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Preface

As Dean of College of Health Sciences, it is my utmost pleasure to host 2017 Yonsei-Nagoya
University Research Exchange Meeting in Health Sciences (November 1-3rd, 2017) at the Yonsei
University Wonju Campus. On behalf of the Yonsei University Wonju Campus, | would like to
extend my heartfelt welcome to the delegates from Nagoya University who take part in this
research exchange meeting. | believe that this meeting will be a unique forum to exchange ideas,
discuss not only the results of their research work but also matters of mutual interest and

concerns, and share experiences among professors and students between the two universities.

This is the 8th meeting jointly held by the two institutions, since the 1st meeting was held in
Nagoya University in 2010. | hope that this meeting is still useful for each other, and continue our
joint efforts in the future. Even if we don't make any wonderful research output until now, the
students have had wonderful experiences by this program. | hope to see continuously what we

will be able to produce and accomplish through this joint meeting.

As you know, Yonsei University is the best private university in Korea, since 1885 year. We have
the 132th anniversary at this year. And Wonju campus is the one of the three campuses of Yonsei
University (Shincho, Songdo and Wonju). The Wonju campus is focused on Health science fields.

The College of health science in Wonju campus is the first and best college among any other

universities in Korea.

| also hope that your visit to our campus will provide you with a great opportunity to get to
know Korea and the Korean people as well as experience Korean culture in a fragrant fall
atmosphere. Now is the best time to see the very best and most beautiful autumn foliage. | once
again welcome all of you who are visiting Yonsei University Wonju Campus and | believe that your
visit to our campus ensure for our bilateral cooperation and partnership between the two

institutions to closely work together in the years to come.

Thank you.

Haejong Lee, PhD
Dean, College of Health Sciences

Yonsei University



Welcoming remarks

On behalf of the Yonsei University Wonju College of Medicine, | would like to extend a
warm-hearted welcome to you for taking the time to be here with us in this exchange

program.

It has been 5 years since the University of Nagoya and the Yonsei University agreed on a
collaboration that would include our professors as well as our graduate students in
research. | strongly believe that the students who had a chance to take part in our
exchange program could develop the skills and knowledge though academic, cultural,

and research exchanges.

Nursing is the protection, promotion, and optimization of health and abilities, prevention
of illness and injury, facilitation of healing, alleviation of suffering through the diagnosis
and treatment of human response, and advocacy in the care of individuals, families,
groups, communities, and populations. One of the goals of this program is to provide
students the global experience opportunities and be able to enhance the health of

individuals as well as the local and global communities.
| look forward to seeing more students to be involved in this academic exchange and
international exposure, which will help them to advance in their careers and pursue

academic ambitions in their chosen field.

| wish your stay in Wonju will be a pleasant and enriching experience and return home

with new insights and vigor.

Thank you very much.

Kang Hyun Lee, M.D., Ph.D.

Dean, Yonsei University Wonju College of Medicine
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2017 Yonsei-Nagoya University Joint Symposium on Physical Therapy

Date: November 2™ 2017

Location: Univ. Headquarters #223

11:00 — 11:05 Opening remarks
Dr. H. S. Jeon (Yonsei Univ)
11:05 — 11:45 Session | Chair: Dr. H. S. Jeon
11:05 - 11:45 The effect of short foot exercise with different ankle position
on the EMG and medial longitudinal arch angle
H. B. Yoon (Yonsei Univ)
12:00 — 14:00 Lunch/Executive meeting
14:00 — 15:20 Session |l Chair: Dr. Y. Uchiyama
14:00 — 14:40 The relationship between six-minute walk distance and serum
amino acids in elderly people aged 75 or over. A cross-
sectional study
Y. Ishimaru (Nagoya Univ)
14:40 - 15:20 Physical function and self-perceived ability related to life
space mobility in community-dwelling older people
Y. Tsuchida (Nagoya Univ)
Break
15:30 — 16:50 Session Il Chair: Dr. S. H. Kim
15:30 - 16:10 Relationship between body function and structure and activity
based on ICF model with children with cerebral palsy
J. S. Hwang (Yonsei Univ)
16:10 — 16:50 Comparison of shoulder strength in males with and without
myofascial trigger points in the upper trapezius
H. A. Kim (Yonsei Univ)
16:50 — 16:55 Closing remarks
Dr. Y. Uchiyama (Nagoya Univ)
16:55 - 17:00 Commemorative photographing
17:00 - Dinner at WoonChae (747-1993)

*20 min presentation, followed by 20 min discussion for each speaker




Comparison of the Foot Muscle EMG and Medial Longitudinal Arch Angle during

Short Foot Exercises at Different Ankle Position
Hyeo-Bin Yoon, BPT, PT", Ji-Hyun Kim, BPT, PTY, Joo-Hee Park, Msc, PTY, Hye-Seon Jeon, Ph.D, PT?
1) Department of Physical Therapy, The Graduate School, Yonsei University
2) Department of Physical Therapy, College of Health Science, Yonsei University

Introduction

The medial longitudinal arch (MLA), which is consisted of
several tarsal and metatarsal bones, functions that distributing
body weight and absorbing shock during walking (Franco,
1987). It has been generally known that the height of MLA is
supported by both abductor hallucis (ABH) and extrinsic
muscles (Murley, Menz, & Landorf, 2009; O’Connor &
Hamill, 2004; Jung et al., 2011). Insufficient muscular support
could lower the MLA when the body weight was applied to
foot.

Previous studies revealed that the short foot exercise (SFE) is
effective for the people with pronated foot by increasing the
height of MLA (Jung et al.,, 2011). Most of the research
related to short foot exercise simply evaluated the efficiency
of SFE using the enhanced ABH electromyography (EMG)
activation. However, Murley et al. (2009) reported that the
people with pronated foot had increased activation of tibialis
anterior (TA) and decreased activation of peroneus longus
(PL). Since the TA, PL and ABH are all involved in
supporting MLA, the new experiment design examined the
EMG of selected muscles during SFE should be conducted for
clarify the effect of SFE.

Therefore, we examined a modified short foot exercise
(MSFE) with three different ankle joint angles to optimize the
involvement of the foot extrinsic muscles together with ABH.
The purpose of this study was to clarify the effect of MSFE on
MLA angle and activation of both intrinsic and extrinsic
muscles, and to determine the best condition for a pronated
foot.

Materials and methods

Study design: This study was an experimental study to
compare the influence of different ankle position to the
activation of arch support muscles and the angle of MLA.

Participants: In this study, twenty healthy subjects (8 males;
12 females; age=22.3, height=167.8, mass=61.4, passive DF
ROM=35.12, passive PF ROM=47.89) with normal feet were
recruited from the local University.

Measurement: We used the Surface EMG (Noraxon
TeleMyo DTS, Noraxon Inc., Scottsdale, AZ, USA) to collect
muscle activation data of TA, PL, and ABH. The EMG data
were analyzed using the Noraxon MyoResearch 1.06 software
(Noraxon Inc., Scottsdale, AXZ, USA). While conducting
SFE, the alternation of MLA angle was recorded by the
personal camera (Sony a500, Sony Korea, Seoul, South
Korea), and calculated using ImageJ software. Myo U6 was
used to clarify the location of ABH not for measurement.

Procedure: The subjects performed MSFE in sitting at three
different ankle positions [neutral (NL), dorsiflexion (DF) at

30°, and plantar flexion (PF) at 30°] (Figure 1.). During each

MSFE, we measured the activity of the TA, PL and ABH and
the angle of MLA. The three reflective markers were attached
on navicular tuberosity, the medial aspect of the first
metatarsal head, and the medial side of the calcaneal bone.
When conducting SFE, the height of middle marker increased
and the distance between markers located in both ends
decreased, so the increased height of MLA had the common
mean with the decreased angle of MLA. Subtracting values in

angle of MLA between resting position and during SFE
position compared among the ankle position.

Data analysis: within subject one-way repeated ANOVA
was used to analyze the collected EMG data and angle of
MLA.

Figure 1. MSFE in three different ankle positions

Results

The root-mean square EMG activity of the ABH and TA was
significantly greater in the DF position than in the NE and the
PF positions (p<0.01). The PL was most highly activated in
the DF position, but no statistical significance was detected
(Figure 2.) The activation ratio of TA compared with ABH
was lowest in PF position (p<0.01), and highest in DF
position (not statistically significant). The activation ratio of
PL compared with ABH was highest in NE position and
lowest in PF position (not statistically significant) (Figure 3.).

The subtracting value in angle of MLA tend to decrease
significantly during the SFE in DF position, but this finding
doesn’t have statistical significance (Table 1.)
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Figure 2. The average activation of TA, PL and ABH
during MSFE in three different ankle positions
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Figure 3. The ratio of extrinsic muscles compared with
ABH
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Table 1. the angle of MLA during MSFE.

Discussion

The activation of ABH was highest in MSFE in ankle DF
condition, so this result could be interpreted as that SFE in DF
condition is the most effective exercise among the three
conditions including traditional exercise (e.g., SFE in a neutral
ankle joint). However, in terms of the ratio between extrinsic
and intrinsic muscle, the MSFE in PF condition could make
up for the pronated foot with altered muscle activation,
especially TA and PL effectively. Further longitudinal
intervention studies are required
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The relationship between six-minute walk distance and serum amino acids in elderly
people aged 75 or over: A cross-sectional study

Yo Ishimaru?, Hironobu Ashikawa®, Takuji Adachi?, Shota Urano?, Yuko Ueda?, Jun Ueyama?, Sumio. Yamada®
1. Department of Physical and Occupational Therapy, Graduate School of Medicine, Nagoya University, Nagoya, Japan
2. Department of Pathophysiological Laboratory Sciences, Graduate School of Medicine, Nagoya University, Nagoya, Japan
3. Department Rehabilitation Science, Graduate School of Medicine, Nagoya University, Nagoya, Japan

Introduction

Exercise capacity (EC), defined as maximum amount of
physical exertion that a patient can sustain, is a well-known
prognostic factor in cardiac patients. EC, expressed as
oxygen uptake, is determined mainly by cardiovascular
performance and skeletal muscle metabolism. In particular,
EC is reduced in patients with heart failure (HF) due to
skeletal muscle abnormalities such as impaired energy
metabolism, fiber type transition and atrophy, as well as
cardiovascular dysfunction.

Numerous studies have demonstrated the effect of amino
acid (AA) supplement on improved EC, although the
evidence in HF has not been well established. An anabolic
effect is considered as a major mechanism of this favorable
effect of AA. Moreover, AA also plays a key role in energy
production as substrates of citric acid cycle®. The citric acid
cycle produces adenosine triphosphate by using various AAs
in addition to branched chain amino acids. Yet, previous
studies to address the effect of AA have mainly focused on
branched chain amino acid because of its close relationship
with protein synthesis. Therefore, there is a lack of evidence
on the relationship between EC and detailed AA profile.

We hypothesized that AA profile is related to EC in HF
patients via energy metabolism, as well as muscle protein
synthesis. In this preliminary study, we examined the
relationship between EC and AA profile in healthy
community-dwelling elderly people aged 75 or over using
metabolome analysis.

Methods
Study design and subjects

This cross-sectional study was performed as a secondary
study of a prospective cohort study undertaken by our
laboratory. The inclusion criterion of the main cohort study is
community-dwelling elderly people aged 75 or over. The
study protocol was approved by the Ethics Committee of the
School of Health Sciences, Nagoya University (approval
number: 2012-0131). This secondary study was also
approved by the Ethics Committee of the School of Health
Sciences, Nagoya University (approval number: 16-509).

The subjects who participated in follow-up survey in 2015
were enrolled into the present study. The subjects with some
missing data were excluded.

Measurement of six-minute walk distance

We assessed six-minute walk distance (6MWD) as an
indicator of EC. Preparations and procedures were conducted
in accordance with the guidelines of American Thoracic
Society. Participants were asked to walk as long as possible
in six minutes. Walking aids were used if the participants
normally required these for daily walking.

Measurement of serum amino acids

Blood samples were collected to measure the AA
(essential amino acid; EAA, non- essential amino acid,;
NEAA, and other amino acids); 250uL was drawn from the
serum obtained by centrifugation, and stored at -80°C until
analysis.

Measurement of the AA was performed using liquid
chromatography—-mass spectrometry (LC-MS) coupled with
amino acid mixture standard solution type AN-II and type B.
LC-MS analysis was run on an Agilent 1200 infinity LC
coupled with an Agilent 6430 Triple Quadrupole LC/MS
System (Agilent Technologies, Inc., Santa Clara, CA, USA).

Figure 1 shows the example of the result of AA measurement
using LC-MS. The detected AA is illustrated as the peak area
(Figure 1.A). The area under the peak is calculated, and then the
serum concentration of the AA is estimated according to the
calibration line that corresponds to each AA (Figure 1.B).

A. The size of area under the peak is calculated,
which reflects detection intensity of the AA.

Area (5)

[Absorbance]

[Time]
B. Serum concentration of the AA is
estimated according to the calibration line.
g
B
g
g
=)
O------
The concentration of : The size of
AA corresponding to § ! the gray area
@)
‘S‘ [Area]

Figure 1. Example of the estimation of serum concentration
of AA by using LC-MS.

Sample preparation procedure

Before analyzing serum sample, serum sample preparation
was performed as follows; Twenty ml of distilled water and 1.2
grams of sulfosalicylic acid dihydrate were pipetted into a test
tube, and then 6% sulfosalicylic acid dihydrate were made. Two
hundred pl of 6% sulfosalicylic acid dihydrate were added into
the serum samples. After gentle shaking, the serum samples
were incubated at 4°C for 5 minutes. Five pl of the serum-
samples supernatant were thawed and filtered through a syringe
driven filter unit, and then the syringe was injected into LC-MS.

Statistical analysis

Continuous variables were expressed as mean = standard
deviation (SD). Correlation between 6MWD and each AA were
assessed using Spearman’s correlation coefficient. All statistical
analyses were performed Stata/SE13 (Stata Corp LP, College
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Station, TX, USA), and P value <0.05 was regarded as
statistically significant.

Results

Characteristics of the study subjects were shown in Table
1. Of 160 subjects who participated in the follow-up survey
in 2015, 63 subjects were analyzed. The mean age was 8015
years old and most subjects were female (56 women and 7
men).

Correlation between variables and each AA were shown in
Table 2. Aspartate (r=0.29, P<0.01), monoethanolamine
(r=0.34, P< 0.01), and taurine (r=0.29, P<0.02) are
significantly correlated with 6MWD.

Table 1. Subject characteristics

Variables Mean = SD or n (%)
Age [years old] 803 == 39
Men [n (%)] 7(11.1)

Body mass index [kg/m?] 222 =+ 36

6-minute walk distance [m] 469.1 =+ 847

Table 2. Correlation between AA and 6MWD

Amino acids r P value
Essential amino acids
Valine 0.02 0.91
Leucine & Isoleucine 0.22 0.24
Threonine 0.002 0.99
Phenylalanine 0.13 0.30
Methionine 0.18 0.16
Non-essential amino acids
Arginine -0.16 0.20
Cysteine 0.05 0.69
Aspartate 0.29 <0.05
Serine -0.005 0.97
Glycine 0.04 0.73
Serine -0.13 0.29
Proline -0.15 0.26
Homocysteine -0.15 0.26
Asparagine 0.20 0.11
Glutamate 0.14 0.28
Other types of amino acids
v -aminobutyric acid 0.24 0.06
Monoethanolamine 0.34 <0.01
1-methyl hystidine 0.08 0.56
3-methyl histidine 0.08 0.54
Hydroxylysine 0.002 0.99
Hydroxyproline -0.05 0.73
a -aminoadipic acid -0.14 0.28
Ornithine -0.02 0.89
Citrulline -0.1 0.45
a -aminobutyric acid -0.014 0.28
Taurine 0.29 <0.05
8 -alanine 0.18 0.15
Phosphoethanolamine 0.04 0.78
Cystathionine -0.17 0.19
5-aminolevulinic acid 0.12 0.33
Discussion

In this study, we performed a metabolome analysis of AA
profile in community-dwelling elderly people aged 75 or
over, and examined the relationship between 6MWD and AA
profile. ~As the result, taurine, aspartate and
monoethanolamine were significantly correlated with 6MWD.

A previous study? demonstrated that taurine transporter
knockout rats showed lower production of adenosine
triphosphate in cardiac muscle compared to control group™. In
this study, significant correlation was observed between taurine
and 6MWD. Although the relationship between taurine and
energy metabolism cannot be discussed from our data, taurine
might contribute to energy production during the testing of
6MWD in elderly subjects.

As well as taurine, aspartate and asparagine also play an
important role in myocardial energy metabolism. A previous
study?® reported that asparagine-administered rats showed longer
time to exhaustion with lower blood lactate concentration
during exercise with intensity above aerobic threshold than
control group*. Therefore, the fatigue tolerance during exercise
may be an underlying mechanism of the relationship between
aspartates and 6MWD.

There are few studies to address the role of
monoethanolamine  during  exercise.  Monoethanolamine
concentration in HF patients is negatively correlated with liver
function and also with left ventricular ejection fraction®.
Another study® reported that monoethanolamine inhibited
mitochondrial function of liver in vitro*. Considering these
evidence, monoethanolamine was likely to be negatively
associated with EC. In contrast, however, our data showed the
positive correlation between monoethanolamine concentration
and 6MWD. There may be unknown confounding factors, and
further studies are needed to understand this relationship.

We should describe potential limitations of the present study.
First, the cross-sectional study cannot address the causal
relationship between EC and serum AA profile. Second, two
essential amino acids (histidine and tryptophan) and three non-
essential amino acids (alanine, glutamine and tyrosine) were not
analyzed because the reagent used in this study was not applied
to the analysis of these five AAs. Accordingly, measurement
protocol is required to be improved to analyze whole AA profile.
Third, we provided the data in men participants from a small
sample. Finally, we did not assess liver function that may work
as a confounding factor.

Conclusion

In  this preliminary study, taurine, aspartate, and
monoethanolamine was correlated with 6MWD in healthy
elderly subjects aged 75 years or over. Considering the
previous evidence, these AAs are likely to relate to EC via
energy metabolism. Our subsequent study in HF patients will
examine the relationship between EC and AA profile, and their
usefulness in the clinical setting.
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Physical Function and Self-Perceived Ability
Related to Life Space Mobility in Community-Dwelling Older People

Y. Tsuchida? , S. Nakashima® , T. Ito? , Y. Uchiyama?

1) 1) Department of Physical Therapy, School of Health Sciences, Nagoya University, Nagoya, Japan

2) General Center of Rehabilitation in Syutaikai Hospital, Mie, Japan

Introduction

Life space mobility is the important conception as older
people to maintain and expand activity. It may represents
physical function, cognition, psychological function, physical
actibity and participation. It is known that Life Space
Assessment(LSA) is an one of the validitive index for the
older people[1]. Scores on the LSA range from 0 to 120, with
higher scores reflecting greater life-space. Researchers ask
subjects frequency of movement (how many days within a
week) and necessity of any aid, equipment or help from other
people during the 4 weeks prior to assessment for five
different life-space levels. Recentry several studies have
showed relationships between LSA and kinds of risks:
Alzheimer disease[2], frailty[3], mortality[4] and other
problems. Futhermore, the correlation between LSA and a lot
of functions such as cognition, depression, muscle strength,
gait speed and other functions have been reported[1][5].

In addition, it is known that not only actual physical
function but also self-perceived ability decline for aging. The
difference value between actual physical function and self-
perceived ability is called estimation errors. Robinovitch and
Cronin reported a tendency for older people to over-estimate,
and young people to under-estimate their reaching ability[6].
Fujimoto et al showed the relationship between fall and over-
estimation of their step ability[7]. The same result was
reported on step-over ability by Sakurai et al[8]. It is
important for actibities and participations of older people to
intervene in not only actual physical function but also
estimation errors.

The purpose of this study was to investigate factors of life
space mobility in community-dwelling older people in terms
of physical function and self-perceived ability.

Materials and Methods

Subjects: The total number of subjects were 39 community-
dwelling older people. We included older people received the
certificate of long-term care needs. Long-term care was
formal insurance system in Japan. Some care services were
available for insured people. We excepted a parson who was
under 65 years old, long-term care level 4&5 and
hospitalized patient.

