT DIRAVFATICHE) < W F-H5EH) &
FEERHL TVWE2DO L)AL LREI X% T 5
IR EF T OBER 2 5l L 720 ZOFER, 85
ZRTVWEPDOEIH)ITEF L TWERELD S, §E
[FLAAT 2 EE 2 955 L TV B0 H 25,
PMd %5 & ) & < iE L 72 2, Ehrsson & o fMRI
W2V i, precision-grip it 78 H 12 1l il &
PMd ®i5#)75, power-grip A H 12/ PMd O
RO 5Nz ZOZENS, Mo, HHW
WEBRCHTIEIRDS L ) LB L S5 X9 L&D
B2, 45 PMd OGBS EE 2B R4 L%
AHZENTESL, T2 DEALIZ, mental ro-
tation AR |2 B\ CTHERI O B 7= 55 O B
LICBEE L CHEI3 5 2 &0 5, 45 PMd 28[Hl#x
WILDOERTCALIZAE S FEREEEICBIR L T 5
TELRENTYD P, o THEOFHIBL
B4 PMd 3% B3, BRI Ef ToEshsk
LOME R TVIENZR SN D L\ TREEMO
FrOREESIZHIE L TV A REMNED D %o

3. FI=F IR = FERFORBIIEM

KIZETOREIEIL, GFEETFOELELD
FREIBEMRIZ BN TH B REE 278 L 72, BEATEAS
BRERGER) & & A 722 2 BB o
U7 N A E 721 BRI O mental rota-
tion25>, specific mental navigation network?® |2
L3252 EDMOENT VDS, Lzh > TRIFSE
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*®2 AFERABLUCEFERICE T 2HBEIEMR vs. BIEBOFE 2 RIEERAL
(P < 0.001 uncorrected, N=11)

FRBIAENE vs. SRR (BFERR)

L/R Location BA MNI t voxels
X y z
L superior frontal gyrus 8 —14 34 60 5.2 24
L  medial frontal gyrus 8 —2 40 48 6.78 125
L 8 —10 16 52 4.95 43
L 10 —34 44 0 6.06 53
L 10 —38 54 4 4.21 1
R middle frontal gyrus 6 26 4 64 4.6 7
R 6 28 10 50 4.69 15
R inferior frontal gyrus 45 54 22 20 5.36 13
R cingulate gyrus 31 0 —40 44 4.19 1
R superior parietal lobule 7 28 —78 46 5.26 114
R 7 34 —80 40 5.1 114
R inferior parietal lobule 7 40 —72 46 4.25 114
R paracentral lobule 5 4 —42 60 5 13
R precuneus 7 2 —54 44 4.84 4
R cuneus 18 10 —90 20 4.92 15
L  superior occipital gyrus 19 —40 —74 28 4.83 5
R middle occipital gyrus 19 32 —88 16 6.53 36
R 18 34 —86 —2 4.54 15
R lingual gyrus 18 18 —92 —18 11.81 1702
R — 6 —78 —18 10.8 1702
R fusiform gyrus 19 26 —96 —16 9.28 1702
R — 30 —46 —14 4.39 32
BREIIRA vs. S48 (A F(ERR)
L/R Location BA MNI t voxels
X y z
R  middle frontal gyrus 8 18 18 48 4.96 80
R 10 24 56 —2 4.45 1
R 46 42 34 26 5.25 74
R 9 36 28 38 5.23 22
R 8 28 10 48 4.64 80
R 11 28 34 —22 4.41 2
R 6 26 —12 48 4.2 2
R inferior frontal gyrus 47 34 32 2 6.62 76
R 47 36 34 —6 5.17 76
R 46 48 24 26 4.91 74
R 45 48 24 14 4.22 1
R paracentral lobule 6 16 —20 48 4.15 1
L  spramarginal gyrus 40 —60 —46 34 4.16 2
L inferior parietal lobule 40 —64 —30 30 5.6 24
R 40 64 —26 32 4.57 6
L precuneus 7 —12 —70 40 6.39 95
L 7 —10 —62 38 5.77 95
L  superior temporal gyrus 40 —50 —46 24 4.67 15
L inferior temporal gyrus 37 —52 —50 —20 7.29 31

