B ORIGINAL ARTICLE
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Abstract: Purpose: This study aimed to examine the effects of driving cessation on the health-related quality of life
(HRQOL) of older adults who do not have a driver’s license.

Method: A cross-sectional study using a web-based questionnaire was conducted. Participants were 1,200 individ-
uals aged 65 years or older who did not have a driver’s license in Japan. Participants answered questions about their
HRQOL (HUI3 and SF-8) and driving cessation using a self-administered questionnaire. Those who had surrendered
their driver’s license were also asked about their HRQOL before driving cessation.

Results: The HRQOL scores of the drivers who ceased driving were significantly lower than those of non-drivers. The
HRQOL scores of the drivers who ceased driving were also significantly decreased—from -.816 to -.728 (< .001) for
the HUI3 and from 51.5 to 49.5 (< .001) for the physical component summary of the SF-8—when comparing scores
before and after driving cessation. The results of our multiple regression analysis showed that the number of years since
driving cessation and incidence of major illness also affected HRQOL.

Conclusion: There is a clear relationship between driving cessation and a decrease in HRQOL. This confirms the ne-
cessity of implementing measures in the future to address this issue, such as securing means of transportation for older

people who have ceased driving.
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Introduction

In recent years, the number of older drivers has
been increasing in Japan: the number of driver s license
holders aged 70 years or older has increased to 11.95
million in 2019, accounting for 14.5% of all driver’s
license holders. [1]

As a result, accidents caused by older drivers, such
as those caused by driving in the wrong direction or
mistakenly stepping on the gas pedal and brake, have
become a social problem. While the number of fatal
accidents per 100,000 licensed population under the age
of 75 is 3.1, the number is more than double that—6.9
per 100,000—for those over 75 years old. [2] Further-
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more, nearly 50% of those who had undergone cognitive
function tests prior to the accident were judged to have
“possible dementia” or “possible cognitive decline.” In
2017, the Road Traffic Laws were amended to make it
compulsory for drivers aged 75 and above to take an
older adult’s driving course and cognitive function test
when renewing their license every three years. [3]

The number of people who voluntarily surrender
their driver’s license is increasing, as the trend of en-
couraging older adults, as well as their families, to do so
spreads. In 2012, 81,711 people surrendered their licens-
es; this number increased to 200,000 in 2015, 358,740
in 2019, and 510,9188 in 2020. [1].

Recent studies on driving cessation among older
adults find that driving cessation is accompanied by sub-
stantial declines in physical and social function, physical
performance, and physical role. Edwards et a/. followed
the lives of community-dwelling older adults for five
years and report a rapid decline in health-related quality
of life (HRQOL) with driving cessation. [4] Edwards et
al. also report that driving cessation increased mortality
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by up to four to six times after three years. [5] There
are also existing reports of a significant increase in
depressive symptoms after driving cessation and results
showing that not driving increases the risk of future
nursing home placement. [6, 7] Furthermore, a study in
Japan reports that driving cessation is associated with an
increased risk of functional limitations in older adults;
however, the study states that this risk of functional lim-
itations may be reduced if independent mobility can be
maintained using public transportation or bicycles after
driving cessation. [§]

To date, no study has examined the impact of driv-
ing cessation on the HRQOL of older adults in Japan.
In addition, if HRQOL is decreased by the surrendering
of a driver’s license, it is necessary to clarify the factors
that contribute to this decrease. Therefore, this study ex-
amines the changes in HRQOL related to the surrender
of a driver’s license and examine how much the driving
cessation affects the body and mind.

Methods

Study Design and Participants

We conducted a cross-sectional study using a web-
based questionnaire. The survey was conducted by
Rakuten Insight, Inc. in December 2020. The number
of participants was set at 1,200 and the ratio of male to
female participants was set at 1:1. Participants who did
not have a driver's license were recruited from a panel
of one account per person pre-registered on Rakuten
Insight, Inc. For each question, the respondents were
asked to answer in a selective manner, except for some
free descriptions. To eliminate differences between the
metropolitan and rural areas, the number of question-
naires collected in Tokyo and Osaka was limited to
200 per city, and the same upper limit was set for each
prefecture.

Questionnaires

Participants answered questions related to their
HRQOL and driving status in a self-administered
questionnaire. Those who had ceased driving were retro-
spectively asked about their HRQOL before they surren-
dered their driver’s license. Respondents’ HRQOL was
measured using the Short Form-8 survey (SF-8) and the
Health Utilities Index — Mark 3 (HUI3). The SF-8 is an
abridged version of the Short Form-36 survey that mea-
sures HRQOL. [9] The SF-8 contains eight items that
are separated into two components; physical health (do-
mains: physical functioning, role physical, bodily pain,
and general health) and mental health (domains: vitality,
social functioning, role emotional, and mental health).
Each subscale used norm-based scoring, with a higher

value indicating a higher HRQOL. [10] The HUI3 is
a generic, multi-attribute, preference-based system for
assessing HRQOL. [11] The system defines 972,000
unique health statuses, as it focuses on eight attributes
(vision, hearing, speech, ambulation, dexterity, emotion,
cognition, and pain or discomfort), with each stratified
into five to six functional levels. The global score shows
health utility, with 0 indicating death and 1 indicating
perfect health. The scoring function developed by Noto
et al. was used to calculate the global HUI3 score. [12]

Those who had ceased to drive were asked the
following questions: 1) How long ago they surrendered
their driver’s license, 2) Who made the decision to
surrender their driver’s license, 3) Whether they had any
illness or injury that interfered with their life after sur-
rendering their driver’s license, 4) The purpose of their
car, 5) The problems they faced when they surrendered
their driver’s license, and 6) What services they received
after surrendering their driver’s license.

Statistical Analysis and Ethical Procedures

The HRQOL of those who surrendered their
driver’s license and those who did not drive were com-
pared; further, for those who surrendered their license,
their HRQOL scores before and after surrender were
compared using a paired #-test. A multiple regression
analysis was conducted using the HRQOL scores after
driver’s license surrender as the objective variable.
The explanatory variables used were age, gender, eco-
nomic status, distance from home to the transportation
facility normally used, and whether or not the license
was surrendered. In addition, the difference in HRQOL
before and after the surrender of the driver’s license
was determined, and with that as the objective variable,
related factors were examined by multiple regression
analysis. The significance level was set at 0.05. Statis-
tical analyses were performed using STATA 16.0 soft-
ware. This study was approved by the Ethics Committee
of the Niigata University of Health and Welfare (No.
18549-201221). Written informed consent was obtained
from all participants who took part in the study.

Results

Participant Characteristics

Table 1 shows the results in terms of the entire
sample, those who did not drive, and those who had
ceased driving. The mean age of the total sample was
72.3 (£5.3) years, 71.2 (£5.1) years for those who never
had a driver’s license, and 73.9 (£5.3) years for those
who had ceased driving. Our comparison of the two
groups showed differences in education, income per
month, and family structure. There was no difference in
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Table 1. Socio-demographic characteristics of respondents
Total sample Non-drivers Ceased drivers
(n=1200) (n=733) (n=467)
Variable Mean SD Mean SD Mean SD p value
Age 72.3 5.3 71.2 5.1 73.9 53 <0.001
Sex Male 600 287 313 <0.001
Female 600 446 154
Education 0.002
Junior High 45 27 18
High 484 320 164
Junior College 197 130 67
University 421 230 191
Graduate 53 26 27
Monthly income (JPY) <0.001
<100,000 363 255 108
100,000-200,000 444 268 176
200,000-300,000 248 138 110
> 300,000 145 72 73
Household status 0.001
Single household 289 170 119
Couple only 600 343 257
Two households 267 191 76
Three households 44 29 15
Distance from public trans- 0.564
portation
< 5 minutes
5-10 minutes 420 255 165
10-15 minutes 424 265 159
15-20 minutes 214 121 93
>20 minutes 70 45 25
72 47 25

SD: Standard Deviation

terms of distance from public transportation.

HRQOL Scores

Table 2 shows the global HUI3 and SF-8 scores.
The overall HUI3 score was .777 (£.205) for non-driv-
ers and .728 (+.235) for those who ceased driving,
showing a significant difference (p < .001). In terms of
the SF-8, there was a difference in physical functioning,
role physical, and physical component summary (PCS)
between the two groups. Table 3 shows a comparison
of the results of those who ceased driving before and
after surrendering their licenses; there was a significant
decrease in the global HUI3 score and in all SF-8 sub-
scores.

Responses regarding driving cessation
A variety of responses were obtained to the ques-

tions posed to those who ceased driving. The most
common illnesses and injuries that occurred after driving
cessation were cancer, fracture, heart failure, and stroke.
The most common uses of the car were commuting and
daily life. The most common problems after surrender-
ing the license were work, distance to the station, and
identification. As for the services they received, they
answered that they received discounts for transportation
and shopping.

Regression Analysis

Table 4 shows the results of the multiple regression
analysis with the global HUI3 score and the SF-8 score
as the objective variables. Considering the global HUI3
score and the PCS component of the SF-8, in addition
to driving cessation, low income per month and distance
from public transportation had a negative impact on
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Table 2. Summary statistics of HRQOL scores
Total Non-drivers Ceased drivers
(n=1200) (n=733) (n=467)

Mean SD Mean SD Mean SD p value
HUI3 0.758 0.219 0.777 0.205 0.728 0.235 <0.001
PF 51.6 5 52 4.7 50.9 5.5 <0.001
RP 52.1 5.5 52.5 5 51.3 6.1 <0.001
BP 50.9 7.5 51.1 7.4 50.7 7.5 0.382
GH 53.1 6.7 53.3 6.6 52.8 6.9 0.162
VT 52.4 5.5 52.5 5.4 52.2 5.6 0.292
SF 51.9 6.3 52.1 6.1 51.6 6.5 0.138
RE 522 5.3 52.3 5.4 522 52 0.695
MH 52.7 5.4 52.6 5.5 529 5.4 0.265
PCS 50.3 59 50.8 5.7 49.5 6.2 <0.001
MCS 51.9 5.5 51.7 5.6 522 5.4 0.18

Table 3.  Comparison of HRQOL scores before and after driving cessation

Before After

Mean SD Mean SD p value
HUI3 0.816 0.202 0.728 0.235 <0.001
PF 52.1 4.7 50.9 5.5 <0.001
RP 523 5.7 51.3 6.1 <0.001
BP 539 6.5 50.7 7.5 <0.001
GH 55.1 6.5 52.8 6.9 <0.001
VT 53.9 4.8 522 5.6 <0.001
SF 53.1 4.9 51.6 6.5 <0.001
RE 53.1 4.7 522 52 <0.001
MH 54.4 4.4 529 5.4 <0.001
PCS 51.5 5.4 49.5 6.2 <0.001
MCS 53.1 4.4 52.7 5.4 <0.001

HRQOL. Moreover, in terms of the mental component
summary (MCS) of the SF-§, driving cessation had no
significant effect. Table 5 shows the results of our mul-
tiple regression analysis, with the difference between
the global HUI3 score and the PCS and MCS scores of
SF-8 before and after driving cessation as the objective
variables. The global HUI3 score and the PCS compo-
nent of the SF-8 were affected by driving cessation and
incidence of illness, while the MCS component of the
SF-8 was affected only by incidence of illness.

Discussion

This study used an online questionnaire survey to
determine whether driving cessation is a factor in the
decline of HRQOL among older adults. Of the 1,200

respondents, 467 ceased driving; we believe that we
were able to collect a large enough sample to withstand
statistical processing.

HRQOL Scores

First, we compared the HRQOL results —accord-
ing to the HUI3 and SF-8 measures—of all respondents
with the national norm. According to Shiroiwa et al.,
the average HRQOL scores for males and females in
their 70s was .807 and .818, respectively; our results
were lower than these values. [13] A possible reason for
this difference is that Shiroiwa et al. used a face-to-face
survey, while our study used a web-based survey. They
also reported that the ePRO survey showed lower scores
than the paper-based survey, which may be related to
same factors. [14] However, it has been reported that
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Table 4 Relation between HRQOL scores, characteristics and driving cessation

Variable Coefficient p value 95%Cl
HUI3
Sex 0.063 <0.001 0.036 to 0.090
Age —0.004 0.001 —0.006 to —0.002
Driving Cessation —0.034 0.011 —0.060 to —0.008
1 month income <100,000 -0.120 <0.001 —0.163 to —0.076
100,000-200,000 -0.093 <0.001 —0.133 to —0.053
200,000-300,000 —0.043 0.052 —0.087 to 0.000
>300,000 reference
Distance < 5 minutes 0.095 <0.001 0.042 t0 0.148
5-10 minutes 0.061 0.025 0.008t0 0.114
10-15 minutes 0.070 0.016 0.013 t0 0.126
15-20 minutes 0.031 0.384 —0.039 to 0.101
>20 minutes reference
PCS
Sex 1.125 0.003 0.382to 1.868
Age —0.111 0.001 —0.176 to —0.047
Driving Cessation —0.832 0.024 —1.553t0 —0.110
1 month income <100,000 —-1.598 0.009 —2.793 to —0.404
100,000-200,000 -1.303 0.021 —2.407 to —0.199
200,000-300,000 —0.689 0.261 —-1.891t0 0.513
> 300,000 reference
Distance < 5 minutes 2.433 0.001 0.972 to 3.893
5-10 minutes 1.992 0.007 0.534 to 3.451
10-15 minutes 1.934 0.015 0.373 to 3.494
15-20 minutes 1.800 0.066 —0.121 to 3.720
>20 minutes reference
MCS
Sex —0.135 0.702 —0.829 to 0.558
Age 0.032 0.298 —0.028 to 0.092
Driving Cessation 0.093 0.787 —0.581 t0 0.766
1 month income <100,000 -2.137 <0.001 -3.252to —-1.022
100,000-200,000 —-1.057 0.044 —2.087 to —0.027
200,000-300,000 -0.222 0.698 —1.344 t0 0.900
>300,000 reference
Distance <5 minutes 0.801 0.249 —0.562 to0 2.165
5-10 minutes 0.704 0.311 —0.657 to 2.065
10-15 minutes 0.234 0.753 —1.223 to 1.690
15-20 minutes 0.393 0.667 —1.399 t0 2.186
>20 minutes reference

Adjusted R2: 0.071 for HUI3, 0.039 for PCS, 0.028 for MCS. CI: confidence interval.

there was no significant difference between the ePRO
and paper-based surveys in other countries [15, 16];
therefore, the influence of Japanese characteristics needs
to be further examined. As for the SF-8 scores, the re-

sults were higher than the adjusted thresh-old of 50 for
general health, and the difference in HRQOL indicated
by the HUI3 became apparent. This may be because
HRQOL is calculated by HUI3, a preference-based in-
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Table 5. Relation between HRQOL scores and issues related driving cessation

Variable Coefficient p value 95%Cl
HUI3
Sex —0.034 0.049 —0.067 to 0.000
Age —-0.003 0.075 —0.006 to 0.000
Years of Driving Cessation —-0.005 <0.001 —0.007 to 0.003
Decided by myself 0.007 0.860 —-0.073 t0 0.087
Major illness —0.056 0.007 —0.096 to —0.015
Trouble -0.017 0.347 -0.019 t0 0.053
Receive service —-0.005 0.771 —0.030 to 0.041
PCS
Sex 0.372 0.478 —0.659 to 1.403
Age —0.045 0.336 —0.138 t0 0.047
Years of Driving Cessation -0.177 <0.001 -0.242t0 0.112
Decided by myself —-0.355 0.777 —2.818 t0 2.108
Major illness —-1.756 0.006 —-3.004 to —0.507
Trouble —0.909 0.108 —2.019 to 0.201
Receive service —0.187 0.739 —0.912 to 1.286
MCS
Sex -1.079 0.014 —1.943 t0 0.215
Age —0.065 0.100 —0.143 t0 0.013
Years of Driving Cessation —-0.005 0.847 —0.049 to 0.060
Decided by myself -0.332 0.752 —2.396t0 1.733
Major illness -1.676 0.002 —2.723 t0 —0.630
Trouble -0.196 0.678 —-1.127 t0 0.734
Receive service 0.615 0.190 —0.306 to 1.536

Adjusted R2: 0.090 for HUI3, 0.103 for PCS, 0.042 for MCS. CI: confidence interval.

dex-type measure, which is more likely to show changes
than SF-8, which is a profile-type measure.

Comparison of HRQOL between Non-drivers and
Ceased Drivers

In the comparison of HRQOL between non-drivers
and those who ceased driving, the physical functioning,
role physical, and PCS of the HUI-global score and
SF-8 were lower for those who ceased driving.

Furthermore, our multiple regression analysis
showed that the factor of never driving or ceasing to
drive was significantly associated with a decrease in
HRQOL, confirming the results of Edwards ef al., who
reported that health deteriorated after driving cessation.
[4] The results of our multiple regression analysis
showed that the distance from the nearest public
transportation was significantly related to a decrease in
HRQOL, which we found meaningful. It is known that
driving cessation decreases the level of activity outside
the home. [17,18] A study by Hirai et al. suggests that
older adults may be at increased risk of functional

limitations if they cease driving, but that this risk may
be reduced to some extent if they are able to maintain
independent mobility by using public transportation or
by bicycling. [8] Furthermore, it has been reported that
people are more likely to be homebound if the distance
to the closest retail store is farther. [19] We believe that
the distance of public transportation from home is an
important factor of reduced HRQOL, for both non-driv-
ers and for those who have ceased driving.

Comparison of HRQOL Before and After Driving
Cessation

Significant differences in HRQOL before and after
the driving cessation were found for two items: time
passed since driving cessation and whether the person
experienced any major illness or injury after cessation.
Although it is not clear whether the factors affecting
these items were due to driving cessation or to illness
after the cessation, it is worth noting that these results
are similar to those of Edwards et al. [4]

In present study, people who stopped driving were
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asked to recall the time before they stopped driving and
to fill in their HRQOL at that time. It is known, however,
that a response shift often occurs in an HRQOL survey
over time [20,21]; therefore, we cannot deny that there
was an effect of this factor. Thus, it should be noted that
a cross-sectional study such as ours cannot clarify this
causal relationship, and we believe that future prospec-
tive studies are needed.

Currently, older people in Japan are more posi-
tive about the cessation of driving than ever before.
However, older adults are able to maintain independent
mobility and meet their daily needs by driving, using
public transportation, and bicycles. Therefore, we posit
that older adults who have ceased driving should be
supported by introducing alternative transportation that
is convenient and safe to use. For the questionnaire item
asking whether they received any service after surrender
their license, 349 out of 467 respondents answered that
they did not receive any alternative transport services.
We were unable to determine whether the services are
not available, or whether they know about the services
but do not make use of them; regardless, we believe that
ensuring a full range of transportation for older adults
who have ceased driving is important for reducing the
subsequent decline in their HRQOL.

Relationship between occupational therapy and driving
cessation

Driving is not only a means of transportation, but
also a way to enjoy driving itself and to directly connect
driving with leisure and other activities that are mean-
ingful to the person. Therefore, the loss of driving has
the potential to lead to the loss of meaningful occupation
itself. Occupational therapy should be actively involved
in the development of safe driving techniques and the
provision of alternative transportation in the community.

Limitations

Despite its clear contributions, there are certain
limitations to this study. We used an online survey plat-
form and asked people aged 65 and above to complete
the web-based questionnaire; therefore, we cannot
discount the possibility that there was a selection bias of
older adults who are accustomed to using the Internet.
In addition, we set a maximum value for the number of
respondents recruited who are living in urban areas, to
thereby reduce bias by region; however, as it was only
set for each prefecture, we could not strictly distinguish
between urban and rural areas. As the effects of driving
cessation in urban and rural areas are expected to be
decisively different, it was thought important to set
the sample with this point in mind in the future. Fur-
thermore, when asked if they had any problems after
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returning their driver’s license, 334 out of 467 respon-
dents answered that they did not have any problems,
suggesting that the reason for returning their driver’s
license may have been that some may no longer have
needed a car. A follow-up study is necessary to examine
the details of the reasons for driving cessation and to
clarify the relationship with HRQOL.

Conclusion

This cross-sectional study using a web-based ques-
tionnaire among older adults aged 65 years or older who
did not hold a driver’s license showed that those who
ceased driving had lower HRQOL than those who did
not drive. In addition, among older adults who surren-
dered their driver’s licenses, HRQOL was significantly
lower after driving cessation than before; moreover, this
factor was affected by the number of years since driving
cessation and incidence of major illness. Although the
causal relationship between driving cessation and illness
could not be clarified, the results suggest that measures
such as securing transportation for older adults who
have ceased driving are necessary.
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Abstract

Background and Purpose: In patients with stroke, predictors of the use of paralyzed upper limbs in each activity of
daily life, including eating and toileting, are not clear. Therefore, we aimed to identify factors that predict the use of
paralyzed upper limbs in specific activities of daily life in patients with acute stroke.

Method: This prospective observational study enrolled 155 patients with acute stroke. We used the paralytic arm partic-
ipation measure (PPM) to evaluate the use of the paralyzed upper limb in daily life. Eating and toileting were assessed
at admission and discharge. Factors that predicted the use of the paralyzed upper limb at discharge were analyzed by
binomial logistic regression analysis.