Measurements: Life space mobility was measured using
Life Space Assessment(LSA). We conducted 4 performance
tests: Obstacle Single Leg Forward Step test (OSFS), 2 steps
test, Functional Reach test(FRT) and 30s Chair Stand test
(CST). In OSFS, subjects stepped forward while stepping
over an obstacle which the height was 10cm and returned to
original place while stepping over an obstacle and repeated
this process five times, as fast as possible. We measured total
time. In 2 steps test, subjects took two steps as large as
possible. In FRT, subjects performed maximum reach. In
CST, we measured the times subjects were enabled to stand
up from a chair for 30 seconds. These perforamnce tests were
used to assess actual physical function and self-perceived
ability. The ratio of self-estimated to actual was used for data

analysis as a measurement of estimation errors. Other
measurements included Mini-Mental State
Examination(MMSE), Fall Efficacy Scale(FES), Short Form of
Geriatric Depression Scale(GDS-5) , the 25-question Geriatric
Locomotive Function Scale(locomo25) and fall experiences.

Statistics analysis: We conducted analysis for extracting
factors of LSA. Simple bivariate correlation coefficients were
used to examine the relationships between LSA scores and all
variables. This analysis was first unadjusted and subsequentry
adjusted for age. Multiple regression by forced entry was used
to determine which physical ability was important for LSA.

We also investigated the characteristics of estimation errors of
physical function related to LSA. We defineded exactry
perception as the ratio of self-estimated to actual was within 97-
103%. And we defineded over-estimation as the ratio was
>103% and under-estimation as the ratio was <97%(only in
OSFS, this definision was reversed). Chi-squared goodness of
fit test was used to analize the deviation of the number of
exactry perception, over-estimation, under-estimation. Simple
bivariate correlation coefficients were used to examine the
relationships between actual physical function and estimation
errors. A probability of 0.05 was considerd statistically
significant.

Results

A mean age of subjects was 76.7 £8.0. There were 22 men and
17 women. The number of subjects who had the certification of
long-term care needs were 19. A mean score of LSA was 74.4
+26.3(min~Max:12~120). The propotion of Independence in
each space of LSA was shown in Figure 1.
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LSA was siginificant correlated with OSFS(r=-0.473), 2
steps test(0.577), FRT(0.523), CST(0.328), MMSE(0.502),
FES(0.531), GDS-5(-0.341) and locomo25(-0.747) (P<0.05).
When it was caluclated with adjust of age, LSA was
significant correlated with OSFS(r=-0.419), 2steps
test(0.390), FRT(0.354), MMSE(0.366), FES(0.545), GDS-
5(-0.473), locomo25(-0.564)(P<0.05). Multiple regression
analysis suggested significant associations between LSA and
OSFS and 2 steps test(tablel).

Tablel. Multiple regression analysis of LSA

Variable B P value VIF
OSFS(s) -.389 .045 2.06
2 steps 409 .042 221
FRT(cm) 329 .060 1.70
CST(times) -320 .106 2.20

VIF: Variance Inflation Factor, R2=0.532, P<0.05

In terms of estimation errors, more subjects over-estimated
their own abilities of OSFS(69.7%; P<0.05)(table2). And
only OSFS in 4 physical function measurements had a
significant correlation between actual physical function and
the ratio of self-estimated to actual physical function(r=-
0.404, P<0.05).

Table2. The number of people who Over-estimated,
Under-estimated and perceived exactly

OSFS* 2steps FRT 30s CST

Over-estimation 23 10 13 21
Under-estimation 9 20 22 14
Exactly perception 1 9 4 4

Chi-squared goodness of fit test, * P<0.05

Discussions

We investigeted relationships between life space mobility of
community dwelling older people and physical functions. We
also determined the charactrestic of estimation errors of
physical function related to LSA.

First, we found that OSFS and 2 steps test were more
related with LSA than FRT and 30s CST. Watanabe et al
reported older people who rarely go outside per week
declined the gait speed with obstacle avoidance compared
with older people who often go outside[9]. From our results
and this study, it can be said that the dynamic ability which
includes balances and muschle strengthes is more important
for mobility of community-dwelling older people.

Second, we found that over-estimated subjects were more
than under-estimated subjects in OSFS. And we also found a
significant correlation between actual physical function and
estimation error of OSFS. This correlation indicated the more
actual ability of OSFS was lower, the more self-estimation
was over-estimated. This chracteristic corresponded previous
studies[6][7]. From these results, it can be said that it is
difficult to recognize the decrement of ability of obstacle
avoidance such as OSFS. Therefore, it is important for
community-dwelling older people to intervene in actual
function of stepping and obstacle avoidance and estimation
errors of the ability in order to expand life space mobility.

Conclusions

Life space mobility of community dwelling older people was
related to step and obstacle avoidance ability especially. In
OSFS, more subjects over-estimated their ability and there was
a significant relationship between actual physical function and
estimation errors. These results indicated needs of interventions
not for only actual physical function, but also estimation errors
to expand life space mobility.
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Introduction

The World Health Organization (WHO) has developed the
International Classification of Functioning, Disability and
Health (ICF) model for a theoretical foundation of physical
therapy diagnosis and intervention (1). The ICF model is
comprised of four categories : body structures, body, activities
and participation, and environment (Figure 1) (1), which
provides a direct framework and guideline for outcome
measurements. ICF is renowned but dearth of relationship
information for verify real world. The absence of the clear
understanding of directional relationships among ICF
component outcome measures variables can challenge an
internal validity to adopt the ICF framework for outcome
assessment, goal planning and intervention (ref). The purpose
of present study was to examine the multidirectional
relationships between the body structure/function domain
variables (e.g., spasticity and movement kinematics) and
activity domain variables (reaching, grasping, folding, and

lifting abilities) using the WMFT.

“Health Condition”

(disorder or disease)

v '

Body Functions —> Activities
and Structures

t ‘ f
b

Personal Environmental
Factors Factors
Figure 1 ICF model

Method

Study Design: This design is a correlational research design.
Participants: 19 children diagnosed with cerebral palsy (CP)
were recruited from a major rehabilitation center. 10 of them
were hemiplegic CP and 9 of them were quadriplegic

(Table 1)

Measurements: Standardized clinical tests included Tardieu
scale and WMFT, which primarily measure the body
structure/function domain (e.g., spasticity) and activity
domain (reaching, grasping, folding, and lifting abilities). An
eight infrared motion capture system (VICON, Oxford, UK)
was used to analyze kinematics data, measuring the body
structure/function domain.

Data analysis: Statistical tests included non-parametric
Spearman rank correlation coefficient was conducted to
identify correlation among the variables via SPSS software
(version 23.0).

Results
The major findings are twofold:

1) The relationship between kinematic data and WMFT
ranged from fair to strong correlation (Table 3).

2) No significant correlation was observed between Tardieu
score and kinematics data or between Tardieu score and
WMFT.

Variable characteristics

Sex(Male /Female) 10/9

Average of age 8.8 £ 1.8 years

~«—> Participation

Height 1254+ 12.1Cm
Weight 24.2+7.1Kg
Cerebral palsy type
Hemiplegia 10
Quadriplegia 9
Table 1. Demographic Summary
Acron Full term Quantification
ym
MT Movement time Movement speed
MV Maximal velocity Force production
MAV Mean angular velocity Torque
production
NJS Normalized jerk score Movement
smoothness

Table 2. Explanation of the kinematic variables (body
function/structure domain) in Reaching

Tests WMF WMFT
T scores time
MV in U/E at comfortable speed (rs) -556" 704"
MV in U/E at comfortable speed (rs) 479" 462"
NJS in U/E at comfortable speed (rs) -522" 714
NJS in shoulder at comfortable speed (rs) NSt 565"
NJS in elbow at comfortable speed (rs) NSt 472"
MT in U/E at fast speed (rs) -.462" 6277
MV in U/E at fast speed (rs) 462" -529"
NJS in U/E at fast speed (rs) -523" 6717
NJS in shoulder at fast speed (rs) N/S 485"
NJS in elbow at fast speed (rs) -.609™ 701
NJS in wrist at fast speed (rs) NS+ 531"

*Significant correlation p<0.05, ** Significant correlation p<0.01.

NS, Non-significant correlation. (rs )Spearman’s rank correlation.
MT, movement time; MV, maximal velocity; MAV, mean angular
velocity; NJS, normalized jerk score; WMFT, wolf motor function
test.. U/E: upper extremity.

Table 3. Relation between kinematic data and WMFT
Results
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Conclusions

The present study demonstrated the multidirectional
relationships between the body structure/function domain
variables (Tardieu spasticity and Kinematic data) and activity
domain variables. Our results revealed a fair to strong
relationship between the body structure/function domain
variables (11 out of 18 kinematic data) and activity domain
variables (WMFT). The present findings suggest that the body
structure/function domain variables (Kinematic data) are
closely associated with activity domain variables (WMFT).
However, the body structure/function domain variables within
Tardieu spasticity and kinematic data variables were not
associated each other, nor between Tardieu spasticity and
activity domain variables (WMFT), indicating that Tardieu
spasticity function variable does not account for or reflect
active movement or functional activity measures in WFMT.
This finding provide an important clinical insight when
developing a comprehensive assessment tool, which
successfully addressing both body structure/function domain
and activity domain variables.
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Introduction

Overuse of the upper trapezius (UT) muscle during shoulder
movements can interfere with scapular alignment and the
movement pattern can lead to specific errors in choosing an
appropriate movement strategy (Arlotta et al., 2011).

Pain and tenderness in the UT due to increased muscle
tension cause complaints in individuals with chronic neck and
shoulder problems (Leong et al., 2013). It may lead to
involuntary shortening, insufficient nutrient supply, and
metabolic demand on local tissues (Gerwin et al., 2004; Ruiz-
Saez et al., 2007).

There are many studies about causes of UT pain. Ge, et al.
(2014) demonstrated that intermuscular muscle activity of
latent MTPs increased significantly in the UT muscle compared
with non-MTPs during 90° shoulder abduction and at rest due
to overloading of the UT muscle (Ge et al., 2014).

However, Naef et al. (2014) demonstrated that subjects with
chronic shoulder pain showed no difference from healthy
subjects in arm abduction maximal strength or recruitment
patterns of the serratus anterior, middle deltoid, and UT (Naef
et al.,, 2015). However, no reported study has demonstrated
maximum isometric shoulder abductor without synergistic
action.

The aim of this study was to compare scapular elevator and
shoulder abductor strength with and without restricted scapular
elevation in male subjects with and without UT pain.

Materials and methods

Study design: This study was an experimental study to
compare the strength of scapular elevator and shoulder
abductor with and without restricted scapular elevation
between male subjects with and without myofascial trigger
points in the upper trapezius .

Participants: In total, 15 subjects with MTP in UT and 15
age- and weight-matched subjects without MTP in UT were
enrolled.

Measurements: Two load cell Smart KEMA strength
measurement systems (Factorial Inc., Seoul, Korea) were used
to measure isometric shoulder strength and to control scapular
elevation by 3 kgf. Isometric strength measurements were
performed twice for 5 s under three conditions: (1) scapular
elevation, (2) shoulder abduction, and (3) shoulder abduction
with restricted scapular elevation. (Figure 1)

Data analysis: Independent t-tests were used to compare
shoulder strength values between the MTP and non-MTP
groups.

Figure 1. Resting position (a), scapular elevation (b), shoulder
abduction (c), and shoulder abduction with restricted scapular
elevation(d).

Results

Shoulder strength measures showed good to high intra-rater
reliability (range = 0.85 [95% CI = 0.54-0.95] to 0.98 [95% CI
= 0.94-0.99]) (Table 1). Intra-rater SEM% was acceptable
(<10%) for most tests except the condition of shoulder
abduction with restricted scapular elevation in the MTP group
(SEM% = 10.10%) (Holt et al., 2016)

Table 1. Intra-rater reliability of Smart KEMA strength
sensor.

Group Position ICC SEM SEM%
(kgf)
SE 0.90 2.17 8.27
MTP group ABD 0.89 1.62 9.04
ABDR 0.98 0.57 10.10
SE 0.89 2.97 9.99
Non-MTP
group ABD 0.85 1.77 9.87
ABDR 0.90 0.99 8.30

ICC: intraclass correlation coefficient, CI: confidence interval, SEM:
standard error of the mean; SEM%: SEM divided by mean result, SE:
scapular elevation, ABD: shoulder abduction, ABDR: shoulder
abduction with restricted scapular elevation.

The main results of the research were as follows.

1) Scapular elevator strength was 26.24kgf in the MTP
group and 29.71kgf in the non-MTP group. Shoulder
abductor strength was 17.88kgf in the MTP group and
17.95kgf in the non-MTP group. There was no
significant difference between groups in scapular
elevation or shoulder abduction (t=1.274, p > 0.05 and
t=0.048, p > 0.05, respectively; Table 2)
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2) However, the results showed that shoulder abductor
strength in the group with MTP (5.64 kgf) was
significantly lower than in the group without MTP
(11.96 kgf) when scapular elevation was restricted (p <
0.05; Table 2).

Table 2. Shoulder strengths in three conditions (n=30)

MTP Non
Parameter t P
group MTP group
SE 26.24 29.71
(6.42) (8.38) 1.274 0.213
17.88 17.95
ABD (4.53) (4.22) 0.048 0.962
5.64 11.96
ABDR (3.99) (3.02) 4.894 0.000+

Values are means (SD), MTP: group with myofascial trigger points,
Non-MTP group: group without myofascial trigger points, SE:
scapular elevator, ABD: shoulder abductor, ABDS: shoulder abductor
with restricted scapular elevation. *Significant difference at p<0.05.

Discussion

The main finding of this study was that there was no
significant difference in strength of the scapular elevator and
shoulder abductor without restricted scapular elevation
between males with and without MTPs in the UT. However,
shoulder abductor strength was significantly lower in the MTP
group than in the non-MTP group when scapular elevation was
restricted.

Many studies have investigated shoulder strength and the UT.

However, few studies have compared the strength of the
scapular elevator between individuals with and without MTPs
in the UT. Thus, we measured the strength of scapular elevators
between groups with and without MTPs to determine the effect
on UT strength of MTPs in the UT. However, we found no
significant difference between the groups (MTP: 26.24kgf;
non-MTP: 29.71kgf). Thus, we postulated that UT strength
does not directly cause MTP.

Many studies have used a convenient and lightweight hand-
held dynamometer (HHD) to measure the strength of the

scapular elevator and shoulder abductor (Michener et al., 2005).

However, previous studies also determined that above 120 N,
the force measured with a HHD could be affected by tester
strength and that the intraexaminer reliability of HHDs was not
acceptable for shoulder measurement (Schrama et al., 2014).
Thus, we measured scapular elevator and shoulder abductor
strength using a convenient and lightweight Smart KEMA
measurement strength system that can measure the subjects’
own strength by Make tests (ICC > 0.85).

Shoulder abductor strength was measured to compare
strength between individuals with and without UT pain. When
subjects performed maximal isometric shoulder abduction
without restricted scapular movement, both groups had similar
strength values (MTP = 17.88kgf; non-MTP = 17.95kgf);
however, the strength values of the shoulder abduction were
significantly lower in the MTP group (5.64kgf) than in the non-
MTP group (11.96kgf) with restricted scapular movement. It
was shown that prime mover strength in shoulder abduction
was lower in the MTP group than in the non-MTP group when
the synergistic muscle was restricted.

Sharrman (2002) explained the dominance of the UT by
modular element impairment in the nervous system. This is

the case where people have complaints or pain in the UT despite
having strong muscles. It is important to teach patients to
control delicate movements by conscious effort rather than by
increasing their muscle bulk (Sahrmann, 2002). The results of
this study showed that weakness of shoulder abductor with
restricted scapular elevation may be one cause of MTPs in the
UT.

Conclusion

In conclusion, we demonstrated that there was no difference
in strength of the scapular elevator and shoulder abductor
between males with and without MTPs in the UT. However,
when scapular elevation was restricted, shoulder abductor
strength was significantly lower in the MTP group than in the
non-MTP group. We suggest that overuse of the UT can cause
MTP by compensatory movements in shoulder abduction.
Clinicians should evaluate strength of the shoulder abductor
with restricted scapular elevation and apply interventions to
adjust individuals’ exercises by conscious effort rather than
intervention to increase muscle volume when assessing
individuals with MTPs.
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Introduction

People are satisfied with their life patterns when they are in
certain point of balance. The status is called as occupational
balance in occupational therapy or occupational science[1]. The
concept of occupational balance is complex but it is known that
occupational balance is related to health, wellbeing and
satisfaction[2].

Although occupational balance has been considered
important concept in occupational therapy for a long time, a
single definition of occupational balance doesn’t exist yet[3].
There are several definitions of occupational balance by
scholars for example, ‘A balance among different kinds of
daily occupations[4]’, ‘A balance of engagement in occupation
that leads to wellbeing[5], ‘the condition of proper distribution
on time, areas of occupations and energy[6]’, ‘subjective
perception of having the right amount and variation of
occupations[7]’, ‘a personally satisfying pattern of daily
occupations[1].

Giving chances to participate in meaningful occupations for
clients is the most important part of occupational therapy for
their health, wellbeing, and quality of life[8]. And it is possible
when the therapists understand clients’ life patterns and how
much they are satisfied with their life patterns[9].

The first aim of this study was to understand the trend of
research on occupational balance by analyzing the studies about
occupational balance. And then, attributes of occupational
balance were analyzed to find considerations for improving
clients’ occupational balance. Finally, confirming the
correlation between concept of occupational balance and health
or health related factors.

Materials and methods

Searching  strategy: National Digital Science
Library(NDSL), Riss, Pubmed, and Google Scholar were used
to search the articles published from October 2007 to

September 2016 and ‘occupational balance’ OR ‘Xt #&d’

were used as search terms. Inclusion criterion were articles 1)
published in peer-reviewed journals, 2) contained results of
measuring occupational balance and reported quantitatively, 3)
published in Korean or English, 4) had at least one author who
was an occupational therapist. Exclusion criterion were articles
1) about occupational balance referring to occupation as a
meaning of job or balance as a meaning of physical balance or
postural balance, 2) we cannot access to full text, 3) about
developing occupational balance measurement.

Data collecting process: As shown in Figure 1, 10 articles
were finally selected for analysis among 223 articles.

Results

General Trend of Research on Occupational balance:
Results of analyzed studies about overall trend from 10 articles
were summarized in table 1.

Measurements and attributes of occupational balance:
There were two ways of measuring occupational balance. One
was using self-reported questionnaires and the other was using
the result of reassessed primary materials like self-record sheet
about time use or activity frequency.

Records identified through database searching (n=223)
-National Digital Science Library(NDSL): 64

‘Riss: 31

-‘Pubmed: 61

-Google Scholar: 67

Records excluded by titles (n=157)
-Duplicates or other language: 70
-Occupation as a job or balance as a physical
balance or postural balance: 84
-Developing occupational balance measurement:
3

screened 66 abstracts ‘

Records excluded by abstracts (n=51)
-Articles not in peer reviewed journals : 28
‘Without any OT authors: 1
-Developing occupational balance measurement:
4
-Qualitative
quantitative results of occupational balance: 18

research or studies  without

‘ 5 articles without full text were excluded ‘

‘ 10 articles were selected ‘

Figure 1. Flow diagram for study selection process

Table 1. Summary of overall trend in studies

Results

Study Design Survey researches all

Purpose Measuring participants’ occupational
balance or analyzing correlation
between occupational balance and
other variables

Partici- Disease ~ Wide from disease group to healthy

pants people

Age Adults, Elderly
Gender More women than men

Year of the studies 7 studies were published in recent 5

published years out of 10 studies

Nations of the
studies examined

Republic of Korea, Sweden, Canada,
Israel, United States

Self-reported questionnaires were used in 6 articles to assess
clients” occupational balance. The questionnaires were
Personal  Project Analysis(PPA), Intergoal Relations
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Questionnaire(IRQ), Occupational Balance
Questionnaire(OBQ) and Life Balance Inventory(LBI). And a
couple of questions developed by the authors were also used as
a self-reported questionnaire.

