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Abstract

Disuse muscle atrophy occurs due to immobility or lack of use during impaired
consciousness or prolonged bed rest. This study aimed to identify and evaluate factors
associated with disuse muscle atrophy. The thicknesses of the rectus femoris and vastus
intermedius were measured twice with an ultrasonic diagnostic device in 103 patients, who
were in the recovery phase of an initial stroke (within 1 week of admission to our hospital
and 2 weeks later). Patients with atrophy of >10% in two measurements were assigned to the
atrophy group, while others were assigned to the non-atrophy group. The variables were
compared between two groups by multiple logistic regression analysis (atrophy: 1, non-
atrophy: 0). In addition, the cutoff values to assess atrophy occurrence were calculated with
ROC analysis. The multiple logistic regression analysis selected BRS and ABMS-II with odds
ratios of 0.66 and 0.90 as factors of disuse muscle atrophy. The cut-off values were V for BRS
and 17.0 points for ABMS-II.
Key words : Disuse muscle atrophy, stroke, muscle thickness, convalescentultrasonic

diagnostic equipment
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Abstract

Objectives

This study investigated the effects of a visual search task on the standing balance of chron-
ic stroke patients while changing the background in a virtual reality (VR) space. The objec-
tives are to clarify whether the VR task with moving background improve chronic stroke pa-
tients” balance ability.

Methods

Fourteen patients (10 right and 4 left hemiparetic patients) with chronic stroke hemiplegia
and whose stroke onsets were more than six months ago were included. The participants
were randomly divided into bias task (biased background) and control task (not biased back-
ground) groups. We evaluated their standing balance before and after each task and their re-
action time for the visual search task.

Results

Regarding standing balance and the weight-shift to the paretic side, the rate of change of
the mean position on the X-axis in the biased task significantly deflected to the paretic side
compared to the control task (p <0.05). Regarding the visual search task, the rate of change
significantly trended downward toward the near paretic side in the biased task compared
with the control task (p <0.1).
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Conclusions

The visual search task in the VR space with a biased background may improve weight

shifting to the paretic side and shorten the reaction time to the near-space of the deviated

side.

Keywords : Virtual reality, Chronic stroke hemiparesis, Standing balance, Asymmetry,

Visual search task

I Introduction

A common feature of standing posture in chronic
stroke patients is the tendency to deviate from the
center of gravity to the non-paretic side ?. A sys-
tematic review of the relationship between stand-
ing asymmetry and balance in chronic stroke pa-
tients reported that the greater the asymmetry, the
greater the postural sway, and the greater the risk
of falling®. Approximately 83 % of stroke patients
have impaired balance ¥. Therefore, intervention is
important to reduce asymmetry in the standing po-
sition and improve balance. In a previous study of
chronic stroke patients, visual feedback and insert-
ing a lateral wedge with a 5° inclination to turn the
non-paretic foot improved balance on a computer-
ized adaptive test® and the Timed Up and Go Test
(i.e., TUG) 9. The intervention period was six
weeks; the visual feedback was a weight-shifting
task while checking the center of pressure on a
monitor, and the lateral wedge was a daily living
task during insertion. Isometric contraction of the
neck muscles with the head in the middle position
has also been investigated as an intervention to re-
duce standing asymmetry”, reporting that the
center of gravity deviated to the side of the con-
tracted muscle in the subsequent standing posture.
However, postural sway increased, temporarily im-
pairing stability.

Recently, virtual reality (VR) interventions are
applied to improve standing balance and gait ability
in stroke patients®. Omon et al. reported that VR-
guided training using the mediVR KAGURA (medi-
VR, Inc., Toyonaka, Japan) was effective on walk-

ing ability in a stroke patient. Tasks of mediVR-
KAGURA were conducted in sitting on a chair
position. The tasks required balance ability of the
trunk and cognitive function at the same time, such
as reaching to catch a falling target in VR space
while maintain balance. The intervention period
was for two weeks (five days par weeks) and the it
was for forty minutes each. As a result, six min-
utes walking test, dual-task mode (add a task
counting backward from 100 by 2 during the tasks)
of TUG and Ten meters walking test were im-
proved. On the other hand, leg strength was not
changed®. Omon et al. mentioned that the VR-
based interventions can maintain a patient’s adher-
ence to training by creating diverse environments,
resulting in more frequent and intense therapy
than traditional physiotherapy®. The VR space for
these treatment types is usually fixed. However, in
our study, the background gradually changed dur-
ing the intervention task. We hypothesized that de-
flecting the background in the VR space would
prompt the neck muscles to continuously change
on the side where the background is deflected as
the participant adapts the head to the space. We
also predicted that this would increase the load on
the deflected side. However, the effects of deflect-
ing the background in a VR space on the standing
balance of chronic stroke patients have not been
reported.