Results: The predictors of the use of paralyzed upper limbs for eating at discharge were age [odds ratio (OR)=0.93,
p=.011], paralysis of the dominant hand (OR=3.75, p=.044), and motor function of the paralyzed upper limb (OR=2.16,
p<.-001). For toileting, the predictors were motor function of the paralyzed upper limb (OR=1.75, p<.001), sensory
function of the paralyzed upper limb (OR=1.66, p=.004), and muscle strength of the quadriceps on the non-paralyzed
side (OR=3.65, p=.005).

Conclusion: These identified predictors may provide clues to interventions promoting the use of paralyzed upper limbs
in the daily life of hospitalized patients with acute stroke. Observation and evaluation of each activity by an occupation-
al therapist using the PPM is potentially useful in encouraging patients to consciously use the paralyzed upper limbs in

daily life.

Keywords: activities of daily living; acute phase; predictor; stroke; use of paralyzed upper limb

1. Introduction

Upper limb sensorimotor dysfunction due to stroke
sequelae adversely affects the performance of activities
of daily living (ADLs) in patients [1]. Improving upper
limb dysfunction in patients with stroke and enabling
the use of paralyzed upper limbs in ADL are important
roles of occupational therapists [2]. When considering
interventions promoting the use of paralyzed upper
limbs, it is important to investigate factors associated
with the use of the paralyzed upper limb in ADL first.
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In previous studies on patients with acute stroke, the
paralyzed upper limbs were significantly less-used
compared to the non-paralyzed upper limbs [3, 4]. The
factors determining the use of the paralyzed upper limbs
are reportedly the following: age [5], severity of upper
limb motor paralysis [4, 6, 7], muscle strength [3, 5],
motor functional independence measure (FIM) [3, 4],
and various upper limb function tests [3]. However, the
above studies investigated factors related to the total
movement of the paralyzed upper limbs in daily life,
not those related to each specific activity, such as eating
and toileting. We hypothesized that the factors related
to each ADL activity would be different because of the
different movements and tools involved in each ADL
activity. To help occupational therapists design inter-
ventions that can improve the usage of the paralyzed
upper limbs in functions of ADL, investigating the use
of the paralyzed upper limb for each ADL is necessary.
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In addition, the acute phase is the period when paralysis
of the upper limb improves the most [8]; thus, patients
should be actively encouraged to use the paralyzed limb
in this period. It is also necessary to investigate the
status of use of the paralyzed upper limb in the acute
phase to examine the method of intervention that will be
appropriate for this period. Furthermore, eating and toi-
leting are among the basic ADLs and are of the highest
priority for intervention in the acute phase, based on our
clinical experience.

Therefore, this study aimed to clarify the use
of paralyzed upper limbs in actual activities of daily
living, such as eating and toileting, and to identify the
predictors of the use of paralyzed upper limbs in the
above-stated activities at the time of discharge.

2. Materials and Methods

Design and setting

This prospective observational study was conduct-
ed in a regional core general hospital. The STROBE
guidelines for observational studies were followed [9].
Patients with stroke were admitted to the hospital and
received acute medical care. After the doctor’s exam-
ination, rehabilitation along with full-risk management
and control was provided to patients from the day of
admission or the next day. In occupational therapy, early
intervention is required to achieve functional recovery of
the affected upper limb and to improve the performance
of ADLs. At our institution, the patients underwent reha-
bilitation for 20 or 40 minutes a day, 7 days a week, for
total of approximately 240 minutes. Upper limb function
training included the following exercises, which were
performed alone or in combination: instrument manipu-
lation training, neuromuscular facilitation training, and
therapeutic electrical stimulation.

Participants

Patients >20 years old, who were diagnosed with
stroke, and admitted to the hospital between October
2018 and October 2019 were enrolled in this study. A
diagnosis of stroke was confirmed by a physician based
on clinical symptoms and findings on computed tomog-
raphy, magnetic resonance imaging, and other diagnostic
imaging techniques. The exclusion criteria of this study
were (1) patients diagnosed with transient ischemic at-
tacks; (2) patients with limited joint range of motion and
muscle weakness in the paralyzed upper limb before the
onset of stroke. This information was obtained through
interviews and from patients’ medical records at the
time of admission; (3) patients with a score of >100 in
the Japan Coma Scale (score of >100 in the Japan Coma
Scale indicates “unarousable by any forceful stimuli”);

(4) patients who could not provide informed consent; (5)
patients with recurrent stroke during hospitalization; and
(6) patients with ataxia.

Clinical characteristics

The following patient characteristics were obtained
from their medical records: age, sex, length of hospital
stay, disease type, affected dominant hand, presence of
ADL support before stroke onset, Glasgow coma scale
score, National Institutes of Health Stroke Scale (NIHSS)
score, and FIM score at admission. We used FIM to
evaluate the actual continuous performance of ADLs in
the ward. Additionally, the stroke impairment assess-
ment set (SIAS) was used by occupational therapists
to comprehensively assess the severity of the stroke.
The SIAS is classified into the following nine types of
impairments [10]: motor function (upper limb: 0-10,
lower limb: 0—15), muscle tone (upper and lower limbs:
0-6 each), sensory function (upper and lower limbs:
0-6 each), range of motion (upper and lower limbs: 0-3
each), pain (0-3), trunk function (0-6), visuospatial
function (0-3), speech (0-3), and non-paralyzed limb
function (grip and muscle strengths of quadriceps: 0-3
each). A higher score indicates better function.

Assessment

The use of the paralyzed upper limb in daily life
was assessed using the paralytic arm participation mea-
sure (PPM). Normally, motor activity log (MAL), [11,
12] and accelerometers [13, 14] are commonly used to
evaluate paralyzed upper limb use. MAL is a self-assess-
ment performed through interviews; thus, it is not very
suitable for assessing patients with cognitive dysfunc-
tion or aphasia. Accelerometers can assess the amount of
continuous activity, but they cannot be used to evaluate
the specific type of activity performed. In this study, we
used the PPM to observe and evaluate the actual perfor-
mance of a particular ADL. This assessment measure
was developed at Fujita Health University Nanakuri
Memorial Hospital, and its reliability and validity are
guaranteed [15, 16]. It consists of the following 15
items: dressing (8 items), toileting (2 items), shaping/
cleaning (4 items), and eating (1 item). Each item was
assessed using a 4-point scale from 0 to 3 points. The
scoring criteria was as follows: 3 points, the paralyzed
upper limb can smoothly perform the desired movement;
2 points, movement can be performed till the end, but is
awkward and takes longer; 1 point, the limb is partially
used; 0 point, totally not used. The criteria were based
on the quality and extent of use of the paralyzed upper
limb [15, 16]. We investigated the patients’ eating and
toileting, which are high-priority activities in the acute
phase. Eating was evaluated based on either holding a
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Table 1. Characteristics of the patients at admission
Characteristics Total Eating Toileting (lowering pants) Toileting (pulling up pants)
(n=155) Use No use P-value Use No use P-value Use No use P-value
(n=72) (n=383) (n=60) (n=95) (n=59) (n=96)
Age Median years 77 73 80 0.001 71.5 79 0.001 71 79 0.001
(IQR) (67-84) (63-79.25) (71-85) (63.75-78.25)  (70.5-85) (63.5-78.5)  (70.75-85)
Sex Male/Female(%)  93(60)/ 47(65.3)/ 46(55.4)/ 0.251 41(68.3)/ 52(54.7)/ 0.129 40(67.8)/ 53(55.2)/ 0.132
62(40) 25(34.7) 37(44.6) 19(31.7) 43(45.3) 19(32.2) 43(44.8)
Length of Median days 23 12.5 29 <0.001 11.5 30 <0.001 11 29.5 <0.001
hospital stay (IQR) (12-32.5) (9-21.5) (22-37.5) (8.75-17.25)  (22-36.5) (8.5-16.5)  (22-36.25)
Disease type Lacunar 28(18.1)/ 23(31.9)/ 5(6)/ <0.001 26(43.3)/ 2(2.1)/ <0.001 26(44.1)/ 2(2.1)/ <0.001
infarction/other 127(81.9) 49(68.1) 78(94.0) 34(56.7) 93(97.9) 33(55.9) 94(97.9)
(%)
Affected hand Right/Left (%) 81(52.3)/ 41(56.9)/ 40(48.2)/ 0.334 34(56.7)/ 47(49.5)/ 0.413 33(55.9)/ 48(50)/ 0.511
TA(47.7) 31(43.1) 43(51.8) 26(43.3) 48(50.5) 26(44.1) 48(50)
Dominant hand ~ Right/Left (%) 151(97.4)/ 69(95.8)/ 82(98.8)/ 0.338 57(95.0)/ 94(98.9)/ 0.299 56(94.9)/ 95(99)/ 0.155
4(2.6) 3(4.2) 1(1.2) 3(5.0) 1(1.1) 3(5.1) 1(1)
Paralysis of the ~ Yes/No (%) 81(52.3)/ 40(55.6)/ 41(49.4)/ 0.52 33(55)/ 48(50.5)/ 0.623 32(54.2)/ 49(51)/ 0.742
dominant hand T4(47.7) 32(44.4) 42(50.6) 27(45) 47(49.5) 27(45.8) 47(49)
Premorbid Independence/ 139(89.7)/ 69(95.8)/ 70(84.3)/ 0.032 59(98.3)/ 80(84.2)/ 0.005 58(98.3)/ 81(84.4)/ 0.005
dependence Dependence (%)  16(10.3) 3(4.2) 13(15.7) 1(1.7) 15(15.8) 1(1.7) 15(15.6)
GCS Median (IQR) 15(13-15) 15.00 14(11-15) <0.001 15(15-15) 14(11-15) <0.001 15(15-15) 14(11-15) <0.001
(14.75-15.00)
NIHSS Median (IQR) 4(2-11) 2(1-4) 9(4-16.5) <0.001 2(1-3) 8(4-16) <0.001 2(1-3) 8(4-16) <0.001
FIM Median (IQR)
Motor 17(13-45) 45.50 13(13-17) <0.001 48(40-49)  13(13-16.5)  <0.001 48(41-49) 13(13-17) <0.001
(25.50-49.00)
Cognitive 18(7-29) 29(21-35) 7(5-17.5) <0.001 29(25-35) 8(5-20.5) <0.001 29(25-35)  8(5-20.25)  <0.001
Toilet transfer 1(1-5) 5(1-5) 1(1-1) <0.001 5(4-5) 1(1-1) <0.001 5(4-5) 1(1-1) <0.001
SIAS Median (IQR)
Upper limb motor 8(3-10) 10(8-10) 3(0-8) <0.001 10(8-10) 4(0.5-8) <0.001 10(8-10) 4(0.75-8) <0.001
function
Lower limb motor 12(6-15)  15(12.75-15)  7(1-12) <0.001 15(13-15) 9(2-14) <0.001 15(13-15) 9(2-14) <0.001
function
Upper limb 5(2-6) 6(5-6) 2(1-5) <0.001 6(5-6) 2(1-5) <0.001 6(5-6) 2(1-5) <0.001
sensory function
Lower limb senso- 5(2-6) 6(5-6) 3(1-6) <0.001 6(5.75-6) 3(1-6) <0.001 6(5.5-6) 3(1-6) <0.001
ry function
Trunk function 4(1-6) 6(5-6) 2(0-4.5) <0.001 6(5-6) 2(0-5) <0.001 6(5-6) 2(0-5) <0.001
Visuospatial 3(1-3) 3(3-3) 1(1-3) <0.001 3(3-3) 2(1-3) <0.001 3(3-3) 2(1-3) <0.001
function
Muscle strength of 3(2-3) 3(3-3) 2(1-3) <0.001 3(3-3) 3(1-3) <0.001 3(3-3) 3(1-3) <0.001
quadriceps on the
non-paralyzed side
Grip strength on 2(1-2.5) 2(2-3) 1(1-2) <0.001 2(2-3) 1(1-2) <0.001 2(2-3) 1(1-2) <0.001

the non-paralyzed
side

IQR, interquartile range; GCS, Glasgow coma scale; NIHSS, National Institutes of Health stroke scale; FIM, functional independent measure;
SIAS, stroke impairment assessment set; PPM, paralytic arm participation measure; Use, PPM 1-3 points; No use, PPM 0
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Fig. 1. Number and percentage of patients with paralytic arm participation measure scores at admission and discharge for each item
3: the paralyzed upper limb can smoothly perform the desired movement, 2: movement can be performed throughout the entire
activity, but awkwardly or/and slowly, 1: the limb can perform part of an activity, 0: does not perform the activity at all Eating
was evaluated based on either holding a bowl or operating chopsticks or a spoon. Toileting was evaluated based on the following
two items: lowering the pants to the knees and pulling the pants up to the waist.

bowl or maneuvering chopsticks or a spoon. Toileting
was evaluated based on two items: lowering the pants to
the knees and pulling the pants up to the waist.

Statistical analysis

Normal distribution was assessed using the Sha-
piro-Wilk test, according to which, our data were not
normally distributed. Patients with mild-to-no motor
paralysis were considered as having an SIAS motor
function score of >8 points in the paralyzed upper limb.
The Wilcoxon signed-rank test was used to compare the
PPM score at admission with that at discharge. Regard-
ing the use of the paralyzed upper limb, 1-3 points of
PPM was defined as “use” and 0 point as “no.” Binomial
logistic regression analysis was conducted to identify
predictors associated with the use of the paralyzed upper
limb at discharge. The explanatory variables common
for eating and toileting were: age, sex, premorbid de-
pendence, paralysis of the dominant hand, stroke type
(lacunar infarction/other), cognitive FIM at admission,
PPM at admission, and SIAS sub-items at admission
(including motor function of the paralyzed upper limb,
sensory function of the paralyzed upper limb, trunk
function, and visuospatial function); variable unique
to eating was: grip strength on the non-paretic side;

and variables unique to toileting: toilet transfer FIM at
admission and muscle strength of the quadriceps on the
non-paretic side. Since motor function of the paralyzed
lower limb had a multicollinearity problem with motor
function of the paralyzed upper limb, we prioritized
the upper limb and used it for the analysis. However,
we also performed the analysis using motor function of
the paralyzed lower limb, since it is also an important
predictor.

For the extracted factors, a receiver-operating char-
acteristic curve was drawn, and the cutoff value and area
under the curve were calculated.

P-values of <0.05 were considered statistically
significant. All statistical analyses were performed using
EZR ver. 1.37 software (Saitama, Japan) [17].

Ethics

This study was conducted following the ethical
standards of the Declaration of Helsinki and the ethical
guidelines for medical and health research involving
human subjects. This study was approved by the Ethics
Review Committee of our hospital (approval number:
2; approval date: 2018/9/19). All patients in this study
provided written informed consent.
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Table 2.  Predictors associated with the use of the paralyzed upper limb at discharge and their cutoff values (n=155)
Explanatory variables OR 95% C1 P-value Cutoff value AUC
Eating

Age (years) 0.93 0.89-0.99 0.011 80 0.682

Paralysis of the dominant hand 3.75 1.03-13.60 0.044 1 0.582

Motor function of the paralyzed upper limb 2.16 1.71-2.73 <0.001 5 0.949
Toileting

Motor function of the paralyzed upper limb 1.75 1.36-2.25 <0.001 7 0.959

Sensory function of the paralyzed upper limb 1.66 1.17-2.37 0.004 4 0.915

Muscle strength of the quadriceps on the 3.65 1.45-9.18 0.005 3 0.810

non-paralyzed side

OR, odds ratio; CI, confidence interval; AUC, area under the curve

3. Results

Altogether, 164 patients were enrolled in this study.
In the analysis, 155 patients were included, as four
patients who had recurrent stroke, three patients who
had ataxia, and two who died after providing informed
consent were excluded. The patients’ characteristics and
the median interquartile range values for Glasgow Coma
Scale, NIHSS, FIM, and SIAS are shown in Table 1.

The median PPM values for eating and toileting
improved significantly (p<.001) from 0 (interquartile
range: 0-3) at admission to 3 (interquartile range: 0-3)
at discharge. Figure 1 shows the number and percentage
of patients with specific PPM scores at admission and
discharge. Nearly 60% of the patients were able to use
the paralyzed upper limb normally at discharge for each
item. The following was the distribution of patients with
mild-to-no motor paralysis who did not use the para-
lyzed upper limbs: eating, 8 (8%); lowering pants to the
knees, 9 (9%); and pulling pants up to the waist, 9 (9%).

The predictors and cutoff values that predicted the
use of paralyzed upper limbs while eating and toileting
at discharge, as revealed by binomial logistic regression
analyses, are shown in Table 2. For eating, the inde-
pendent predictors of the use of paralyzed upper limbs
at discharge were age, paralysis of the dominant hand,
and motor function of the paralyzed upper limb. For
toileting, the results of logistic regression analyses for
lowering the pants to the knees and pulling pants up to
the waist were the same because patients who used the
paralyzed upper limbs at discharge were matched. The
independent predictors of the use of paralyzed upper
limbs at discharge were upper limb sensory function and
quadriceps muscle strength on the non-paralyzed side.
The results obtained by substituting the motor function
of the paralyzed lower limb for the motor function of the

paralyzed upper limb were as follows: motor function of
the paralyzed lower limb (odds ratio = 1.73, 95% confi-
dence interval = 1.37-2.18, p<.001).

4. Discussion

Use of the paralyzed upper limb in patients with acute
stroke

The PPM scores for eating and toileting were
significantly higher at discharge than that at admission,
indicating an improvement in the use of the paralyzed
limbs. Additionally, the proportion of patients who
used the paralyzed upper limb normally in daily life
increased from nearly 30% at admission to nearly 60%
at discharge. Since improvement in upper limb function
in the acute phase is expected, upper limb function
training and ADL training are important. However, the
proportion of patients who did not use the paralyzed
side upper limbs at discharge, despite mild to almost no
motor paralysis, was 8% and 9% for eating and toileting,
respectively. In the future, it is necessary to explore in-
terventions to encourage the use of these limbs in these
patients.

Factors predicting the use of paralyzed upper limb in
daily life

With regard to eating, the predictors of the use of
the paralyzed upper limbs at discharge were age, paraly-
sis of the dominant hand, and motor function of the par-
alyzed upper limb. A previous study also reported that
older age is a factor inhibiting the use of the paralyzed
upper limb at discharge in the acute stroke phase [5].
Additionally, elderly patients with stroke have poorer
functional recovery compared to younger patients [18].
The cutoff value for age obtained in this study was 80
years, suggesting that poor functional recovery due to



14 USE OF PARALYZED UPPER LIMB IN STROKE PATIENTS

advanced age may further affect the use of the paralyzed
upper limbs. Patients >80 years old face difficulty recov-
ering the ability to perform ADL during the acute phase;
thus, long-term rehabilitation and changing hand domi-
nance should be considered. With regard to paralysis of
the dominant hand, in a previous study, the paralyzed
upper limbs of the dominant and the non-dominant sides
were used almost equally in the daily life of patients
with stroke [19]. However, our study results were dif-
ferent. Eating is an activity that is strongly influenced
by the dominant hand. In Japanese eating etiquette, the
dominant hand is used to hold spoons, chopsticks, and
other devices, while the non-dominant hand holds the
bowl. When the non-dominant hand is paralyzed, the
food can be eaten with only the dominant hand because
the bowl is fixed using a self-help bowl or a non-slip
mat. Therefore, it is possible that patients with paralysis
of the non-dominant hand eventually stop using that
hand at all to eat, while patients with paralysis of the
dominant hand try to use it to manipulate spoons and
chopsticks. With regard to the paralyzed upper limb
function, several reports have shown that the paralyzed
upper limbs are not used by patients with severe motor
paralysis [4, 6, 7], which is similar to our results. In this
study, the cutoff value of the paralyzed upper limb func-
tion was 5 in all patients. The severity of motor paralysis
in the early stage is a predictive factor for recovery from
motor paralysis [20]. Patients with scores <5 points have
poor motor function recovery, which may affect the use
of the paralyzed upper limbs. Meanwhile, the sensory
function of the fingers associated with fine manipulation
of tableware was not extracted as a predictor of the use
of the paralyzed upper limb for eating. It is possible that
the sensory impairment of the upper limbs was compen-
sated by the visual sense and the nature of the self-help
tableware.

As for toileting, predictors of the use of the para-
lyzed upper limbs at discharge were motor function of
the paralyzed upper limb at admission, motor function
of the paralyzed lower limb at admission, sensory
function of the upper limb, and muscle strength of the
quadriceps on the non-paralyzed side. The severity
of proprioceptive deficit of the paralyzed upper limb
inhibits the use of the paralyzed upper limb in daily life
[21]. Sensory impairment of the upper limb is associated
with difficulties in fine manipulation [22]. Upper limb
sensory impairment inhibits the use of the paralyzed
upper limb in toileting because the sensory function of
the fingers is required to lower and pull up the pants,
especially because the part of the pants that is behind
and the part that is hidden by the shirt cannot be visually
confirmed. Regarding lower limb function, no studies
have examined the relationship between quadriceps

muscle strength on the non-paralyzed or paralyzed
lower limb and the use of the paralyzed upper limb
in toileting. When pulling up and lowering pants, it is
necessary to maintain a stable standing position to exert
the paralyzed upper limb function. Therefore, since the
quadriceps muscle strength on the non-paralyzed side
and the degree of paralysis of the lower limb on the par-
alyzed side affect the maintenance of a stable standing
position, they were extracted as predictors in this study.