Temporal attribute was measured to assess occupational
balance in 9 articles. Other attributes to assess occupational
balance were abilities, achievement of occupations,
interrelationship like harmony or conflictions among
occupations, variety of occupations, congruence between
desired and actual time use.

Measurements with proved validity or reliability were found
in 6 articles and they were PPA, IRQ, OBQ and LBI.
Assessment tools used in Korean studies were not verified by
validity or reliability test.

Correlation between occupational balance and health
related variables: Variables measured to see correlation with
occupational balance were health, wellbeing, participation,
stress, life satisfaction, and leisure. Forhan and Backman[10]
revealed that performance, time use, and achievement are three
dimension of occupational balance and health condition was
predictor of these three aspects. Wagman and Hékansson[11]
confirmed positive correlation between occupational balance
and health condition. Negative correlation between
occupational imbalance and wellbeing was found in the study
of Anaby et al.[12] and Bejerholm[13] revealed occupational
balance group showed significantly higher level of
participation, wellbeing, stress management and health
management compared to occupational imbalance group.

Discussion

All of 10 selected articles for analysis were survey
researches. Various types of subjects were participated in the
studies and this could mean measuring and improving
occupational balance may have a positive effect not only on
disease group but also general healthy people. In other words,
the clinical fields of occupational therapists are getting wider
toward general people.

Attributes measured to figure out the concept of
occupational balance were time use, abilities, achievement of
occupations, interrelationship like harmony or conflictions
among occupations, variety of occupations, congruence
between desired and actual time use. This could be interpreted
as a concept of occupational balance has multidimensional
properties.

The reason we have several definitions of occupational
balance is areas or kinds of occupations supposed to be
balanced could be changed by the client’s age or roles. Also it
could be difficult for scholars to have a consensus about
definition of occupational balance because each individual
person has different idea about the question ‘what is balanced
life?’

Regarding to correlations between occupational balance and
quality of life, wellbeing, participation, stress, life satisfaction,
and leisure, the concept of occupational balance could be apply
to occupational therapy intervention for health promotion.

Conclusion

The results of this systematic review were as in the following.

First, studies on occupational balance tended to be
conducted actively during the last 5 years, compared to studies
published within recent 10 years and the participants were
adults and older adults with or without disabilities.

Second, attributes of occupational balance were time use,
abilities, achievement of occupations, interrelationship like
harmony or conflictions among occupations, variety of
occupations, congruence between desired and actual time use.

Third, occupational balance has a significant correlation
with health related factors like wellbeing, participation, stress.

Interventions for finding or recovering clients’ occupational
balance could be applicable to improve their wellbeing,
participation or health promotion.

Measuring occupational balance is the first step to improve
the clients’ health, participation, leisure, and quality of life by
restoring their occupational balance. This is possible when the
measurements could assess various properties of occupational
balance. It is needed to develop measurements for assessing
occupational balance which could show the result of
occupational composition and satisfaction about the
occupational composition regardless of age, level of education,
or cultural influence.
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Introduction

DSM-5 defined Autistic Spectrum Disorder (ASD) as
having persistent deficits in social communication and social
interaction across contexts and restricted, repetitive patterns of
behavior, interests, or activities. Previous studies reported that
children with ASD had a lower motor function as compared
with typically developing children[1], especialy in their writing
ability and the ability to throw a ball [2][3]. For this reason,
occupational therapists suspect that chldren with ASD have
dyspraxia, and make an approach to their activities of daily
living (ADL) in perspective of dyspraxia and sensory
modulation dysfunction [4]. In particular, dyspraxia makes it
difficult to perform ADL well because of the impairment in
performance of movement such as ideation, planning and
execution of motion. Occupational therapists often take an
intervention for children with ASD using chopsticks. In Japan,
there is a way of holding chopsticks called "traditional type".
Parents of children with ASD become anxious when their
chidren do not hold the chopsticks in traditional type and they
suspect that it is due to ASD. In the previous studies, it was not
clear regarding the relationship between ASD and not being
able to use chopsticks in traditional type. On the other hand,
there were many studies showing that traditional type was the
most functional and most kinematically advanced compared to
other ways of holding chopsticks among typically developing
children[5]. The purposes of this study were as follows, 1) to
explore the ways of holding chopsticks, and 11) to examine the
functionality of each way of holding chopsticks respectively
among children with ASD. Study | explored the ways of
holding chopsticks among children with ASD and typically
developing children, and then, compared between each
group.Study 1l examined the functionality of each type of
holding chopsticks of children with ASD, and compared the
results with those of typically developing children.

Significance of the study

This study can allow occupational therapists to provide
more effective and evidence based interventions by using the
most functional type of holding chopsticks as a model for
children with ASD in response to the parents’ anxiety about
their children's ability.

Materials and Methods
[study 1]

Participants: The participants were 102 typically developing
children and 33 children with ASD or with suspected ASD who
went to both kindergarten and child development support
center(from 5 to 6 years old). For the data of typically
developing children, we used existing data collected by our
laboratory in 2016 for the study “The ways of holding
chopsticks and the respective functions in typically developing
children”(the study of typically developing children).

Method: The children in this study picked up and carried
soybeans and rice to the container at a height of the mouth
(15cm) and we videotaped their performances.

Data analysis: Images of their children’s holding
chopsticks were edited from the video and classified into 5
types of holding chopsticks according to the classification
found by the study of typically developing children (Figurel).
In addition, the rate of the number of children in each type was
compared with that of typically developing children.

The classification of the way of holding chopsticks: In this
classification, the fingers which hold a moving chopstick and
a fixed chopstick and the positions of the fingers touching
chopsticks were focused on. The ways of holding chopsticks
were categorized into 5types (Figurel).

[study I1]

Participants: The participants were 72 typically developing
children and 33 children with ASD or with suspected ASD who
went to both kindergarten and child development support
center (from 5 to 6 years old). The data of typically developing
children were used from the existing data collected by the study
of typically developing children.

Method: The following functions were measured; “pick up
and carry” soybeans, tofu and rice by opening and closing
chopsticks and “separate” fish by holding fish with a fixed
chopstick and by opening and closing a moving chopstick
successively for 30 seconds. These performances were
recorded on videotape.

Data analysis: Each average amount of work performed by
the children with ASD was compared by using multiple
comparison analysis tests as follows.

@D Comparisons between the average amount of work in each
type by children with ASD and that by typically
developing children.

@ Comparisons of the average amounts of work by each type

a moving
chopstick

a fixed

chopstick ‘;

<

among children with ASD.
<

7

traditional type
Holding a fixed chopstick
by thumb and third finger
and a moving chopstick
by thumb, first finger and
second finger.

type I
Holding chopsticks by
same fingers as
traditional type. The
only difference is the
position of the fingers.

type.

type I
Holding a moving
chopstick by same
fingers as traditional

type III
Holding a fixed
chopstick by same
fingers as traditional

type.

type IV
It is totally different from
traditional type. Five
different holding ways of
chopsticks different from
this image are found.

Figurel: The classification of the way of holding chopsticks had been faund by the study of typically developing children ,2016.
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Results
[study I] The data of 102 typically developing children and

33 children with ASD were analyzed. The number of children

in each type were as follows.

[typically developing children] traditional type 17(17%),

typel 37(36%),typell 28(27%), typelll 3(3%), typelV 17(17%)

[children with ASD] traditional type 5(15%), typel 12(37%),

typell 8(24%), typelll 0(0%), typelVV8(24%)

There was no significant difference among the rate of the
number of children in each type between typically developing
children and children with ASD (p>.05). No statistical
calculations was given to type Il because there was no children
with ASD using type IlI.

[study 11] The data of 72 typically developing children and

33 children with ASD were analyzed.

@ Comparisons between the average amount of work in
each type by children with ASD and that by typically
developing children.

As for traditional type, there was no significant difference
of the average amount of work between children with ASD and
typically developing children (p>.05). As for type I, the
average amount of work in fish among children with ASD was
significantly lower than that among typically developing
children (p<.05). As for type Il, the average amounts of work
in using soybeans and fish among children with ASD were
significantly lower than those among typically developing
children (p<.05). As for type IV, the average amounts of
work in using soybeans and fish among children with ASD
were significantly lower than those among typically developing
children (p<.05).

@ Comparisons of the average amounts of work by each
type among children with ASD.

As for using soybeans, the average amount of work for
traditional type was significantly higher than that for type II
and type 1V, and the average amount of work for type | was
significantly higher than that for type IV (p<.05). As for using
tofu, there was no significant difference among the average
amounts of work in each type (p>.05). As for using rice, the
average amount of work for traditional type was significantly
higher than that for type Il and type IV (p<.05). As for using
fish, the average amount of work for traditional type was
significantly higher than that for type IV (p<.05). And then, as
for all ingredients in this study, there was no significant
difference between the average amount of work for traditional
type and that for type I.

Discussion

[ study I'] We assumed that children with ASD had
difficulties in holding chopsticks in traditional way compared
with typically developing children because of dyspraxia.
However, there was no significant difference of distribution
ratio; traditional type, type | and IV. Participants of this study
were children with ASD who went to kindergarten. Therefore,
although no evidence was presented, there might be a
possibility that the same experiences and education for children
with ASD as typically developing children affected this result.
Thus, our results showed a new perspective of hand skills of
children with ASD.

[study 11] The functionality of traditional type was similar
between children with ASD and typically developing children
in all ingredients. Therefore when children with ASD
kinematically acquired the skill of using traditional type which
is considered as an advanced way of holding chopsticks, it
seems that their functionality has already matured as well as
typically developing children.

Except for tofu, traditional type using other ingredients was
more functional compared to type 1V which has no functional

elements of traditional type. When people hold the chopsticks
in traditional type, it is considered that they can open a moving
chopstick steadily without moving a fixed chopstick. In
contrast, when people hold chopsticks by type IV, it is
impossible to move only a moving chopstick. Thus, traditional
type had higher functionality than type IV. The reason why
there was no significant difference between the average amount
of work in using tofu in traditional type and type IV was that
the tofu was firm and cubes. This made it easy to handle the
tofu in any type.

Among children with ASD, typel, which is similar to
traditional type, had the same functionality as traditional type,
while typell, which is also similar to traditional type, had lower
functionality than traditional type in soybeans and rice. Type |
uses the same fingers to hold a moving chopstick and a fixed
chopstick as traditional type. The only difference is the position
of the fingers. Therefore, type | had the same function to move
the chopsticks without needing to move a fixed chopstick as
traditional type. On the other hand, Typell uses same fingers to
hold a moving chopstick as traditional type but uses different
fingers to hold a fixed chopstick. Because of this, typell was
considered to have more instability of the fixed chopsticks, and
as a result, the functionality became lowered.

Conclusion

This study was designed to explore the ways of holding
chopsticks and examine the functionality of each type of
holding chopsticks among children with ASD and typically
developing children (from 5 to 6 years old).

There was no significant difference among the rate of the
number of children in each type between typically developing
children and children with ASD.

The functionality of traditional type was similar among
children with ASD and typically developing children.

Among children with ASD, the functionality of traditional
type was higher than the other type which had no similar
elements to traditional type. The type which held a moving
chopstick and a fixed chopstick in the same way as traditional
type had higher functionality than other type which was similar
to traditional type.
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Introduction

Population aging is progressing in the world now, and aging is
fast progressing in Korea[1] . The aging of this population
naturally accompanies the increase of elderly people with
chronic diseases and health problems. One of the chronic
diseases is dementia. Currently, dementia is one of the diseases
that puts burdens on caregivers and spouses[2]. The majority of
dementia patients in Korea live in communities rather than in
facilities, and are usually cared for by family members [3] Thus,
families and caregivers are an important resource in the care
and support of patients with dementia [4].

Therefore, caregivers who live with dementia suffer from
depression, physical illness, bankruptcy, social isolation,
anxiety, and so on. And caregivers are sometimes referred to as
‘second patients' or ‘hidden patients[5]. In order to resolve the
social burden, it is most important to have a therapeutic
approach to social participation and independent living in
demented elderly[6]. In addition, the need for rehabilitation
utilizing the community is emerging in order to lessen the social
burden of the caregiver. Thus, Community-based interventions
have emerged in which people with disabilities themselves,
their families, and local communities participate in
communities to reduce costs and manpower while making the
most of local amenities and resources[7]. Community-based
interventions are strategies within the community for
rehabilitation, equal opportunity, and social integration for all
people with disabilities[8]. Community-based therapies are
treated and performed by a team of occupational therapists,
physical therapists, language therapists, and nurses. Of these,
occupational therapists play an important role in providing
treatment programs for independent daily living, evaluation and
remodeling of the family environment, and necessary
supporting tools[9]. The purpose of visiting occupational
therapy for dementia patients and caregivers residing in the
community is to maintain and promote independent daily life,
to improve the quality of life by increasing social participation.
So occupational therapy uses a variety of strategic methods to
improve the quality of life and reduce the burden on
caregivers[10]. Korea is lacking in evidence and research about
the quality of community-based and doesn’t have a high level
qualitative intervention experimental research. Therefore, this
study aims to provide a basis for the effectiveness of
community based intervention for patients with dementia
through systematic review using only high quality research.

Materials and methods

Methods to obtain data: As shown Figure 1. The literature
search focused on Level I studies published journals from
2007 to 2017. The following keywords were used
{“Dementia” OR “Alzheimer” OR “Dwelling adult”} AND
{“Home-based” OR “Home-based intervention” OR
“Community-based” OR “Community-based intervention”}
AND {“RCT” OR “Randomized”}. A total of 375 articles
were found through several database searches. After careful
review, only 9 articles were included for this analysis.

Analytical methods / analysis: The 9 studies were analyzed
using the hierarchy of levels of evidence for evidence-based
practice. The qualitative evaluation of the study used the
Physiotherapy Evidence Database(PEDro) scale[11]. The

details of each study were classified and analyzed based on the
type of intervention, the evaluation tool, the evaluation area,
and the experts who performed the intervention. Selected
articles were systematically organized in PICO frame[12].

Search key terms “Dementia OR Alzheimer OR Dweling-adult AND Home-based OR Home-based
intervention OR Community-based OR Community-based intervention AND RCT OR Randomized
Total 375 articles

Serzening of fitles and sbstracts based on sxclusion criteria

Excluded 347 articles

| 13 articles retrizved

Excluded (n)

Mot include ligible patients 3
Mot community-based or home-base intervention 12
Filot study 3

Parficipates were Caregiver only b

| 9 studies were included in this review |

Results

Qualitative level of research evidence: The qualitative level
of the articles were all 1 level in the study level 5 step
classification because all nine articles analyzed the randomized
control study.

Subject of the articles: The results of analysis of the subjects
using community based intervention showed that 5 subjects
(55.5%) had the highest number of studies on dementia (or
Alzheimer 's and the elderly people), 3 subjects (33.3% ). One
study (11.2%) was conducted for dementia patients and their
SpOUSES.

Analysis of frequency and result of use of intervention: The
most frequently used intervention was the exercise
program(33.4%) and the single domain intervention was
higher than complex domain intervention(77.6%).

Analysis of dependent variables area: The most frequent
dependent variables in the 9 articles included dementia elderly
subjects were the physical domains(55.2%). And the most
frequent dependent variables in the 3 articles included caregiver
or spouse were the quality of life domain(20.0%).

Analysis of the experts who performed the intervention: A
total of five types of expert of in 9 articles, including physical
therapists,  occupational  therapists, nurses, medical
practitioners, and others not mentioned. The most frequently
experts were the physical therapist(33.2%) and occupational
therapist and nurse were second most frequent(26.7%).

Discussion

This study shows that the quality of the articles is high
because only the RCTs that quality of the level is the Level 1
are selected. The results of the nine articles analyzed in this
study showed the effects of physical, cognitive, quality of life,
ADL, and community-based interventions in various domains.
This indicates that community-based intervention is
meaningful for patients with dementia. The limitations of this
study are that the intervention may not be appropriate to the
domestic situation because of the cultural difference in that the
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intervention is local rather than domestic. In addition, among
the papers analyzed, there are two papers in which the
occupational therapist plays a role of mediator. In addition,
most of the dementia residents in the community are mild and
moderate, but because this study do not search the level of
dementia and there is no systematic protocol for the
effectiveness of the study, it is difficult to interpret the effect of
the intervention. Therefore, it will be necessary to develop a
protocol on intervention effects and research on community
intervention based on dementia level.

Conclusion

When the number of dementia patients increases and many
elderly people live in the community due to social cost burden,
community based intervention will be more emphasized in the
future. Therefore, occupational therapists should be aware of
the importance of community participation, quality of life of
dementia patients and their caregivers, and appropriate
intervention methods, frequency and duration of intervention
should be studied in Korea. This study suggests that
community-based intervention may have a positive effect on
patients with dementia. Based on this, we can use various
community-based interventions to increase  patient
participation in the community, You should be able to present
it.
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Introduction

With the growing trend of globalization, occupational
therapy students need to be culturally competent to become a
skillful healthcare professional [6]. Proficient occupational
therapist will be able to deliver a high quality of effective care
when culturally relevant meaningful interventions are
thoughtfully selected [4]. In order to be able to select
meaningful occupations for a diverse population of clients as
an occupational therapist in the future, it is important to
investigate possible opportunities of becoming culturally
competent for the current students [1]. Students at Yonsei
University, South Korea, are immersed in one of four
(American, Chinese, Japanese, or Vietnamese) culture for one
to two weeks. The purpose of this study is to examine the effect
of cross-cultural programs for the students through a
comprehensive survey.

Methods

Subjects: Participants who participated in the occupational
therapy international exchange program offered at universities
or centers located in the U.S.A., Japan, China, and/or Vietnam.

Instrumentation and experimental procedure: The survey,
consisting of four parts were sent to students who have
participated in the international exchange program [2].
Participants were to provide basic information regarding their
academic year, previous participation of the international
exchange program, duration of the program, language used, and
competence level of the languages used.

In the second part, students were to explain academic,
clinical, and cultural experiences in detail. Questions regarding
academic components included possible opportunities of
meeting with professors and/or students, when it took place,
possibility of auditing a class, and overall feedback on the
experience. For the clinical components, students were asked
to specifically describe the experience of site visits and possible
interactions they had with the occupational therapists. In
clinical components, students were to describe confronting
cultural differences, how they overcame the differences, and
application of cultural differences to the field of occupational
therapy [3]. Students were asked to weigh the proportions of
academic, clinical, and cultural components to reflect the
components of their exchange program.

Questionnaires on cost-effectiveness were dealt in the third
part. Students were to disclose approximate funding received to
participate in the exchange program as well as the proportion
of the funding in relation to the overall financial expenditure.
The degree of the burden on personal expense throughout the
whole span of the program was rated from one (maximum
burden) to 5 (minimal burden). In addition, possible advantages
students may have felt compared to financial expenditure was
also rated in a 5-point Likert scale.

For the last part, students were expected to rate each
component in a 5-point scale regarding changes in certain
aspects of professional qualifications before and after
participation in the program [5]. Questionnaires ranged from
assurance and satisfaction with studying in the field of
occupational therapy to six professional qualities, such as
autonomy, creativity, problem solving, cultural sensitivity,
competence, and collaboration.

Results

According to the data collected, most of the programs were
in English regardless of where the program took place. The
level of English proficiency did not have direct effect to the
quality of the program, although some students anticipated
higher English proficiency to contribute to richer experiences.
All of the students were able to experience academic, clinical,
and cultural components in the program. The ratio of the
components varied with the programs which reflected the focus
of each program. The questionnaires on cost-effectiveness
revealed a high degree of burden on personal expense for many
students. However, despite the burden, most recognized the
advantages of the exchange program. For the last part, of the
six professional qualities, most of the students had the highest
positive change in autonomy, cultural sensitivity, and
collaboration, which is distinctive of exchange programs [8].

Discussion

The data provided an exhaustive information on how the four
exchange programs panned out. Descriptive statistics were used
to analyze the change in the factors. According to how the
program distributed the academic, clinical, and cultural
experiences, the degree of change in personal and professional
growth were observed [9].