This study investigated the effects of a visual
search task with a deviating background in a VR
space on standing asymmetry, the ability to shift
the center of gravity, and the standing posture sta-
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W

Start position of the
midline of the background

,_{ Facing straight forward

End position of the midline

Figure 1 The biased task
In both the left and right figures, the participant is wearing an HMD and facing the front. The figure on the left is just after
the start of the task, and the figure on the right is in the end of the deviation task. As shown in the figure on the left, the
background in the VR space is facing the front, and the background gradually shifts toward paretic side as shown in the

right figure, and at the end of the task, it is in a state of 25° bias toward the paretic side on the horizontal plane.

bility of chronic stroke patients.

II Material and Methods

Participants involvement

We recruited 14 chronic stroke patients (10 right
and 4 left hemiparetic patients, 67.7 + 12.1 years,
43 * 30 months from onset, 3 of them were isch-
emic and 11 of them were hemorrhagic stroke pa-
tients). The inclusion criteria were (1) first-ever
cerebrovascular accident, (2) more than six
months since the stroke onset, (3) supratentorial
lesions, (4) the ability to follow verbal instructions,
(5) neurological symptoms and stable vital signs,
(6) able to maintain standing posture without any
assistance or devices more than 30 seconds, (7)
right-handed were included. The exclusion criteria
were (1) infratentorial lesion, (2) bilateral lesions,
(3) vestibular disease.

All participants were informed orally and in writ-
ing of the purpose of the study and the possible
risks, and their written consent to participate was
obtained before the experiment was conducted.
This study was approved by the Research Safety
and Ethics Committee of the A university (Accep-
tance No. 19067). All of the participants were ran-
domly assigned to Group A and B. The randomiza-

tion schedule was a permuted block randomization
method by a co-researcher. The allocation was
used an envelope method and the results of each
allocation were concealed to all of the participants.
Group A received the biased task first and the con-
trol task while Group B received the control task
first and then the biased task. The interval between
each task was twenty-four hours at least. (Figure
1).

Intervention methods

The intervention was conducted using a head-
mounted display (HMD)-type VR machine (Meta
Quest, Oculus VR, Irvine, CA, USA). In the VR
space, there are two concepts, near and far, and
target balloons appear randomly in the upper left,
lower left, upper right, and lower right areas of
each concept. targets appear four times in each of
these eight quadrants at random for a total of 32
times. The task was to point the pointer, controlled
by head and neck movements, at the target for 2
seconds. The target balloons were programmed to
be broken by this operation. We divided the task
into a control task, where the background in the
VR space was fixed, and a biased task, where the
background gradually shifted by 25° to the paretic
side. The posture during the intervention was a
chair sitting position leaning on the backrest to
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prevent falling, and the trunk was fixed to empha-
size neck movement.

Standing balance assessment

Standing balance was analyzed with a 100 Hz fil-
ter using a Balance Wii Board (Nintendo, Kyoto,
Japan) connected to a PC, which has already been
reported reliable”. The width of the feet on the
Balance Wii Board was fixed at 15 cm, and the gaz-
ing point was 3 m in front of the board. We collect-
ed measurements for static standing with eyes
open, static standing with eyes closed, the maxi-
mum center of gravity shift to the paretic side, and
the maximum center of gravity shift to the non-pa-
retic side. In the weight-shifting task, the partici-
pants stood still for 10 seconds in the position
where the weight shift was made.

Reaction time assessment of the visual search

tasks

The VR space was divided into eight quadrants.
The quadrants in the near-space were numbered 1
to 4 (upper left, upper right, lower left, and lower
right, respectively), and the quadrants in the far-
space were numbered 5 to 8 in the same order as
the near quadrants. The near-space and far-space
were depicted by size of balloons. The size of bal-
loons appear in far-space is defined as 1 in arbitrary
unit (AU) and that of in proximal space is 2.25. As-
suming that distance from participant to near-space
is 1 in AU and that of far-space is 1.5 times farther
than near-space because square root of 2.25 is 1.5.

The reaction times were evaluated before and af-
ter the biased and control tasks, and the overall
mean and reaction times per quadrant were re-
corded. The posture and contents of the partici-
pants were evaluated in the same way as in the
control task. In this study, the right and left hemi-
plegia were mixed among the participants, so each
participant’s paretic and non-paretic sides were
matched for analysis.

Outcomes

The mean position on the X-axis (mean X: MX),
the mean position on the Y-axis, the change in the

postural sway stability (i.e., total length), and the
change in the target detection time were the stand-
ing balance outcomes. The MX sign was corrected
by multiplying the value of a participant with right
paralysis by a minus sign to unify the negative di-
rection for the paretic side and the positive direc-
tion for the non-paretic side. The visual search task
outcome was the change in reaction time per quad-
rant.