In the future, in order to promote the use of the
paralyzed upper limb, it is necessary to examine occu-
pational therapy approaches for the early stage of stroke
using the predictors revealed in this study. For eating,
interventions, such as those that enhance the motor
function of the paralyzed upper limb and positive ADL
instructions for using the paralyzed upper limb when
the non-dominant hand is on the paralyzed side, are also
important. For toileting, interventions that improve the
stability of the patient while standing are necessary. A
few effective interventions for sensory disorders have
been reported [23, 24]; nonetheless, actively adopting
them is important.

Limitations

This study has several limitations. First, it was
conducted at a single institution and included only
patients who provided consent to participate. Therefore,
selection bias might have occurred. Our results should
be cautiously generalized and interpreted. Second, we
did not consider psychological factors, such as patients’
motivation or attention, as predictors. Therefore, a study
with inclusion of psychological factors as assessment
variables is warranted. Third, since there are other activ-
ities involved in toileting such as handling toilet paper
and wiping the buttocks, it is necessary to investigate
the use of paralyzed upper limbs for these activities in
the future. Fourth, ADL activities such as cleaning and
dressing are also important in the acute phase and are
included in the PPM. However, implementing all PPM
items within the therapy duration was difficult. Studies
investigating the use of paralyzed upper limbs in the
future should include these activities. Finally, this study
was conducted in the acute phase. Long-term follow-up
of the use of paralyzed upper limb is required for pa-
tients who did not use the paralyzed upper limb in the
acute phase.

In conclusion, the use of paralyzed upper limbs in
eating and toileting in patients with acute stroke was
significantly improved at discharge. Factors that pre-
dicted the use of the paralyzed upper limb while eating
and toileting at discharge were also identified. The
results of this study suggest that occupational therapy
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promotes the use of paralyzed limbs while performing
these activities. The predictive factors at admission and
their cutoff values obtained in this study can be used to
predict the use of the upper extremities on the paralyzed
side at discharge in real life, and can be used to formu-
late treatment strategies. Evaluations using PPM, which
is a movement-evaluation tool for real-life situations,
can guide occupational therapists to encourage patients
to consciously use their paralyzed upper limbs during
activities of daily life. This may improve the frequency
and quality of the patients’ use of their paralyzed upper
limbs in daily life.
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Abstract: Introduction: Peer support programs are mainly studied by hospitals and medical professionals, and further
research is needed on their impact on quality of life (QOL). The purpose of this study was to investigate the type of
community-based peer support program that is effective for improving the QOL of cancer survivors.

Method: A systematic review was performed using the following procedures: (1) randomized controlled trials aimed
at improving QOL were searched from PubMed and Igaku Chuo Zasshi, (2) papers that met the inclusion criteria were
selected, and (3) the papers were assessed for quality by using the revised Cochrane risk-of-bias tool for randomized
trials.

Results: Results showed that four studies met the eligibility criteria, and three of them showed statistically significant
improvements in QOL. The peers instructed in programs were breast cancer survivors who had been diagnosed one to
three years earlier. Furthermore, peers received special training for approximately eight hours per session for a total of
two to seven days before providing support to the participants.

Conclusion: Few programs have been fully applied in Japan. In terms of program effectiveness and risk of bias, pro-
grams that include obtaining support and managing activities that affect mood may be effective. Furthermore, the im-
portance of taking enough time to help cancer survivors trust each other and provide support according to the patient’s
wishes and available community resources was demonstrated.

Keywords: cancer, community, peer support, quality of life, systematic review

1. Introduction

In Japan, it is estimated that 1.52 million people
need cancer treatment [1], and the period of survival for
those affected by cancer has been increasing [2]. Baxter
et al. [3] reported that cancer treatments have been
saving lives. However, survivors were often left with
residual physical and psychosocial complications that
prevented them from fully engaging in their everyday
lives. These complications subsequently result in a
compromised quality of life (QOL). Furthermore, the
number of cancer patients who receive treatment or die
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at home is expected to increase because of policies such
as the shortening of the admission period and promoting
home medical care [4].

Many cancer patients undergo chemotherapy, radi-
ation therapy, and surgery; experience side effects and
complications from these treatments; and often live in
the community with cancer recurrence, financial uncer-
tainty, and pain. For the reasons mentioned above, it is
presumed that a cancer survivor may find it difficult to
perform well in daily life after discharged from the hos-
pital. Peer support is one of the most effective supports
in such cases. Peer support can be defined as the process
of giving and receiving nonprofessional, nonclinical
assistance from individuals with similar conditions or
circumstances to achieve long-term recovery [5]. Fur-
thermore, peer supporters often work with patients and/
or healthcare providers to address system-level barriers,
such as fragmented care, financial constraints, other
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practical challenges (e.g., transportation, employment
concerns, and childcare), and communication difficulties
[6]. In Japan, there are two types of associations that
provide peer support: hospitals and patient groups. In
some cases, hospitals commission patient groups to
provide peer support at the hospital [7]. Currently, the
actual situations and effectiveness of peer support are
being examined by the Ministry of Health, Labor and
Welfare in Japan [8]. We believe that it is important for
cancer survivors living at home to be able to receive
peer support comfortably and securely in order to im-
prove their QOL, whether the associations providing the
support is hospitals or patient associations.

Several studies on peer support programs for cancer
survivors have shown that such programs increase
participant satisfaction and improve psychological ad-
justment [9, 10]. In Japan, Ikeuchi et al. [11] conducted
a systematic review of community-based occupational
therapy programs to improve the QOL of cancer
survivors and reported that it is important to provide
programs with peers who have the same disease. Fur-
thermore, in the nursing field, the effect of peer support
has been explained using the direct effect model [12],
that is, the following are reported to have positive im-
pacts on health- related outcome measures: (a) decreas-
ing isolation and feelings of loneliness, (b) deterring
maladaptive behavior or responses, (c) promoting
positive psychological states and individual motivation,
and (d) providing information regarding access to med-
ical services or the benefits of behavior that positively
influence health and well-being. On the other hand, peer
support also has aspects that can have adverse outcomes,
for example, criticism, reinforcement of poor behaviors,
and diminished feelings of self- efficacy [12].

In terms of QOL, in general, randomized controlled
trials (RCTs) did not find significant effects of partici-
pation in peer support programs on QOL [9]. However,
further research is needed because of the impact of
methodological issues such as a small sample size, lack
of long-term follow-up, and limited outcome measures,
as well as social resource issues such as the relatively
high abundance of support (peer and professional) al-
ready available because the study participants only had
breast cancer (BC). Furthermore, the study participants
were recruited primarily by hospitals and specialists. In
general, it is thought that cancer survivors have fewer
opportunities to contact peers in the community than
in hospitals admission; thus, we believe that further re-
search is needed on the degree of peer support provided
in the community. In summary, peer support programs
are mainly studied by hospitals and medical profession-
als, and further research is needed on their impact on
QOL.

Therefore, it is necessary to examine the effects of
peer support programs that aim to improve QOL in com-
munity settings. This study aimed to identify an effective
community-based peer support program to improve the
QOL of cancer survivors. This study has the potential
to promote mutually supportive relationships among
cancer survivors when they live in the community. To
investigate effective peer support programs, this study
focused on RCTs with a higher level of evidence.

2. Methods

2.1 Study Design

This study was a systematic review and was con-
ducted by following the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA)
statement [13, 14].

2.2 Data Sources and Searching Strategies

PubMed and Igaku Chuo Zasshi [15] were the data-
bases used in the current study. Igaku Chuo Zasshi con-
tains bibliographic citations and abstracts from more than
2,500 biomedical journals and other serial publications
in Japan. A hand search was also performed. The search
terms in English were ((community) OR (home)) AND
(peer) AND (cancer) AND (quality of life), and those
in Japanese were ((tiiki) OR (zaitaku)) AND (pia) AND
(gan) AND ((seimei-no-shitsu) OR (seikatsu-no-shitsu)).
The last date of the search was December 3, 2020, for
both Japanese and English.

2.3 Inclusion Criteria

The inclusion criteria were as follows: (1) the pro-
gram was conducted in the community or at home, (2)
the program participants were cancer survivors aged 18
years or older, (3) the program participants were not in
the terminal stage, (4) the program was conducted with
peers, (5) the program was peer- reviewed, (6) the study
design was an RCT, (7) the language was English or
Japanese, and (8) the full text was available for ordering.

2.4 Papers Extraction

Identification, screening, eligibility, and includ-
ed were performed according to the PRISMA Flow
Diagram [14] for research inclusion (Figure 1). In the
screening stage, we excluded papers that clearly would
not meet inclusion criteria (1) to (8) on the basis of their
titles and abstracts. Papers that could not be judged by
the title and abstract or in which the title and abstract
met the inclusion criteria were carefully reviewed after
a thorough reading of the full text at the eligibility stage.
After paper extraction was completed, an abstract table
was created for the studies included in the qualitative
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Fig. 1. PRISMA Flow Diagram
The process of identifying papers to adopting them is shown.

synthesis (Table 1).

2.5 Evaluating the Quality of Papers

After the eligibility stage, two or more authors
assessed the quality of the included articles according to
the manual described in the Cochrane risk-of-bias tool
for RCTs (RoB 2.0) [16, 17] in the Cochrane Handbook.
Two of the authors had experience with systematic
reviews. There were five types of bias risk: bias arising
from the randomization process, bias due to deviations
from intended interventions, bias due to missing out-
come data, bias in the measurement of the outcome, and
bias in the selection of the reported result. To determine
the risk of bias, we had to check the manual and then
answer two to six signaling questions corresponding to
each bias (Table 2). For example, when bias arises from
the randomization process, we answered signaling ques-
tions such as “1.1 Was the allocation sequence random?”
and “1.3 Were there baseline imbalances that suggest
a problem with the randomization process?.” When
answering signaling questions, respondents selected yes,
probably yes, no, probably no, no information, and not
applicable. After answering these signaling questions,
five types of bias risk could be classified as “low risk,”
“some concerns,” and “high risk” (Table 3).

3. Results

3.1 Process of Adopting Papers (Figure 1)
After searching the database, 120 articles were

listed (119 articles in PubMed and 1 article in Igaku
Chuo Zasshi). We screened 124 papers, including 4
papers collected by hand searching. In the screening,
101 papers that clearly would not meet inclusion criteria
(1) to (8) on the basis of their title and abstract were
excluded. Nineteen papers were excluded in terms of
eligibility. In other words, four papers [18-21] were
included. Nineteen papers were excluded for eligibility
because 2 papers were research protocol papers with
unknown results, 2 papers did not have QOL as an
outcome measure, 1 paper had inpatients as participants,
1 paper had cancer survivors who did not participate
in programs with peers, and the other 13 papers were
not RCTs. There have been no studies on the process of
quantitative integration (meta-analysis).

3.2 A Review of Accepted Papers (Table 1)

Among the four articles that were accepted, all
study participants were women with BC. Furthermore,
QOL was significantly improved in three of the papers
[18, 20, 21]. The peers instructed in programs were BC
survivors who had been diagnosed one to three years
earlier, and some studies required peers to be free of
recurrence for several years or more. Peers also received
special training of approximately eight hours per session
for a total of two to seven days before providing support
to the participants. The programs of the intervention
groups in the three papers that significantly improved
QOL are described below.

Napoles et al. [18] evaluated a community-based,
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Table 1. An abstract table for accepted papers
Information on the adopted papers (n = 4) are organized.

First author, Cancer type . QOL outcomes
No. Year Design  Number of Intervention cc?nFents Main outcome measure with significant
.. (Number of Participants) .
(Country) Participants improvements
18  Napoles, 2015 RCT BC Intervention: Nuevo Amanecer QOL: FACT-B, General distress Emotional well-
(USA) n=151 (n=76) symptoms: BSI, Breast cancer- spe- being of FACT-B
Control: Usual care (n = 75) cific distress: a subscale of the IES-R
19  Napoles, 2020 RCT BC Intervention: Nuevo Amanecer-II  QOL: FACT-B, General distress None
(USA) n=153 (n=76) symptoms: PHQ-8, PSS, BSI and
Control: usual care (n =77) MOCS-A
20  Giese-Davis, RCT BC Intervention: peer-counseling QOL: BSW and TOI in FACT-B, BSW in FACT-B
2016 n=104 (n=152) Cancer - related trauma symptoms:
(USA) Control: usual care (n = 52) PCL-C, Cancer self-efficacy: CBI,
Marital interaction: LWMAT,
Depression symptoms: CES-D, BC
resources: BCRQ
21 Toija AS, 2019 RCT BC Intervention: usual care and peer ~ Generic state of health: 15D, QOL:  Sexual function in
(Finland) n=260  support via telephone (n = 130) EORTC QLQ-C30, EORTC-QLQ- EORTC QLQ-C30
Control: usual care (n = 130) BR23 and EORTC-QLQ-
BR23

RCT: Randomized Controlled Trial, BC: Breast Cancer, QOL: Quality of Life, FACT-B: Functional Assessment of Cancer Therapy- Breast, BSI:
Brief Symptom Inventory, IES-R: Impact of Event Scale-Revised, PHQ-8: eight-item Patient Health Questionnaire depression scale, PSS: the
Perceived Stress Scale-10, BSI: Brief Symptom Inventory, MOCS-A: Measure of Current Status part A, BSW: Breast Cancer-Specific Well-being,
TOI: Trial Outcome Index, PCL-C: Posttraumatic stress disorder (PTSD) CheckList-Civilian, CBI: Cancer Behavior Inventory, LWMAT: The
Locke-Wallace Marital Adjustment Test, CES-D: Center for Epidemiologic Studies- Depression, BCRQ: Breast Cancer Resources Questionnaire,
15D: a generic, preference-based instrument for measuring health- related QoL, EORTC QLQ-C30: The European Organization for Research

and Treatment of Cancer Quality of Life Questionnaire Core 30, EORTC-QLQ-BR23: The European Organization for Research and Treatment of
Cancer Quality of Life Questionnaire-Breast23

Table 2. Answering signaling questions
Answers to signaling questions are described.

Bias arising from the Bias due to deviations from Bias due to missing  Bias in measurement Bias in selection of
Reference randomization process intended interventions outcome data of the outcome  the reported result
number 1.1 1.2 1.3 2.1 22 2.3 2.4 2.5 2.6 3.1 3.2 33 4.1 42 5.1 52
18 Y Y N PY PY PN PN N NA Y NA NA Y PY N N
19 Y Y N PY PY PN PY N NA PY NA NA Y Y N N
20 NI PY N PY PY PY PY N PN N N N Y N N
21 Y Y N PY PY PN PN N NA Y NI NA Y PN PY

Y: Yes, PY: Probably yes, N: No, PN: Probably no, NI: No information, NA: Not applicable
Signaling questions are as follows:
1.1 Was the allocation sequence random?
1.2 Was the allocation sequence concealed until participants were recruited and assigned to interventions?
1.3 Were there baseline imbalances that suggest a problem with the randomization process?
2.1 Were participants aware of their assigned intervention during the trial?
2.2. Were carers and trial personnel aware of participants’ assigned intervention during the trial?
2.3 Were there deviations from the intended intervention beyond what would be expected in usual practice?
2.4 Were these deviations from intended intervention unbalanced between groups and likely to have affected the outcome?
2.5 Were any participants analysed in a group different from the one to which they were assigned?
2.6 Was there potential for a substantial impact (on the estimated effect of intervention) of analysing participants in the wrong group?
3.1 Were outcome data available for all, or nearly all, participants randomized?
3.2 Are the proportions of missing outcome data and reasons for missing outcome data similar across intervention groups?
3.3 Is there evidence that results were robust to the presence of missing outcome data?
4.1 Were outcome assessors aware of the intervention received by study participants?
4.2 Was the assessment of the outcome likely to be influenced by knowledge of intervention received?
5.1 Multiple outcome measurements (e.g. scales, definitions, time points) within the outcome domain?
5.2 Multiple analyses of the data?
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Results of the assessment of the five types of bias risk; the five biases are answered with “low risk,” “some concerns,” and “high risk.”

Reference Bias arising from the Bias due to deviations from  Bias due to missing  Bias in measurement of Bias in selection of the
number randomization process intended interventions outcome data the outcome reported result
18 Low risk Low risk Low risk High risk Low risk
19 Low risk Low risk Low risk High risk Low risk
20 Low risk High risk High risk High risk Low risk
21 Low risk Low risk Low risk High risk High risk

translational stress management program called Nuevo
Amanecer (NA) to improve health-related QOL in
Spanish-speaking Latinas with BC. The specifics of
the NA involved managing the initial impact of cancer,
finding cancer information, obtaining support, identify-
ing helpful and unhelpful thoughts, managing thoughts
and mood, stress management techniques, managing
activities that affect mood, and goal setting. The NA was
conducted once a week for a total of eight sessions of 90
minutes each.

Giese-Davis et al. [20] conducted an RCT of peer
counseling for patients with newly diagnosed BC. Peer
navigators provided support during medical treatment,
made connections to community resources, recognized
trauma symptoms, and helped sojourners know whether
to seek professional help for distress. The pair could
meet weekly by telephone, email, or in person for up to
six months.

Toija et al. [21] explored the effectiveness of
a simple and low-cost peer support program on the
health-related QOL of patients with BC. This peer sup-
port was provided by trained volunteer BC survivors via
telephone, thus enabling newly diagnosed BC patients
to get in contact with survivors in a simple and uncom-
plicated manner to ask questions and receive emotional
support when needed. Moreover, it was continued
according to the patients’ preferences as long as it was
necessary, with approximately one call per week.

3.3 Evaluating the Quality of Papers

The results of the responses to the signaling ques-
tions (Table 2) guided the evaluation of the quality of
the papers (Table 3). For example, in a study by Napoles
et al. [18], the answer to signaling question 1.1 “Was the
allocation sequence random?” was “Yes.” In answering
the other signaling questions, four items of the article
quality rating were “low risk” and one item was “high
risk.” The studies with the lowest risk of bias were those
of Napoles et al. [18, 19], followed by Toija et al. [21].
The study with the highest risk of bias was that of Davis
et al. [20].

4. Discussion

4.1 Reported Programs

Three studies [18, 20, 21] showed significant en-
hancements in QOL, among which the study by Népoles
et al. [18] had the lowest risk of bias, followed by the
studies by Toija et al. [21] and Giese- Davis et al. [20].
The following describe the details of the three papers [18,
20, 21] that showed significant improvements in QOL.

The NA conducted by Napoles et al. [18] showed
a statistically significant improvement in emotional
well-being in FACT-B at six months. Their sample con-
sisted mostly of Mexican and Central American Latinas,
and participant cancer survivors with low educational
and economic status were included in the NA. There-
fore, this study may not be generalizable to Japanese
groups. On the other hand, it may be useful for Japan
because NA has contents that are strongly related to the
community life of cancer patients, such as searching for
cancer information; good skills when communicating
with health professionals, family, and friends; managing
activities that affect mood; and goal setting [22].

Giese-Davis et al. [20] reported that peer counseling
performed for a maximum of 6 months showed a statis-
tically and clinically significant difference in FACT-B
BSW at 12 months. The content of this program, which
helps peers talk about their experiences, make connec-
tions with community resources, and decide whether
to seek professional help, is likely to be applicable in
Japan. However, it should be noted that the risk of bias
was the highest among the four papers adopted in this
study.

Toija et al. [21] reported a small but statistically
significant improvement in sexual function in EO-
RTC-QOL30 and EORTC-QLQ-BR23 at six months fol-
low-up. Unfortunately, there are many limitations to this
study: the number of phone calls made differed between
participants; data on participants’ disease stage and treat-
ment were not reported; and data on sexual function in
the EORTC- QOL30 and EORTC-QLQQ-BR23, which
showed statistically significant improvements, were not
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shown. Therefore, generalizing this program is difficult.

The three studies [18, 20, 21] that showed signifi-
cant improvements in QOL all incorporated a follow- up
period of more than six months into their study design.
This finding is consistent with that of Hoey et al. [9],
who stated that an extended period of time may be re-
quired before people can develop relationships and build
sufficient rapport to enable them to gain benefits from
peer support. When running a peer support program in
the community, it is also necessary to support cancer
survivors so that they can take time to fully build trust-
ing relationships with each other.