Conclusions

Since the exchange programs guide students to build
interpersonal and intrapersonal skills, necessary to endeavor in
professional health care settings, it is essential to understand the
details and expand the beneficial components [7].
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1. Introduction

Recently, rehabilitation therapies for stroke survivor with
sensory loss have been developed, e.g. transcranial direct
current stimulation [1]. Previous study using a questionnaire to
the occupational and physical therapists showed that an
intervention to stroke survivor with sensory loss was often
based on therapist’s experience [2]. There is a gap between the
scientific evidence and the actual conditions in clinical setting.
It is difficult for therapist to prepare the instruments within
limited time and expense in the clinical setting. There is a need
for development of a simpler evidence-based method that can
be applied in clinical settings.

The effectiveness of motor imagery on the rehabilitation for
motor impairment has been clarified by both basic and clinical
research [3]. In the sensory processing, the performing the
sensory imagery task activated the somatosensory related areas
[4]. Now, application of somatosensory imagery task is
discussing now [5]. Somatosensory imagery task is to image a
tactile sense without actual sensory stimulation, e.g. imagine
rubbing your wrist with a brush. Somatosensory imagery task is
not the image of moving brush, but the image of the sense that
rubbed by the brush. Understanding the brain foundation of
sensory imagery is important to clarify the brain nerve changes
by rehabilitation with sensory imagery. These understanding
can lead to find the effective interventions to sensory loss
patients. The foundation of the brain activity during sensory
imagery is not well understood at this moment. Therefore, the
purpose of this study is to clarify the functional connectivity
between primary and secondary somatosensory area during
performing the somatosensory imagery task.

2. Methodology
2.1 Subjects

Thirteen healthy volunteers (age range 20-23years, 4 males)
participated in the present study. All participants gave informed
consents about the purpose of this study before experiment.
The study was approved by the Ethical Committee of Nagoya
University, school of Health Science.

2.2 MEG recording

The brain neuromagnetic responses were recorded by whole-
head magnetoencephalography (MEG) with 160-ch (PQ1160C,
Yokogawa Electric Corporation) in magnetically shielded room.
All participants were instructed to lie on the bed in supine
position with their head inside the whole-head MEG system and
not to move their own bodies and less blink during recording.
Before the MEG recording, participant’s head shape was
measured by 3D digitizer with five coils attached to the
subject’s forehead and both ears for making subject’s
reorganized anatomical data from default template. At the
beginning of each recording, subject’s head position was
measured. At the same time, two electrodes for measuring each
eye movement and electrocardiographic artefacts were attached
in the vicinity of the right eye and two in the both sides lower
clavicle.

2.3 Experimental conditions

This study constructed by three experimental conditions.
First, we made two different movies; one was the movie
brushing one’s right hand thenar (brushing movie) (BRUSH),
the other was not brushing (non-brushing movie) (NONbrush)
(Fig. 1). They were the first-person viewpoint movies. Both
movies consisted of the same components, i.e. right hand thenar
and moving brush. The difference between both movies were
whether there is stimulation by the brush or not. Participants
watched each movie for 60 seconds during the MEG recoding.
Additionally, during watching the brushing movie, participants
performed the somatosensory imagery task which was just to
image a sense evoked by brushing their right hand thenar
without actual stimulation (“Image” condition). All participants
practiced the somatosensory imagery task before the
measurement. During recordings, participants were requested
to concentrate on the task, not to think anything. The order of
conditions was counterbalanced among individual and sessions.
Participants performed each trial with short time interval for the
rest. The instructions about each condition were informed to
participant from the outside of the magnetically shielded room
via the speaker microphone. -Participants watched movies
projected from outside the magnetically shielded MEG room on
a translucent screen.

Fig. 1. Two different Movies used in experiments.

The left image is a part of the “brushing movie”. The right
image is a part of the “non-brushing movie”. Non-brushing
means moving the upwards brush not hitting to the hand. The
rubbing frequency was about two strokes per second in both
movies. Both movies have same components i.e. the hand not
moving, moving brush, same rubbing frequency. The only
difference between “brushing movie” and “non-brushing
movie” is whether there is stimulation by the brush or not.

2.4 Data analysis

Eleven clear MEG data were analyzed using the
“Brainstorm” software. Excluded data was due to drowsiness
during measurements. Coherence value was calculated as an
index for functional connectivity between somatosensory
regions. The coherence value is a measure of the degree of
relationship between two signals. It’s represented by a number
of 0 to 1, zero mean there is no correlation and closer to 1
indicates a correlation. .In preparation for calculating coherence
value by brainstorm, the artifacts (electrooculogram: EOG,
electrocardiogram: ECG) rejection were applied to measured
data. From the participant’s anatomical head information
measured by 3D digitizer, individual structural template was
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created. The channel data collected from MEG recording
projected on the individual structural template to make source
data. Coherence value was calculated from source data. We set
the region of interest (ROI) on the left primary somatosensory
area (Sl), left secondary somatosensory area (cSll), and right
SII (iS1l). Coherence value calculated between Sl - cSll, Sl -
iS1l and analysis each frequency band; alpha (8-12Hz), low beta
(13-21Hz), high beta (22-30Hz), low gamma (31-42Hz) and
high gamma (43-60Hz).

2.5 Statistical analysis

One outlier data was excluded and statistical processing was
performed with ten participants’ data. One-way repeated
measurements analysis of variance (ANOVA), with Bonferroni
test were employed for statistical analysis. P value set to less
than 0.05.

3. Results

There were significant differences in the beta frequency band
between NONbrush and Image conditions. The averaged
coherence value in Image condition was significantly lower
than that in NONbrush (Fig. 2). There was no significant
difference in alpha and gamma frequency band nor that in SI-
iSIl.

low B high B
0.07 * 0.07 *
0.06 ) ) I 0.06 l |
) I g
© 005 0.05
2
5004 0.04
_
Lo03 0.03
o
O p.o2 0.02
0.01 0.01
0 0
NOM BRUSH Image NON BRUSH Image
brush brush

Fig. 2. The averaged coherence value in three conditions
between Sl and ¢Sl at the beta frequency band.

This figure shows the averaged coherence and SD in each
condition. There were significant differences between
NONbrush and Image conditions, respectively. The averaged
coherence value in Image was lower than that in NONbrush.
(*k:p<0.05).

4. Discussion

The coherence in beta frequency band between Sl and cSlI
was decreased in Image condition compared to NONbrush.

First, I discuss about the significant difference between

NONDbrush and Image conditions. There are two differences in
components between these conditions. Image condition has
components of brushing and somatosensory image, but
NONbrush condition does not have. | considered that these
differences have influenced on the coherence value between SI
and cSll. The somatosensory imagery task activates
somatosensory area (SI, SlI) [4]. Similarly, watching the movie
in which the somatosensory stimulation is presented enhances
the activity of the somatosensory area [6]. Both of those two
components could drive the somatosensory information
processing, which is similar to processing for actual stimulation.
This somatosensory processing has influenced on the functional
connectivity among somatosensory areas. On the other hand,
there is no significant difference between NONbrush and
BRUSH, BRUSH and Image conditions. | thought that

watching the somatosensory stimulation alone or somatosensory
imagery task execution alone cannot induce the significant
activation in somatosensory area.

The coherence in only beta frequency band showed
significant change. While information processing in the
somatosensory cortex is performing, the activity in the sensory-
motor field (SI and primary motor cortex) declines in the 10 to
20 Hz band including the beta band [7]. Image condition task
needs somatosensory information processing. Thus, only in beta
frequency band, there is significant difference.

The coherence value decreased in the Image condition.
As described above, the local oscillation attenuation
phenomenon occurs in the Sl during sensory information
processing. It is considered that the coherence value decreased
in Image condition. These local oscillation attenuations are
thought to promote necessary information processing in the
somatosensory area, and these phenomena are caused by
watching movie and performing the somatosensory imagery
task. It should be noted here that the coherence value does not
indicate a degree of significant activity.

4. Conclusion

In the present study, we revealed the changes of
functional connectivity between somatosensory related areas by
watching video of somatosensory stimulus and somatosensory
imagery task. This study provides basic knowledge in
considering the intervention to sensory disorder by
somatosensory imagery task.
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Introduction

Along with the rapid increase of the elderly population,
the population of dementia is also increasing [1].
According to the data provided by the national institude of
dementia, as of May 2017, the number of elderly people
aged 65 or older in Korea is about 7.1 million, among
which the prevalence of dementia patients is about 10.2%,
Mild Cognitive Impairment (MCI) Patient prevalence was
about 28%[2]. The prevalence rate of mild cognitive
impairment by age group was about 21% in the aged
between 65 and 74, about 36% in the elderly between 75
and 84 years old, and about 39% in the elderly over 85
years age group. Therefore, it can be confirmed that the
mild cognitive impairment prevalence increases with age.
It is known that mild cognitive impairment is a normal
stage of cognitive function except memory. However, it is
known that about 10 to 15% of mild cognitive impairment
patients are transitioned to Alzheimer's dementia every
year[3], so management to slow the progression to
dementia is necessary. Along with the aging of the
population, various studies have been actively conducted
on dementia, which has become one of the major health
problems of Korean society today. However, a systematic
review of the effects of cognitive rehabilitation on patients
with early dementia and mild cognitive impairment has not
yet been conducted. Therefore, this study aims to
contribute to the effective intervention by analyzing the
characteristics and effectiveness of cognitive rehabilitation
intervention provided for patients with early dementia and
mild cognitive impairment. We will also provide basic data
for developing more effective interventions.

The purpose of this study is to analyze the effects of
cognitive rehabilitation treatment on the cognitive function
of patients with early dementia and mild cognitive
impairment in community by analyzing and synthesizing
previous studies with scientific and objective methodology
using systematic review techniques. We also compared the
characteristics and outcomes of various approaches to
improve cognitive function in patients with early dementia
and mild cognitive impairment.

Materials and methods

The literature search of this study uses NSDL, RISS,
KISS, Pubmed, Embase database. The scope of the thesis
was from January 2007 to December 2016. The English
search term was ‘community based program' or 'home
based program' and ‘early dementia' or 'mild cognitive
impairment' and ‘cognitive rehabilitation' or ‘cognitive
therapy'. And Korean search term was also the same. The
selection criteria for the study were as follows: a study of
patients with early dementia or mild cognitive impairment,
a study in which intervention was provided in the form of
community or institutional visits, a study that provided a
non-pharmacological approach as a primary intervention,
and involving cognitive function as a dependent variable,

study to acquire full-text, and study of adult subjects. We
excluded gray literature, dissertation, articles written in
languages other than Korean or English, and qualitative
research. After collecting five database search results to
select the articles to be analyzed, duplicate materials and
articles written in languages other than Korean and English
were excluded from the study title review. Secondly, we
excluded studies that were green only through the abstract
review or did not meet the selection criteria. Next, a total
of 12 papers were selected for the final analysis, except for
the research, the degree research, and the gray literature
which did not meet the selection criteria or could not
acquire the specialization through the text review. It
consists of 5 articles written in Korean and 7 articles
written in English. The process of deriving the articles to
be analyzed is shown in the following figurel.

{Search results by database: total 5,885 articdes>
» NDSL @ 1.234 articles

+RISS : 1186 artides
+KISS 112 articles

+ Pubmed : 1482 artides

» Embaze : 1,871 arhides

<First exclusion work through subject inspection>
« Records after duplicates removed

« Studes written in foreign languages except English
+ Research that does not meet selection criteria

————— 5,759 artides exduded

¢{sacond exclumon work through abstract examunation>
« Abztract ressarch only
+ Ressarch that does not meet sslection criteria

4| 103articles excuded

{Third exclumon work through man text inspechion’
+Research that can not acquire Full-text

» Gray literature
» dissertation

+» Research that does not meet selection criteria

o

FDawe studies that meet ncusion criteria : 12 articles(5 domestic articles, ?—‘
foreign articles)

figure 1. process of deriving the artides

lartides exduded |

The analysis of this study was based on simple descriptive
statistics, and the frequencies and percentages of the
subjects were divided into the subjects, the intervention
methods, and the evaluation tools used. The qualitative
level of the research was also based on the evidence-based
5-step taxonomy developed by Arbesman, Scheer and
Lieberman (2008)[4].

Results

As a result of analyzing the qualitative level of the 12
domestic and foreign experimental papers, the highest level
of the T stage randomized clinical trial design papers was
6, 50.0% of the total. The subjects were diagnosed as mild
cognitive impairment, early dementia, and early
Alzheimer's disease. The average age of participants was
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between 70 and 75 years. The mean age of the
experimental groups participating in the 12 papers was
70.3 + 4.85, and the mean age of the control group was
69.2 + 3.3.82. The male and female ratio was the highest in
male and female sex ratio. The common cognitive level of
the subjects was less than 1 CDR and MMSE 15 points or
more. The types of intervention are laughter therapy with
cognitive enhancement program, cognitive occupational
therapy, cognitive therapy, cognitive intervention program,
neuropsychological training, cognitive rehabilitation
program, computerized cognitive training, animal
mediation activities, external memory training, memory
training, and task-oriented training programs, and provided
interventions that incorporate a variety of factors that affect
cognitive functioning in most interventions. In order to
investigate the effect of the intervention, the result
measurement area was classified into the recognition area
and the non - recognition area. In the cognitive domain, the
area with the highest frequency was the overall cognitive
function (37.2%). On the other hand in the non - cognitive
domain, the highest frequency was in the area of daily
living ability (25.0%). In the case of cognitive function, 9
of 12 studies showed significant improvement in the
experimental group after intervention compared to before
intervention. And there were also the 9 out of 12 papers
with significant results in non cognitive function.

Discussion

This study is meaningful in that it compared and analyzed
the effects and characteristics of various intervention
methods by systematically examining existing studies on
cognitive rehabilitation treatment for patients with early
dementia and mild cognitive impairment. However, in
setting the scope of the literature review, only studies on
early dementia and mild cognitive impairment residing in
the community were extracted. Therefore, studies on
subjects living in hospitals and nursing homes were
excluded, There is a limitation that it can not deal with kind
and object. Since most of the studies that reported on the
improvement of cognitive function were small group
studies, a larger sample group should be studied for the
generalization of treatment effects in the future.

Conclusion

The purpose of this study was to investigate the effects of
cognitive rehabilitation treatment on the improvement of
cognitive function in patients with early onset dementia
and mild cognitive impairment in community and to
compare the characteristics and results of various cognitive
rehabilitation intervention methods. To do this, we
analyzed 12 domestic and international studies through a
systematic review study method and found the following
results. In order to increase the accessibility of cognitive
therapy interventions that have proven effective in patients
with early dementia and mild cognitive impairment, it is
necessary to establish and reorganize institutional devices
for quantitative expansion of service provision and quality
fidelity.
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Introduction

3D printing technology is a processing technology to
produce the information obtained from 3D scanning / modeling
by the lamination method. Recently, many interest and research
activities have been actively performed due to the innovation
of the manufacturing industry. 3D printing technology is
applied to various industrial fields such as aviation, automobile,
ship, medical and so on. Especially in medical field, it is used
for manufacturing personalized organ, denture, prosthetic leg,
orthotic support. With the advent of 3D printers, the
manufacturing method is gradually changing. Especially, it is
possible to manufacture a patient-customized splint by using a
small gquantity production system of various kinds.

The splint is applied to patients with permanent impairment
or temporary impairment of function due to illness or accident,
which gives stability to the function of the joints and their
surrounding muscles. The design and manufacturing services
of the customized splint are very important and essential, so
they have to be supplied in a timely manner. 3D printing is
expected to meet this demand.

3D modeling refers to the process of creating a mathematical
model that can be reproduced in the 3D space of the computer
graphics world. This modeling is stored in a form that the
computer can understand. Usually a 3D object is represented by
a 3D line, and it can have a similar feeling and texture to the
actual object through the rendering process. Generally, a 3D
model is created by constructing a line in space through a
construction on a 2D plane, connecting drawn lines and
arranging them in a space, and setting these lines as faces of a
polygon.

Radial nerve palsy is disturbed by musculoskeletal damage
and radial nerve compression causes wrist drop, making it
difficult to lift the wrist up. Carpal tunnel syndrome is the most
common cause of compression of the median nerve due to
thickened ligaments of the carpal tunnel. It causes pain and
sensory abnormality in the lower arm including the wrist,
paralysis, Symptoms may appear (Figure 1).

A cock-up splint is used to treat this. The wrist splint limits the
flexion of the wrist to provide rest and protects the wrist (Figure
2).

Therefore, the present study is to reduce the weight and
volume through 3D modeling and 3D printing technology,
lightweight wrist splint manufacturing practices utilizing and
solving the hygiene and cleanliness issues. In addition, we will
examine the possibility of using the leading technology of the
4th Industrial Revolution in clinical application.

N

Figure 1. Wrist injury (left: wrist drop, right:
carpal tunnel syndrome)

4

Figure 2. Wrist splint (Cock-up splint))

Methods

Subjects: This study was performed on a healthy male with
normal wrist joint at Y university. The age of the subject was
27 years old. Height was 172cm and weight was 62.8kg. The
palm width of the left upper limb was 8.5cm, the wrist
circumference was 15.5cm, the wrist and wrinkle were 16cm
below the proximal 2/3 of the lower arm and 24cm below the
arm.

Research process: Cock-up splint was designed after the left
upper limb of the subject was fixed on the A3 paper and the
lower arm, wrist and hand were drawn along the shape with a
ballpoint pen. The design of the wrist splint designed on A3
paper was reversed by drawing and 3D design was done in
CAD software. For the basic A type and light weight, a B type
wrist splint with a polygon pattern was designed in 3D. The
wrist splint was designed to have dimensions of 144mm (width)
* 200mm (height) and 2mm (thickness) (Figure 3).

Figure 3. 3D model (left: A type, right: B type)

Research tools
1) CAD software
AutoCAD is a CAD solution developed by Auto desk company.
It is a design solution which is widely used in the world. It can
realize design ideas in 2D and 3D, as well as realizing the
concept of an innovative concept by visualizing and shaping
objects.
2) 3D printers
We used Cubicon's 3DP-310F (single plus) and made the Cock-
up splint layered by FDM.
3) Material

PLA (PolyLactic Acid) is an eco-friendly resin, a
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biodegradable resin made from the fermentation sugar of plants.

It is a material with a high degree of preference due to its low
toxicity. It has a low degree of shrinkage in ABS coarse
processing and a low incidence of residue. In addition, since
bubbles are not generated, the result of the product is
homogeneous.

Analysis method: The weight and area values of the B type wrist
orthosis with polygon pattern were obtained by using the
structural analysis function provided by AutoCAD, and the
output time was confirmed by the 3D printer in terms of the
output completion time.

Research result
The two types of wrist aids were compared in terms of
production time, material savings due to light weight, and

ventilation due to decrease in the outer area of the splint (Figure.

4).

Figure 4. Wrist splint(Cock-up splint)

It was confirmed that B type increased by about 30 minutes
in case of production time, and B type was lightened by 17.09g,
which resulted in a material saving of about 39.7% and an area
reduction of 50796 mm2. (Table 1).

Table 1. Comparison of wrist splint

Time Weight Area

(hour : min) (9) (mm2)
A type 02:16 43.03 114587
B type 02:47 25.94 63791

Discussion

The purpose of this study is to provide a basic basis for
clinical use of 3D prototyping by using 3D modeling and 3D
printing. As a result, the wrist splint with a polygon pattern has
a longer production time than the basic wrist splint but the
weight, material and area are reduced. This improves the
convenience of use, secures materials and ventilation, And skin
damage can be prevented. Therefore, if the performance of the

3D printer improves, it is expected that the lightweight splint
will be produced quickly by replacing the existing
manufacturing method. In addition, since most of the
production time occurs during the 3D printing output process,
the therapist can spend less time on production. If the 3D printer
manufacturing process is applied clinically, the satisfaction of
the therapist and the patient will be increased, which is expected
to bring great benefits.

Conclusion

The purpose of this study was to develop a lightweight wrist
splint by using 3D modeling and 3D printing for a healthy male
with normal wrist joints and to propose a new method for
comparison with existing wrist splint. The results of the
lightweight wrist splint using 3D modeling and 3D printing are
as follows. At the production time, the lightweight wrist brace
took about 30 minutes, but the weight and area were reduced
compared to the existing wrist aids, thus saving material and
breathability.