Statistical analyses

For the sample size estimation, the A priori of
G™ power 3.1.9.4 (Diisseldorf University; Diissel-
dorf, Germany) was used. The effect size was set
at 0.25 (medium), and the power was 0.8. The cal-
culated sample size was 24 in total. Shapiro-Wilk
test was used for whether the data is normal distri-
bution or not for all of the variables. The indepen-
dent t-test, Mann-Whitney U test, and chi-square
test were used to compare patient characteristics
between the two groups. For standing balance, the
mean values of the change rates between pre and
post-tests of the biased task and the change rate in
the control task were calculated and compared us-
ing Wilcoxon’s signed-rank test. For the reaction
time in the visual search task, the change rates be-
tween tasks per quadrant and the total mean
change rates per tasks were compared using Wil-
coxon’s signed-rank test. Shapiro-Wilk test was
conducted to confirm whether obtained data were
normal distribution or not. If data were normal dis-
tribution, intra class correlation coefficient (ICC)
would be calculated to evaluate the reliability of
measurement. In other case, we assess Spearman’s
rank correlation coefficient. The formula to calcu-
late minimal detectable change (MDC) is follow-

ing.
MDC=SEM* 1.96* V2

Standard error of measurement (SEM) would be
following in normal distribution condition '”.

SEM, = *V1-1ICC
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Assessed for eligibility (n=139)

Exduded (n=125)

+ Not meeting indusion criteria
(n=124)

¢ Dedined to participate (n=1)

| Randomized (n=14) |

Group A
Allocated to intervention (n=7)
+ Received allocated intervention (n=7)

| The biased task (n=7) |

v _ r

GroupB
Allocated to intervention (n=7)
¢ Received allocated intervention (n=7)

Analysed (n=14)

Figure 2 Flow diagram

In contrast, if the data were non-normal distribu-
tion, a following formula would be used.

Sdiff
V2

SEM, =

Where diff is value of difference between pre
and post-test. s is standard deviation of diff. These
statistical analyses were performed using Python
3.11.0.

III Results

Figure 2 presents the flowchart of the study.
Participants were screened from 139 patients be-
tween December 2020 and March 2021. 14 patients

participated in this study and they were randomly
assigned to either Group A (n =7) or Group B (n =
7). During the study, any adverse events occurred.
Table 1 shows the characteristics of the two
groups. In standing balance, weight-shift to paretic
side condition changed from -42.6 (28.2) mm to
-49.6 (27.2) mm in experimental group and that of
control group changed from -50.9 (23.3) mm to
-46.5 (22) mm. From result of Shapiro-Wilk test,
MX values were not normally distributed therefore
we used SEM2. MDC of MX of weight-shift to pa-
retic side in experimental group was 5.57. Figure
3-1 present the mean values of the rate of change
before and after each task, calculated from the
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Table 1 Characteristics of the two groups.

Variable Group A (n=7) Group B (n=7) p Value

Age (years) 70.1 (12.5) 64.8 (12.0) 0.45%
Gender (male/female) 4/3 2/5 0.28°
Time from onset (months)  41.4 (34.6) 44.8 (27.4) 0.61°
Cerebral infarction 3 2 0.58°
Cerebral hemorrhage 4 5

Paralyzed side (right/left) 3/4 5/2 0.28°
BRS (lower leg) M:2NV:3V:AVI:1 M:1NV:2V:3VI:1 0.68°
FIM motor 84.4 (5.3) 87.5(1.4) 0.19%
FIM cognition 30.3 (3.6) 32.8 (3.4) 0.22°

Notes: *, independent t-test; *, Chi-square test: ¢, Mann-Whitney U test.
Abbreviations: BRS, Brunnstrom Recovery Stage test; FIM, Functional Independent

Measure.

Change rate of standing balance

0.75 * ok
1
0.50 ©
0.25
0.00
-0.25
-0.50
-0.75
o (o]
-1.00 o
Biased task Control task
Task

**p <0.05
Figure 3-1 Comparison of change rates in standing
balance

measurement results. The difference between MX
in the weight-shift to the paretic side condition was
-24.5 (38.5) % and that of control condition was 4.9
(32.3) %. Change rates between two groups were
significantly differed (p <0.05; Figure 2-1). Con-
firmed Spearman’s rank correlation coefficients of
MX of eyes open and MX of weight-shift to paretic
side were 0.94 for MX of eyes open and 0.82, re-
spectively.

In reaction time, the time of experimental
group’s lower quadrant in paretic side in near
space and that of control group changed from 2.4
(0.6) sec to 2.2 (0.2) sec and from 2.3 (0.3) sec to
2.3 (0.3) sec, respectively. In this quadrant, MDC
of experimental group was 0.09. Figure 3-2 pres-
ents the mean rate of change before and after each

Change rate of visual search task

"
60 ]
o

40

20
0 g

[e]

Lower-paretic quadrant of near space

Biased task Control task

Task
*p<0.05
Figure 3-2 Comparison of change rates in reaction
time of visual search task

task in the lower quadrant of the near paretic side,
calculated from the values in Table 2. The values
were -4.83 (13.9) % in experimental group and 4.0
(19.1) % in control group. A significant trend was
observed in this quadrant of the near paretic side
when change rates of bias and control tasks were
compared (p <0.1). From the results, it was sug-
gested that the VR task with moving background
improves weight-shift ability and spatial cognition
in space of background deviation.