By contrast, Napoles et al. [19] found no significant
improvement in QOL. This program for Latinos living
in rural areas is a revision of the NA [18, 22] for Latinos
living in urban areas. As a result of revisions, NA-II was
expanded from 8 to 10 sessions, the use of audiovisual
materials was increased, and a handout for family mem-
bers providing information on the program was created.
Napoles et al. [19] stated that the reason for the lack of
significant improvement in QOL with NA-II was that all
women who received NA were enrolled mostly within
three months of diagnosis or within one year, whereas
women who received NA-II were enrolled farther from
the date of their initial diagnosis (within 2.5 years on
average). This may be due to the longer time since the
diagnosis and that the baseline levels of QOL among
women in the NA-II were better than those in their prior
RCT, thus leaving less room for improvement. This
is similar to what Hong-Li et al. [23] reported when
following the QOL of nonmetastatic BC patients after
initial treatment with surgery and chemotherapy for one,
two, and five years; they found that the QOL at one year
was the lowest. Therefore, it is important to concentrate
on providing QOL support to BC survivors within the
first year after diagnosis or initial treatment.

From the above four studies, there was a scarcity of
programs that could be fully applied in Japan because
every study has its advantages and limitations.

4.2 What Kind of Support Should A Specific Peer

Provide?

Peers in the four studies were BC survivors who
had been diagnosed one to three years previously
and had received several specific training sessions of
approximately eight hours each. Therefore, educated
peers provided support to the participants. By contrast,
Petruseviciene et al. [24] conducted a program in which
untrained BC survivors formed groups to knit, make
paper cranes, and attend lectures by an occupational
therapist. As a result, participants reported a significant
improvement in QOL, which was suggested to be
due to the mental well-being of women with the same

disease doing the same program. As shown above, peer
support can be provided by trained cancer survivors
or by a group of untrained individuals. Furthermore, a
study showed that programs [25] provided by health-
care professionals, not peers, have improved QOL. As
mentioned above, there are hospitals and patient groups
that provide peer support in Japan. These two types
of peer support programs have their advantages and
disadvantages. For example, although the peer support
provided at hospitals is for any cancer survivor and their
family members, some patients may feel burdened to
participate because they have to go to the hospital. In
addition, while the provided information is highly reli-
able as medical staff oversees, services focused on the
patient’s life are less likely to be provided [26]. On the
other hand, peer support provided by patient groups is
less difficult to participate and can provide support that
is more relevant to the patient’s life, yet it is necessary
to consider whether or not the information provided is
reliable. Therefore, it is essential to educate peers be-
cause peer support programs provided by hospitals and
patient groups have advantages and disadvantages. Also,
it is important that peer support provided by hospitals
and patient groups complement each other and provide
services so that cancer survivors can use peer support
comfortably and securely, taking into consideration the
wishes of cancer survivors and the community resources
that should be provided when providing community-
based support to improve QOL.

4.3 Limitations and Prospects

A limitation of this study is that the small number
of RCTs that met the inclusion criteria did not allow
for a meta-analysis to be performed. Given that there
were only three programs that showed significant im-
provements in QOL, research that includes QOL as an
outcome measure should be conducted in the future.
This systematic review should be updated when new
and more effective studies are published or when ap-
proximately three to five years have passed.

5. Summary and Conclusion

A systematic review was studied with the aim of
investigating community-based peer support programs
for improving QOL. The results showed that four stud-
ies met the eligibility criteria, and three of them showed
statistically significant improvements in QOL. However,
few programs can be fully applied in Japan. In terms of
program effectiveness and risk of bias, programs that
include obtaining support and managing activities that
affect mood may be effective. Furthermore, the impor-
tance of taking enough time to help cancer survivors
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trust each other and provide support according to the
survivors’ wishes and available community resources
was demonstrated.
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The Effect of Cognitive Function on Imitation Skills in
Patients with Schizophrenia.
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Abstract: The purpose of this study is to identify how cognitive functions such as attention and cognitive processes,
such as the retention process to maintain an image needed in the learning by imitation process, are related to the abili-
ty to convert this into action (imitation) in patients with schizophrenia. Many people with schizophrenia have a lower
imitation ability compared to healthy persons. Those with low imitation ability had lower scores for cognitive func-
tions such as MMSE and visuospatial cognitive functions such as the number of correct answers in MRT. As described
above, reduced imitation ability in patients with schizophrenia is caused by problems in information processing which
temporarily retains and manipulates visual information during the performance of a task.

Introduction

Patients with schizophrenia have difficulty in daily
living activities, such as dressing, taking medication,
money management, communication, and using social
resources [1]. Among these, difficulty grooming and
communication lead to further isolation from society [2].
Normally, these skills are acquired by recognizing and
imitating the actions and behaviors of people around us
during the growth process. Consequently, among diffi-
culties in daily life by patients with schizophrenia, those
involving lifestyle-related routines are considered to be
caused by a failure to learn through experience while
growing up. Learning by imitation includes observing
the detailed actions of another person as a target of imi-
tation, converting the action into a visual image or con-
cept, retaining that image, and then converting it into an
action [3]. In previous studies on imitation by patients
with schizophrenia, patients with lower imitation skills
were shown to have difficulty understanding the feelings
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of other people and properly expressing their own emo-
tions [4-6]. Matthews, et al. [7] stated that when patients
with schizophrenia were instructed to mimic images,
such as hand and mouth shapes and facial expressions
which were displayed on a monitor, many could not im-
itate the images compared to healthy subjects. Park, et
al. [8] analyzed the relationship between imitation skills,
psychiatric symptoms, and social functions using the
same method, and found that those with poor imitation
skills had more negative symptoms and decreased social
function. In addition, patients with schizophrenia are
known to have an impaired working memory, attention
deficiency, and lower information processing ability
[2]. Although previous studies have reported that poor
imitation skills in patients with schizophrenia are related
to mental symptoms and a reduction in emotional cogni-
tion and social function, the studies provide insufficient
details regarding the relation between imitation ability
and cognitive function, and no correlation between
poor imitation skills in patients with schizophrenia and
reduced cognitive ability has been clearly identified.
Consequently, the purpose of this study was to
identify how cognitive functions such as attention, and
cognitive processes such as the retention process to
maintain an image (needed in the learning- by- imitation
process), are related to the ability to convert this into
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action (imitation) in patients with schizophrenia.

This study was conducted with the approval of the
Ethics Committee of the Hirosaki University Graduate
School of Health Sciences (Ref. No. 2016-029).

Methods

1. Subjects

The participants (Schizophrenia group) were 59
adult patients (29 outpatients and 30 inpatients) with
schizophrenia, as confirmed by the Structured Clinical
Interview for DSM-V. All participants were clinically
stable and recruited from Fuse Hospital in Aomori,
Japan. Patients were excluded if they had a neurological
disease, were mentally retarded, or had suffered an acute
psychotic episode in the last six months.

For comparison, 40 healthy persons (Healthy group)
were also included in the study. These (18 males, 22
females) were recruited from local residents, to match
the patient group in age, gender distribution, and formal
education. All subjects were informed of the purpose
of the survey, that they could refuse to answer, and that
refusal would not result in disadvantage. After explana-
tion, consent to participate in the study was obtained.

11. Survey contents

A survey was carried out by individual interview
for each participant during the survey period (October
4-14, 2016). Survey contents are as follows.

Assessment

1) Imitation ability

The Standard Performance Test for Apraxia(SPTA)
[9] was used to assess imitation ability. SPTA is a test
to detect apraxia as well as various behavioral and fine
motor dysfunctions that cannot be explained by motor
paralysis, ataxia, involuntary movement and general
mental dysfunction in persons with brain injury. The test
was created to detect, differentiate, and analyze higher
order dysfunction. The purpose of this study is to assess
the imitation ability of patients with schizophrenia.
Seven assessment items were set. For imitation of the
upper limb (one hand) finger configuration “Chin hand
of Ruria”,”l, II, IV ring”,”L,V ring”. For imitation of
motion of the upper limb (both hands) without an object,
“Figure 87, “Butterfly “,”Paper/Rock Interaction Test”.
And for continuous upper limb (one hand) motion “Ruria
and Stretch Fist”. In addition, “Reverse fox” was used to
screen for mild dementia [10].

Total score (0-16 points) of the eight items was
calculated. Subjects sat facing the investigator, and
were asked to mimic the movement of the investigator.

Anchor points for each item were set as matching (two
points), partially matching (one point), and not matching
(zero points), and the higher the score, the higher the
imitation ability .

2) Cognitive function

The Mini-Mental State Examination (MMSE) [11]
was used to assess cognitive function. 11 assessment
items were set, including “Time orientation”, “Location
orientation”, “Instant recall”, “Calculation”, “Delayed
reproduction”, “Object naming”, “Sentence repetition”,
“Verbal instruction”, “Writing a complete sentence”,
“Spontaneous writing”, “Figure copying”. Total score
(0-30 points) was calculated. The higher the score, the

higher cognitive function.

3) Visuospatial cognitive function

The Mental Rotation Test (MRT) was used to
assess the visuospatial cognitive function. MRT is
a visuospatial cognitive task to assess the ability to
imagine how an object will appear when rotated in 2- or
3-dimensional space. We created the original evaluation
scale with reference to the method of Yamada, et al. [12].
Subjects were shown 10 photographs of hands and feet
taken from various angles on a 11.6 inch display, one at
a time. Subjects were then asked to answer right or left,
as quickly and accurately as possible. The number of
correct answers and total time were used to assess total
visuospatial cognitive function.

I11. Statistical analysis

The a priori hypothesis was that cognitive function
and imitation skills would differ for the Schizophrenia
group versus the Healthy group. Accordingly, compari-
son was made using a Mann-Whitney U test and t-test.
The Mann-Whitney U test was used to compare the total
MRT, MMSE, and imitation test scores, between the
Schizophrenia group and Healthy group. The normal
distribution of total MRT time was examined using the
Shapiro-Wilk -test (p = .000). Next, the respective total
MRT times of the Schizophrenia and Healthy groups
were compared using Welch’s t-test. Spearman’s rank
correlation coefficient was used to analyze the total im-
itation test scores and MMSE scores, number of correct
MRT answers and total time in the Schizophrenia group.
Significant difference was set as P < 0.05. The analysis
was performed using Excel -Toukei version 2010 (Social
Survey Research Information Co., Ltd.).

Results

Basic attributes of the Schizophrenia group and the
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Table.1 Participants
Schizophrenia group Healthy group
(n59) (n 40) p-value
M (SD) M (SD)
Age (years) 59 (8.3) 57.1 (11.5) .356
Male 37 18
Gender Female ” ” 101
Diagnosis Schizophrenia 59 —
Out patients 30 —
Form of treatment In patients 29 o
Age (years) : t test Gender: Fisher’s exact test
.000* .000*
S| m— - =
147 25 - T g
121 X

Total Score
@

6_

4_

2-
Schizophrenia Healthy group
group (n=59) (n=40)

*:p<.01 Mann-Whitney U test

Fig. 1. Total imitation test scores for the Schizophrenia
Group and the Healthy Group

Healthy group are described in Table 1. Average age
and gender of the Schizophrenia group and the Healthy
group were 59 years (SD 8.3) and 37 males and 22
females; and 57.1 years (SD 11.5) and 18 males and 22
females, respectively. Treatment regimen for the Schizo-
phrenia group was 30 outpatients and 29 inpatients. No
statistical significant difference between the two groups
regarding age and gender was observed. Total scores for
the imitation test for the Schizophrenia group and the
Healthy group are shown in Figure 1. The median total
score of the imitation test for the Schizophrenia group
was 11.0 points, which is significantly lower (p=.000)
than that of the Healthy group at 16 points.

Total MMSE scores for the Schizophrenia group
and the Healthy group are shown in Figure 2. The
median total MMSE score for the Schizophrenia group
was 23.0 points, which was significantly lower (p=.000)
than that of the Healthy group at 30 points.

20 -

Total score
=
o
1

10 -
X
5 |
0
Schizophrenia Healthy group
group(n=59) (n=40)

*:p<.01 Mann-Whitney U test

Fig. 2. Total M MSE scores for the Schizophrenia Group and
the Healthy Group

Comparison of results of the number of correct
MRT answers for the Schizophrenia group and the
Healthy group are shown in Figure 3. Median MRT
score for the Schizophrenia group was 8.0 points, which
was significantly lower than that for the Healthy group
at 10.0 points (p=.000).

Total MRT time for the Schizophrenia group and
the Healthy group are shown in Figure 4. Median total
MRT time for the Schizophrenia group was 28.7 sec,
and no significant difference with the Healthy group at
29.0 secs was observed.

Results of correlation between total scores of the
imitation test and MMSE/MRT for the Schizophrenia
group are shown in Table 2. A moderate positive cor-
relation between the imitation test total score and the
total MMSE score (= .55, p =.000), “Calculation” (r =
46, p = .000), “Sentence repetition” (r= .47, p = .000),
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Fig3 Number of correct MRT answers in the Schizophrenia
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Fig 4. Total MRT time for the Schizophrenia group and the
Healthy group

Table 2. Correlation between Total Imitation test scores, MMSE and MRT

Items r p-value

Total Score .55 .000

Time orientation .00 966

Location orientation 25 .053

Instant Recall 23 .055

Calculation 46 .000

Delayed reproduction 22 .099

MMSE Object naming .19 220
Sentence repetition 47 .000

Verbal instruction 22 .090

Writing a complete sentence 35 .063

Spontaneous writing 24 .063

Figure copying 41 .002

Number of correct answers 38 .005

MRT Total time 29 .036

Spearman’s rank correlation coefficients

“Figure copying” (r = .41, p = .002) was observed. A
weak positive correlation between total imitation test
score and number of correct MRT answers (r = .38, p =
.005) was observed.

Discussion

Imitation is a series of motor learning exercises that
can change a person’s movement to match a targeted
model and reproduce it [13]. Learning by imitation in-
cludes a cautionary process to pay attention to the clues
and features of the target, a retention process to maintain
a representation form, and then a process to reproduce
the movement by physical motion. An image of task

implementation is said to be formed and these tasks are
carried out by the normal functioning of these elements
[14]. In this study, the correlation between cognitive
functions such as attention, and cognitive processes,
such as the retention process to maintain an image
(needed in the learning- by- imitation process), and the
ability to convert this into action (imitation) in patients
with schizophrenia was analyzed.

In the comparison of imitation ability between the
Schizophrenia group and the Healthy group, the total
imitation test scores in the Schizophrenia group were
significantly lower. These findings agree with the results
from the study by Matthews, et al. [7] that many patients
with schizophrenia have a more difficult time imitating
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than healthy subjects do. This difficulty in imitation
ability in schizophrenia patients is considered to affect
guidance in occupational therapy. Since difficulty in im-
itation ability in patients with schizophrenia is related to
impairment in social cognition and behavior [8], further
examination is considered necessary.

In the comparison of cognitive functions between
the Schizophrenia group and the Healthy group, the
total MMSE score in the Schizophrenia group was
shown to be significantly lower. Previous studies have
also reported that total MMSE scores for patients with
schizophrenia were lower than those for healthy people
of the same age regardless of type of treatment, such as
hospitalization or outpatient care [15,16]. The cognitive
function is considered to be an essential function when
performing various tasks [17]. Major cognitive dysfunc-
tion in person with schizophrenia is thought to be due
to information processing problems. In the comparison
of the number of correct MRT answers in the Schizo-
phrenia group and the Healthy group, the MRT scores
for the Schizophrenia group were significantly lower.
In the MRT, subjects were asked to perform tasks such
as differentiating visual images while rotating them, in
order to compare them with the displayed visual stimuli.
These visuospatial cognitive functions are necessary to
understand spatial positioning relationships such as right
side, left side, and depth of an object, and are thought to
be related to the ability to perform various tasks. In order
to assess visuospatial cognitive function in patients with
schizophrenia, Vignemont et al. [18] displayed pictures
of letters and numbers on a screen and asked the subject
to identify whether they were mirrored characters, then
recorded the total time for response and the number of
correct answers. From the results, patients with schizo-
phrenia showed a significantly longer time than healthy
subjects, and subjects with more severe psychiatric
symptoms had fewer correct responses. In the present
study, even the results by MRT to differentiate between
left/right limbs were similar to those in previous studies.
These results suggest that mental rotation in patients
with schizophrenia is weaker when maintaining and
moving their own limbs during physical exercise.

A moderate positive correlation between total imi-
tation test scores and MMSE total scores, “Calculation”,
“Sentence repetition”, “Figure copying” was observed.
A weak positive correlation between total imitation test
scores and “Writing a complete sentence” was observed.
”Calculation” and “sentence repetition” require the abil-
ity to pay attention to numbers, sentences, and figures,
and to temporarily retain information during processing.
In observational learning by imitation, the main function
involved is the attention process that selects the most
relevant event from the stimulus, accurately perceives
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clues, and then retains the stimulus as a symbol [14].
Consequently, a positive correlation between the items
of “calculation” and “sentence repetition” can be consid-
ered. In addition, although imitation and figure copying
differ in terms of body, graphics and expression methods,
both have the same actions in terms of matching tasks,
which is considered to suggest a positive correlation.
When instructed to “Write a complete sentence”, the
subject was told “Please close your eyes” and required
to close their eyes. To do so, subjects were required
not only to understand the intent of the sentence, but
also to perform the exercise with closed eyes. Since the
process of understanding intention is based on linguistic
information and converting this into movement, this is
a point in common with imitation learning, where the
intention is understood based on visual information and
converted to movement [19]. A positive correlation be-
tween “imitation” and “writing a complete sentence” is
suggested. Regarding information processing ability in
patients with schizophrenia, it has been pointed out that
the ability to maintain attention and selectivity, as well
as the control function, is reduced [20,21]. Therefore,
careful consideration as to how information processing
ability is related to imitation ability, in connection with
cognitive dysfunction which is unique to schizophrenia,
is needed.

From the analysis of the correlation between total
imitation test scores in the Schizophrenia group and
number of correct MRT answers and total time, MRT
scores showed a weak positive correlation. Visuospatial
cognitive function required for MRT is necessary for
recognizing the spatial positional relationship between
an object and the subject’s own body [12]. If the vi-
suospatial cognitive function is impaired, it becomes
difficult to recognize top, bottom, left, and right of
multiple objects and the positional relationship between
objects. Because the imitation test used in this study was
composed of techniques such as alternately turning both
hands and shifting the positional relationships between
front and back, a positive correlation between total im-
itation test scores and total MRT scores was suggested.
Because the ability to understand spatial positional
relationships between an object and the subject’s body
is weak, it is difficult to learn different left and right
movements and complicated movements. This problem
is thought to hinder patients with schizophrenia from
acquiring new abilities. Therefore, when occupational
therapists provide movement guidance instructing
patients with schizophrenia to imitate a movement,
dividing complicated movements into several individual
steps and keeping in mind that instead of providing in-
structions face to face, providing instructions alongside
the patient so the right and left are more easily distin-
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guished, is important.

Conclusion

Many people with schizophrenia have a lower
imitation ability compared to healthy persons. Those
with low imitation ability had lower scores for cognitive
functions such as “calculation”, “sentence repetition”,
“figure copying”, and “writing a complete sentence”,
and visuospatial cognitive functions such as the number
of correct answers in the rotational test, etc. As de-
scribed above, reduced imitation ability in patients with
schizophrenia is caused by problems in information
processing which temporarily retains and manipulates
visual information during the performance of a task.

Therefore, when learning movement by imitation,
it is necessary to consider things such as simplifying the
movement at the position facing in the same direction.

Limitation

MMSE is commonly used in medicine to screen for
dementia. Therefore, it does not accurately represent the
actual state of cognitive function in schizophrenia. In the
future, it will be necessary to use a cognitive function
test specialized for patients with schizophrenia.
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Abstract: Introduction: In racket sports, it is necessary to devise a gripping method that facilitates both the efficient
transmission of power and injury prevention. This study quantified grip pressure distribution (PD) in the hand using
various gripping methods and investigated the relationship between these distributions and muscle activation.

Methods: In a laboratory setting, a grip sensor was used to measure hand PD in 15 healthy adults during each task.
Participants gripped the sensor device using three grip patterns with simultaneous electromyography (EMG) recordings
from the extensor digitorum communis (EDC), extensor carpi radialis, flexor digitorum superficialis (FDS), and flexor
carpi ulnaris (FCU). The device’s hand-contact area was assigned anatomical regions, and the percentage PD of each
region was calculated for each task. We compared the EMG in each grip pattern and analyzed the correlation between
grip force and EMG.

Results: The main outcomes measured were EMG and PD. For radial and power grips, there was a significant relation-
ship between EDC and grip force (r = 0.52, 0.47). For the ulnar grip, there was a significant relationship between FDS
and grip force (r = 0.55). Furthermore, the ulnar grip’s EDC activity was significantly lower than that of the power grip,
and FCU activity was significantly higher than that of the radial grip (p <0.05).

Discussion: The ulnar grip had significantly lower EDC activity than the power grip and higher FCU activity, which is

involved in the elbow joint’s stability, than the radial grip. The ulnar grip may be effective in preventing injuries.