In the future study, it will be necessary to study the design
method suitable for the damaged characteristics by making the
lightweight wrist support for the patients with damaged wrist
joints.
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Introduction

Scintillation detector is one of the most widely used detector
for the radiation detection in the fields of nuclear physics, space
and medical applications. Scintillation detector is composed of
scintillation crystals and photon detector such as
photomultiplier tube(PMT), avalanche photodiodes (APD), and
silicon photomultiplier(SiPM:MPPC). Comparing to other
scintillation detector, SiPM scintillation detector has a good
performance due to relatively low operating voltages, wide
dynamic range, good energy resolution and compact structure.
In addition, selective counting of a specified energy photon is
possible by measuring and analyzing X-ray energy spectrum.
Energy selective x-ray imaging can improve the signal-to-noise
ratio (SNR), the image contrast compared to conventional
detector systems and can distinguish the composed material
using material decomposition.

In this study, a detector based on a scintillation crystal and a
SiPM has been developed and tested for energy selective x-ray
imaging.

Materials and methods

GATE simulation study: The number of X-ray photons
generated in the X-ray tube is excessive and scintillation
detector has a maximum count rate limit, which is characteristic
of the photon counting system. The count rate was measured to
confirm the feasibility of x-ray scintillation detector.

The Geant4 Application for Tomographic Emission (GATE)
code was used to simulate the x-ray detection system. Figure 1
shows the simulated x-ray system and water phantom. The
distance between the source and detector was 750 mm, and the
phantom was located in the center between the source and
detector. The x-ray source was 83 kVp, 1 mA, which was
filtered with 2.8 mmAIl filter. The collimator was composed of
50 mm thickness Pb (lead). The beam size of the collimator was
27 X 27 mm?, and the fan-beam angle was 1.1°. The water
phantom size was 200 X 200 X 200 mm?d. The x-ray
scintillation detector consisted of one module, and the module

consisted of a GAGG crystal that was 3 X 20 X 3 mm?® in GATE.
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Figure 1. Simulation geometry using GATE

DETECT simulation study: DETECT simulation was used
to measure transition of light distribution along the source
position in order to image using Anger logic.

GAGG (refractive index of 1.9) with a size of 3 X 20 X 3
mm?3 was modeled. The upper and side surface were treated
with a paint representing the surface painted with the diffuser

reflector material (reflective coefficient, RC 0.98). Crystal was
optically coupled to SiPM (ArrayJ-30035-64P, SensL) with
optical grease. Optical grease (BC-630, refractive index of
1.465) had same area as crystal and 0.1 mm thickness (Figure
2).

Upper surface : o
. Paint 0.98RC I: : Crystal (GAGG)
Source position . ’ ) . N
~ / : Optical grease

\\i 0.1 mm 3 mm (BC-630)
i :
~

N 20mm All Side surface :

Paint 0.98RC

Optical grease
Lower surface : DETECT

Figure 2. Simulation geometry using DETECT

The light photon had energy of 30 keV, which was mean
energy of 83 kVp x-ray). The position of generated light photon
was 5 point within 4 X 1 pixel and z-axis position had 0.1 mm
offset (Figure 3).
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Figure 3. The position of generated light photon

Experimental study: X-ray spectrum and image were
obtained using GAGG and SiPM based on the results of GATE
and DETECT simulations.

The x-ray source was 83 kVp, 20 mA, which was filtered
with 0.8 mmAl inherent filter and 2.0 mmAl samarium k-edge
filter (40 keV k-edge). Scintillation detector was composed of
a GAGG crystal of 3 X 20 X 3 mm3and a SiPM (ArrayJ-30035-
64P, SensL). The SiPM was 8 X 8 array, whose pixel size was
3 X 3 mm? with a 27 X 27 mm?sensor area (Figure 4).
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Figure 4. Detector module design

The data acquisition system used for the experiments was
described in Figure 5. SiPM signals were amplified by a pre-
amplifier (AB4L-ARRAYJ64P-2X1-S Anger logic board, AiT)
and routed to an anger logic circuit generating four anger
signals. The amplifier, constant faction discriminator (CFD),
Gate & Delay module were used as NIM module. The signals
were acquired by a DAQ (PCI-6132, NI). The energy spectrum
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was extracted from the signals and image was obtained using
Anger logic (Figure 5).

Detector  Anger
module board [

Crystal Gate !
+ o CFD & ADC
SiPM Delay

Figure 5. Electronics scheme

NIM module

Results

GATE simulation study: The GATE simulation results
demonstrated that X-ray can be detected using scintillation
detector with water phantom since photon flux is sufficiently
reduced.
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Figure 6. GATE simulation result

(a) : Comparesion of the count rate with or without water
phantom

(b) : 83 kVp x-ray image using GATE simulation

DETECT simulation study: It is possible to image using
anger logic since the transition of light distribution along the
source position within the same pixel is observed.
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Figure 7. DETECT simulation result

Experimental study: In experimental result using GAGG
crystal and SiPM, 83 kVp x-ray spectrum with samarium filter
(k-edge filter(40 keV)) was obtained. Due to the K-edge, low-
energy and high-energy regions can be distinguished and each
energy peak was measured at 38 keV, 65 keV.
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Figure 8. Experimental result

(@) : 83 kVp x-ray spectrum using GAGG and samarium filter
(b) : 83 kVp x-ray image using GAGG and samarium filter

Discussion & Conclusion

The feasibility of x-ray scintillation detector using GAGG
crystal and SiPM was verified using GATE, DETECT
simulation and experimental study.

In additions, Material decomposition can be performed
through selective counting of low-energy and high-energy
photon using scintillation detector. In further study, we plan to
use the monolithic crystal with the same size as Sensl, SiPM
(27 X 27 mm2) for measuring spectrum and imaging.
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Introduction

Proton magnetic resonance spectroscopy (1H-MRS) is a
non-invasive technique that allows quantifying brain
metabolites. Our purpose is to measure experimentally basis-
set of brain metabolites using 1H-MRS and quantify in vivo 1H
spectrum in a mouse brain based on the basis-set.

Materials and methods

We made phantoms of 17 brain metabolites maintaining the
condition that were in the physiological pH (7.0 ~ 7.2) and low
temperature (0 ~ 4°).  All spectra of the phantoms were
acquired at 9.4 T MRI scanner (Agilent) using point resolved
spectroscopy (PRESS) sequence with following acquisition
parameters: repetition time (TR): 10000 ms, echo time (TE): 15
ms, the number of scans (NS): 128, volume of interest (VOI):
27 pL. The measured spectra of brain metabolites were used to
make the basis-set using LCModel. We used the basis-set to fit
in vivo 1H spectrum in a C57BL/6 mouse brain. We set the VOI
of 3.6 pL in hippocampus of the mouse brain. In vivo 1H
spectrum was also measured at same scanner using PRESS
sequence (TR: 6000 ms, TE: 15 ms, NS: 384).

Results

We experimentally measured basis-set of the 17 brain
metabolites and quantified 12 brain metabolites in
hippocampus of the mouse brain.

Figure 1. (a) T2-weighted axial image with the interest of
voxel (VOI, 3.6 uL) in hippocampus of mouse brain. (b) In
vivo 1H spectrum (black line) in mouse brain and the result
(red line) with LCModel analysis.

Table 1. Absolute concentration (Conc.) and Cramer Rao
lower bounds (CRLB) of the brain metabolites detected with
LCModel analysis.

Cr Gln Glu GPC GSH m-Ins
Conc. 9.086 5681 4373 0.984 2.324 2.961
CRLB 3% 10% 7% 6% 8% 8%
NAA PCho Tau Nane || creper || clurcin
Conc. 10.35 0,628 7.865 1035 9.086 10.054
CRLB 5% 119 3% 59 3% %

Conclusion

In this study, we attempted to make basis-set from phantom
spectra and then quantified in vivo 1H spectrum of brain
metabolites in a mouse. We determined the basis-set of the
brain metabolites. From these basis-set, we quantified 12 brain
metabolites in the mouse. In our future study, we could quantify
the change of the brain metabolites, which may result from the
brain disease, can be periodically monitored.
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1. Introduction
Intracranial aneurysm rupture rate is reported to be
0.95 % per year in Japan [, One out of three ruptured
aneurysm cases are found to be mortal while another
one third undergo severe secondary injuries. Therefore,
it is important to predict the rupture of aneurysms.
Hemodynamics in and around the aneurysm could
affect the rupture of intracranial aneurysms [,
Magnetic resonance fluid dynamics (MRFD) using
3D cine phase contrast (PC) MR has been researched
as a method to analyze hemodynamics Bl This MR
sequence is the technique utilized to image the motion
of proton, which provides blood flow velocity and
vessel information (Fig 1)
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Fig 1 Schema of 3D cine PC MR,
VENC, velocity encoding

Phase image and rephased image can be obtained from

3D cine PC MR. The pixel values of phase images
provide us the blood velocity components in the X, y, z
direction. By summing the three directional velocities,
three dimensional velocity can be calculated. Rephased
image is a kind of bright blood image in which signal
of artery is high.

In MRFD, phase image of 3D cine PC MR provide
blood velocity data while rephased images provide
vascular shape.

Thrombosis inside of giant aneurysm, which may be
natural or triggered by treatment, plays a vital role in
both diagnosis and treatment of intracranial aneurysms.
In MRFD, it is important to distinguish the thrombosis
and the aneurysm wall. However, it is difficult to
distinct aneurysm wall in existing MR imaging
because the signal intensity of thrombosis changes by
the T1 and T2 value reflecting the history of
thrombosis ™. This signal intensity fluctuation reduces
the accuracy of MRFD.

The phase image of 3D cine PC MR does not
depend on T1 and T2 value. Thus, we hypothesized
that the phase images could be utilized to distinguish
comparatively stationary thrombosed region and the
moving blood in the artery. The purpose of this study

was to investigate a method to detect arterial thrombosis
apart from artery using phase image of 3D cine PC MR.

2. Materials and Methods
This study was approved by the institutional review board
of Nagoya University Graduate School of Medicine.

2-1. Subject

We selected a patient who had been treated intracranial
aneurysm with flow diverter stent in Nagoya University
Hospital. In this case, post treatment thrombosis had been
identified and reported from cone beam CT.

2-2. MR Imaging

MR imaging was performed by a 3.0 T MR scanner (Verio,
Siemens, Germany) and 12-channel coil. (Head Matrix Coil,
Siemens, Germany). Imaging parameters of 3D cine PC
MR were as follows: slab orientation, transaxial; repetition
time (TR)/ echo time (TE), 31 ms /3.18 ms; matrix size,
160x160x30 (320x320x30 with zero-filled interpolation
processing [ZIP]); wvoxel size, 1.0x1.0x1.0 mm3,
(0.5x0.5x1.0 mm?® with ZIP); velocity encoding (VENC),
120 cm/s; number of phases, 24; acquisition time, 33 min
48 s.

2-3. Analysis Methods

The slices in which arterial thrombosis were well displayed
were selected from phase images in the direction of x, vy,
and z. Using image analysis software (Image J, National
institutes of Health, USA), the pixel values of phase images
were obtained from the slices over cardiac phases (Fig 2).

Fig 2 Selection of slice and cardiac phase from phase
images

The pixel values were loaded to Excel (Microsoft
Corporation, USA) corresponding the location of pixel to
cell of Excel. Then, velocity V (cm/s) in the each direction
could be expressed as

P
= — X —_
V= 5545 X VENC = VENC (1)

where P shows pixel value. Net velocity magnitude (NVM)
which was sum of each velocity components in the x, y, z
direction was calculated by the following equation;
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NVM, ;; = \/(Vx,k,ij)z + Vyrij)* + Vapij)? (2)

where k shows the cardiac phase (=1,2,---,n), i
shows the x coordinate of the NVM,, (= 1,2,:-+,320),
and j shows the y coordinate of the NVM, (=
1,2,-+,320). Time averaged velocity (TAV ;;) in each
pixels was calculated by the following equation;

r_1(NVM,) ;i
TDAUI k—l( k)l] (3)

n
Standard deviation of time averaged velocity
(SDTAV;;) was calculated by the following equation;

Z=1(NVMLJ - NVMk,ij)z
- O]

From the results of calculation, histograms were
created and TAV images and SDTAV images were
color-coded according to the threshold created from
the histograms. Distributions of calculated values of
thrombosis, arteries, and parenchyma were obtained.

3. Results
Fig 3 illustrates the results obtained for the analyzed
case.

Fig 3 Comparison among rephased image, TAV image
and SDTAV image

(a) Rephased image of 3D cine PC MR

(b) TAV image. TAV image range; blue cell<5cm/s,
5cm/s<white cell<20cm/s, 20cm/s<red cell

(c) SDTAV image. SDT AV image range; blue
cell<10cm/s, 10cm/s<white cell<70cm/s, 70cm/s<red
cell,

Rt, right; Lt, left; ICA, internal carotid artery; BA,
basilar artery

As shown in Fig 3b, arteries are detected. However,
structure of thrombosis is vague in the TAV image
because analyzed values of the thrombosis were almost
equal to those of parenchyma. As shown in Fig 3c,
arterial thrombosis is distinct in TSDV image. The
analyzed values based on anatomical information

obtained by Fig 3 are shown in Tablel and 2.

Table 1 TAV values of thrombosis and surrounding tissue in
the selected slice

Artery (cm/s)

TAV Range Thrombosis Parenchyma
(ems)  RtIcA BA Ltica (ems)  (cmis)
TAV 0~70 >20 <5 <5

TAV, time averaged velocity; Rt, right; Lt left; ICA internal
carotid artery; BA, basilar artery

Table 2 SDTAV values of thrombosis and surrounding
tissue in the selected slice

SDTAVRange Artery (em/s)  Tprombosis Parenchyma
(cm/s) (cm/s) (cn/s)
RtICA BA LtICA
SDTAV 0~160 >70 <10 10~70

SDTAV; standard deviation of time averaged velocity; Rt,
right; Lt, left; ICA, internal carotid artery; BA, basilar
artery

4. Conclusions

In this case, arterial thrombosis, arteries and parenchyma
could be distinguished in SDTAV image. In the future, it
might be possible to increase the accuracy of MRFD for
partially thrombosed aneurysms by this method.
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Introduction

Treatment Planning System (TPS) is widely used to deliver
accurate dose to the patient and to anticipate the patient dose
distribution in advance. Since the quality of the treatment
affects the quality of patient’s life, it is important to accurately
evaluate the patient dose. Especially, accurate prediction of
the skin dose is required because of the incorrect skin dose
prediction in radiation therapy can occur the skin side effects
such as inflammation, necrosis, and desquamation (skin target
layer). According to the International Commission on
Radiological Protection (ICRP), the skin dose should be
measured at 50-100 um depth from the skin surface between
the epidermis and the dermis. However, the current TPS dose
calculation algorithm based on the patient CT images (more
than 600 um voxel size) cannot define the skin target (50 um
from the skin surface and 50 um thick). Recently, newly
computational human phantom was developed to accurately
evaluate the dose from the radiation to the human body
(polygon mesh and tetrahedral mesh based phantom). By
using these phantoms, it is possible to precisely define a thin
skin target layer and to accurately evaluate the skin dose at that
position.

The purpose of this study is to develop the accurate skin dose
evaluation technique by modeling very skin target layer on the
patient CT based tetrahedral mesh phantom.

Materials and methods

In this study, the Varian Clinac 2300 IX 6 MV linear
accelerator was modeled by using Geant4 Monte Carlo tool-
kits to simulate the treatment plan and to assess the patient skin
dose.

In-house developed algorithm was used to extract patient CT
data and to simulate treatment plan from the DICOM offered
by Seoul National University Hospital (SNUH). We
constructed the patient-specific phantom based on the
contouring data from the DICOM file. The patient CT, which
consists of voxels, was converted to polygon-mesh phantom
and the treatment plan was simulated with the phantom.

Through the patient CT images, the patient-CT-based polygon
mesh based computational phantom was modeled include the
thin skin layer, such as the epidermis, the basal layer and the
dermis.

Finally, the polygon mesh phantom was converted to
tetrahedral-mesh phantom for fast MC simulation.

Treatment plan of the patient who underwent brain cancer was
employed to evaluate the skin dose using patient-specific
phantom. In the treatment, 10 x 10 cm? 6 MV therapeutic beam
was delivered to the patient with the source-to-axis distance
(SAD) of 100 cm.

In this study, the skin dose was separately calculated for 50
um basal layer and for 2,000 um whole skin layer, respectively.
The dose distribution and the dose-volume histogram (DVH)
for the skin were obtained to evaluate the dose delivery to the
skin layer and the basal layer.

Skin layers

—_
-
-
-

Skin surface
e
Epidermis

Basal layer

50 um

——
100 um 2,000um et

Figure 1. CT image based patient specific phantom with a thin
skin layers.

Figure 2. 3-dimensional distribution of absorbed skin dose
(Left) and its transvers view wit Planning Tumor Volume
(Right).
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Results

Figure 3 shows the simulation of the treatment plan employed
in this study. The dose to each tetrahedral was calculated
separately and integrated for assessing the skin and organ dose.
Figure 2 indicates the 3D view of the dose distribution inside
the patient body. The PTV was illustrated with yellow solid on
the right in figure 2. Since sufficient dose was delivered to the
PTV, we regarded the dose distribution as reliable.

The skin dose has been evaluated by being averaged for the
whole skin volume in TPS. However, we suggest that the dose
be assessed in local area, which is indicated as beam path like
figure 4. So, we compared the DVHs of skin dose averaged by
local skin volume and whole skin volume as represented in
figure 4.

Figure 5 shows the local DVHs for the skin layer with 2,000
um thickness and 50 um thickness. These result shows that
there is significant difference between the dose to the basal
layer and the entire skin.

Discussion

The dose to the skin was assessed by using patient-specific
tetrahedral phantom in this study. In the figure 4, the DVH of
the local skin area showed significant dose difference compared
to that of the entire skin. The result infers that the skin dose
could be underestimated when it is averaged by the entire skin
volume. With this regard, we suggest that the skin dose should
be evaluated in local skin area.

The doses to the entire skin and the basal layer were compared
to evaluate the feasibility of the suggestion in this study. Figure
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5 shows that dose evaluated with 2,000 um voxels has notable
difference from the dose with 50 um. However, this study did
not consider the patient specific factors such as HU value and
the individual skin thickness. Since there are variations in those
factors, study on the consideration of these factors in the skin
dose calculation is required.

Figure 3. Tetrahedral mesh based patiet specific phatom
(Left) and dose calculation simulation of 3D-CRT process
(Right).
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Figure 4. Dose Volume Histogram (DVH) of whole skin and
local skin on the basal layer.
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Conclusion

We assessed the patient skin dose by using patient-specific
tetrahedral phantom and in-house developed algorithm. The
results showed that the skin dose should be evaluated more
exquisitely with volumes measuring smaller than 50 um, which
the TPS algorithm is not available. Since the factors such as HU
value of the CT image and the individual skin thickness were
not considered in this study, study on the consideration of these
factors in skin dose calculation will be carried out in the future.
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Introduction

In conventional radiography, image contrast often suffers
from radiation scatter, which decreases the quantitative
usefulness of radiographic images. Many scatter suppression
methods have been proposed in attempt to overcome these
difficulties, most of which are based on hardware means of
scatter rejection (e.g., antiscatter grid and air-gap techniques)
and software means of scatter correction [1,2]. Several scatter
estimation methods by measurement (e.g., beam-stop
measurement behind the object of interest to characterize the
scatter kernel), mathematical and physical modelling (as
analytical and Monte-Carlo models), or combination of both
have extensively been investigated in the literature [3-5].
Convolution-based methods by incorporating a thickness-
dependent scatter kernel are typically one such algorithm of
scatter correction [6,7]. Nevertheless, those methods demand
extra work to measure the scatter components and their
experimental validation has not yet been done. In this work,
we propose a new software algorithm for the scatter correction
using a single projection which directly estimates the scatter
intensity using the weighted I*-norm based contextual
regularization framework. We implemented the proposed
algorithm and performed an experiment to demonstrate its
viability.