RIS ATFEARFORREIER vs. SR ORERTE £ 7R U, TR A FERRFOBZEIRM vs. SR MHM 2R ¥,

B4 DROBREFG KRB ERT (L=E+ R=H*¥H,

Location |37 & 7 B Bt /& 26 L, BA = Brodmann area, MNI = Montreal Neurological Institute coordi-

nate T, [EBOEZERT (t> 4.15),
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IZBWTIE, #BREIL, SN L ) SR 3
)T, MENLTOFEIZEL L OEELY LI TV
TlEZONL, 72, BREIEOGEENIMH LT
WD F L FEEOKCEER TR Sz, 2hid,
DUTFDENEZDLIENTE DL, REETIE,
WBRE DA R A2 L Q72 R L2 A
WP HRTL 2HFSRRENTE Y, AF
TREFI 2 L W 2RGSO T 5
EFPRRENT L. ZDOEFOAL BT,
RREN TV DLFOEMI R EZEIIHSLT, £
B2 5B T2 FBHT L T B EEICIEAG 3k,
FAA MO D F 2L TV BIEEIIE R
W, BA DG THEH L2 WREENE Z SN b,
FETEOMBBEM ORI, A EEEE
¢ ] GH — A TH $H 18 (temporo-parietal junction ;
TP]) DIEE S RO S 720 T OEEE NI A
LTS, FPEROIGEEIDSFICEEIZED &
N7zo PET # W /ZBITa L TIlE, B E & A
M TAETP] L IPLOEE 2 HmE SN Tw
% 2 Jeb R E A OB Y = AT v —
MIZbBRL TV A EARENTVRE D, ¥
7z, TPJ X, EBEHiE (premotor area ; PM) &
MAMEIZ D %S> THB Y, SR & EHER
WETPIOFE#H 25X T LI HRELH
29, LEOZ EhSEFHERICBT L
TP] OIEByIE, $2R &N/ FOEB ORI 5T
WCBIG L, COMENER Y EBIERAERT
LIS LTV AIREESE Z b LS, —HH
T 5 D f B AB A s, SRR O 4 T, TPJ
DIEENZERD SN o Tze 2L, AT 2
L 718 4Hs, ) & O8RS 12 & o TLalE ok
RBTHo7272012, BHERHENSIPLEL S
NP7z TIE W EHEN S5,

V #&

BRI EHERE IOV, BEEM T B4
PECoE, B & OF & F L IR & FTOMHEIE
I DREE I DWCHE L7z ZORER,
T vs. SEAEMIC B 1) 245 IFG OB, &4 D
FCMEBM T > T B, BRICRZ-TL
FOHEMEOE & 2 WHI L, — 5 TLIFG i,
P L I L T D BHETHE L W ROB) & &

O — Fbd 2% E % 72 L ORI E 2 5
Nrze F72, WEMHI2BT 545 PMd OIFB) I,
BRI FOERRZOMBE L TR I D &
V), R ORI R RS LR LT D
TR 7RI L 72,

BB ARG AR R B & T
(B) (18700464) DB % 13725 DTH 5o
FERN O SVERC H 720, %L O THE %z »
TeTWTREAE TSRS L R E 9, ., FE
Bz ERT A12H 720 T T 7B ERE O
HERICEH 2 L E 5
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Abstract : Imitation plays a very important role in human cognition and communicative
competence. Individuals tend to imitate the hand actions of another person as if looking in a
mirror (specular imitation) than with the anatomically congruent hand (anatomic imitation).
We focused on the problem why anatomic imitation is more difficult than specular imitation.
To understand the neural substrates of the anatomic imitation versus the specular imitation
with the left or right hand, eleven normal female subjects who imitated the finger movements
of an actor using the anatomically congruent or incongruent hand were examined using func-
tional magnetic resonance imaging (fMRI). As a result, the error rate tended to be higher
for anatomic imitation than for specular imitation, and the bilateral inferior frontal gyrii (IFG)
and the right dorsal premotor cortex (PMd) were activated during anatomic imitation versus
specular imitation, irrespective of the hand used. Especially the right IFG activity may inhibit
the motor representation associated with the preferred movement of imitating the actor’s
hand movement as if looking in a mirror. The right PMd which was activated during ana-
tomic imitation might be involved in some difficulties associated with the imitation in which
the subjects were required to carefully and internally coordinate the motor representation of
the left and right hands. On the other hand, the left IFG might encode more complex and dif-
ficult goal compared with that in the specular imitation.

Key words : anatomic imitation, specular imitation, inferior frontal gyrus (IFG), dorsal pre-

motor cortex (PMd), mirror neuron
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