Keywords: pressure distribution, muscle activation, racket sports, grip patterns, guidance

1 Introduction
With the development of the sports and health

industry, the number of recreational tennis players has
increased internationally. [1-3] The incidence of tennis
injuries ranges from 0.05 to 2.9 per player per year, and
upper limb injuries are more likely to become chronic
than lower limb injuries. [1] Therefore, it is important
to prevent recurrence by providing treatment and
guidance, especially for upper limb disorders. Lateral
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epicondylitis (tennis elbow), a typical tennis disorder, is
a painful condition of the extensor tendons attached to
the lateral condyle of the humerus. The extensor carpi
radialis brevis (ECRB) muscle is the affected tendon
in almost 90% of cases. [4-5] Over 30 treatments are
described for the tennis elbow; therefore, many of them
are used routinely such that there is no single optimum
treatment. [6] Patient education is provided as part of
the treatment, [7] including instructions on using the
elbow band and gripping the racket. The four traditional
single-handed hand grip positions are the continental,
Eastern, semi-western, and Western. [8] Tagliafico et al.
investigated the grip styles of tennis players and found
the damage caused by different grip styles. It has been
reported to be related to the Eastern grip with radial-sid-
ed injuries and the Western or semi-western grip with
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ulnar-sided injuries. [9] In addition to the grip position,
information on the pressure distribution (PD) of the
finger being applied is important. Studies using grip
strength devices have reported that the involvement of
the ulnar fingers, such as the ring finger and little finger,
was useful for exerting grip strength. [10] Furthermore,
the force of the index finger before impact reportedly
affects the force after impact. [11] It was suggested that
a weaker index finger is desirable to suppress excessive
contraction. However, the relationship between forearm
muscle activation and the grip pressure distribution has
not been clarified.

As there have been studies examining the PD of
each finger using various test devices (cylinder of var-
ious sizes with sensors, [12] dynamometer with pulley
assembly, [13] and digital dynamometer[14] with force
sensor), it was found that the PD of the index finger and
the middle finger is more involved in the grip strength.
Recently, qualitative and quantitative data on the whole-
hand PD have been reported using a cylinder with
surface-pressure sensors. Miihldorfer et al. measured
the load in each anatomical hand region during a grip
task and reported similar results in previous studies. [15]
Similarly, the same authors studied changes in load dis-
tribution that accompanied changes in grip strength and
use for wrist fusion patients. [16] Since these techniques
can quantitatively confirm information on gripping and
PD, converting qualitative information, such as guid-
ance on gripping, into quantitative information for com-
parison has become possible. It is necessary to consider
whether the flexor grip (centered on the index finger and
middle finger) or the ulnar grip (centered on the index
finger and little finger) is better to transmit force and
prevent injury efficiently. Our research question was
how PD relates to forearm muscle activation when the
radial or ulnar fingers are predominantly gripped (radial
grip or ulnar grip) during a power grip compared to
when all fingers are gripped evenly (power grip).

Surface electromyography (EMG) is commonly
used as a non-invasive tool for evaluating muscle func-
tion in clinical settings and research institutions. Several
studies have used EMG to document muscle activation
during a power grip task to assess the relationship
between grip strength and activity in forearm muscles,
[17-18] while others have documented muscle activa-
tion in styles other than the power grip. [19-20] These
latter studies only observed the relationship between
muscle activation and total grip strength, and no study
has examined the simultaneous relationship between
regional forces in the hand and the activity of muscles
involved in the grip task. Understanding the regional

distribution of forces during hand grasping and their
relationship with the activity of the muscles responsible
for the task will lead to a better overall understanding
of grasping and its disorders. In a systematic review
of EMG studies of the tennis elbow, representative of
both the extensor carpi radialis (ECR) brevis and longus
combined or selective for the ECRB alone, extensor
digitorum communis (EDC), flexor carpi ulnaris (FCU),
flexor carpi radialis, flexor digitorum superficialis (FDS),
pronator teres, and triceps brachii have been selected.
[21] Since we focused on the main movement of the
wrist joint and finger muscles during grip, we acquired
the muscle activities of the EDC, ECR, FDS, and FCU
muscles. This study aimed to: (1) quantify the load
distribution in the hand during various styles of the
gripping task and (2) investigate the relationships of
these distributions with muscle activation. We hypoth-
esized that the grip force of the radial grip is associated
with the activity of the extensor muscles, such as the
ECR and EDC, and the ulnar grip is associated with the
activity of the flexor muscles such as the FDS and FCU.
Furthermore, we predicted that ECR activity in the
flexor grip was significantly higher than that in the ulnar

grip.
2 Methods

2.1 Participants

The participants of this cross-sectional study were
15 healthy students from a national university. They
were all informed about the experiments, and those who
provided informed consent were included. The exclusion
criteria were as follows: (1) persistent pain that leads
to an inability to grip, (2) a history of musculoskeletal
disorders, (3) severe neurological or cardiovascular dis-
ease, and (4) hand deformity. The study was approved
by the Ethics Review Committee of University Graduate
School and Faculty of Medicine (approval number
R2018). Written informed consent was obtained from
the patients for the publication of their anonymized
information in this article.

2.2 Equipment
2.2.1 Measurement of grip force and load distribution
Grip force and load distribution were measured
using a cylinder-shaped device with an embedded
pressure sensor, allowing the capture of qualitative and
quantitative data during grip tasks. The sensor sheet
(200 x 300 mm) with an embedded pressure sensor (173
x 288 mm, pitch 1.2 mm) was wrapped around a hard
cylinder (60 mm diameter) to record the load in various
hand regions. Pressure sensor data were transferred to
a computer at a frequency of 10 Hz (Figure 1). This
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Fig. 1. The grip sensor system

The grip sensor is a cylindrical device (60 mm in diameter) with a sensor sheet (200 x 300 mm), wherein the pressure sensor was
embedded (173 x 288 mm, pitch 1.2 mm). The pressure information of the contact area is sent from the grip sensor to the person-
al computer, and the colored pressure distribution can be viewed on the screen.

technology is useful for printing high-definition and
high-precision electronic circuits on a flexible sheet sub-
strate and the PD system incorporated into the sensor.
This device exhibits high sensitivity and selectivity
against various types of pressure. [22-24]

2.2.2 EMG

Muscle activities were recorded using the TeleMyo
2400 system (Noraxon, Scottsdale, AZ, USA) with
a sampling rate of 1000 Hz. Surface electrodes were
placed to record from the EDC, ECR, FDS, and FCU
muscles of the forearm. These muscles were strategi-
cally selected because they represent key extrinsic hand
locations and for their ease of accessibility to surface
EMG recordings. We confirmed the crosstalk between
each EMG recording in advance and visually confirmed
that individual muscle activation did not affect other
muscle activations. The skin at the electrode sites was
shaved and cleaned using scrubbing gel and alcohol.
Bipolar surface electrodes (Ambu A/S, Ballerup, Den-
mark) were placed with a 2 cm interelectrode distance
on these muscles.

2.3 Experimental protocol

The participants performed the following three grip
tasks using the cylindrical device: a radial grip, a power
grip, and an ulnar grip, as described previously. They

gripped the cylindrical device (placed vertically on a
platform) with their right hand while sitting on a chair,
with both shoulders in a neutral position, their right
elbow flexed at 90°, and their right wrist dorsiflexed at
0° to 15°, similar to a conventional grip test. [25] They
were given verbal instructions and demonstrations on
gripping the device as follows: for the radial grip: hold
it primarily with the index and middle fingers; the power
grip: hold it around all your fingers; and the ulnar grip:
hold it primarily with the ring and little fingers. Before
starting each task, the participants practiced how to
grasp. Subsequently, looking at the data displayed, they
performed a maximum force grip of 3 seconds twice
on the device. Load distribution and EMG data were
recorded while gripping the device.

2.4 Data analysis

The sensor loads within the sensor matrix are
displayed as a two-dimensional raster diagram. This
distribution map represents the contact regions of the
hand grasping the cylinder. After calculating the force
value from each sensor in the sheet, their values were
summed to determine the total force of the hand-contact
area. The forces were calculated based on seven ana-
tomical regions (thumb, index finger, middle finger, ring
finger, little finger, thenar, and hypothenar) as previously
described to analyze load distribution. [16] Setting the
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The left side of the figure shows a grey pressure distribution map of the entire hand. The right side shows the division of those
areas as follows: (1) thumb, (2) index finger, (3) middle finger, (4) ring finger, (5) little finger, (6) thenar, and (7) hypothenar.

force applied across the entire contact area to 100%,
each region’s percentage contribution was calculated
(Figure 2).

For EMG data, a 10 Hz high-pass filter and a 450
Hz low-pass filter were applied, and the root mean
square method was used for signal rectification. After
this waveform processing, the average amplitude (during
the 3-second task) for each muscle was calculated, and
the average values from two trials of each grip task
were calculated for all parameters. Normalization was
performed by dividing the average amplitude data by the
amplitude at the time of maximum muscle strength (%

maximum voluntary contraction= %MVC).

2.5 Statistical analysis

All statistical analyses were conducted using IBM
SPSS Statistics version 26 (IBM, Armonk, NY, USA).
The data were normalized to analyze the relationship
between grip forces applied from each grip pattern
and EMG, and Pearson’s correlation analysis was per-
formed. In addition, the relationships between extensors
and flexors due to different grip patterns were evaluated
using repetitive one-way analysis of variance (ANOVA),
with post hoc comparisons performed when significance
was determined using ANOVA. Furthermore, the partial

Table 1. Muscle activities and pressure distribution in each grip style
Variable Radial grip Power grip Ulnar grip
Grip force (kgf)
Thumb 2.6 (0.6) 2.0(0.8) 2.1(1.0)
Index finger 7.0 (2.2) 4.5(1.8) 1.3 (0.7)
Middle finger 7.6 (3.8) 539 0.9 (0.8)
Ring finger 1.1(1.1) 4.4(2.7) 3.6 (1.7)
Little finger 0.6 (0.7) 2.7 (1.5) 5.0(2.4)
Thenar 3.9(2.0) 24(1.4) 2.1(1.1)
Hypothenar 0.2 (0.5) 0.5 (1.0) 0.4 (0.7)
Normalized (%MVC)

EDC 100.6 (31.7) 111.4 (33.5) 91.0 (28.2)
ECR 78.5 (19.7) 83.8 (11.66) 71.4 (16.5)
FDS 67.1(21.6) 51.9 (14.94) 56.1 (15.1)
FCU 61.1(40.4) 76.4 (34.8) 94.8 (27.5)

Variables are expressed as mean standard deviation (SD).
Abbreviations: EDC, extensor digitorum communis; ECR, extensor carpi radialis; FDS, flexor digitorum
superficialis; FCU, flexor carpi ulnaris; and %MVC, % maximum voluntary contraction.
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Fig. 3. The percentage contribution of the seven anatomical areas in
each grip type

The (A) radial grip, (B) power grip, and (C) ulnar grip are
shown in order from the top. The left side of the figure in each
grip style shows the contribution of each anatomical area on
the total pressure. The right side shows the pressure distribu-
tion in grey scale, wherein the darkening of color indicates the
increase in pressure.

n square (np2) was calculated to investigate the effect
size.

3 Results

Of the participants, eight were female, the mean
age was 27.8 + 8.2 years, and all participants were
right-handed. Table 1 shows the EMG and PD data
for each of the three grip patterns. The forces applied
differed with grip patterns in each of the anatomical
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Fig. 4. Results of comparing %MVC with different grip patterns

White, radial grip; grey, power grip; and black, ulnar grip.
*p <0.05. % MVC=% maximum voluntary contraction

regions; however, almost no force was observed in the
hypothenar region using any grip. Figure 3 shows the
relative contributions of the seven anatomical regions of
each grip pattern. For the radial grip, the contributions
of the index finger (31.6 + 6.0%) and the middle finger
(319 £ 9.1%) were larger than for the other grips.
Forces during the power grip were distributed across the
fingers as follows: index finger (23.4 + 11.1%), middle
finger (22.5 + 9.6%), ring finger (18.7 + 6.7%), and little
finger (12.3 £ 5.0%). For the ulnar grip, the ring finger
(23.2 = 7.6%) and little finger (33.4 £ 9.8%) regions
tended to have stronger grips than the other grips. The
relationships between the grip forces and EMG are
shown in Table 2. Grip force was correlated with EDC
in both the radial grip (» = 0.52, p = 0.03) and power
grip (r = 0.47, p = 0.04), while it was correlated with
FDS activity in the ulnar grip (» = 0.55, p = 0.02). Figure
4 shows the comparison results of %MV C with different
grip patterns. As a result of repeated one-way ANOVA,
the EDC was less activated in the ulnar grip than in the
power grip (p = 0.007, 95% confidence difference inter-

Table 2. The relationship between the grip pressure and electromyography in each grip style

Radial grip Power grip Ulnar grip
EDC 0.52% 0.47* 0.23
ECR 0.15 -0.1 0.04
FDS 0.31 0.32 0.55%
FCU 0.09 0.14 0.37

Abbreviations: EDC, extensor digitorum communis; ECR, extensor carpi radialis; FDS, flexor
digitorum superficialis; and FCU, flexor carpi ulnaris.

* p <0.05.
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val [CI] = 6.0-34.9, np2 = 0.44). Furthermore, the FCU
was activated to a greater extent in the ulnar grip than
in the radial grip (p = 0.004, 95%CI = 10.6-56.8, np2 =
0.49). The ECR showed a similar trend to the EDC, but
no significant difference was found (p = 0.08).

4 Discussion

Our study findings showed that grip force was
correlated with the EDC in both the radial grip and
power grip, while it was correlated with FDS activity in
the ulnar grip. The EDC was less activated in the ulnar
grip than in the power grip. Furthermore, the FCU was
activated to a greater extent in the ulnar grip than in the
radial grip. This study found that the PD changed due to
the differences in grip patterns. This information on PD
confirms that the participants properly performed the
grip patterns based on our purpose.

In the present study, the index and middle finger
PDs were large during the power grip. Additionally, a
previous study reported that when using a glove with
embedded pressure sensors, the contribution of the
middle finger was the largest in lifting a metal object
from a desk. [26] Power grip studies of load distribution
have similarly reported the index or middle finger con-
tributions to be the largest, followed by the ring finger
and little finger forces. [16] Finger length is involved
in the PD of the hand, and it is reasonable that the PD
of the middle finger is the largest in healthy adults. [15]
Correlation analysis showed that the power grip and
radial grip were associated with EDC activity, and the
ulnar grip was associated with FDS activity. In a patho-
logical autopsy of the tennis elbow, the abnormal region
of the elbow contains the lateral ECRB-EDC complex,
and the EDC also originates from the lateral epicon-
dyle, which is considered a factor in the development
of tennis elbow. [27] Both the radial and power grips
have a large PD between the index and middle fingers,
suggesting that extensor muscle activation increases
when the radial side fingers are dominant. Moreover,
unless the participants were instructed to grip with the
ulnar fingers, the power grip tended to have a high-PD
on the index and middle fingers, similar to the radial
grip. Therefore, the EDC may be excessively active in
amateur players who do not receive proper guidance.
Furthermore, when the radial grip is performed, the
racket’s tip is raised more than when the ulnar grip is
used; therefore, a compensatory action is required to
correct it. The ECR showed a tendency to show similar
muscle activity as the EDC, but there was no correlation
with grip strength. Previous studies have reported that
the ECR shows higher activity during the groundstroke

[28]. However, in this study, the participants performed
the task of gripping the device without changing the dor-
siflexion angle of the wrist joint, which may have result-
ed in force adjustments occurring mainly in the fingers.
Therefore, we considered that there was no difference
in the ECR activity. The PD of the ring finger and little
finger was high in the ulnar grip, suggesting that this
is related to the flexor muscle groups such as the FDS
and FCU. The FCU has been reported to be a major
stabilizer for elbow valgus stability, [29] and the ulnar
grip may be of teaching significance. Furthermore, our
results suggest that the ulnar grip can increase the FCU
activity and decrease the EDC activity and is considered
an effective teaching method to prevent the development
of tennis elbow. However, excessive flexion poses a risk
of injury to the lateral wrist ulna; therefore, the degree
should be considered. This study's characteristic is that
the qualitative index of the difference in grip was quan-
tified using the grip sensor. By quantification, the values
of the PD of the index finger and middle finger in the
power grip and radial grip were both high. Therefore, in
treating tennis elbow, in addition to physical treatment,
such as massage, teaching the patient how to hold the
racket and properly applying force are necessary.

This study had some limitations that should
be noted. First, the number of muscles was limited.
Representative muscles involved in finger movements
were selected based on previous studies. However,
this muscle selection may be biased owing to the setup
requirements. Second, there are limitations to the shape
and size of the equipment used to analyze the PD. Here,
the size of 60¢ was adopted to prevent finger overlap.
Previous studies have confirmed that different racket
sizes do not affect muscle activity. [30] However, the
influence of the shape and weight of the racket is pre-
dicted. Thus, in future studies, it will be necessary to
measure PD and muscle activation during groundstroke,
such as wrapping a sensor around a tennis racket. More-
over, the number of target muscles, such as the ECU
and FCR, should be increased while focusing on muscle
crosstalk. Finally, the age of onset of tennis elbow is
between the 30s and 50s, and muscle activity charac-
teristics during this period may be different than that in
younger individuals. Therefore, future studies that take
age into account are needed.

5 Conclusions

This quantitative study revealed different load
distributions during various grip patterns, and it was
clarified that the pressure distribution of the index and
middle fingers was associated with the EDC activity.
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Moreover, the pressure distribution in the ring finger
and the little finger, such as in the ulnar grip, is related
to flexor muscle activity such as that of FDS and FCU.
Considering these results, the ulnar grip may be useful
for preventing lateral epicondylitis.
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Abstract: Objective: The influence of myoelectric hand training on the ability of amputees to operate a prosthetic hand
has not been fully verified. This study aimed to investigate the effects of single-handed and dual-handed tasks on the
ability of amputees to use a myoelectric prosthetic hand in training.

Method: The subjects were unilateral transradial amputees (n=12). The training effects of each task were measured by
assigning the myoelectric hand prosthesis users to two groups and conducting a crossover study: one group performed
the single-handed task first followed by the dual-handed task, and the other group did the opposite. The Southampton
Hand Assessment Procedure (SHAP) score was used to assess the subjects’ ability to control the myoelectric prosthetic
hand.

Results: The training effect differed significantly between the single-handed task, SHAP score: 6.3 (5.8-8.5) points,
and the dual-handed task, SHAP score: 10.3 (8.8-14.2) points; however, the effect was insufficient (p = 0.008, r = 0.20).
Conclusion: The dual-handed task improved the subjects’ ability to accurately operate a myoelectric hand more effec-
tively than the single-handed task. This suggests that the dual-handed task is more effective at developing control of
opening/closing movements and object handling with a myoelectric hand than the single-handed task.

Keywords: myoelectric hand prosthesis, single-handed task, dual-handed task, unilateral transradial amputees

1. Background

Myoelectric prostheses were reported to be prac-
tical and effective by Hermansson et al. based on their
myoelectric prosthesis usage survey of myoelectric
prosthesis users (n=75) [1]. Moreover, there are reports
affirming that myoelectric prostheses play an important
role in achieving rehabilitation goals [2-4]. However,
this previous research involved survey-based retrospec-
tive studies. Therefore, while these studies support the
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usefulness of myoelectric prostheses, their findings are
not based on firm scientific evidence [1]. Furthermore,
Resnik reported that the effects of myoelectric prosthe-
sis training on the ability of amputees to operate upper
limb prostheses are unclear [5]. Hence, it is necessary to
clarify the effects of myoelectric hand operation training
based on objective data.

Myoelectric prosthesis operation training was
proposed by Atkins in 1992 [6], and associated guidance
was formulated by Johnson et al. in 2015 [7]. The train-
ing was organized into single-handed and dual-handed
tasks, and it was recommended that dual-handed tasks
should be performed after practicing single-handed
tasks [6,7]. However, there are no objective data to
verify how single-handed and dual-handed tasks affect
amputees’ ability to operate myoelectric prostheses. The
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same applies to the relationship between the results of
single-handed and dual-handed task [§]. In a study in
which able-bodied subjects practiced operating a myo-
electric prosthesis using a simulated myoelectric pros-
thesis, it was reported that dual-handed tasks resulted in
greater improvements in object manipulation skill than
single-handed tasks [8].

The aim of this study was to clarify the effects of
single-handed and dual-handed tasks on myoelectric
prosthetic hand training among transradial amputees,
and the differences between the effects of the tasks. Our
hypothesis was that dual-handed tasks are more effective
than single-handed tasks.

2. Methods

2-1. Subjects

The subjects were unilateral transradial amputees
with no experience of myoelectric prosthesis use or
training. The inclusion criteria were being a unilateral
transradial amputee, who is over 20 years of age, does
not have difficulty donning prosthetic arms due to mus-
cular weakness or a limited range of motion, and has no
history of rehabilitation. The exclusion criteria were an
amputated limb length of <10 cm, skin conditions that
make it difficult to collect myoelectric signals, having
difficulty donning prostheses due to cognitive dysfunc-
tion or intellectual disability, experience of myoelectric
prosthetic use, and refusal to consent to the experimental
conditions. Twelve unilateral transradial amputees met
the above criteria and participated in this study. The sub-
jects’ attributes were as follows: 8 males and 4 females,
mean age: 42.9 + 13.9 years, mean height: 162.8 + 7.0
cm, mean weight: 58.9 £ 6.5 kg, mean residual length
of the amputated forearm: 18.2 = 5.7 cm, mean residual

percentage length of the amputated forearm: 66.3 =+
18.9%, mean maximum circumference of the amputated
forearm: 22.8 + 2.6 cm, side of amputation: 9 right and
3 left. In the experiment, none of the subjects had im-
paired proprioception due to diabetes or other diseases.