IV Discussion

This study is the first to investigate the effect of
a visual search task with a deviating background
on the standing balance of chronic stroke patients
using an HMD.
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The effects on standing balance

We predicted that the rate of change before and
after the biased task would shift to the paretic side
compared with the rate of change in the control
task based on the MX of eye-opening, eye-closing,
and the center of gravity shift to the paretic side.
However, the rate of change in static standing MX
between the biased and control tasks in the open-
and closed-eye conditions did not differ. Our study
participants were chronic stroke patients who had
been in the hospital for more than six months.
Therefore, their strategy to maintain standing pos-
ture may be robust. Thus, we believe that the stim-
ulation and duration of the VR intervention were
inadequate.

However, regarding the MX for weight-shift to
the paretic side, the rate of change of the biased
task shifted significantly more toward the paretic
side than that of the control task (p <0.05). There
are many interventions to improve the center of
gravity shift to the paretic side. For example, re-
peated loading of the paretic lower limb V. Howev-
er, there is no research on adaptation to the back-
ground of a deviating VR space and the sustained
neck muscle contractions that it induces, as in this
study. Jalmal et al. conducted a two-week interven-
tion of 10-minute neck vibration sessions five times
per week in 32 chronic stroke patients (16 right
and 16 left paraplegics), demonstrating that the
Motricity Index improved . The authors attribut-
ed this to the fact that cervical vibration stimula-
tion, which stimulates the cervical muscle spindles,
also stimulates the vestibulospinal tract, improving
the muscle output of the lower limbs. In our study,
we suspect that improvements in the ability to
move the center of gravity are related to the activa-
tion of the vestibulospinal tract by activating the
cervical muscles. Conversely, Duclos et al. report-
ed that postural sway increased after sustained
cervical muscle contraction”. The VR task in our
study may improve the ability to shift the center of
gravity to the paretic side without increasing pos-

tural sway.

The effects on reaction time

Prism adaptation (PA)*® and cervical muscle vi-
bration stimulation ' have been mainly used in
cases of hemispatial neglect. In this study, they in-
vestigated how PA affects cognitive function in the
right hemisphere. The present task is different
from the cognitive load PA in that it assists the
head and neck to rotate to the paretic side. Our re-
sults show that the reaction time rate of change in
the paretic side direction of the near space trended
downward after completing the task, and this rate
was faster in the bias task than in the control task
(p <0.1). We suspect that this is because the VR
background is deflected to the paretic side in the
biased task. However, the change in spatial cogni-
tion in the horizontal plane is unknown because
the subjective “straight-ahead” (i.e., evaluating the
subjective midline position) was not measured in
this study.

Clinical usefulness

In this study, the weight shift to the paretic side
improved. A decreased ability to shift the center of
gravity to the paretic side also affects the ability to
stand ™, walk ', and assume a static standing pos-
ture . For these activities, we believe that the task
performed in this study is advantageous because
the HMD allows a simple and safe asymmetric in-
tervention in the chair sitting position compared to
tasks in standing position, such as weight-shift-
ing V.

V Limitations

The sample size in this study was small (14 par-
ticipants), and there was an uneven number of par-
ticipants with right and left hemiplegia. The inter-
vention was also conducted once for each task, and
only the immediate effect was examined. In addi-
tion, evaluation variables lack some information,
such as range of motion of neck rotation, cognitive
function and attentional ability. In the future, it is
necessary to increase the sample size, separate the
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participants based on the paretic side, examine the
immediate and persistent effects and evaluate neck
range of motion and higher brain function.

VI Conclusion

A visual search task in a VR space with a biased
background improved the ability of chronic stroke
patients to shift their center of gravity to the paretic
side without causing an increase in postural sway.
Asymmetry remains present in the chronic phase,
affecting daily life activities and increasing the risk
of falling. However, this study suggests that it may
be possible to intervene safely and easily to shift
the center of gravity to the paretic side without in-
creasing postural sway.
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Stress response during practical examination in
medical training course students:
The relationship with learning method and examination score
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Atsuko Tanide', Kiyomi Takayanagi®®, Kiyotaka Yamagiwa® Manabu Watanabe®, Masaru Watanabe '

Abstract

Excessive stress is known to cause a lack of motivation for learning and mental health prob-
lems. Because of the difficult curriculum in medical education, the daily life of medical stu-
dents is considered physically and mentally stressful.

To confirm whether practical examination causes stress for medical trainees and whether
stress reactions are related to learning methods and practical examination scores, this study
investigated the following: 1) changes in stress responses before and after a practical exami-
nation, 2) effects of prior learning methods on stress response and practical examination
scores, and 3) the relationship between psychological stress response before examination
and the test score. Salivary amylase activity (SAA) and the State-Trait Anxiety Inventory
(STAI), which reflect sympathetic activity and the anxiety state, respectively, were measured.

The participants were 23 physiotherapy training students, which were randomly divided
into text- and video-learning groups. After 15 minutes of learning with text or video, they per-
formed a practical examination, consisting of measuring the hip range for a simulation pa-
tient. Examiners scored the students’ attitude and skill. In addition, the students answered
the STAI before the examination, and their SAA was measured just before, just after, and 15
minutes after the examination.