Materials and Methods
In radiography, the intensity obseved at a detector pixel at
(%), 1(x.y), is simply described by Egs. (1) and (2):

1Y) =1,(%y)+S(x.y), )
S(x,y) =1,(%y) ® sPSF(x,Y), @)

where Ip is the primary, S is the scatter component, SPSF is the

scatter point-spread function, and the operator ® represents
two-dimensional (2D) convolution. Thus the primary image
can be recovered by simply subtracting the scatter component
from the observed image, if the scatter image is properly
estimated. In this study, we propose a new software scheme of
scatter correction from a single projection based on a Eq. (1).
However, the proposed scheme has difficulty to derive a
scatter-corrrected image from the single projection, which is
highly underconstrained. Tarel et al. proposed an effective
constraint imposed on S, considering the heuristic
characteristic of scattering signal that it is spatially diffused in
radiography and should be smooth except the edges of the
object structure [8]. Optimal scatter component, S*, can be
normally found by minimizing the following objective
function, f(s®), with the weighted I*-norm based contextual
regularization framework [9], described as in Eq. (3):

s™ = arg min f(S(k))W = exp(— el J (3)

sew 2°

f (s(k))=§Hs(” M| +[w e s(k)]
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Figure 1. Simplified flowchart of the proposed scatter-correction
algorithm in conventional radiography.

where w is the set of feasible S®, 1 is the regularization
parameter for balancing the two terms, D is the differential
operator, o represents the elementwise multiplication operator,
W is the weighting function which is related to the squared
difference between the two neighboring pixels of the median-
filtered image M(x,y), and o is a prescribed parameter. The
optimization problem described in Eq. (3) can be solved
efficiently by using the alternating-direction method of
multipliers (ADMM) [10].

Figure 1 shows the simplified flowchart of the proposed
algorithm. In brief, as illustrated in Fig. 1, an observed image is
acquired from the x-ray imaging system and the corresponding
constraint map M(x,y) is determined by using the median of
median filtering method which was proposed by Tarel et al. And
then, using the predetermined weighting function W and M, f(s®)
is calculated by the optimization strategy for the next updated
scatter component. Finally, the optimal scatter component S” is
computed and then directly subtracted from the observed image
to recover a scatter-corrected image.

Based upon the above descriptions, we implemented the
proposed software scheme of scatter correction by using the
MATLAB™ (ver. 8.3) programming language and performed an
experiment. Figure 2 shows (a) an anthropomorphic chest
phantom (No. 602, CIRS) and (b) an acrylic step phantom
(thicknesses: 8-14 cm) used in the experiment. The radiography
system (VIDIX-U, JW Medical Corp.) used in the experiment
consists of an amorphous selenium (a-Se) flat-panel detector
(dimension: 2560 x 2560, pixel size: 168 um) and an x-ray tube
of 100 kVp and 320 mA. X-ray images were also acquired with
an antiscatter grid (strip density: 200 lines/inch) for comparison
of the image performance.

Results

Figure 3 shows complete sets of the observed images without
and with grid, the scatter image (estimated), and the scatter-
corrected image of the anthropomorphic chest phantom. Figure 4
shows the enlarged images indicated by the box A in Fig. 3.
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(a) (b)
Figure 2. (a) An anthropomorphic chest phantom and (b) an
acrylic step phantom used in the experiment.

Figure 5 shows complete sets of the observed images
without and with grid, the scatter image (estimated), and the
scatter-corrected image of the acrylic step phantom having
thicknesses of 8, 10, 12, and 14 cm. Note that all of the images
were negatively converted.

Figure 6 shows the intensity profiles measured along the
line segments of ‘ag indicated in Fig. 5 for the observed
images without and with grid and the scatter-corrected image
of the acrylic step phantom. The exposure dose was about 112
uGy for the observed image (without grid), about 48.7
percentage decrease rather than that for the scatter-rejection
image using the grid; its dose was about 230 pGy.

jected. image (with grid) Tl

Figure 3. Complete sets of the performed experiment study
using the anthropomorphic chest phantom.

Observed image (without grid) FERY] | Scatter-rejected image (with grid)

Secattering image (estimeated) Seatter-corrected image |8

Figure 4. The enlarged images indicated by the red box A in
Fig. 3.

Flx,3)= 1lx,3)=5"(x.)

Figure 5. Complete sets of the experiment study for the
quantitative evaluation of the scatter correction using the acrylic
step phantom.
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Figure 6. Intensity profiles measured along the line segments
‘AB indicated in Fig. 5

Discussion

As indicated in Figs. 3 and 4, the structure of the chest
phantom is more clearly visible in the scatter-corrected image
than in both the observed images without and even with grid.
According to Fig. 6, the intensity profile of the scatter-corrected
image follows the exact profile more closely than that of the
scatter-corrupted image, which demonstrates the viability of the
proposed software scheme for scatter correction in radiography.

Conclusions

We propose a new software scheme of scatter correction
based on a simple radiographic scattering model in which the
intensity of x-ray scatter is directly estimated from a single
projection using the weighted I*-norm based contextual
regularization framework. We implemented the proposed
software scheme and performed an experiment to demonstrate its
viability. According to our results, the proposed software scheme
seems very promising for scatter correction in radiography. The
structure of the examined object was much more clearly visible
in the scatter-corrected image than in both the observed images
without and with grid.
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Introduction

We have previously reported that the luminescence
imaging of water using a cooled charged-couple device
(CCD) camera with the irradiated energies of proton beam
below the Cerenkov light threshold (Fig.1(A)). The
luminescence imaging was effective method for range
estimation in proton therapy [1]. In comparison with depth
dose profile measured by an ionization chamber, a height of
the Bragg peak of the luminescence imaging was smaller
than that of the ionization chamber and there was an offset
region beyond the Bragg peak (Fig.1 (B)). This phenomenon
was probably caused by optical artifacts. The possible
aretifacts are 1) parallax errors of the CCD camera, 2)
reflected luminescence by a water phantom’s wall and 3)
scattered luminescence in water.

The purpose of this study was to estimate the levels of
these artifacts affecting on the luminescence image of water.
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(A) (B)
Fig.1 Luminescence image of water during proton beam
irradiations for 100 MeV-energy (A), and comparison of
depth profile of Iluminescence image and depth-dose
distribution measured by ionization chamber (B).

Materials and Methods

The measurement was performed at the spot scanning room
of the Nagoya Proton Therapy Center. Fig.2 shows the
experimental setup for the luminescence imaging during
proton-beam irradiations. A phantom of transparent container
was filled with tap-water up to 2 cm from the top of the
phantom. The water phantom was placed on a couch in the
spot scanning treatment room (Hitachi, Japan). The CCD
camera (BITRAN BS-40L, Japan) operating at 3°C with C-
mount F-1.4 lens (Computar, Japan) was set ~ 40 cm from
the phantom surface. Then, we measured the luminescence
image during proton-beam irradiation using the CCD camera
for three minutes. We also measured an optical photo of the
phantom and a blank image (image without irradiating proton
beam). The former was used to measure the absolute size of
the phantom, while the latter was used to correct the
background offset and the non-uniformity of the CCD
camera for the measurement.

The measured images were analyzed using public domain
software (ImageJ). The depth profiles of the luminescence
image were measured by setting a profile with 30 pixels on
the luminescence part of water.

(1) Parallax errors

To evaluate the effect of the parallax errors, we measured
the luminescence images for the difference positions of the
optical axis of the CCD camera by using a lab jack. (Fig.2).

The lab jack was moved from the depth of the Bragg peak in beam
direction.

(2) Reflection of luminescence

In our previous study, a phantom of transparent container was
used to measure the luminescence image. However, the
luminescence images include the effect of the reflected
luminescence by the phantom’s wall. Therefore, we measured the
luminescence images using a phantom with black painted wall and
evaluated the effect of the reflected luminescence.

(3) Scatter of luminescence in water

To remove the scattered luminescence in water, a profile of the
scattered luminescence was measured on the outside of the
luminescence part of water and subtracted from the luminescence
part.

Black curtain Proton beam

Cooled CCD camera ‘

ater phantom
I /yu

- -- Optical axis
— Labjack

CCD camera \. r -

Couch
Fig.2 Experimental setup for luminescence imaging of water
during proton-beam irradiations.

Laptop for operating

Results and Discussion

(1) Parallax errors

Fig. 3 shows the luminescence images when the position of the
optical axis matched to the depth of the water surface (A),
matched to the Bragg peak (B) and depth profiles derived from
these images (C) measured for the proton energy of 73 MeV.

(A)

(B)

H

~—A (Water surface)

B (Bragg peak) "‘
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¥

g

Depth (mm}
(©)
Fig.3 Luminescence images with position of optical axis matched
to depth of water surface (A), matched to Bragg peak (B) and
depth profiles derived from these images (C) measured for proton
energy of 73 MeV.
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Fig. 4 shows the maximum intensity (Bragg peak’s height)
of 73 MeV protons for the different distance from the optical
axis to the Bragg peak position. When the position of the
optical axis matched to the depth of the Bragg peak, the
maximum intensity in the images (Bragg peak’s height) was
the highest.

We found that the parallax errors reduced the height of the
Bragg peak. The accuracy of the luminescence in Bragg peak
was improved by matching the optical axis to the depth of the
Bragg peak.

120

Bragg peak
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Water surface A __,7\
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g

Distance of optical axis from depth of Bragg peak (mm)

Fig.4 Maximum intensity in the images (Bragg peak’s
height) of proton energy of 73 MeV for different distance
from optical axis to Bragg peak position.

(2) Reflection of luminescence

Comparisons of the depth profile with transparent phantom
and black painted phantom for the proton energy of 71 MeV,
100 MeV and 139 MeV are shown in Fig. 5(A), (B), and (C),
respectively. The effect of the reflected luminescence seemed
to be slightly contributed to depth profile.

By using the phantom with the black painted wall, the
heights of the depth profiles were slightly smaller than those
with the transparent phantom, especially obvious for that of
139 MeV protons as shown in Fig 5 (C).
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Fig.5 Comparisons of depth profile with transparent phantom
and black painted phantom for proton energy of 71 MeV (A),
100 MeV (B) and 139 MeV/(C).

(3) Scatter of luminescence in water
Fig.6 shows a position of the profile set to the luminescence
part of water (A) and that set to the scattered part (B) and

depth profiles derived from these images (C).

Fig. 6(D) shows a comparison of depth profiles for proton beam
of 100 MeV with and without the removal of the scattered
luminescence. After the removal of the scattered luminescence, the
Bragg peak’s height showed higher than that without the removal.

Relative value
=

Depth (mm) Depth (mm)

© (D)
Fig.6 Luminescence image and position of profile set to
luminescence part of water (A), that set to scattered part (B),
profiles derived from these two (C), comparison of depth profile
with and without removal of scattered luminescence (D).

As shown in Fig.7, in comparison with the ionization chamber,
the Bragg peak’s height of the luminescence approached to that of
the ionization chamber. However, the Bragg peak’s height of the
luminescence was still lower than that of the ionization chamber.
This phenomenon may caused by other mechanism not measured
by the ionization chamber.

L]

Removal of scatter

++=+lonization Chamber

Relative value

P DI DA DU . W TP
n 40 (] 80 100 b
Depth (mm)

Fig.7 Comparison of depth profile with removal of scattered
luminescence and that measured by ionization chamber.

Conclusion

In this study, we estimated the optical artifacts which affected on
the luminescence images of water. The parallax error and the
reflection of the luminescence affected on the height of the Bragg
peak and the shapes of depth profiles of the luminescence. By the
removal of the scattered luminescence, the Bragg peak’s height of
the depth profile almost approached to that measured by ionization
chamber.
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Introduction

The primary objective of radiation therapy is to deliver the
dose from ionizing radiation to the target while minimizing the
dose to the healthy tissue. In order to describe and predict with
high accuracy, it is important to correctly understand the
absolute dose of the radiation field and its effect on the target
volume. lonization chambers are widely used in radiotherapy
to measure the absorbed dose, however, the calibration between
ion pairs in chamber and absolute dose should be performed.
Secondary Standard Laboratory (SSDL) provides the
relationship between absolute dose and ion pairs respectively
measured by calorimeter and ionization chamber. However, it
is very hard to measure the absolute dose with user beam such
as LINAC and proton beam due to the limitation of calorimeter.
Because of above reason, SSDL provides the calibration data
with %Co beam, and users calculate the beam quality correction
factor with Monte Carlo (MC) method, or employ the beam
quality correction factor provided by TRS-398 and ICRU-78
protocol based on EGS-nrc MC code [1,2]. However, it is too
complex to use MC method for various ionization chamber and
machine-specific beam condition. Moreover, EGS-nrc can
transport only photon and electron.

The purpose of this study is to develop an automated MC
system for ionization chamber simulation using Geant4 MC
toolkit, and to evaluate beam quality factor for therapeutic
beam of passive scattering proton therapy machine installed at
National Cancer Center Korea (KNCC) with PTW-30013
Farmer-type ionization chamber.

Materials and methods

Farmer-type ionization chamber modeling in Geant4: It is a
huge burden to model ionization chamber of every
manufacturer, type, and use. In this study, the automatic system
for MC modeling of Farmer-type chamber was developed.

in this study, we use the parameters to model the PTW-30013
ionization chamber in Geant4 MC tool with the ionization
chamber modeling system. User can easily find the parameters
in TRS-398 or product sheet. PTW-30013 (PTW, Freiburg,
Germany) consisted of an air cavity, a graphite and PMMA
wall, aluminum stem, and electrode.

Perturbation factor calculation for MC commissioning: The
dose in an air cavity Dair is related to the absorbed dose to water
Dw by applying Spencer-Attix stopping power ratio [3] between
water and air Swair. However, perturbations caused by the finite
volume of the detector and its construction with atomic
composition and density should be considered. With the factors
of perturbation, the absorbed dose to water Dy is:

DW = Dair (pcelpwallpstempdispcav)sw,air (1)

where peel, Pwall, Pstem, Pdis, aNd Peav indicate the perturbation
factors of central electrode, wall, stem, displacement, and
cavity, respectively. To validate the MC system of the
ionization chamber simulation, the perturbation factors were
calculated with reference beam condition.

Phase space file of °Co beam provided by IAEA was
employed with reference condition recommended by TRS-398
[5]. Both of the MC simulations use variance reduction
techniques (VRT) of cross section enhancement (CSE) and

range rejection, Russian Roulette, intermediate phase-space
storage (IPSS) in EGS-nrc, and range rejection, particle
splitting in Geant4 to reduce calculation time [6].

D,

2
DaisPeavSw, == Dwall = ey ==
PaisPcavSw,air D, Pwait Ds Pstem

Figure 1. MC simulations for the calculation of perturbation
factors. The various perturbation factors are calculated by the
ratio of the dose in a water (1) and the cavity of ionization
chamber (2-5).

Figure 1 shows a schematic procedure for calculation of the
perturbation factors [4]. The ratio of the doses in the cavity (or
water volume) with a component of ionization chamber was
defined as a perturbation correction factor of the component.
Based on the perturbation factors calculated in the above
procedure, the overall perturbation factor pq is obtained by:

D,

Po = PwaliPcavPdisPcelPstem = D_ssw,air 2

The perturbation factors calculated by developed system were
compared with perturbation factors calculated by EGS-nrc and
recommendation of TRS-398.

Beam quality factor of therapeutic proton beam: The beam
quality correction factor is the ratio of the stopping power ratio
multiplying overall perturbation factors between user beam and
reference beam with the general assumption of (Wair)o=(Wair)qo.

D
- (pQSW,air)Q _ (D_;)Q (3)
i =
(stw,air)MCO (g—;)

60C0o

where Q is the therapeutic proton beam in this study, and the
(posw,air)saa, calculated in previous section was used. To

obtain therapeutic proton beam, the beam nozzle code
developed in previous study was employed [7]. The calculated
beam quality factors according to the residual range (R,..) at
the middle of spread-out Bragg peak (SOBP) representing
beam quality were compared with the recommendation of TRS-
398.
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Results and Discussion
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Figure 2. Perturbation factors about displacement, wall, central
electrode, and overall factor proposed by TRS-398 (black
square), calculated by EGS-nrc (red circle) and Geant4 (blue
triangle)

Figure 2 shows the perturbation factors recommended by TRS-
398 protocol, and calculated in this study with Geant4 and
EGS-nrc. The calculation time was 6,000 and 60 CPU-hours in
Geant4 with 2X10' and EGS-nrc with 2X10° particles,
respectively. Due to the VRT, the standard deviation of
perturbation calculated by Geant4 is more than the other
perturbation factors. However, the differences of perturbation
factors of three methods are negligible. This results reflected
the accuracy of the chamber modeling and MC simulations.
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1.04 4
o + _ -
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1.01 —— T T T T

Proton beam quality, Ryeg (9 cm'z)

Figure 3. Beam quality correction factor k, proposed by
TRS-398 (black square) and calculated by Geant4 (red circle)
according to the residual range at the middle of SOBP
representing proton beam quality.

Figure 3 shows the beam quality factors according to the
residual range R,.s at the middle of SOBP calculated by
Geant4 simulation, and proposed by TRS-398. The simulation
for calculation of beam quality factor took 30-400 CPU-hours
according to the beam quality index R,.s. The beam code can
generate therapeutic proton beam of 4.51-28.42 g/cm?. To
obtain the beam range below 4.51 g/cm?, PMMA range shifter
was employed, the R,.s is up to 10 g/cm?. The difference
between the two values is within 1 o, so that the validity of the
currently used k, values can be confirmed.

Conclusion
We developed an automated MC system for ionization
chamber simulation using Geant4 MC toolkit. In the MC

commissioning, the perturbation factors of PTW-30013
proposed by TRS-398 were well-matched with perturbation
factors calculated by EGS-nrc and Geant4 MC tool, and the
beam quality factor for therapeutic proton beam of KNCC also
identical. However, the calculation time of 10 times the EGS-
nrc is a limitation. The MC system developed in this study can
be used for cross-calibration of ionization chamber employed
in each instruments, moreover, validation of absolute dose in
SSDL is possible. In further study, VRT for the reduction of
calculation time would be applied, and the beam quality factors
for pencil beam scanning with parallel-plate type chamber will
be evaluated.
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Introduction

Breast cancer is one of the most prevalent cancer in women
worldwide. The early detection of breast cancer can increase
the survival rates. Breast PET image is widely used for clinical
research because it can be non-invasively quantify biological
processes at the molecular levels. But the conventional PET has
weakness for detecting a small lesion due to limited spatial
resolution and sensitivity. We designed a new breast-dedicated
PET system with a transformable gantry which can be fitted to
individual breast shape.

Materials and methods

Detector modules: The detector module consisted of 24 x 12
array of LSO crystals with a pixel size of 2 x 2 x 10 mm?3. The
scanner was composed of 4 rings and each ring was arranged in
polygonal shapes. The ring shape can be transformed from 12-
square to 10-square, 9-square, 8-square and 6-square shapes
with a radius of 9.95 cm, 8.35 cm, 7.55 cm, 6.75 cm and 5.15
cm, respectively.

Figure 1. Three type of gantry designs: (a) Conventional
gantry: cylindrical shape gantry, (b) Design 1: 12, 10, 9 and 6
modules per ring, (c) Design 2: 12, 10, 9 and 8 modules per
ring

Source information: In order to evaluate the effect of gantry
size on the system sensitivity, total coincidence count rates
were simulated with 5 MBq Na-22 source by GATE code. The
gamma source was located at axial offset + 1.2, 2.4, 3.6 and 0
cm, respectively and at radial offset £ 0.1cm, 0.2 and 0 cm,
respectively.

Design of simulation phantom: The derenzo phantom was
designed for profile analysis. Figure 1 illustrated the diameter
of derenzo phantom. Each hot rod had 100 kBqg Na-22 source.

It was located at axial offset + 1.2cm, + 2.4 cm and + 3.6 cm.

2.5mm
1.0mm

2.0mm

= 1.25mm

L5mm
b r—

Diameter: 60mm

Figure 2. Diameter of derenzo phantom and hot rods. A
height of phantom was 0.5 mm.

Personalized gantry system concept: Figure 4 illustrates how
the gantry shape can be transformed. When the center module
moves backward, other modules move frontward. The 12
modules per ring can be reduced to 10, 9, 8 and 6 modules per
ring.

Performance of sensitivity: Sensitivity was measured by
axial and radial location of the source and energy window was

set by 450 keV to 650 keV. Also, 1D profile data was measured
in 1.25 mm diameter hot rod.