The subjects were randomly divided into two
groups, a group in which the dual-handed task was
performed after the single-handed task (group A) and
another group in which the single-handed task was
performed after the dual-handed task (group B). The
significance of differences between the groups was ana-
lyzed using Fisher’s exact test for sex and the amputated
side and Mann-Whitney’s U test for age. Height, body
weight, residual amputated forearm length, residual
percentage amputated forearm length, and maximum
amputated forearm circumference were analyzed using
the Student’s t test. No significant intergroup differences
were found for any of the examined background factors
(p>0.05) (Table 1).

This research complied with the tenets of the
Declaration of Helsinki and was conducted with the ap-
proval of the institutional review board of Kobe Gakuin
University (approval code: HEB101207-4).

2-2. Design and Protocol

This study involved a crossover design. In the
baseline period, the subjects practiced controlling the
opening and closing movements of a virtual myoelectric
hand using a software program on a personal computer
for 20 minutes per day for 5 days as practice before
donning the myoelectric prosthesis. Next, groups A and
B performed both tasks. Group A performed the du-
al-handed task after performing the single-handed task,
and group B performed the single-handed task after per-
forming the dual-handed task. Each task was conducted

Table 1. Group A and Group B profile
Group A Group B p il
n=6 n=6

Sex [M/F] 3/3 5/1 n.s
Age [year] 43.8 £ 12.8 42.0 = 16.1 n.s
Body height [cm] 161.0 = 7.3 164.5 £ 6.9 n.s
Body weight [kg] 56.2 £ 6.6 61.7 £ 6.7 n.s
Side [R/L] 51 4/2 n.s
Stump length [cm] 173 £ 52 19.0 £ 6.5 n.s
Stump ratio [%] 66.3 = 17.5 66.3 = 21.8 n.s
Stump max girth [cm] 228 = 1.9 228 £ 34 n.s
Amputation history [month] 112.0 = 250.8 140.2 = 236.3 n.s
etiology [trauma/congenital] 5/1 4/2 n.s
Body prosthesis history [mo nth] 4.0 £2.6 40 £52 n.s

Notes. Sex and amputation ratios in both groups were determined using Fisher's exact test, age was determined us-
ing Mann-Whitney's U test, Body height, Body weight, Stump length, ratio, and maximum girth using Student's t

test. n.s.: not significant
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for 20 minutes per day for 5 days, for a total of 10 days.
The washout period was set to 2 days. Both groups
underwent a myoelectric hand operation test before and
after each period (Figure 1).

The myoelectric hand used in this study was the
Ottobock MyoBock electric hand (8E38 = 6 DMC plus
7.1 / 4). The electrodes for opening and closing the
myoelectric hand were positioned on the extensor carpi
radialis longus and flexor carpi ulnaris of the residual
forearm.

The single-handed and dual-handed tasks selected
as training methods for this study were based on those
used in clinical practice and previous myoelectric pros-
thesis studies [7-9]. The single-handed task involved
picking up and placing (holding, moving, and releas-
ing) a block (a cube; side length: 1 to 3 cm) or a disk
(diameter: 1 to 3 cm) on a desk and was performed for
20 minutes a day for 5 days [9]. Each day, the subjects
were asked to perform the task 50 times at their own
pace. The subjects were also instructed not to assist the
myoelectric prosthesis with their intact hand. The du-
al-handed task was also a 5-day assignment. In this task,
macrame was performed for 20 minutes, twice a day.
Specifically, the subjects were required to create 20 flat
knots on a desk [9]. They were instructed to use their
intact hands as they would in a normal dual-handed task.
We pilot-tested the macrame task to confirm whether it
had direct effects on the outcome measure of this exper-
iment. The results showed that it had no recognizable

influence. The assessment procedure did not involve
string manipulation or repeated hold-and-release oper-
ations; therefore, we concluded that the macrame task
was an independent task and would not interfere with
the assessment procedure.

2-3. Outcome measure

The Southampton Hand Assessment Procedure
(SHAP) score [9,10] was used as the outcome measure
in this study. The SHAP test’s credibility and validity
for measuring the controllability of opening/closing
myoelectric hand movements and the ability of subjects
to manipulate objects using a myoelectric hand during
daily activities were confirmed by Hill et al. [9,11]. The
capability to manipulate objects represents the ability
1) to appropriately manipulate an object as intended, 2)
to adjust the contact position and force applied so that
they are appropriate for the target object, 3) to hold and
move the object without dropping it, and 4) to accurate-
ly release the object at the target location [9-11]. The
SHAP test consists of 6 abstract objects and 14 activities
of daily living. Each task is timed by the subject and
recorded on an assessment sheet by the assessor. The
score is computed from the time and normalized to a
100-point scale [12] (Figure 2).

As for the experimental environment, the subjects
donned the myoelectric hand and sat in front of a desk.
The height of the desk was adjusted so that the angle of
the elbow joint was 90 degrees during the performance
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Fig. 2 The Southampton Hand Assessment Procedure (SHAP)

Notes. This test evaluates the ability to control the opening and closing of the myoelectric hand and the ability to operate items. It consists
of six types of object tasks for manipulating the object whose shape is to be grasped and 14 types of daily life movement tasks [11-13]

of the task [13]. Prior to the test, each task was practiced
only once by the subjects to confirm that the prosthetic
hand could be used to execute the task. An occupational
therapist, other than the primary researcher, with ex-
perience of training amputees to operate myoelectric
prosthetic hands performed the examinations.

2-4. Statistical analysis

In this study, we used the crossover method to
investigate the differences in the changes in myoelectric
prosthetic hand operation ability between the sin-
gle-handed and dual-handed tasks.

The carryover effect was examined by assessing
whether the results obtained in the first half of the
intervention were carried over to the beginning of the
second half of the intervention. The carryover effect was
analyzed by comparing the median of the sum of the
scores for the first and second interventions between the
groups. When the difference was insignificant (p> 0.10),
we judged that there was no carryover effect, and tested
the timing effect and training effect. The timing effect

is the potential effect of conducting the intervention at
a particular time. In this study, the timing effect was
calculated by subtracting the results for the second in-
tervention from those for the first intervention in group
A, and subtracting the results for the first intervention
from those for the second intervention in group B. The
training effect is the difference between the effects of
two or more tests [14,15]. We compared the change
seen in the single-handed task with that seen in the
dual-handed task in the first half of the intervention,
and the change seen in the single-handed task with
that seen in the dual-handed task in the second half of
the intervention. The effect of the task was determined
based on which task’s change value was significantly
higher [14,15]. The difference in the effects of the
single-handed and dual-handed tasks was considered to
represent the training effect in this study. We analyzed
the results of groups A and B with the Mann-Whitney U
test. The statistical significance level was set at 0.1 for
the carryover effect test and 0.05 for the timing effect
and training effect. The results obtained before and after
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the single-handed and dual-handed tasks were analyzed
with the Wilcoxon signed rank test, using the results for
the first half of the intervention. This was done in order
to exclude the effects of prior training experience [14,15].
The significance level was set at 0.05. In each test, the
effect size ( r ), which indicated the magnitude of the
effect, was calculated in addition to the significance of
the difference in the training effect.

Statistical analyses were conducted by performing
the Mann-Whitney U test and Wilcoxon signed rank test
using statistical analysis software (IBM SPSS Statistics
ver.24.0). The effect size was calculated with Microsoft
Excel ver.16.0, using the Z-value obtained from the
Mann-Whitney U test and Wilcoxon signed rank test.

Table 2. Result of SHAP of all subjects (A group and B group)
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3. Results

The results of this study are shown in Tables 2, 3,
and 4.

Table 2 shows the SHAP scores for each subject in
groups A and B. The results for the first to fourth tests
are represented as median and interquartile range values.
In group A, the scores for the first, second, third and
fourth tests were 43.5 (40.0-44.5) points, 47.0 (45.5-
47.0) points, 46.0 (43.0-47.5) points, and 55.0 (54.3-
56.7) points, respectively. In group B, the scores for the
first, second, third, and fourth tests were 41.5 (38.0-43.5)
points, 53.0 (52.0-54.8) points, 51.0 (49.3-52.0) points,
and 60.0 (58.5-60.0) points, respectively.

Table 3 shows the results of comparisons of
the SHAP scores obtained before and after the sin-
gle-handed task and those obtained before and after the

I

I v

Group A 43.5 (40.0-44.5)
Single-handed task
Group B 41.5(38.0-43.5)

Dual-handed task

47.0 (45.5-47.0)

53.0 (52.0-54.8)

46.0 (43.0-47.5) 55.0 (54.3-56.7)
Dual-handed task

51.0 (49.3-52.0) 60.0 (58.5-60.0)
Single-handed task

Notes. The results of SHAP for each subject in Groups A and B.
Data are represented as median (interquartile range), SHAP score.

Table 3. Results of statistical analysis in the SHAP crossover test method

median (IQR) p-value effect size (r)

Group A 13.5(11.3-15.8)

carryover effect 0.421
GroupB 21.0 (16.3-25.8)
. first half of the mterventlon -1.8(-4.3-0.4)

timmg effect 0.31

second halfo f the mtervenhon 0.8 (0.5-3.3)
sigle-handed task 6.3 (5.8-8.5) s
training effect 0.008** 0.20

dual-handed task

10.3 (8.8-14.2)

Notes. Comparison of SHAP score GroupA and GroupB was conducted using the Mann-Whitney U test. Comparison of SHAP first
half of the intervention and second half of the intervention was conducted using the Mann-Whitney U test. Comparison of SHAP sin-
gle-handed task and dual-handed task was conducted using the Mann-Whitney U test and the effect size.

*p<.05. **p<.01. ***p<.001.

T r=.0l. % r=.03. §r=.05.

Table 4. Comparison of SHAP before and after single-handed task and before and after dual-handed task

Before After value effect size ()
median (IQR) median (IQR) p
single-handed task 44 (40-45) 47 (45-48) 0.045* 0.59°
dual-handed task 42 (38-44) 53 (52-55) 0.001*** 0.78 %

Notes. C omparisono f SHAP score before and after single-handed task and dual-handed task was conducted usmg Wil-

coxon signed rallk test and the effect size.
*p<.05. ¥*p<.01. ¥***p<.001.

Tr=z.0l % r=.03. §r=.05
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dual-handed task. There was no significant difference in
the carryover effect between groups A (13.5 (7.0-28.0)
points) and B (21.0 (8.0-26.0) points) (p = 0.421). There
was no significant difference in the timing effect be-
tween the first (-1.8 (-4.3-0.4) points) and second halves
(0.8 (0.5-3.3) points) of the intervention (p = 0.310).
There was a significant difference in the training effect
between the single-handed task (6.3 (5.8-8.5) points)
and the dual-handed task (10.3 (8.8-14.2) points), but
the effect size was small (p = 0.008, r = 0.20). The score
change seen in the dual-handed task was larger than that
observed in the single-handed task.

The comparison between the results obtained before
and after the training showed a significant difference
(Table 4). The result obtained before the single-handed
task was 44 (40-45) points, and that obtained after the
single-handed task was 47 (45-48) points, and the effect
size was moderate (p = 0.045, r = 0.59).

There was a significant difference between the
results obtained before the dual-handed task (42 (38-44)
points) and those obtained after the dual-handed task (53
(52-55) points). The effect size was large (p <0.001, r =
0.78).

4. Discussion

This study adopted a crossover design due to the
limited number of subjects, which was affected by the
fact that it targeted unilateral transradial amputees and
the conditions for the myoelectric hand training would
have discouraged some potential subjects from taking
part.

As for the results, the SHAP score increased during
both the single-handed and dual-handed tasks. Further-
more, statistical analyses showed that 1) the changes
seen after both the single-handed and dual-handed tasks
were significant; 2) the effect of the single-handed task
was moderate, and that of the dual-handed task was
large; and 3) the dual-handed task had a greater effect on
myoelectric hand operation than the single-handed task.
Therefore, the implementation of single-handed task and
dual-handed task training based on clinical experience
is justified, but it is important to carefully consider the
detail of such tasks.

Furthermore, when comparing the single-handed
task and the dual-handed task, the carryover effect and
time effect were not significant, while the training effect
was significant. This indicates that the dual-handed task
had a superior training effect compared with the sin-
gle-handed task.

Hill reported that the aim of such dual-handed
tasks is to acquire cooperative dual-handed movement
between the myoelectric prosthesis and intact hand [10].

The dual-handed task required the opening and closing
of the myoelectric hand to be controlled more precisely
than the single-handed task and involved cooperation
with the intact hand. The significantly higher score seen
in the dual-handed task implies that the dual-handed
task was effective at helping the subjects to acquire
the ability to grasp objects accurately, adjust their grip
properly, and grasp and release objects. Also, the pur-
pose of such dual-handed tasks is to enhance the speed,
accuracy, and hand-eye coordination of the myoelectric
prosthesis hand [8, 9]. Hand-eye coordination, which
is often referred to as visuomanual pursuit tracking,
requires coordination between various areas of the cen-
tral nervous system [17]. Visuomanual pursuit tracking
involves controlling the movement of the upper limb
by capturing positional information about the target
object and the upper limb [18]. It was reported that the
position of the target object is an important factor, which
affects the distance and direction of the object, body,
shoulder, and hand, and that gazing at the target affects
the speed of movement during reaching movements [18].
Therefore, the dual-handed task increased the movement
speed of the myoelectric hand when grasping the target
object. In the future, we would like to examine the pos-
sibility that the dual-handed task may have affected the
subjects’ ability to gaze at the target object and adjust
the direction of the appropriate hand as compared with
the single-handed task. In addition, the dual-handed task
requires cooperation with the intact hand and accurate
control of opening and closing movements of the myo-
electric hand, appropriately timed directional movement
coordination of the myoelectric hand toward the object,
and grasping and releasing the target object accurately.
Presumably, the somatosensory senses of the residual
limb improve accordingly. The dual-handed task may
involve more effective loops for controlling the opening
and closing of the myoelectric hand and the manipula-
tion of the target object operation than the single-handed
task.

Macrame was used for the dual-handed task in this
study. It is necessary to consider whether the macrame
task affected the results of the SHAP test; i.e., whether
the macrame and SHAP tasks were similar. Macrame
involves repeatedly performing an operation involving
the gripping of string, but none of the tasks in the SHAP
test involved string, and repeating a gripping operation
is not a hindrance. Therefore, the similarities between
the macrame and SHAP tasks were minimal, and any
direct effect was considered to be weak.

The results of this study demonstrated that both
the single-handed and dual-handed tasks are effective
tools for learning how to control the opening/closing
movements of a myoelectric hand and use a myoelectric
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hand to perform daily activities. Compared with the
single-handed task, the dual-handed task was more
effective. In occupational therapy, we recommend
implementing dual-handed tasks in the early stages
of training. By performing dual-handed tasks more
frequently than single-handed tasks, patients’ ability to
operate myoelectric prosthetic hands can be expected
to improve more quickly. This should also reduce the
length of the training period.

5. Limitations and future work

The number of subjects in this study was 12, and
the number of samples was small. Therefore, the results
of this study cannot be used as definitive proof of the
universal effects of myoelectric prosthesis training.
The results should be investigated for their reliability
in a larger pool of transradial amputees. Also, Wheth-
er the amputation measurement is a dominant hand
measurement can affect effectiveness and learning.
Therefore, the study group need to control the dominant
hand on the amputee. However, in the clinical setting,
the number of upper limb amputees is small, and it is
extremely difficult to obtain research cooperation from
unilateral upper limb amputees who have no experience
of myoelectric prosthesis training. Therefore, this study
was conducted with the cooperation of 12 transradial
amputees.

Regarding the study design, the two-day washout
period was short. It would be desirable to employ a one-
week washout period between the intervention periods.
The two-day washout period was recommended by the
institutional review board to reduce the stress place on
the subjects.

In this study, the Ottobock MyoBock electric hand
was the only myoelectric hand used. It is recommended
that our results should be verified with other myoelectric
hands, e.g., the Ossur i-Limb quantum and Ottobock
bebionic hand.
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The Immediate Effects of a Knee-Ankle-Foot
Orthosis on Standing Reach in Individuals with
Subacute Stroke
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Abstract: Background and Objectives: A knee—ankle—foot orthosis (KAFO) has been clinically used for individuals
with stroke, but its effect is still unclear. This study was to evaluate the immediate effects of a KAFO on the standing
reach of individuals with subacute stroke.

Method: This study adopted a cross-sectional experimental design. A total of 31 inpatients with subacute stroke (mean
age, 66.5 £ 14.4 years; mean poststroke interval at admission, 26.2 + 10.1 days) were enrolled in the study. The func-
tional reach test (FRT) was used to measure the standing reach of the participants with or without a KAFO. The partici-
pants were divided into the following groups on the basis of the results of FRT without a KAFO: group 1 comprised pa-
tients who were unable to reach without a KAFO (n = 22), and group 2 comprised patients who had the ability to reach
without a KAFO (n=09).

Results: In group 1, the proportion of participants who could reach with a KAFO significantly increased (p = 0.002). In
group 2, the mean standing reach with a KAFO (25.4 + 6.7 cm) was significantly longer than that without a KAFO (20.3
+7.0 cm) (p =0.021).

Conclusion: The use of a KAFO may immediately improve the standing reach of individuals with subacute stroke.
Results show that a KAFO may be an effective device for improving standing reach and can be used to develop rehabil-

itation programs for individuals with subacute stroke.

Keywords: stroke, hemiplegia, rehabilitation, orthotic devices, postural balance

Introduction

Stroke is a leading cause of long-term disability [1],
and the primary goal of stroke rehabilitation is to regain
independence in performing activities of daily living
(ADLs). The improvement of standing balance is an
essential factor of ADL performance because activities
while standing, such as transferring, walking, climbing
stairs, toileting, and dressing, are frequently performed
in daily life. Standing balance is also important in pre-
venting falls in individuals with stroke [2].

The clinical guidelines of the Stroke Foundation
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suggested that the task-specific practice of standing
balance is recommended for individuals with stroke who
have difficulty standing [3]. Furthermore, performing
standing practice early after stroke onset is essential
for improving stroke care effectiveness [4, 5]. The cur-
rent concepts of biological recovery after brain injury
suggest that early task-specific intensive practice has
a crucial contribution in improving stroke recovery
[6]. To prevent or minimize secondary changes to the
musculoskeletal and cardiorespiratory systems due to
immobility, performing standing practice early after
stroke onset is essential [7]. In individuals with severe
stroke, standing and walking activities are affected by
severe impairments, and balance recovery and indepen-
dent walking are limited. Therefore, improving standing
abilities, such as standing reach, early after stroke onset
is required for individuals with severe stroke.

In the clinical setting, lower limb orthoses, such
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as ankle-foot orthoses (AFOs) and knee-—ankle-foot
orthoses (KAFOs), have been used to improve stand-
ing abilities by compensating for the stability of the
paretic lower limb. The therapeutic effects of lower
limb orthoses are differentiated into immediate effects
by wearing lower limb orthosis [8-15] and fixed-term
effects by wearing and training with lower limb orthoses
over a certain period [16]. The immediate effects refer
to changes in performance that immediately occur after
wearing lower limb orthoses. The fixed-term effects
refer to the changes in performance that occur when in-
dividuals use lower limb orthoses over a specific period,
and these effects include immediate effects. Therefore,
to verify the fixed-term effects of using lower limb or-
thoses, the immediate effects need to be evaluated.
AFOs have been used to compensate for the sta-
bility of the paretic lower limb by stabilizing the ankle
joint. Previous studies have shown that AFOs imme-
diately improved walking abilities, such as walking
independence [8], walking speed [9], walking endurance
[10], and stride length [11], and standing abilities, such
as weight bearing on the paretic lower limb [12] and
body sway [13] in static standing. Furthermore, the use
of AFOs improved walking speed over time [16].
Conversely, KAFOs have been used to compensate
for the stability of the paretic lower limb by stabilizing
the knee and ankle joints and improve the walking abil-
ities of individuals with severe stroke [17]. However,
little information has been reported on the immediate
and fixed-term effects of KAFOs on the standing balance
of individuals with stroke. Standing balance is divided
into static and dynamic standing balance abilities [18,
19]. Previous study reported that KAFOs immediately

improved the static standing of individuals with subacute
stroke [15]. However, the immediate effects of KAFOs
on the dynamic standing of individuals with subacute
stroke have not been clarified. Dynamic balance is
defined as the ability to maintain stability during weight
shifting [19] and is assessed by performing reaching
tasks while standing. A recent report showed that AFOs
immediately improved reach distance while standing
[14]. Although KAFOs are used for individuals with
severe stroke instead of AFOs, KAFOs immediately
improved static standing [15] similar to AFOs [12, 13].
Therefore, KAFOs can be one of the beneficial interven-
tions for stabilizing unstable paretic lower limb and for
improving the disabilities of individuals with stroke [17];
hence, the authors hypothesized that wearing KAFOs
immediately improves the standing reach of individuals
with stroke, similar to AFOs [14], by compensating for
the stability of the paretic lower limb.