The SAA gradually increased just before, just after, and after 15 minutes. The values were
significantly higher just after and 15 minutes after the exam compared to the steady state.
The attitudinal score was correlated with trait anxiety, so the participants with high trait anxi-

ety had a high attitudinal score. In addition, the attitudinal score in the text-learning group
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was significantly higher than that in the video-learning group. These results indicate that the

trait anxiety score and prior learning method are related to the attitudinal score, which may

provide useful information for teaching and responding to students in practical examinations.

Keywords : salivary amylase activity, learning method, trait anxiety, practical examination,

affective domain

I Introduction
Stress is defined as “a non-specific adaptive reac-
tion of a biological body caused by stimulus” ?. An
external stimulus applied to the biological body is
called a stressor and a reaction to that stressor is
called a stress response V. There are four types of
stressors: biological, physical, chemical, and psy-
chosocial®. Reactions to psychosocial stressors are
divided into physical and psychological reactions?.
Physical reactions increase sympathetic nerve ac-
tivity, while psychological reactions cause anxiety
and confusion”. The stressor is transmitted to the
hypothalamus via the cerebral cortex and limbic
system % and activate two stress response path-
ways, the sympathetic-adrenal-medulla axis (SAM)
system and the hypothalamus-pituitary-adrenal
cortex axis (HPA) system?. Various indicators of
stress response are classified into physiological,
biochemical, and psychological indicators®. Sali-
vary amylase activity (SAA), blood cortisol level,
heart rate variability, and acceleration pulse wave,
as well as the State-Trait Anxiety Inventory
(STAI) ” and Profile of Mood States (POMS) © are
widely used indicators. Stress is unavoidable in hu-
man life and moderate stress increases health and
productivity®. However, excessive stress adverse-
ly affects learning activities and a person’ s mental
health of a person?.

Previous studies have indicated a relationship
between stress response and learning activity *?,
and some have suggested that excessive stress
leads to a decrease in motivation to learn. For ex-
ample, psychosocial stress induced by stressful life
events in college students tends to significantly in-

crease academic negligence, including absence,
tardiness, sleep during class, and non-submission
of assignments '”. Another report showed a signifi-
cant negative correlation between excessive aca-
demic stressors and learning motivation in junior
high school education ™.

The medical training course curriculum includes
lectures, practical training, and clinical training **.
Previous reports have highlighted that while these
various types of learning are important for prog-
ress in student learning, they also become exces-

13-15)

sive stressors 7, resulting in the frequent occur-

rence of mental health problems in Japan’s medical

students ¢

. For example, the rate of withdrawal in
physiotherapist training schools is 17.3%'”, which
is higher than that of all higher education institu-
tions (2.65% per year) in Japan'®, and the most
common reasons for withdrawal are repeated
grades (approximately 24%) and mental problems
(approximately 10%) 1. Therefore, we believe that
it is necessary to develop appropriate learning and
evaluation methods that are less stressful for stu-
dents in medical training courses. Although sever-
al studies have reported stress responses during
paper examination and clinical training %', to
the best of our knowledge there are no studies on
stress responses during practical examination in a
medical training course. Since practical subjects
account for 40% of the total curriculum'?, evaluat-
ing the stress response during practical examina-
tion seems to be important for student healthcare
and maintaining the motivation to learn.
Therefore, this study aims to confirm whether

practical examination causes stress for students in
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medical training courses, and to clarify whether
stress reactions are related to learning methods
and practical examination scores by investigating
the following: 1) changes in stress responses be-
fore and after a practical examination, 2) effects of
prior learning methods on stress response and
practical examination scores, and 3) the relation-
ship between psychological stress response before
examination and test score.

II Methods

Participants
The participants were third-year students in a four-
year physiotherapy course at Touto Rehabilitation
College. A total of 23 participants were recruited
(18 males and 5 females, with a mean age of 20.6
years (SD=0.7)). All the participants were volun-
teers, and none had received any evaluation train-
ing for clinical practice, although they had knowl-
edge about joint range-of-motion assessments. We
excluded participants who took a psychotropic
drug or beta-blocker because modulators of the
beta-adrenergic receptor are known to affect sali-
vary amylase secretion . Participants with cardio-
vascular disease or mental disorders were also ex-
cluded because psychotropic drugs decrease the
brain-delivered nourishment factor and psychologi-
cal stress-related protein 2.

All experimental procedures conformed to the
Ethical Guidelines for Medical and Health Re-
search Involving Human Subjects (Ministry of Ed-
ucation, Culture, Sports, Science and Technology
and Ministry of Health, Labour and Welfare of Ja-
pan) and were conducted under the Institutional
Review Board Guidelines of the Tokyo Metropoli-
tan University, Arakawa campus. The Tokyo Met-
ropolitan University approved all research proto-
cols (N0.19029). Permission to conduct the study
was obtained from the Touto Rehabilitation Col-
lege. Participants provided informed consent after
a verbal explanation of the research and the re-
quest for cooperation with the study. This study is

registered with the University hospital’s Medical
Information Network Center - Clinical Trials Regis-
tration database (UMIN000051950).