Results

There were sensitivity differences following source location.
At the center of axial position, sensitivity of design 1 gantry
was reduced. Excluding center position, a sensitivity of new
gantry design was higher than conventional gantry. Figure 3
illustrated performance of sensitivity.
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Figure 3. Sensitivity as a function of axial and radial position,
energy window: 450-650 keV.
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The results of profile analysis were similar with sensitivity
measurements. New gantry designs have a higher count rates
than the conventional gantry excluding center position.
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Figure 4. Plots of profiles for 1.25 mm diameter hot rod.

(¢) Derenzo phantom profiles :
Z-location 3.6 cm

Discussion

The simulation results demonstrated that the transformable
gantries have higher sensitivity than the convention al gantry.
Design 1 gantry has sensitivity loss in the center. It can be
caused by empty space between the gantries. In terms of
sensitivity, Design 2 gantry is superior to conventional gantry.

Conclusion

We designed a new breast-dedicated PET system. The
proposed PET system has a better sensitivity than the
conventional PET. The proposed PET system will be expected
to detect small breast cancer, where early diagnosis is important
compared to the conventional PET.
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Development of anti-EGFR lipid micellar nanoparticles co-encapsulating

quantum dots and paclitaxel for tumor-specific theranosis (Seong Jae Kang -
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Yonsei Univ)

16:20 ~ 16:45  Amplification of distinct a-synuclein fibril conformers using protein misfolding

cyclic amplification (Byung Chul Jung — Yonsei Univ)

16:45 ~ 17:00 Closing Remarks and Group photo Prof. Ki-Jong Rhee (Yonsei Univ.)

18:00 ~ 20:00 Dinner
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Introduction

Cervical cancer is the third most common cancer in women
worldwide [1]. In developed countries, effective treatment
strategies for cervical cancer have decreased the morbidity
and mortality [2]. Although most patients with cervical
cancer respond relatively well to standard treatment, some
tumors are biologically more aggressive or are shown
recurrence after the treatment [3]. Therefore the
identification of new markers to develop an optimal
treatment strategy for individual patients is important goal
[4]. The p63 is a member of the p53 family of transcription
factors, involved in tumor suppressive activities to induce
transcriptional target genes to induce apoptosis and another
tumor suppressive mechanism. Unlike p53, p63 does not
have frequent mutations in human cancer. The lack of
mutation in p63 in human cancer and their anti-tumorigenic
activities make them attractive for therapeutic marker [5]. In
the study, we performed real-time PCR targeting p63 mRNA
in cervical 165 formalin-fixed paraffin-embedded (FFPE)
tissues. P63 mRNA expression from cervical tissues was
evaluated for selecting appropriate target as cervical cancer
treatment marker.

Materials and Methods

Clinical tissues: A total of 165 FFPE tissue tissues were
collected at the Department of Pathology, Yonsei University
Wonju Severance Christian Hospital between 2010 and
2013. This study was approved by the Institutional Ethics
Committee at Yonsei University Wonju College of
Medicine (approval no. CR315052). Cases with available
tissue biopsies were reviewed by two pathologists.

Deparaffinization of FFPE tissue and total RNA
extraction: Three to four pieces of 10 um thick section of
cervical FFPE tissues were used for total RNA extraction.
For extraction of RNA, Qiagen RNeasy FFPE kits (Qiagen,
Hilden, Germany) were utilized according to the
manufacturer’s protocol. The purity and concentration of
total RNA were determined by measuring the ratio of the
absorbance at 260 and 280 nm using a spectrophotometer
(Infinite 200, Tecan, Salzburg, Austria). All preparation and
handling procedure were conducted under RNase-free
conditions. Isolated total RNA was stored at -70°C.

cDNA synthesis: Complementary DNA (cDNA) was
synthesized using an M-MLV Reverse Transcriptase kit
(Invitrogen, Carlsbad, CA, USA) and random hexamers
(Invitrogen).

Reverse transcription-quantitative polymerase chain
reaction: Detection of TAp63 and ANp63 mMRNA
expressions in cervical specimens was performed by
quantitative reverse-transcriptase-PCR (RT-gPCR). The
assay was performed in 10 pL 2x Thunderbird probe gPCT
mix (Toyobo, Osaka, Japan), 3 pL primer and TagMan probe
mixture, 2 uL template cDNA, and distilled water (DW) to a
final volume of 20 pL per tissue. mRNA levels were
quantified by using a CFX-96 real time PCR system (Bio-
Rad, Hercules, CA, USA) for thermal cycling and

*corresponding authors

fluorescence detection. To avoid false negative because of
mRNA degradation, glyceraldehyde-3-phosphate dehydro-
genase (GAPDH) was used as an internal control. Gene
expression was assessed using the comparative Ct (2-44CT)
method, which represents the mRNA expression level
relative to the reference gene.

Statistical analysis: Statistical analyses were performed
using GraphPad Prism software version 5.02 (GraphPad, La
Jolla, CA, USA). Student's t-test, 95% confidence interval
(CI), and ROC curve were used to determine the statistical
significance of data.

Results

Actotal of 165 cervical cancer FFPE specimens including
52 cancer (31.5%), 39 cervical intraepithelial neoplasia
(CIN) 3 (23.6%), 34 CIN 1 (20.6%), and 40 normal (24.2%)
were used in this study (Table 1). For 52 cervical cancer cases,
data on histology, FIGO stage, tumor size, and lymph node
metastasis were retrospectively reviewed from patient
electrical medical records (EMR). Cervical cancer specimen
information provided histology, FIGO stage, lymph node
metastasis, tumor size, and Human papillomavirus (HPV)
typing results, respectively. Of 52 cervical cancer specimens,
52 (100%) were histologically diagnosed as SCC, 43 (47.8%)
were FIGO stage 1I1B abnormalities, and 39 (43.4%) were
lymph node metastasis. Thirty-four (37.8%) had a tumor

Table 1. Clinical characteristics of patients

Cancer CIN3 CIN1 Normal
(n=52) (n=39) (n=34) (n =40)
n (%) n (%) n (%) n (%)
Age
<50 years 19 (36.5) 31 (79.5) 19 (55.9) 25 (62.5)
> 50years 33 (63.5) 8 (20.5) 15 (44.1) 14 (35.0)
Unknown* 1(2.5)
Histology
scc 52 (100.0)
ADC 0(0.0)
FIGO stage
<IIB 21 (40.4)
> 1B 28 (53.8)
Unknown* 3(5.8)
Lymph nodes
Negative 28 (53.8)
Positive 22 (42.3)
Unknown* 2(3.8)
Tumor size
<4cm 30 (57.7)
> 4cm 22 (42.3)
HPV DNA
Negative 8 (15.4)
Positive 44 (84.6)

size greater than 4 cm and 44 (84.6%) were infected with
HPV.
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To determine the p63 MRNA expression level in
cervical cancer, p63 mMRNA RT-gPCR assay was performed
on 52 cervical cancer tissues and 40 normal tissues. TAp63,
which is known to function as a tumor suppressor, MRNA
expression level was confirmed, and ANp63, which is
known to play an oncogenic role, was confirmed. Notably,
ANp63 significantly increased in cancer compared to
normal (P = 0.0002), but TAp63 did not have a significant
difference between cancer and normal (Figure 1). As a result,
ANPp63 is related to cancer development of cervical cancer.

ANpE3

A TAp63 B

TApE3 fold change
ANp&ED fold change

Normal Cancer Normal Cancer
(n=40) (n=52) =40 in=82)

Figure 1. The relative expression of TAp63 (A) and ANp63
(B) in cervical cancer and normal tissues

To investigate whether ANp63, which was higher in
cancer than normal tissues, was associated with
tumorigenesis of cervical cancer, we analyzed the
correlation with Ki-67, a proliferation marker. Analysis of
the association between ANp63 and Ki-67 in cervical cancer
tissues showed a significant positive correlation between
ANp63 and Ki-67 (r = 0.4758, P = 0.0004, figure 2). The
positive correlation with proliferation marker Ki-67
suggests that ANp63 may also be associated with cancer
progression in cervical cancer.

50
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10

Ki-67 mRNA expression levels
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ANp63 mRNA expression levels

Figure 2. Correlation between ANp63 and Ki-67 in
squamous cell carcinoma of the cervix

To determine whether ANp63 is indeed associated with
the progression of cancer, the expression levels in normal,
pre-cancerous, and cancerous tumors were compared.
ANp63 mRNA RT-gPCR was performed using 40 normal,
34 CIN 1,39 CIN 3, and 52 cancer FFPE tissues. As a result,
the expression of ANp63 in CIN 1, CIN 3, and cancer was
statistically significantly higher than normal (Figure. 3).
Also, when comparing CIN 1 and CIN 3 with cancer tissues,
the expression of ANp63 of cancer tissues were significantly
over-expressed than that of CIN 1 and CIN 3.
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Figure 3. ANp63 expression in normal, CIN 1, CIN 3, and
cancer FFPE tissues

Discussion

The expression levels of ANp63 in cervical cancer FFPE
specimens were overexpressed compared to that in normal,
but TAp63 showed no difference between normal and cancer.
These results suggest that ANp63 is more likely to develop
cervical cancer than TAp63 and ANp63 is known to play an
oncogenic role. To confirm the association of ANp63 with
the development of cervical cancer, the positive correlation
with proliferation marker Ki-67 was shown. This suggests
that ANp63 may be associated with the proliferation of
cancer cells. Furthermore, we examined the precancerous
lesion and cancer of ANp63. The expression level of ANp63
in cancer was significantly higher than that in precancerous
lesion. ANp63, an isoform associated with the development
of cervical cancer, was overexpressed in cervical cancer
tissues and was associated with Ki-67, a proliferation marker,
which enabled discrimination of normal, precancerous
lesions, and cancer.

Conclusion

ANp63 could be used as a therapeutic target for cervical
cancer, and subsequent studies will be useful as a marker for
cervical cancer treatment.
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Introduction

Hemophilia B is an X chromosome-linked hereditary
bleeding disorder, which shows a quantitative or qualitative
reduction of coagulation factor I1X (FIX) due to genetic
abnormality of FIX gene (F9). FIX is a vitamin K-dependent
serine protease which plays an important role in intrinsic
blood coagulation pathway. About one in 25,000-30,000
males suffer from hemophilia B, and muscle hemorrhage or
joint bleeding are mainly obserbed as clinical symptoms.
Based on FIX activity (FIX:C), this disease severity can be
classified as severe (<1% of normal), moderate (1-5% of
normal) and mild (5>-<40% of normal) [1] .

In case of hemophilia B, FIX replacement therapy is
exclusive way to treat hemophiliacs; however, inhibitors
against FIX can neutralize the therapeutic effect of FIX
replacement agents, which is a serious problem in the
treatment of hemophilia B.

The risk factor to develop a FIX inhibitor have been
studied in Europe and America [2,3]. However, in Asia
including Japan, FIX inhibitor risks in hemophilia B have not
been investigated on a large scale. To investigate the
inhibitor-developing risk factor of hemophilia, Japan
Hemophilia Inhibitor Study (J-HIS) has launched since 2008.

Materials and methods
Patient registration and DNA samples: In this study, 47
hemophilia B patients registered in the J-HIS from Japanese

hospitals including Nagoya University Hospital were enroled.

FIX:C and inhibitor development were referred from patient
datasheets in J-HIS database. We classified hemophilia B
severity by the lowest FIX:C. For gene analysis, we obtained
informed consent from all cases and then genomic DNA was
extracted from peripheral blood leukocytes peripheral [4].
The study was approved by the Ethics Committee of Nagoya
University Graduate School of Medicine.

PCR amplification and F9 sequencing: To amplify all
eight exons including promoter and exon flanking regions,
polymerase chain reaction (PCR) was performed using
F9-specific PCR primer sets [5]. PCR products were
subjected to the Sanger direct-sequencing with BigDye
Terminator Cycle Sequencing Kit and ABI Prism 310
Genetic Analyzer (Applied Biosystems, Foster City, USA).

Detection of DNA breakpoint deleting F9: In case of
suspected F9 deletion, multiplex ligation-dependent probe
amplification (MLPA) analysis or mapping PCR was carried
out. MLPA is a semi-quantitative assay to investigate exonic
deletion in the gene. Mapping PCR is an exploring method
for identifying region deleted in the X chromosome locus.
Breakpoints were identified by inverse or long-range PCR,
following direct-sequencing of the PCR products [6].

Results

Forty seven hemophilia B patients including 4 inhibitor
positive cases were registered in the J-HIS until 2017. The
severity of hemophilia B was 26 severe, 16 moderate and 5 mild
in 47 hemophilia B patients. We detected causative genetic
defects in all hemophilia B patients tested, including 39 point
mutations (24 missense, 5 nonsense, 8 splice-junction and 2
promoter region mutations) and 8 other gene abnormalities (4
partial deletions, 2 gross deletions, 1 insertion and 1 complex
genome rearrangement) (Table 1).

The genetic abnormalities other than point mutation are
detailed in below.

Deletion
All deletion cases caused severe hemophilia B.

B Two cases of small deletion: 2 bp deletion in exon 8
(c.1074_1075delAG, p.Arg358Serfs*15); 4 bp deletion in
exon 2 (c.185_188delGAGA, p.Arg62Asnfs*41)

B Two cases of partial F9 deletion: 11 kb deletion including
exon 5-6; 12 kb deletion including exon 7-8

B Two cases of gross deletion of F9 including adjacent genes as
previously reported [6]

Insertion
One novel case of insertion was identified: 2 bp insertion in
exon 8 (c.1145_1146insCG, p.Leu383Valfs*44).

Complex genome rearrangement

We identified a large insertion into 5’-flanking site of F9
exon 6. The inserted sequence (2.5 kb) was an antisense
orientated SVA-F (SINE-VNTR-Alu subfamily F) element [7].

Inhibitor development

The rate of hemophilia B patients with FIX inhibitor was
8.5% (4/47) in this study. All patients with FIX inhibitor were
severe hemophilia B, in which detected F9 mutations were 2
nonsense mutations (p.Arg75* and p.Ser365*), 1 entire F9
deletion and 1 complexed rearrangement (Figure 1). It was
reported that hemophilia B patient carrying the nonsense
mutation (p.Arg75*) developed inhibitor [8].

Table 1. Type of mutation and hemophilia B severity

Severe moderate Mild total

Missense 9 12 3 24

.. |Nonsense 1 0 5
Point Splice 5 3 0 8
Promoter 0 0 2 2
Deletion 6 0 0 6
Insertion 1 0 0 1
Complex 1 0 0 1
ota 26 16 5 47
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Missense 0 24
Nonsense 2 3
Splice 0 8
Promoter 0 2 Inhibitor (-)
Deletion 1 5 91.5%
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Complex 1 0
ota 4 43

Figuire 1. Association with type of mutation and inhibitor
development in hemophilia B patients registered in J-HIS.

Left panel shows distribution of type of mutation in
inhibitor positive or negative group. Right panel shows
frequency of inhibitor development.

Discussion

The development of an inhibitor is one of the most
troubling complications of hemophilia B. Population-based
studies indicate that 3.7-24% of hemophilia B patients
develop inhibitory antibodies to FIX, which were exclusively
in patients with severe disease [9]. In this study, we
identified causative F9 abnormality in all 47 hemophilia B
patients tested, and found that 4 (8.5%) patients with severe
hemophilia B developed a FIX inhibitor. This was consistent
with the previous reports.

Two F9 point mutations in the case with inhibitor
development were both nonsense mutation causing severe
hemophilia B. In the case of one entire F9 deletion and one
complex genome rearrangement on the X-chromosome, FIX
inhibitors were also developed. On the other hand, in the case
with F9 missense mutations, no inhibitor development was
observed. These results suggest that “null” mutations
destroying FIX production may be considered as a higher
risk factor to develop FIX inhibitor. This was a cosistent
result with previous reports that large deletions and nonsense
mutations are high risk factors of inhibitor development [9].

Although misssense mutaitons apprear not to associate
with inhibitor development in this study, it has been found
that several F9 missense mutations are also responsible for
the development of inhibitors [10,11]. In addition, there are
much less cases of non-severe hemophilia B patients
developing inhibitors than severe hemophilia B [12]. Risk
factors for the inhibitor development have been mainly
analyzed from hemophilia A as compared with hemophilia B.
However, more data to analyze the risk factors of
development of FIX inhibitor in hemophilia B patients will
be needed to support future care for hemophilia B patients.
Therefore, further studies are necessary to accurately assess
the risk factors for inhibitor development against FIX in
Japanese hemophilia B patients.

Conclusions

We demonstrated that the null mutation due to nonsense
mutation or deletion of F9 is one of the crucial risk factor for
inhibitor development in Japanese hemophilia B patients.
The genetic diagnosis could contribute to prediction of the
inhibitor development in hemophilia B patients.
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Introduction

Plumbagin is a naturally occuring compound originated
from Plumbaginaceae, Droseraceae and Ebenceae families [1].
Crude extracts of plumbagin have been used to cure
rheumatoid arthritis, dysmenorrhea, and toothache in the folk
remedy [2].

Helicobacter pylori is a Gram-negative bacterium
possessing its characteristic helical appearance. H. pylori
primarily colonizes on human stomach and it has been
reported to infect approximately half of the world population
[3]. Infection of H. pylori on gastric mucosa is associated with
various gastric disease including inflammation, chronic
gastritis, peptic ulcer and gastric adenocarcinoma [4].
Moreover, because of its involvement in the gastric cancer
development, H. pylori was classified as a group | carcinogen
by WHO [5].

The most studied virulence factors of H. pylori are
cytotoxin-associated protein A (CagA) and vacuolating
cytotoxin A (VacA). Once injected, CagA proteins are
phosphorylated by host cell Src kinases at its EPI'YA motif
and subsequently  deregulate intracellular  signaling
transduction pathways, disrupt epithelial cell junctions, and
induce inflammation [6, 7]. Moreover, VacA increases b-
catenin level in the host cells by inhibiting glycogen synthase
kinase 3-b and leads to uncontrolled cell growth [8].

In this study, we demonstrated minimal inhibitory
concentration (MIC) of plumbagin on East Asian type
reference strain of H. pylori (ATCC 49503) by agar dilution
method and investigated expression of RNA polymerase
subunits as well as various virulence factors after plumbagin
treatment.

Materials and Methods

Materials

H. pylori reference strain was purchased from ATCC
(ATCC49503, VA, USA). Mueller-Hinton broth, Mueller-
Hinton agar and Brucella agar were purchased from Becton-
Dickinson (MA, USA). Plumbagin and protease inhibitor
cocktail were obtained from Sigma-Aldrich (MO, USA).
Antibodies to detect CagA and VacA were purchased from
Santa Cruz Biotechnology (TX, USA) and polyclonal
antibody against whole H. pylori (ATCC 49503) was
produced as previously described [9].

Bacterial culture

H. pylori were grown on the Brucella agar plate
supplemented with 10% bovine serum at 37°C for 72 h in a
humidified atmosphere with 5% CO2. For cultivation in broth,
bacterial colonies were collected and suspended in Mueller-
Hinton broth supplemented with 10% bovine serum. The
number of bacterial particles in the H. pylori suspension was
set to McFarland 0.33 and incubated at 37°C for 72 h in a
humidified atmosphere with 5% COx.

Agar dilution method to determine MIC

H. pylori grown on the Brucella agar plate were collected
and suspended in saline. The number of bacterial particles in
the H. pylori suspension was set to McFarland 4.0. Thirty ul
of the bacterial suspension was placed on the Mueller-Hinton
agar supplemented with 10% bovine serum including
indicated concentrations of plumbagin. The bacteria were
incubated for 72 h and MIC was determined based on the
lowest concentration at which inhibition of growth was
observed.

Broth dilution method to determine MIC

H. pylori grown on the Brucella agar plate were collected
and suspended in Mueller-Hinton broth supplemented with 10%
bovine serum. The number of bacterial particles in the H.
pylori suspension was set to McFarland scale 0.5. Various
concentrations of plumbagin (125 nM—4 uM) were treated and
the bacteria were incubated for 72 h and final optical density
(600 nm wave length) of the bacterial suspension was
measured by spectrophotometry.