This study was to evaluate the immediate effects
of KAFOs on the standing reach of individuals with
subacute stroke. Identifying the immediate effects of
KAFOs on standing reach could be useful for the estab-
lishment of therapeutic and rehabilitation programs with
KAFOs that are designed to improve the standing reach
of individuals with severe stroke.

Methods

Study design

A cross-sectional experimental design was adopted.
This study was approved by the ethics committee of
Kyorin University (28-4) and Hatsudai Rehabilitation
Hospital (H27-85).

Table 1. Characteristics of participants.
Group | (n=22) Group 2 (n=9) Statistic D
Age, year" 72.3 (11.8) [67.1, 77.5] 52.4(9.8) [44.9, 60.0] -3.31¢ <0.001
Gender (male/female), n° 12 (55)/10 (45) 6 (67)/3 (33) 0.39° 0.534
Stroke type (hemorrhage/infarction), n° 7 (32)7/15 (68)° 8 (89)7/1 (11)° 8.33° 0.004
Affected side (right/left), n° 10 (45)/12 (55) 5(56)/4 (44) 0.26° 0.609
Period from stroke onset to admission, day* 28.2(10.0) [23.8, 32.7] 21.2(8.9)[14.4,28.0] -1.72¢ 0.085
Period from stroke onset to KAFO prescription, day” 37.6 (12.9) [31.9, 43.3] 29.1 (12.5) [19.5, 38.7] -1.72¢ 0.085
BRS of the paretic lower limb (II/II/IV), n° 16 (73)°/6 (27)/0 (0)° 1 (11)%/5 (56)/3 (33)° 13.20° 0.001
SIAS knee extension strength item (2/3), n° 6 (27)/16 (73) 0 (0)/9 (100) 3.04° 0.081
Type of KAFO (1/2), n° 20 (91)/2 (9) 9 (100)/0 (0) 0.88° 0.349

Note. BRS = Brunnstrom recovery stage; SIAS = Stroke impairment assessment set; KAFO = knee—ankle-foot orthosis. Type of KAFO, 1 =
KAFO with spring assisted extension knee joint and Klenzak ankle joint, 2 = KAFO with ring lock knee joint and Klenzak ankle joint.

“Continuous variables were analyzed with Mann-Whitney U test, and the data were shown as M (SD) [95% confidence interval]. "Nominal vari-
ables were analyzed with chi-square test, and the data were showed as n (%). ‘Adjusted residual > |1.96]|. ‘Z-score was based on Mann-Whitney U

test. “’-score was based on chi-squared test.
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FRT with KAFO
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Reach distance

Figure 1. Measurement method of the FRT with or without KAFO

FRT = functional reach test; KAFOs = knee—ankle-foot orthoses.

Participants

This study enrolled 31 patients with subacute stroke
(mean age, 66.5 + 14.4 years; mean poststroke interval
at admission, 26.2 + 10.1 days) admitted to a rehabili-
tation hospital (Table 1). The inclusion criteria were as
follows: (1) patients who have stroke for the first time,
(2) those whose poststroke intervals at admission were
within 60 days, (3) those not using lower limb orthoses
(KAFOs were provided for the first time after stroke
onset), and (4) those who can follow simple verbal com-
mands or instructions. All participants provided written
informed consent.

Experimental protocol

The demographic and physical characteristics of
the participants were recorded within 1 week before
receiving KAFOs (Table 1). Demographic characteris-
tics, such as age, sex, stroke type, lesion side, time from
stroke onset to admission or KAFO provision, and type
of KAFO were investigated. As physical characteris-

tics, paretic and nonparetic lower limb function were
assessed by physical therapists. The motor paralysis
severity of the paretic lower limb was evaluated using
Brunnstrom recovery stage [20]. The BRS is classi-
fied under six categories (from I [flaccidity with no
movement] to VI [individual joint movement with little
awkwardness]) as per the motor recovery process of
hemiparalysis after stroke. The nonparetic lower limb
function was evaluated using the quadriceps muscle
strength item of the unaffected side function subcategory
in stroke impairment assessment set (SIAS) [21]. This
item is rated from O (severely impaired) to 3 (normal).
All participants were provided with KAFOs after
admission for the first time. A doctor, physical therapist,
and prosthetist determined whether to provide inpatients
with KAFOs after early admission. KAFOs were pro-
vided on the basis of standing and walking performanc-
es and the presence or absence of knee collapse while
standing and walking with or without the use of lower
limb orthoses. Specifically, lower limb orthoses were
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Participants
(n=31)

Assessment of FRT

without KAFOs

A4
Group 1; Participants unable to
reach without KAFOs
(n=22)

v
Group 2; Participants able to
reach without KAFOs
0=9)

Figure 2. Two groups formed depending on the results of the FRT without KAFOs.

FRT = functional reach test; KAFOs = knee—ankle-foot orthoses.

provided when the participants (1) could undergo stand-
ing or walking training but have unstable knee and ankle
joints due to severe motor impairments, (2) exhibited
spasticity patterns predominantly in the flexor muscles
and could not keep a knee extension position while
standing or walking, and (3) displayed insufficient knee
control or instability or have an AFO that inadequately
controlled knee instability [22]. All participants were
provided with traditional KAFOs equipped with bilateral
metal struts that could be used as AFOs by removing the
parts for the knee joint and thigh (Kawamura Gishi Co.,
Ltd., Osaka, Japan; MEDX. Co., Ltd., Tokyo, Japan).
For standing balance, the maximal forward reach-
ing distance was measured using the functional reach
test (FRT) [23] with and without a KAFO on the paretic
lower limb (Fig. 1). A tape measure was placed at the
level of the participants’ acromion process. Before the
reaching movement, the measuring tool was leveled so
that it was horizontal to the floor. Reaching was per-
formed using the nonparetic arm because it is difficult
for individuals with stroke to maintain the paretic arm
above shoulder level. The participants lifted their out-
stretched nonparetic arm to shoulder height, paused for
initial reading, and reached as far forward as possible.
They were instructed to “reach as far forward as they
can without moving their feet or taking a step and to try
keeping their hands along the tape measure.” The start
and end positions of the index finger of the outstretched
hand were recorded, and the positional difference rep-
resented the total reach for that direction. During the
examination, the participants stood in a comfortable up-
right posture without physical assistance and raised their
unaffected arm to the height of the acromion process.
Their feet were maintained flat on the floor, and the test
was discarded and repeated if the feet were moved. The

FRT was performed on the same day within 1 week after
providing KAFOs. In tests with and without KAFOs,
participants wore shoes on their nonparetic lower
limb and were barefoot, respectively. In this study, the
KAFOs used were those that were provided to the par-
ticipants after admission. The FRT was performed three
times, and the maximal reach distance was adopted as
the representative value.

To assess whether the participants can perform
standing reach, the “reaching forward while standing”
item of the functional balance scale (FBS) [24, 25] was
scored on the basis of the FRT results. The FBS is a 14-
item scale that assesses the balance of individuals with
stroke and has good reliability and validity [25]. The
items are scored from zero points to four points. A score
of zero points represents an inability to complete the
task, and a score of four points represents the ability to
independently complete the task. In the present study,
the “reaching forward while standing” item of the FBS
was scored from zero points to four points.

Data analysis

To evaluate the immediate effects of KAFOs on the
FRT results, the participants were divided into the fol-
lowing groups on the basis of the results of the “reach-
ing forward while standing” item of the FBS without
KAFOs: participants who were unable to undergo the
FRT or require assistance (zero points) were categorized
as participants who were unable to reach (group 1),
whereas participants who were able to undergo FRT
with or without supervision (>1 point) were categorized
as participants who were able to reach (group 2) (Fig. 2).

The Mann-Whitney U test was performed to com-
pare age and time from stroke onset to admission or
KAFO provision between groups. The chi-squared test
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Table 2. Comparisons of the proportion of participants who were able to reach with KAFOs among par-
ticipants who were unable to reach without KAFOs.
Unable to reach Able to reach
n (%) Adjusted residual n (%) Adjusted residual
Without KAFOs 22 (100) 3.13 0(0) -3.13
With KAFOs 14 (64) -3.13 8 (36) 3.13

Note. KAFOs = knee-ankle—foot orthoses.
¥ =9.78. p=0.002. effect size (Cramer’s V) = 0.47.

30.0 A

Reach distance, cm

B Without KAFOs
OWith KAFOs

0.0
Without KAFOs

With KAFOs

Figure 3. Comparison of reach distance during the FRT with and without KAFOs
among participants who were able to reach without KAFOs.

FRT = functional reach test; KAFOs = knee—ankle-foot orthoses.

*p < 0.05.

was also performed to compare sex, stroke type, lesion
side, the BRS of the paretic lower limb, quadriceps
muscle strength items of the SIAS, and type of KAFO
between groups. In group 1, the chi-squared test was
used to compare the proportion of participants who were
able to reach with KAFOs. In group 2, the data of reach
distance during the FRT with or without KAFO fol-
lowed normal distribution. However, the Wilcoxon rank-
sum test was used to examine the differences in reach
distance with and without KAFOs, because sample size
in this study was small.

The significance level was set at p > 0.05, and all
analyses were conducted using Statistical Package for
the Social Sciences version 23.0 (IBM Corp., Chicago,
IL, USA).

Results

The results of the “reaching forward while stand-
ing” item of the FBS without KAFOs showed that the

numbers of participants in groups 1 and 2 were 22 and 9,
respectively.

The Mann-Whitney U test showed that group
2 was significantly younger than group 2 (Table 1).
The chi-squared test showed that the proportions of
participants who had infarction or BRS IV in group 2
were higher than those in group 1 (Table 2). In addition,
the chi-squared test also showed that the proportion of
participants who had BRS II in group 2 was lower than
that in group 1. There were no significant differences in
gender, affected side, quadriceps muscle strength items
of the SIAS, type of KAFO, period from stroke onset to
admission, and period from the stroke onset to KAFO
prescription between groups.

The chi-squared test showed that the proportion
of participants in group 1 who were able to reach sig-
nificantly increased with KAFO use (Table 2). Among
the participants in group 1 who were able to reach with
KAFOs, the mean reach distance in the FRT was 11.0 +
6.2 cm.
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In group 2, mean reach distance during the FRT
with KAFOs and without KAFOs were 25.4 + 6.7 cm,
95% confidence interval (CI) [20.2, 30.5] and 20.3 £ 7.0
cm, 95% CI [14.9, 25.7]. The Wilcoxon rank-sum test
showed that the mean reach distance during the FRT
with KAFOs was significantly longer than that during
the FRT without KAFOs, p = 0.021, Z = -2.31, effect
size (r) = 0.77, mean amount of change = 5.1 = 4.6 cm,
95% CI for the difference [1.6, 8.7] (Fig. 3).

Discussion

This study evaluated the immediate effects of
KAFOs on the standing reach of individuals with
subacute stroke. There was a significant improvement
in standing reach when the participants wore KAFOs.
Among the participants who were unable to reach
without KAFOs, the proportion of those able to reach
significantly increased after wearing KAFOs. Further-
more, among the participants who were able to reach
without KAFOs, standing reach significantly improved
after using KAFOs. To the best of our knowledge, this
is the first study to evaluate the immediate effects of
KAFOs on the standing reach of individuals with sub-
acute stroke. Regarding orthotic treatment for improving
the standing reach of individuals with severe subacute
stroke, this study provides information on the estimated
effects of KAFOs on standing reach.

Among the participants who were unable to reach
without KAFOs, the number of participants who were
able to reach increased immediately after wearing
KAFOs. Among the participants who were able to reach
without KAFOs, wearing KAFOs improved the reach
distance in the forward direction. Duncan et al. [21]
reported that the reach distance during the FRT was
highly correlated with the center of pressure (COP) dis-
placement, which determines the limit of stability (LOS)
[26]. The LOS of people with stroke is narrow because
of instability of paretic lower limb affected by motor pa-
ralysis, and the upright standing of people with stroke is
characterized by weight-bearing asymmetry with more
weight on the nonparetic lower limb [27]. Narrow LOS
restricts the COP displacement in the anterior-posterior
and medial-lateral directions and makes it more difficult
to control the COP movement and to perform the FRT.
Participants in group 1 might be unable to reach because
motor paralysis of paretic lower limb was more severe
and the LOS was narrower than those of group 2. In
group 2, most participants had moderate motor paralysis
of paretic lower limb, and motor paralysis of paretic
lower limb might decrease the LOS and reach distance
during the FRT. In each group, the use of KAFO might
increase the LOS by compensating for the stability of

the paretic lower limbs, and make it easier to control
the COP movement, resulting in immediately improve-
ment of the FRT. On average, KAFO use increased the
forward reach distance by 5.1 cm. In best of our knowl-
edge, there were no previous studies on minimal clin-
ically important change for FRT in people with severe
stroke to compare the change of the forward reach
distance in this study. However, in recently systematic
review, exercise training improved the forward reach
distance, and the mean difference in the forward reach
distance before and after training was 3.1 cm in individ-
uals with stroke [28]. The results of this study indicated
that KAFOs immediately made positive changes in the
forward reach distance equivalent to exercise training.
In addition, the effect size r calculated for the change of
the forward reach distance was large. Therefore, wearing
KAFOs may lead to the considerable improvement for
standing reach of individuals with subacute stroke.

Individuals with severe stroke have impaired abil-
ities to perform standing activities and have decreased
physical activity overall because of the severe impair-
ments and disabilities. Decreased physical activity can
induce secondary changes in the musculoskeletal [29]
and cardiorespiratory systems [30] and may be harmful
for rehabilitation. The early use of KAFOs in these
individuals after stroke onset may improve the ability
to perform standing activities and increase physical ac-
tivity by immediately improving standing balance. Ad-
ditionally, task-specific balance exercises improved the
standing balance of individuals with stroke [31]. KAFOs
can be used anywhere and allow individuals to perform
task-specific standing exercises. Performing practical
standing exercises with KAFOs during daily living
may be useful for adaptations to the living environment
and the reorganization of the brain after stroke. Further
studies are needed to verify the fixed-term effects of
additional exercises with KAFOs on standing reach that
exceeds the immediate effects of KAFOs.

Limitation

This study used a small convenience sample.
Caution is required when interpreting the results of this
study for generalization and application.

Conclusion

The standing reach of individuals with subacute
stroke can be improved immediately by wearing
KAFOs.
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Abstract: Objective: In stroke patients with visual impairment, it is unclear which activities of daily living (ADL) are
affected or how they are affected. This study aimed to determine the effect of the type and prevalence of visual impair-
ments on ADL in acute stroke patients.

Method: We interviewed stroke patients without severe movement disorder, aphasia, general inattention, or hemispatial
neglect who were admitted to our hospital between September 2018 and May 2020 for lesions in the cortical and sub-
cortical white matter posterior to the central sulcus. The patients were asked via a questionnaire whether they had ADL
impairments related to 13 types of visual impairments, and to provide specific examples. We determined the types of
visual impairments, the prevalence of each impairment, and what effect they exerted on daily life.

Results: Sixteen participants were included. Fifteen participants had defective visual search, 14 had hemianopic dyslex-
ia, 9 had walking trajectory deviations, and 6 had difficulty in recalling the place where they were seeing right before.
In addition, there were defective visual counting, difficulty in judging distance, and pure alexia.

Conclusion: Even in cases without severe movement disorder, aphasia, general inattention, and hemispatial neglect, ce-
rebral infarction in the posterior half of the cerebrum causes problems in ADL due to visual impairment. It is important

to interview patients from the acute stage with visual impairment in mind.

Keywords: visual impairment, acute stroke, symptom, questionnaire, defective visual search

Introduction

Approximately 30% of all stroke patients experi-
ence post-stroke visual impairment [1]. Hemianopia
is the most prominent symptom in these patients, but
in a survey of visual disorders after stroke, patients
reported issues with visual-spatial perception, object and
space recognition, contrast sensitivity, etc. [2]. These
impairments are more complicated to diagnose but can
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be debilitating in regard to daily activities [3]. Specific
interviews are critical to detecting such symptoms. The
prevalence of visual problems is approximately 48%
during the acute phase of stroke [4]. Often, the central
aim of acute phase rehabilitation for stroke is to improve
activities of daily living (ADL) related to movement
disorders. Therefore, if their movement disorder is mild,
patients are often discharged in the acute phase. As a
result, that visual impairment that has been overlooked
may have a detrimental effect on ADL. Several studies
have reported effective rehabilitation, such as saccadic
eye movement training in field defects, training of
systematic visual search, and eye movement training
for reading, for various visual impairments arising after
strokes [2, 5]. We believe, therefore, that systematically
examining patients for visual impairments in acute care
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hospital wards is vital to improving patients’ quality of
life. However, to the best of our knowledge, this has
not yet been attempted in a research setting. Further,
many ADL assessments relating to movement disorders
in patients in acute care wards utilize reference criteria
other than the bowels and bladder in the Barthel Index
(BI). We believe, however, that in some cases, activities
covered as BI criteria become difficult to perform due to
visual impairment. However, it is not clear which activi-
ties are affected or how they are affected.

If patients, in addition to visual impairment, have
aphasia, general inattention, or hemispatial neglect, it
is possible that their vision disorder will be masked.
Vision-related symptoms occur due to damage to the
occipital, temporal, and parietal lobe of the cerebral
cortex, but not when the damage is anterior of the
central sulcus. In cases of cerebral infarctions there is
comparatively good mapping between the location of
the abnormality on brain images and the damaged area;
thus, they are suitable for the study of responsible le-
sions. Therefore, this study aimed to determine the type
and prevalence of visual impairments and the effect on
ADL in acute stroke patients with lesions in the cortical
and subcortical white matter posterior to the central
sulcus, and without severe movement disorder, aphasia,
general inattention, or hemispatial neglect.

Materials and participants

This study was conducted at the acute care hospital,
Omori Red Cross Hospital. The participants comprised
consecutive stroke patients who were admitted to the
hospital between September 2018 and May 2020. We
wished to include acute patients with infarctions in pos-
terior cerebral regions, and without severe movement
disorder, aphasia, general inattention, and hemispatial
neglect. The inclusion criteria were as follows: Patients
for whom stroke onset occurred within 20 days of the
start of the survey, head diffusion magnetic resonance
imaging during hospitalization indicated new changes
in lesions in the cortical and subcortical white matter
posterior to the central sulcus, a score of >70 on the
BI, an auditory comprehension score of >8/10 in the
Western Aphasia Battery, a digit span of >5, a score of
<2 on the Catherine Bergego Scale, and no bilateral
visual field loss. Patients with residual dysfunction from
ocular diseases, orthopedic maladies, or neurological or
psychiatric illness were excluded.

This study was approved by the ethical committee
of Yamagata Prefectural University of Health Science
and conducted in accordance with the Declaration of
Helsinki. All participants provided written informed
consent after receiving a detailed description of the

study.

Methods

Measurement of the visual field

The visual field was measured using a tangent
screen at a visual angle of 25° from the gazing point. A
hole was made in the gazing point of the screen and the
test was performed from there while the participant’s
gaze was confirmed.

Subjective awareness of visual field loss

Before the above-mentioned visual field mea-
surement, participants were asked whether there was
anything in their visual field that they found difficult to
see. They were asked again after the visual field mea-
surement. If the patient remained unaware of their visual
field loss even after the measurement, we considered
that the patient had anosognosia for hemianopia [6].

Questionnaire

The symptoms discussed in question items and the
content of the questions themselves were cooperatively
decided upon by a total of five occupational therapists
and neurologists well-versed in the diagnosis of post-
stroke visual impairment. First, after searching the liter-
ature to find all possible symptoms that can occur after
a stroke, we eliminated very rare symptoms and very
salient symptoms like Balint syndrome or environmental
agnosia, whose presence need not be confirmed with
questions: this left a total of 13 symptoms. Next, we ex-
tracted information from the literature on how these 13
symptoms cause problems to affected people, considered
how and where those problems may affect a patient’s
life after being hospitalized, and designed our questions.
The literature used in these investigations has been cited
throughout this text and in Table 2. Finally, questions
related to two symptoms not described in the literature,
but which the aforementioned five specialists frequently
encountered in the past (detailed later) were also added.
The questionnaire is provided in Table 1. Some of the
questions related to the BI items are transfer, feeding,
grooming, dressing, toilet use, bathing, mobility, and
stairs (Table 1A), and the other questions related to ADL
in other situations (Table 1B). The questions described
problems that might occur due to some kind of visual
impairment and asked participants whether or not they
had experienced these problems after their strokes. If the
patient replied that they had experienced these problems,
they were asked to provide further details, which were
cross-referenced with the academic literature, and the
vision impairment was confirmed. After each question,
we asked “Have your nurses or rehabilitation staff or



Asian J Occup Ther 18: 55-64, 2022 Ito K et al. 57

Table 1 Questions relating to activities of daily living

What activities do you have trouble within your daily life? We would like you to tell us about activities you have trouble within your daily life. Which of the
following activities are you able to perform adequately? Please tell me what problems you are having and how you are compensating for them.