Stress response evaluation
Stress responses were measured using both physi-
ological and subjective markers. We evaluated the
SAA? and anxiety scores as indicators of stress
response.

SAA was measured using a salivary amylase
monitor (NIPRO Corporation, Osaka City, Osaka,
Japan). This device is a dry clinical chemistry ana-
lyzer that can measure salivary amylase quickly,
regardless of the usage environment®. The ana-
lyzer can analyze SAA in approximately one min-
ute; hence, the measurement itself was unlikely to
cause stress. A disposable test strip equipped with
built-in saliva collection and reagent filter paper
was impregnated with 2-chloro-4-nitrophenyl-4-O-
B-D-galactopyranosylmaltoside (Gal-G2-CNP),
which is a substrate for salivary amylase. When
amylase is added to this substrate, the chromogen
CNP is released by the hydrolysis action of amy-
lase and develops a yellow color. SAA was calculat-
ed by measuring the color concentration using
CNP®. The criteria for salivary amylase are
0-30KU/1 for no stress, 31-45KU/1 for slightly
stressed, 46-60KU/1 for stressed, and 61KU/1 or
more for considerably stressed ?*.

Anxiety scores were measured using the STAI
questionnaire ”?, which measures state and trait
anxiety. State anxiety is anxiety regarding an event
and can be defined as fear, nervousness, and dis-
comfort induced by sympathetic stimulation, which
is dependent on mental stress. State anxiety refers
more to how a person feels at the time of a per-
ceived threat and is considered temporary. Trait
anxiety is anxiety dependent on personal mental
and psychological characteristic, which can be de-
fined as the feelings of stress, worry, and discom-
fort that one experiences on a day-to-day basis.
This is usually perceived as how individuals feel in
typical situations that everyone experiences on a
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Measurement of SAA
(Just before the exam)

Measurement of SAA
(Just after the exam)

Measurement of SAA
(15 minutes after)

Learning Answering Practical e ..
about practical exam STAI exam s
| | | | |
| 10 | s~10 | s | 15 | (minutes)

Figure 1 The experimental flow

exam, examination

First, the participants learned the content related to the practical examination for 10 minutes.

They then answered the STAI before the examination, and their SAA was measured at just

before, just after, and 15 minutes after the examination.

daily basis. The STAI assesses both state and trait
anxiety separately. Each type of anxiety has its own
scale of 20 questions, and is rated on a 4-point
scale, with the score ranging from 20 (weak anxi-
ety) to 80 (strong anxiety) ”. State anxiety and trait
anxiety are considered as high if the score is 55
and higher and low if the score is less than 45, re-
spectively .

Practical examination task and evaluation
The practical examination tasks were to measure
the range of motion of the hip joint for a simulated
patient assuming coxarthrosis. We used the Objec-
tive Structured Clinical Examination (OSCE) evalu-
ation list® to evaluate the participants. The OSCE
evaluation list scores two aspects: attitude and
skills. The roles of evaluators and simulated pa-
tients during the examination were conducted by
registered physical therapists. The attitudinal score
range was 0-8, and the skill score range was 0-24.
Thus, the total score range was 0-32.

Procedure
First, the participants learned the practical exami-
nation content for minutes. Next, they answered
the STAI before the examination, and their SAA
was measured at just before, just after, and 15 min-
utes after the examination. The experimental flow
is shown in Figure 1. We measured the partici-
pants’ SAA once at the same time on another day
without the examination and used it as a steady-
state value.

The participants were randomly divided into
text- and video-learning groups. The text learning

group read a series of steps and methods for mea-
suring the range of motion of the hip joint using
paper materials, including text and photos. The
video learning group watched video teaching mate-
rial in which a measurer evaluated the hip joint
range of motion according to the text material de-
scribed above. The practical examination was con-
ducted in a separate room to answer the STAI,
measure SAA, and assess prior learning.

In order to eliminate factors that can affect SAA
other than the effects of the practical examination,
the participants were asked to comply with the fol-
lowing five points:1) Do not ingest caffeine-contain-
ing beverages except in very small quantities, im-
mediately before the experiment, 2) eat and brush
teeth up to one hour before the start of the experi-
ment, 3) do not exercise more than one hour be-
fore the start of the experiment, 4) do not drink al-
cohol from the day before the experiment, and 5)
get at least 6 hours sleep the day before 297,

Statistical Analysis
The normal distribution of the variables was evalu-
ated using the Shapiro-Wilk test, and a non-normal
distribution was revealed; hence, nonparametric
tests were used. First, the median and interquartile
range (IR) of SAA at each point were calculated. A
Friedman’ s test followed by a post-hoc test (Bon-
ferroni correction, given the multiple comparisons)
were performed to evaluate the difference in SAA
between the steady state, just before, just after, and
15 minutes after the examination. Second, the
Mann-Whitney U test was performed to evaluate
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the difference in stress response and practical ex-
amination scores due to learning methods. Finally,
Spearman’ s rank-correlation coefficient was used
to determine the relationship between the STAI
score and practical examination score. Finally, a no
correlation test was performed.

A p-value of less than 0.05 (two-tailed) was consid-
ered statistically significant. All analyses were per-
formed using R software (version 4.1.1; R Develop-
ment Core Team, Vienna, Austria). Spearman’s
rank-correlation coefficient was used (r > 0.4 was
considered weakly correlated, r > 0.6 was consid-
ered correlated, and r > 0.8 was considered strongly
correlated).

III Results
Changes in stress responses before and after
the practical examination

The temporal changes in SAA are shown in Figure
2. The median (IR) SAA in all participants was 15
(8.5-21.5) KU/1 at the steady state, 18 (11-27) KU/I1
just before the examination, 32 (15.5-44) KU/I just
after the examination, and 76 (59-90.5) KU/1 15
minutes after the examination. The SAA level grad-
ually increased at just before, just after, and 15 min-
utes after. The values were significantly higher just
after and 15 minutes after the exam compared to
the steady state.

Effects of prior learning methods on the stress

response and practical examination score

The median (IR) score for state anxiety in all par-
ticipants was 55 (46-63). 13 out of 23 participants
scored 55 or higher, 5 participants scored 45-54,
and 5 participants scored less than 45. The com-
parison of SAA, STAI score, and practical examina-
tion score due to different prior learning methods
are shown in Figure 3. There was no difference in
the SAA and STAI scores between the prior learn-
ing groups. The attitudinal score on the practical
examination of the text-learning group was signifi-
cantly higher than that of the video-learning group
(p=0.007).

5 1407 ' <0.001 ‘
¥ 120 -

>

= 100 A p=0.01

g 80 £

2

& 60 p=0.41

> —

g§ -

g 20 é é

g 0 T T 1

steady-state Just before Just after 15 minutes
theexam  the exam after

Figure 2 Temporal changes in SAA before and af-
ter the practical examination

exam, examination

SAA gradually increased just before, just after, and 15

minutes after the practical examination. The values were

significantly higher just after and 15 minutes after the

exam compared to the steady state.

Relationship between psychological stress re-
sponse and practical examination score

Table 1 shows the correlation coefficient between
the STAI and practical examination score. The atti-
tudinal score was positively correlated with trait
anxiety in each learning group. The relationship
between trait anxiety and skill score, trait anxiety,
and the total practical examination score showed
no significant correlation between the text-learning
and video-learning groups. We did not observe any
correlation between the state anxiety scores and
those of the practical examination.

IV Discussion
In this study, we examined the difference in stress
response and practical examination score based on
prior learning method and the relationship be-
tween the two by confirming the changes in stress
response before and after the practical examination
in medical training course students. SAA gradually
increased just before, just after, and after 15 min-
utes from the examination. The values were signifi-
cantly higher just after and 15 minutes after the
exam compared to the steady state. In addition, the
results of this study indicated that participants with
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Figure 3 Comparison of the stress response and score of practical examination between text- and video-
learning groups

Text, text-learning group; Video, video-learning group

(a) Boxplot of salivary amylase activity at just before, just after, and 15 minutes after the examination

(b) Boxplot of State-Trait Anxiety score

(c) Boxplot of score of practical examination

For the SAA and STAI scores, there was no difference between each prior learning group. The attitudinal score in the prac-
tical examination of the text learning group was significantly higher than that in the video learning group.

Table 1 Relationship between state-trait anxiety score and practical
examination score

Practical examination score

Total point Manner point Skill point

State anxiety

All participants 0.16 0.25 0.02

Text-learning group 0.29 0.34 0.21

Video-learning group -0.12 -0.03 -0.13
Trait anxiety

All participants 0.16 0.37 0.04

Text-learning group 0.17 0.42 0.02

Video-learning group 0.17 0.73* 0.01

Variables are shown as correlation coefficient. * = statistically significant (p<0.05).
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high trait anxiety had a high attitudinal score. The
attitudinal score in the text-learning group was sig-
nificantly higher than that in the video-learning
group. To the best of our knowledge, this is the
first study to verify the stress response during a
practical examination of range of motion measure-
ment.

First, we discuss the attitudinal score based on
the difference between prior learning methods. In
general, the advantages of text learning include the
ability to provide detailed instructions, suiting con-
templation, and a clear procedure flow, although it
has the disadvantage of being easily monoto-
nous?®. On the other hand, video learning has ad-
vantages including being easy to motivate interest,
easy to leave an impression, and reproducible, al-
though it has the disadvantage of difficulty in main-
taining concentration®. Previously, in a study of
students in a medical training course, the willing-
ness to learn was significantly higher in video
learning compared to those with text learning .
However, the effort to understand was significantly
lower, and there was no significant difference in
understanding class content®. In our present
study, the attitudinal score of the practical exami-
nation, the text-learning group scored higher than
the video-learning group. The attitudinal score
items in this study were clear greetings and con-
sideration for the patient’s mind, body, and facial
expressions, which are similar to items in the af-

fective domain*”

. The learning stage of the affec-
tive domain begins with acceptance and awareness,
followed by reaction and expression, then internal-
ization and voluntary behavior®”. In general, the
students were asked to study in a textbook to gain
awareness of the affective domain. In addition, it is
necessary not only to mimic what the teacher is
doing but also to understand the significance and
purpose of doing it*. Therefore, it is likely that
the scores for attitude points were higher for the
written study, where detailed instruction were pos-

sible. In the text-learning group, the students could

repeatedly check parts of the text that they had not
understood. A previous study reported that repeat-
ed confirmation is effective in retaining informa-
tion®. It is possible that the text-learning group
had a higher attitudinal score due to repeated con-
firmation.