A. Questions Relating to the Barthel Index

Transfer (bed to chair and back)

1. Can you lie down to sleep in bed in the correct position (with your head on the pillow and your body positioned along the bed)?
— Disability of body orientation

2. Can you sit correctly in a chair (if the chair has a back, with your back against the back)? — Disability of body orientation

Feeding

. Can you eat on your own?

Have others told you that you have left food on the plate after you finished eating, or have you noticed it afterwards? — Defective visual search
Can you reach for dishes correctly and smoothly? — Visuomotor ataxia or difficulty in judging distance

Have you ever missed your cup when pouring tea? — Visuomotor ataxia or difficulty in judging distance

Please tell us about any other difficulties you have with eating.

G

Grooming

1. Can you perform grooming activities (hand-washing, face-washing, brushing teeth, shaving, makeup, etc.) on your own? — Ideational apraxia
After you thought you had finished these activities, have others told you that you had missed some places, or have you noticed it afterwards?
— Personal neglect or defective visual search

2. Are you easily able to find the correct grooming items if there are many items around the washbasin? — Defective visual search

3. Please tell us about any other problems you have with movements around the washbasin.

Dressing

1. Can you change clothes or shoes by yourself? What do you need help with?

2. Can you quickly and correctly put on your clothes? — Dressing apraxia

3. Please tell us about any other difficulties you have with dressing and putting on shoes.

Toilet use
1. Can you manage all toileting activities from entering the bathroom to exiting the bathroom by yourself?
What do you find difficult?

Is it sitting on the toilet seat? — Disability of body orientation
Is it using toilet paper? Is it using the button to flush the toilet? — Ideational apraxia

Bathing

1. Can you manage bathing all by yourself?

2. Can you find the soap, shampoo bottle, etc. and pick them up smoothly? — Defective visual search
Can you use soap and shampoo correctly? — Ideational apraxia

3. Please tell us about any other problems you have with bathing.

Mobility (on level surface)
1. Can you walk in a straight line down the hallways of the ward? Do your trajectory deviate? — Walking trajectory deviation
Which side do your trajectory deviate?
2. When you are walking, do you sometimes bump into people or things? — Defective visual search
Which side are the things you bump into on? What part of your body do you bump the most?
3. Can you move around your room when it is dark in the morning, evening and after lights out? Why are you having difficulty moving around?
— Defective contrast sensitivity
4. Can you get to the dining room or communal bath on the ward by yourself? Can you get back to your room from the ward without getting lost?
— Heading disorientation
Do you sometimes have difficulty judging how far away people or things are? — Difficulty in judging distance
Have you ever tried to sit in front of or behind a chair, or grasped an object in front of or behind where it was, or bumped into a wall thinking that there was
still space between you and the wall? — Difficulty in judging distance

Al

Stairs
1. Can you climb up and down stairs by yourself without any problems? If not, why not? — Difficulty in judging distance

™

. Questions not relating to the Barthel Index

Can you read and write characters the same way you did before you got sick? — Agraphia, alexia
Can you read sentences the same way you did before you got sick? — Hemianopic dyslexia
Do you ever look at a familiar family member or friend and not know who they are? Do you know who they are if you hear their voice? — Prosopagnosia
Do you ever look at something and not know what it is? Do you know what it is if you touch it? — Visual object agnosia
Do you ever have trouble finding the things that you need that are around your bed? — Defective visual search
Do you ever have trouble finding the things that you need that are in your hospital room? — Defective visual search
Can you find your therapist in the rehabilitation room? — Defective visual search
Can you punch the buttons on a television remote control and the keys on a calculator without difficulty?
What do you find difficult about it? — Visuomotor ataxia
9. When you type on the keyboard of a PC, do you sometimes hit the wrong keys? — Visuomotor ataxia
10.Do you have difficulty in recalling the place where they were seeing right before? — Difficulty in recalling the place where they were seeing right before
11. Do you ever find it difficult to count objects?
Is it harder to count objects if they are scattered around? — Defective visual search
Is it harder to count objects if they are lined up? Is it when they are lined up vertically or lined up horizontally? — Defective visual counting
12. When you have trouble identifying things, is it when objects, pictures and characters are facing up, facing down, or on their sides?
— Object orientation agnosia
13.Have other people pointed out to you that you are reading the newspaper or other reading material upside down? — Object orientation agnosia

NN R WD

C. Have you had other annoying experiences that we have not yet asked you about?

The name of the symptom after the arrow expresses the probable visual impairments and other neuropsychological symptoms if the patient answers that they
have problems with the questions that appear before the arrow.
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Table 2 The types and characteristics of impairments

Types of impairments

Characteristics

A. Visual impairments
Disability of body orientation
Defective visual search

Visuomotor ataxia
ward-back [9].

Difficulty in judging distance
Defective contrast sensitivity
Alexia

Hemianopic dyslexia

Prosopagnosia

Visual object agnosia

Object orientation agnosia

Defective visual counting

B. Nonvisual neuropsychological symptoms
Personal neglect

Ideational apraxia

Dressing apraxia

Difficulty matching the axis of one’s own body and a viewed object correctly [7].
Difficulty moving gaze to find objects [2, 5, 8].

The hand reaching for the viewed object deviates up-down, left-right, or for-

Inability to visually judge depth distance [10, 11].
Inability to distinguish low-contrast objects [2, 5].
Becoming unable to read characters [12].

Difficulty reading sentences, skipping words, and reading the same part of the text
repeatedly [2, 5].

Seeing faces but being unable to recognize them [13].
Seeing objects but being unable to determine what they are [14].
Unable to determine object orientation [15].

Difficulty counting items [16, 17].

Difficulty perceiving own body on the contralateral side of the lesion [18].
The patient cannot use tools correctly despite knowing what they are [19].

The patient can explain how to dress and can dress others, but cannot dress them-

selves properly [20].

Heading disorientation

Agraphia

The patient gets lost in a place where the scene cannot be viewed in its entirety [21].

The patient can no write characters [22].

your families pointed this out to you?” After the ques-
tionnaire was completed, we asked participants if they
had any concerns other than what they had been asked
about (Table 1C).

The visual impairments we assumed that could
affect ADL during hospitalization were as follows. Dis-
ability of body orientation [7], defective visual search
[2, 5, 8], visuomotor ataxia [9], difficulty in judging
distance [10, 11], defective contrast sensitivity [2, 5],
alexia [12], hemianopic dyslexia [2, 5], prosopagnosia
[13], visual object agnosia [14], object orientation
agnosia [15], and defective visual counting [16, 17]. In
addition, the participants were asked about deviation of
walking trajectory, and difficulty in recalling the place
where they were seeing right before, which are common
post-stroke impairments.

Furthermore, we asked about the following neuro-
psychological symptoms that are not visual impairments
but that might occur due to changes in the cortical and
subcortical white matter posterior to the central sulcus
that might affect ADL during hospitalization. These
were personal neglect [18], ideational apraxia [19],

dressing apraxia [20], heading disorientation [21], and
agraphia [22].

The type and characteristics of each of these visual
impairments and non-visual neuropsychological symp-
toms are shown in Table 2. The name of the symptom
after the arrow in Table 1 expresses the probable visual
impairment and other neuropsychological symptoms
if the patients answer that they have problems with the
questions that appear before the arrow.

From the interview results, we determined the
types of visual impairments experienced by the patients,
and what effects they exert on the patients’ daily life.

To validate the questionnaire’s test-retest reliability,
similar questions were asked >1 week after. This second
interview was conducted by a different occupational
therapist blinded to the study details and the patients’
initial responses. For all binary (Yes/No) questions in
Table 1, Cohen’s kappa coefficient (k) was calculated to
measure the degree of agreement between the patients’
first- and second-round responses.

Correspondence with rehabilitation and nursing records

We searched records compiled by physical ther-
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Table 3 Demographic and clinical characteristics
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. W/.\B WAB . CBS B.IT B.IT BIT
Patient Age Symptoms on Auditory . Digit Line Line Star .
o . ming (range: . . . . Lesions
No. (years) admission comprehension (max: 10) span -, o 0) bisection Cancellation cancellation
(max: 10) ’ (max: 9) (max:36) (max:54)
| 79 m ngl}t hemiplegia, 20 10 10 6 | 6 30 53 Left LOinf, FUS, LIN,
vertigo and PLIC
2 53 f Left hemianopia 100 10 10 9 0 9 36 54 Right LIN and PHIP
3 43 £ nght hemlanopla, 100 10 10 9 0 9 16 54 Lef.t PHIP, FUS, and
right hemiplegia LOinf
Weakness in the Right PostC, CUN.
Y8 M flower limb 10 10 > 2 ? 33 2 Lefi SFG, CS, and IPS
. Right ITG, MTG,
5 75 m E?ﬁ:;?l oS 10 0 s I 9 35 50 CR, PreC, PostC and
pieg ANG; left IC
6 66 m Colllde with .Ob_ 100 38 6.8 6 0 9 36 53 Left HIP, PHIP,LIN,
jects on the right and LT
7 68 m Vertigo 100 10 10 7 1 9 35 sp  RightCCspl, LIN, and
PHIP
. . . Left LOsup, LIN,
8 77 m Right hemianopia 100 10 10 8 1 9 36 54 PHIP, and FUS
9 63 ¢ Lransientlossof o 10 92 7 2 9 36 53 LeftIPS, right CR
consciousness
. . Right FUS, LIN, and
10 70  f Left hemianopia 100 10 10 7 0 9 36 52 PHIP; left CERB
11 49 m Right hemianopia 100 10 9.2 6 0 9 36 s4  LightPHIP, LIN, and
MTG.
12 56 m Left hemianopia 100 10 10 7 0 9 36 54 Right LIN
. Left STG, MTG, and
13 88 f Vertigo 80 10 10 5 1 9 34 50 ANG
o Right IPS, ANG, SMG,
14 83 m Left hemiplegia 75 10 10 7 2 9 33 48 TS, and PLT
15 78 f Left hemianopia 100 10 10 7 0 9 36 54 Light LIN and PHIP
16 oo ¢ Leftlowerlimb o 10 10 5 0 9 34 48 Right IPS and CR

paresthesia

Max: maximum; BI: Barthel Index; WAB: Western Aphasia Battery; CBS: Catherine Bergego Scale; BIT: Behavioral Inattention Test; CUN: cu-
neus; IPS: intraparietal sulus; CAL: calcarine sulcus; LOinf: inferior occipital gyrus; LOsup: superior occipital gyrus; FUS: fusiform gyrus; LIN:
lingual gyrus; PHIP: parahippocampal gyrus; PLIC: posterior limb of internal capsule; SFG: superior frontal gyrus; CS: central sulcus; ITG: infe-
rior temporal gyrus; MTG: middle temporal gyrus; STG: superior temporal gyrus; CR: corona radiate; PreC: precentral gyrus; PostC: postcentral
gyrus; IC: insular cortex; HIP: hippocampus; PLT: posterolateral thalamus; CCspl: splenium of corpus callosum; CERB: cerebellum; ANG: angu-

lar gyrus; SMG: supramarginal gyrus; TS: temporal stem

apists and nurses during patient hospitalization for
descriptions corresponding to any of the 13 symptom
types detailed in our questions. If any records indicating
the problems we assumed could likely occur as a result
of the impairments were found, we determined that the
symptom in question had been recorded.

Results

Between September 2018 and May 2020, 447
patients were admitted to our hospital with cerebral
infarctions. Of them, 16 patients met the criteria for
participation. Table 3 shows the demographic and clini-
cal characteristics of each participant. The median time
between stroke onset and the survey was 3.5 days (range
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Table 4 Patterns of visual field loss and visual symptoms corresponding to questions

Patient Homonymous Unawareness  Defective Hemianopic Wa'lki'ng trajecto'ry No awareness Defective Difficulty in recalling D i%ﬁcu} o
No. field loss  of hemianopia visual search ~ dyslexia dev1a?10n (o the Sl,d © of deviation v1su.a ! the pla(.:e Where they in qudglng alexia
opposite to the lesion counting  were seeing right before  distance
1 Right HA 2 + + + - + + - -
2 Left HA 0 + + + + - - - -
3 Right UQ 0 + + - - + - -
4 Left LQ 1 + + + + - - + -
5 - + + + + - - - -
6 Right UQ 2 + + - - + - -
7 Left UQ 0 + + + + - + - -
8 Right UQ 0 + + + - - + - -
9 - + + + + - - - -
10 Left UQ 1 + + + + - - - -
11 Right UQ 0 + - - - - - +
12 Left UQ 0 + + - - - - -
13 - + + + + - - - -
14 Left LQ 2 + + - + - - -
15 Left UQ 1 - + - - + - -
16 - + - - - - - -

0: Subjective awareness prior to visual field examination; 1: Subjective awareness after visual field examination; 2: No subjective awareness even
after visual field examination; +: Symptom reported; -: Symptom not reported; HA: hemianopia; UQ: upper quadrantanopia; LQ: lower quadran-

tanopia

2-15 days), and the median hospital stay was 24 days
(range 13-72 days). All participants were right-handed,
and their midpoint BI score was 100 (range 75-100).

Regarding visual field loss, two participants had
homonymous hemianopia, eight had upper quadranta-
nopia, two had lower quadrantanopia, and four did not
have visual field loss (Table 4). Among the 12 partici-
pants with visual field loss, six did not have subjective
awareness of the loss before visual field testing. Three of
them became aware of the loss after the visual field test-
ing while the other three remained unaware even after
testing. That is, three participants exhibited anosognosia
for hemianopia.

The following is a list of the visual impairments
that affected ADL during hospitalization. Fifteen par-
ticipants (94%) had defective visual search, 14 (88%)
had hemianopic dyslexia, 9 (59%) had deviation of
walking trajectory, 6 (36%) had difficulty in recalling
the place where they were seeing right before, 2 (13%)
had defective visual counting, 1 (6%) had difficulty in
judging distance, and 1 (6%) had pure alexia. All of the
9 participants who had deviation of walking trajectory
complained of deviations toward the opposite side of

the lesion, and 7 (78%) out of the 10 participants had no
subjective awareness of deviation and only described
having had it pointed out by nurses and rehabilitation
staff (Table 3). All patients had subjective awareness of
all other symptoms. None of the participants reported
difficulties related disability of body orientation, visuo-
motor ataxia, defective contrast sensitivity, prosopagno-
sia, visual object agnosia, or object orientation agnosia.

Correspondence between question answers and
physical therapist/nurse records was as follows. Of
the types of visual impairments discussed in our ques-
tions, one patient did not have any records from either
physical therapists or nurses indicating the impairment
“difficulty in recalling the place they were seeing right
before,” despite the fact that question results indicated
that an impairment was present. However, for all other
visual impairments, corresponding records by either a
physical therapist or nurse were found for all patients
whose question answers indicated an impairment. Fur-
ther, when question results did not indicate that an im-
pairment was present, neither form of record contained
the corresponding descriptions.

Among the impairments, defective visual search,
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Table 5 Voluntarily reported visual symptoms and non-visual symptoms corresponding to questions

Cerebral
diplopia

Patient
No.

Simple visual Complex visual

Photophobia hallucination  hallucination

Metachromatopsia Metamorphopsia

Agraphia

for Kanji Acalculia Amnesia

1 - - - +
+ - -

3 - - - +

10 - - . .
11 - - - -
12 - + + -
13 . - . .
14 - - - -
15 - - - -
16 - - . .

+: Symptom reported; -: Symptom not reported

deviation of walking trajectory, and difficulty in judging
distance were reported in response to questions regard-
ing BI. Defective visual search was reported in response
to questions relating to BI and questions relating to other
visual activities. Defective visual search was reported
as follows in response to questions relating to the BI. To
questions pertaining to “Mobility,” seven participants
answered that they “bumped into things,” or “people
suddenly appeared and startled me.” To questions related
to “Grooming,” five participants answered that “it takes
a long time to find my tools,” and to questions related to
“Feeding,” four participants answered that they “noticed
that some of their food had been left on the plate.” Devi-
ation of walking trajectory to opposite side of the lesion
and difficulty in judging distance were only reported
in response to questions relating to BI. To questions
regarding ‘“Mobility” and “Stairs,” difficulty in judging
distance was reported, such as “I was surprised to find
that I was about to sit in front of the chair,” “I can’t tell
how far I am from objects and people when I walk,” and
“when I go down the stairs I can’t tell the height of a
step, so it’s scary.”

Concerning the answers to questions relating to
nonvisual neuropsychological symptoms, one partici-
pant reported agraphia of kanji characters, one reported

acalculia, and one reported mild amnesia (Table 5). No
other non-visual neuropsychological symptoms were
reported.

To the final question, in which the participant was
asked about experiences that concerned them other than
what was asked in the interview, one participant (6%)
reported photophobia; three (19%) reported simple
visual hallucinations, such as “seeing stripes”; one (6%)
reported complex visual hallucinations, such as “seeing
people”; two (12%) reported cerebral diplopia, in which
the viewed object appears to be duplicated twice; one
(6%) reported metachromatopsia, where the perceived
color is different from the actual color; and two (12%)
reported metamorphopsia, where the perceived shape is
different from the actual one (Table 5) [5, 23, 24].

The questionnaire had excellent test-retest reli-
ability (k = 0.952); specifically, the patients’ first- and
second-round responses were in almost complete agree-
ment [25].

Discussion

This study aimed to determine the effect of the type
and prevalence of visual impairments on ADL in acute
stroke patients. Our results suggest that patients who
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have had acute strokes with lesions in the cortical and
subcortical white matter posterior to the central sulcus
feel that they have problems in ADL due to various
visual impairments, even if they do not have impair-
ments that clearly hamper daily life, such as movement
disorder, aphasia, general inattention, or hemispatial ne-
glect. The symptoms frequently observed were defective
visual search, hemianopic dyslexia, deviation of walking
trajectory, and difficulty in recalling the place where
they were seeing right before.

According to Zihl [5], 61% of patients with hom-
onymous hemianopia complained of ADL problems
due to defective visual search. The number of patients
who report ADL impairments decreases with time due
to the natural recovery process after stroke and because
patients consciously or unconsciously perform com-
pensatory actions. Therefore, it is to be expected that
the prevalence of ADL impairments is high in the acute
phase, as was observed in our study. A subset of patients
report symptoms that do not improve over the long term;
these patients do not use compensatory mechanisms.
Such patients have lesions on the thalamus, parietal lobe
or the fibers connecting them [5].

It was previously thought that defective visual
search was caused by the patient being unable to make
sufficiently large eye movements to compensate for
the missing part of the visual field and being unable to
organize visual information on the missing side. It is
now known that the severity of this impairment does
not correlate with the size of the remaining visual field
or the patient’s subjective awareness of the visual field
loss [5]. It has become clear that in some cases, similar
impairments occur if lesions are present in the posterior
parietal area even without visual field loss [8]. Thus, it
is conceivable that this symptom can be present if hom-
onymous visual field loss or posterior parietal lesions
occur in the acute period. As shown in Tables 3 and 4,
all of the patients presenting with this symptom met one
of these conditions. The fact that these symptoms were
observed regardless of the patient’s subjective awareness
of visual field loss is in line with previous findings [8].

According to Zihl [5], 77% of patients with left
homonymous hemianopia and 90% of those with right
homonymous hemianopia complained of hemianopic
dyslexia. This is in line with our current findings.
Hemianopic dyslexia was previously considered to be
a reading impairment caused by characters seeming
to abruptly appear and disappear from the boundary
between the healthy visual field and the blind visual
field. However, it has been reported that similar reading
difficulties can occur in the absence of visual field loss
if there are posterior parietal lesions [8]. Recently, the
association between such difficulties and certain types

of visuospatial attention or eye movement control has
been proposed [26]. Therefore, it is conceivable that
these symptoms can present if there is homonymous loss
of visual field or posterior parietal lesions in the acute
period. As shown in Tables 3 and 4, all of the patients
presenting with this symptom met one of these condi-
tions.

There are reports that the walking trajectory of pa-
tients with hemispatial neglect deviate to the same side
as the lesion [27]; however, we could not find any stud-
ies of patients with posterior lesions without hemispatial
neglect whose walking trajectory deviate to the side
opposite to the lesion. However, in one study, when pa-
tients were asked to point in the direction they believed
was straight ahead, patients with hemispatial neglect
but not homonymous hemianopia pointed to a spot that
deviated from the exact center toward the lesion side,
and patients with homonymous hemianopia but not
hemispatial neglect pointed to a spot that deviated from
the exact center toward the side opposite to the lesion
[28]. It is prudent to assume that the latter patients, when
attempting to walk straight ahead, will exhibit walking
trajectory deviating to the side opposite to the lesion.
However, the study did not survey a patient group with
posterior lesions but without neglect or hemianopia;
thus, it is unclear whether hemianopia is a requirement
for the symptom of tilting toward the side opposite to
the lesion. In this study, this symptom was also reported
in patients without visual field loss. This suggests that
the mechanism of this symptom