Next, we discuss the relationship between trait
anxiety and attitudinal score. Trait anxiety is an in-
dividual’s personality trait that shows a tendency to
respond to anxiety”. A meta-analysis of 126 stud-
ies reported that the strength of the relationship
between anxiety and performance varies from
study to study, with correlations ranging from ex-
tremely negative to positive values*”. In this study,
participants with higher trait anxiety had higher at-
titudinal scores, supporting the behaviorist psy-
chology concept that “anxiety promotes learning
and is a factor in achieving high performance” ®.
We concluded that the participants who tended to
feel anxious were able to respond according to the
situation of the simulated patient because they as-
sumed various situations that could occur before
the practical examination®”.

Most of the participants had state anxiety scores
higher than the cutoff of 55, immediately before
the examination. In addition, SAA was significantly
higher just after the practical examination than the
static state (31 KU/1), which is generally accepted
as the threshold value for stress®. This tendency
was observed in both the text- and video-learning
groups. These results indicate that the practical ex-
amination could be a stressor for students, irre-
spective of prior learning methods. Although this
study was not related to credits or retention, it was
confirmed to be highly anxious and stressful for
the participants, suggesting the importance for
consideration of students’ anxiety and stress in
practical examinations.

Finally, we discuss the changes in the SAA be-
fore and after the practical examination. SAA was
significantly higher just after and after 15 minutes
than that of the steady state. Interestingly, higher
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SAA activity was detected at 15 minutes after than
just after the examination. It is possible that the
participants looked back on their examination con-
tent after the examination and considered their fail-
ure points. Hence, students’ psychological excite-
ment and sympathetic dominance seem to continue
even 15 minutes after the experiments. However,
previous reports suggest that the SAA response
time begins immediately after the start of the
stress stimulus task, gradually declines, and re-
turns to a steady state in about 10 to 20 min-
utes*?¥. The practical examination in this study
lasted approximately five minutes, and the examin-
ees’ SAA activity 15 minutes after the examination
might merely reflect the time-dependent process of
SAA activity decline by relieving the examination-
induced stress. Therefore, further research using
other methods to quickly measure stress response
is necessary to confirm whether the stress re-
sponses of the examinees continue even 15 min-
utes after the practical examination.

In this study, we show that practical examina-
tions are stressful for students, and consideration
for students’ an individual’s particular psychology
is required when conducting examinations. Our
findings indicate that prior learning methods influ-
ence attitudinal score; therefore, sufficient consid-
eration should be given to the learning methodolo-
gy. In addition, consideration of individual
characteristics may be necessary to conduct practi-
cal examinations, since the attitudinal score de-
pends on students’ trait anxiety. As stress respons-
es are also related to individual stress tolerance

39 3 wide variety of mea-

and coping abilities
sures is required. This result may provide useful
information for student guidance and responses

during practical examinations.

Conclusion

The higher SAA activity of physical therapy stu-
dents after practical examination compared to that
at rest indicates that the practical examination may

be stressful for examinees, causing an increase in
their sympathetic nerve activity. Moreover, the atti-
tudinal score of the practical examination is not
only dependent on prior learning methods, but also
on trait anxiety. Because various factors are in-
volved in stress response, it is important to control
excessive stress caused by practical examinations
after comprehensively considering students” indi-
vidual characteristics in practical examinations.
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Abstract

In the field of employment support for individuals with mental disorders, there is a demand

for individualized career support and assistance aimed at self-actualization. To meet this

demand, it is crucial to focus on the subjective evaluation of the individuals themselves.

However, current practices rely heavily on the experience and intuition of support providers,

and the subjectivity of the clients has not been clarified in employment support. In this study,

we conducted a quantitative text analysis by extracting narratives and subjective elements

from literature to explore the subjective perspectives held by individuals with mental

disorders who are employed in companies. The results revealed 11 categories, with

"Commitment and Purpose in Work" and "Awareness of Life Changes" identified as core

categories. These findings have the potential to serve as focal points for future efforts in

promoting sustainable employment for individuals with mental disorders.

Key words : Mental disability, employment support, literature study, Quantitative text

analysis
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Technology / Ministry of Health, Labor and
Welfare "Ethical Guidelines for Medical Re-
search for Humans" or other appropriate
guidelines. For studies conducted with the ap-
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