RT-PCR (reverse transcription-polymerase chain reaction)

H. pylori was grown in the Mueller-Hinton broth for 72 h.
Cultured H. pylori were washed twice with PBS and total
RNA was extracted using Trizol reagent as described in the
manufacturer’s instructions. cDNA was synthesized by
reverse transcription with 2 pg total RNA, 0.25 pg of random
hexamer and 200 U of MMLVRT for 50 min at 37°C and 15
min at 70°C. Subsequent PCR amplification using 0.2 U of
Taq polymerase was performed in a thermocycler using
specific primers.

Western blotting

Cultured H. pylori were washed twice with PBS and then
lysed with RIPA buffer containing protease inhibitor cocktail.
The cell lysates were sonicated for 1 min and incubated on ice
for 10 min. The cell lysates were then centrifuged and the
supernatants were collected. The proteins were separated by
SDS-polyacrylamide gel electrophoresis and transferred to a
nitrocellulose membrane. The membrane was incubated with
optimal concentrations of primary antibody at 4C overnight
and then incubated with the appropriate secondary antibody
(anti-mouse or anti-rabbit) for 1 h at room temperature. The
immune-labeled proteins were visualized using ECL. Anti-H.
pylori antibody was used as an internal control.
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Figure 1. Demonstration of minimal inhibitory concentration
of plumbagin against H. pylori

(A) Thirty mL of bacterial suspension set to McFarland scale
4.0 (1.2 x 10%ml) was placed on the Mueller-Hinton agar
supplemented with 10% bovine serum and treated with
indicated concentrations of plumbagin. (B) H. pylori
suspension was set to McFarland scale 0.5 in Mueller-Hinton
broth supplemented with 10% bovine serum. Indicated
concentrations of plumbagin (125 nM ~ 4 mM) were treated.
MIC of plumbagin against H. pylori was determined after 72 h
of incubation.
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Figure 2. Effect of plumbagin on the expression of RNA
polymerase subunits in H. pylori

H. pylori suspension set to McFarland scale 0.33 (1 x 108/ml)
was treated with 2 mM of plumbagin for indicated time
periods. RNA was harvested and subjected to RT-PCR to
investigate the expression of RNA polymerase subunits (rpoA,
rpoB, rpoD, and rpoN). galE were used as an internal control.
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Figure 3. Effect of plumbagin on the expression of H. pylori
virulence factors

H. pylori suspension set to McFarland scale 0.33 (1 x 108/ml)
was treated with 2 mM of plumbagin for indicated time
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periods. (A) mRNA expression level of cagA, vacA and secA
after plumbagin treatment. (B) Protein level of CagA and
VacA toxins after plumbagin treatment.

Discussion

In this study, we confirmed inhibitory effect of plumbagin on
East Asian type H. pylori strain (ATCC49503). Although anti-
microbial activity of plumbagin has been studied in a few
types of H. pylori strains (ATCC 43504, BCRC 17021, BCRC
17023, BCRC 17026, BCRC 17027 and BCRC 15415), the
mechanism in which plumbagin inhibits growth of H. pylori
has not been reported yet [10, 11].

To elucidate the inhibitory mechanism, we investigated
expression of the molecules associated with DNA replication
or transcription in H. pylori after plumbagin treatment.

Transcription is also tightly associated with growth of living
organisms because it is indispensable for synthesis of protein
in the end. In the investigation on the RNA polymerase
subunits, which are key molecules for transcription, we found
that mRNA level of a subunit (rpoA) in H. pylori was reduced
by plumbagin treatment.

As many virulence factors in H. pylori are associated with
successful infection of the bacteria or bacteria induced
pathogenesis, down-regulation of virulence factors may
decrease chance for H. pylori to colonize on the host gastric
epithelium as well as reducing pathogenesis by the bacteria.
Among the various virulence factors, we found plumbagin
treatment inhibited expression of cagA, vacA, ureA, and alpA
in H. pylori. CagA and VacA toxins are closely associated
with tumorigenesis by H. pylori.

Therefore, natural compounds such as plumbagin can be
potentially suggested as an alternative choice for eradication
of H. pylori in the future, although further studies seem to be
necessary to completely understand the inhibitory mechanism
of plumbagin on H. pylori and to confirm the effectiveness in
Vivo.

Conclusion

We confirmed inhibitory effect of plumbagin on East Asian
type H. pylori strain (ATCC49503) and defined MIC.
Plumbagin inhibits expression of RNA polymerase a subunit
in H. pylori. Expressions of major virulence factors (cagA and
vacA) were decreased by plumbagin treatment in H. pylori.

Although further studies seem to be necessary, natural
compounds such as plumbagin can be potentially suggested as
an alternative choice for eradication of H. pylori in the future.
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Introduction

Chikungunya virus (CHIKV) is a mosquito-transmitted
RNA virus that causes acute febrile infection associated
with polyarthalgia in humans. The CHIKV contains a
positive-sense,  single  stranded,  non-segmented
ribonucleic acid (RNA) genome of approximately 11.8
kilobases in length, with a virion diameter of
approximately 70-100nm. The diagnosis of acute
infections is based on the serological test by systems
detecting specific 1gG and IgM antibodies. Anti-CHIKV
IgM antibodies can usually be detected in the patient
serum during the acute phase of the disease, whereas
anti-CHIKV IgG are detected after virus clearance and
can persist for several months after infection. The E2
protein is a good candidate for serological diagnosis
since it is the immunodominant antigen during the course
of infection. The present study describes the
development of ELISA (enzyme-linked immunosorbent
assay) using recombinant Chikungunya virus envelope 2
protein, which was expressed using E. coli expression
system. Recombinant CHIKV E2 whole protein was
highly reactive in the CHIKV patients both in the anti-
human IgG and in the anti-human IgM. ELISA using
CHIKV E2 proteins would be useful for rapid and
accurate diagnosis of chikungunya virus infection.

Materials and methods

Subjects and serum panel

A CHIKV-positive serum panel was purchased from
ABO Pharmaceuticals, it consisted of 33 plasma samples,
based on the anti-CHIKV IgM antibody titer and anti-
CHIKYV IgG Antibody titer. As a negative control, serum
samples were collected from 51 healthy subjects who
presented to Wonju Severance Christian Hospital, Wonju,
Republic of Korea. Blood samples were collected from
healthy subjects using serum vacuum tubes, and serum
samples isolated and stored at —80°C until use.

Cloning and expression of CHIKV E2 protein

The sequence of the CHIKV envelope E2 gene was
confirmed by Macrogen (data not shown), and the
CHIKV E2 gene after enzyme digestion was subcloned
into the pQE30 expression vector and expressed in E. coli
M15 cells. The purified recombinant protein was
analyzed by sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE) with Coomassie blue
staining, and a protein band with an approximate
molecular mass of 44 kDa was observed (Fig. 1).
Anti-CHIKV 1gG or IgM indirect enzyme-linked
immunosorbent assay (ELISA)

An ELISA was performed to evaluate the reactivity of
the recombinant CHIKV E2 protein to anti-CHIKV or
anti-CHIKV IgM antibodies

Results

The CHIKV-positive specimens supplied from ABO
Pharmaceuticals were collected in Colombia; all subjects
were female according to the supplier’s information. In
total, 51 healthy subjects were enrolled in the present
study; the median age of the enrolled subjects was 47
years (range 23-73 years), and 90.2% were female. All
subjects were Korean. The healthy subjects were
reported to have no C-reactive protein and erythrocyte

sedimentation rates in the normal range.
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Figure 1. SDS PAGE of recombinant CHIKYV E2
protein
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Figure 2. Reactivity of CHIKV E2 protein for IgM
antibody

The recombinant CHIKV E2 protein showed
strong anti-CHIKV 1gG reactivity for CHIKV-
positive serum samples, but anti-CHIKV 1gG
reactivity was very weak for CHIKV-negative
serum samples. The anti-lIgG reactivity of the
recombinant CHIKV E2 protein was slightly
higher than that of the ABO Pharmaceuticals
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specimens for CHIKV-positive serum samples
(Fig. 2).
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Figure 3. Reactivity of CHIKV E2 protein for 1gG
antibody

The reactivity of recombinant CHIKV E2 protein was
also estimated for anti-CHIKV IgM antibodies using a
CHIKV-positive and -negative serum panel. The
recombinant CHIKV E2 protein showed rather high
reactivity for anti-CHIKV IgM and was comparable to
that of the ABO Pharmaceuticals specimens (Fig. 3).

Discussion

The recombinant E2 protein was highly effective for the
detection of anti-CHIKV IgG and IgM antibodies from
CHIKV-positive plasma specimens from Colombia, a
CHIKV-endemic country in South America. The
performance of Asian CHIKV E2 protein needs to be
evaluated with various panels, which include the diverse
subjects and origins including ECSA strain, Indian
ocean strain, West African strains as well as Asian
strain.

Conclusion

The E2 protein of the Asian genotype CHIKYV strain
was expressed via an E. coli expression system, and the
recombinant protein was highly reactive to anti-CHIKV
IgG and IgM antibodies in CHIKV-positive patient
specimens from a CHIKV-endemic country in South
America.
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Introduction

Pyrethroids (PYRs) are synthetic chemical insecticides
whose chemical structures have chrysanthemic acid esters,
and are widely used as a pesticide for foliar and seed
treatments in the agro fields, which can significantly increase
crop productivity (hereafter called pesticide-PYR).
According to the Food and Agriculture Organization (FAO)
survey, the usage level of pesticide-PYR ingredients have
decreased gradually from 304 tonne in 2000 to 208 tonne in
2014 primarily due to the emergence of insects resistant to
conventional pesticides in Japan. PYRs also contribute to
maintain a good hygienic condition. In particular, PYRs are
also most frequently used for controlling indoor and outdoor
insects such as mosquito, a primary vector of dengue,
chikungunya and Zika viruses [1][2]. These PYRs are
referred to as hygiene-PYR.

The primary target of pesticide-PYRs and hygiene-PYRs
is the voltage-dependent sodium channel [3]. Although there
are a lot of PYR compounds, in many case PYR compounds
are used properly as pesticide-PYRs and hygiene-PYRs
depends on physic-chemical characterization of PYR
compounds such as insect toxic specificity, photostability,
and volatility. More recently, newly developed hygine-PYR,
which have tetrafluorobenzyl and cyclopropane strictures
with high vapor activity at ambient temperature, are now
playing a key role in controlling insects in our daily life
safely. Typical names of these compounds are metoflthrin,
profluthrin, transfluthrin, and tefluthrin.

It is well known that exposure assessment of chemicals
we use is a key component of human health risk assessment.
Some methodological studies for urinary PYR metabolite
assay have been developed over the past decade [4][5][6],
largely because biological monitoring is an effective way to
identify the PYR exposure level in individuals, ensuring the
safety of food, the living environment and occupational
exposure. Consequently, a number of epidemiological studies
on the characterization of urinary PYR metabolite
concentration in each fields [7][8][9], and on effects of
long-term exposure to low-level PYRs on human health
[10][11] have been conducted. But these studies have
measured limited urinary PYR metabolite, 3-phenoxybenzoic
acid (3-PBA) and 3-(2,2-Dichlorovinyl)-2,2-
dimethylcyclopropane-1-carboxylic acid (DCCA), which are
mainly derived from pesticide-PYRs. This might be caused
by that only a few study on the determination method of
hygiene-PYR metabolites in urine have been reported. More
recently, Yoshida has reported the determination method for
a part of hygiene-PYR metabolites in urine, which need large
amount of urine sample (10 ml) and labor-intensive and
time-consuming sample procedure [12]. The method for
determination of urinary hygiene- and pesticide- PYR
metabolites needs further development for application to
epidemiological study due in part to evaluate the effect of
daily PYR exposure on human health.

The aim of this study was to develop a simple and
high-throughput method for simultaneous determination of
urinary PYR metabolites, mainly hygiene-PYR metabolites,
using gas chromatography—tandem mass spectrometry
(GC-MS/MS), which is sensitive enough to be adopted not
only in occupational but non-occupational PYR exposure

settings. Figure 1 shows the relationship between urinary
hygiene- and pesticide-PYR metabolites we focused on this
study (shaded areas) and thelr parent compounds
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Figure 1. The relationship between pyrethroid and those

metabolites, and example of insecticide products. DCCA,
3-(2,2-Dichlorovinyl)-2,2-

dimethylcyclopropane-1-carboxylic acid; 3-PBA: 3-phenoxybenzoic acid;
CDCA, 1R-trans-chrysanthemum dicarboxylic acid; FB-Al, 2,3,5,6-
tetrafluorobenzyl alcohol; FB-Ac, 2,3,5,6-tetrafluorobenzoic acid,
HOCH,-FB-Al, 4-hydroxymethyl-2,3,5,6-tetrafluorobenzyl alcohol;
CH;-FB-Al, 4-methyl-2,3,5,6-tetrafluorobenzyl alcohol; CH;0CH,-FB-Al,
4-methoxymethyl-2,3,5,6-tetrafluorobenzylalcohol; MCA, 2,2-dimethyl-3-
(1-propenyl)-cyclopropanecarboxylic acid; CH3-FB-Ac, 4-methyl-2,3,5,6-
tetrafluorobenzoic acid. *pesticide-insecticide.

Methods

Sample preparation procedue: A flow chart of the procedure
for determining urinary PYR metabolites is shown in Fig. 2.
Two point five milliliters of urine was pipetted into a 24 well
plate (each well volume is 10 ml), and 600 pl deconjugation
reagent (6 mol/l HCI) and 25 pl L.S. solution (0.5 mg/1 isotope
labeled HOCH,-FB-Al and 2-PBA) was added. After gentle
shaking, the well plate was sealed with heat resistance thin film,
followed by incubation at 100 °C for 2 hours in thermostat
chamber for deconjugation, and cooled on ice. Then, 3 ml of
tert-butyl methyl ether was added to each well, and the mixture
was shaken vigorously for 10 min and centrifuged for 5 min at
2000xg. The organic phase (upper layer) was transferred into a
new 24 well plate. The residue was re-extracted with 2.5 ml
tert-butyl methyl ether, shaken and centrifuged. These
liquid-liquid extractions were performed by applying the
automation system in plate formats Extrahera™ (Biotarge,
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Uppsala, Sweden) except for the shake and centrifuge. The
organic phase was divided into 2 tubes for further
pretreatment procedures. The resulting extracts were
evaporated at 4 °C (ice block) to dryness in vacuum state
chamber. The residues were dissolved in each
derivatization reagents and incubated for 30 min at room
temperature. Then, sodium hydrogen carbonate solution (1
mol/l) and iso-octane were added. The test tubes were shaken
vigorously and centrifuged for 5 min at 2,000xg. Then, 1 pl
of the iso-octane phase was injected into GC-MS/MS within
1 week after the derivatization. Iso-octane phase obtained
from Fraction 1 is for HOCH2-FB-Al, CH30CH2-FB-Al,
CH3-FB-Al, FB-Al, FB-Ac analysis, and Fraction 2 is for
CH3-FB-Ac, 3PBA, CDCA, and DCCA analysis.
2.5 mlurine sample
25 ul2-PBA (0.5 mg/L)

% 25 ul isotope labeled HOCH,-FB-A1 (0.5 mg/L)
600 pl HCI (6 mol/L)

Heat chamber (106°C,2h)
Cool down (chill onice)
3 ml fert-butyl methyl ether (2.5 ml in second round)

Vigorous Shake (10 min)
Centrifuge (2,000 x g, 5 min) Extract

Transfer organic layer

aqueous
phase again

| Mix well and divide into two |

I
3 ml 2mly,
Fraction 1 Fraction 2

10 ml screw-top| 2 ml polypropylene
glasstest tube test tube

1 1
| Evaporatein vacuum chamber (4 °C) |

125 placetonitrile
15 ul HFIP
10 il DIC

100 placetone
50 ul BSTFA-TMCS

| Slightly shake & incubate for 30 min at R/T (derivatization step) |

100 pl iso-octane 100 pliso-octane
1 mINaHCO; sol. 500 Il NaHCO; sol.

| Vigorous Shake (10 min)and centrifuge (2,000 x g, 5 min) |
N

| Both iso-octane (upper) phases wereanalyzed by GC-MS/MS, separately |

Figure 2. Analytical procedure for urinary hygiene- and

pesticide-PYR metabolites. Fraction 1 is for HOCH2-FB-AL,
CH30CH2-FB-Al, CH3-FB-Al, FB-Al, FB-Ac, and Fraction 2 is for
CH3-FB-Ac, 3PBA, CDCA, DCCA analysis.

GC-MS/MS analysis: GC-MS/MS analysis was run on an
Agilent 7890 GC coupled with an Agilent 7000B inert mass
spectrometer (Agilent Technologies, Inc. CO, USA). Two
types of GC columns were adopted in this assay. One is
DB-5ms for Fraction 1 analysis (Agilent, 30 m x 0.25 mm
i.d., 0.25 pm film thickness), another one is Rtx-65 for
Fraction 2 analysis (Restek, Bellefonte, PA, USA, 30 m x
0.25 mm i.d., 0.25 pm film thickness).

Application of methods to field study samples: Our
method was applied to human spot urine obtained in
August-September of 2012 from children, who attended a
municipal health check program covering three-year-old
children in two suburban areas of Aichi, the central region of
Japan. Collected spot urine samples were transported at -4 °C
to our laboratory within 5 hours, and then stored at -80 °C
until metabolite analyses. The Ethics Committees of the
Nagoya City University Graduate School of Medicine, and
the Ethical Review Committee of the Akita University
Graduate School of Medicine approved the study protocol.

Results and discussion
Percentage of recovery of the analyte from
metabolite-spiked urine at three concentrations ranged from

31 (for 1.25 pg/l FB-Al) to 143% (for 0.6 pg/l CDCA). Lower
recoveries of FB-Al might be attributable to its relatively high
volatility. Results from the validation study demonstrated good
within- precisions (less than 13% except for 22% of FB-Al)
with low detection limits (ranging from 0.02 to 0.12 ng/1 for
FB-metabolites, and 0.01 to 0.05 pg/1 for the other PYR
metabolites. LOD for the other PYR metabolites were lower
than the previously reported values [13]. On the other hand,
LOD for CH;0CH,-FB-Al and CH;-FB-Al approximately five
and twelve times higher than the previously reported values [13].
This may be caused by volume of urine. More urine may be
better if it’s necessarily to improve sensitivity.

Preliminary application of the established method to
children revealed that the detection rate was 80% in both
summer and winter seasons. The median concentration
(maximum value) was 0.13 (4.08) pg/l in summer and 0.06
(0.11) pg/l in winter, suggesting that exposure of metofluthrin
or profluthrin of children was high in summer. Especially, the
activity of mosquitoes and flies becomes active and the use of
insecticides increases in summer. Therefore, the usage of
metofluthrin and profluthrin may be increased. The results
obtained in this study seem to reflect this usage pattern.

Conclusion

This method is sensitive and precise, and has been
successfully applied to quantify the concentration of
comprehensive PYR metabolites in Japanese urine sample.
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Introduction

The colorectal cancer is a major cause of death in developed
countriest. Genetic mutations in epithelial cells are the main
etiological factor for colorectal cancer?z. However,
environmental factors can greatly influence the pathogenesis of
colorectal cancer®. Among these factors, inflammation plays a
pivotal role in enhancing tumor survival and progression
through signal transduction of pro-inflammatory cytokines?.
Numerous studies have supported a link between microbial-
induced inflammation and cancer®8. Examples include
Helicobacter pylori-induced gastritis, Hepatitis B virus-
induced hepatitis and human papillomavirus-induced cervicitis
which promote gastric cancer?, hepatic cancer® and cervical
cancer?, respectively.

Enterotoxigenic Bacteroides fragilis (ETBF) is a human
colonic commensal associated with juvenile diarrhea as well as
high grade colorectal cancer (ref). The key virulence factor of
ETBF is attributed to BFT, a 20 kDa zinc-dependent
metalloprotease toxin present as three isotypes (BFT-1, BFT-2
and BFT-3). BFT induces E-cadherin cleavage both in vitro and
in vivo, resulting in increased intestinal permeability and
subsequent colitis. BFT activates -catenin, NF-kB and MAPK
pathways with enhanced cellular proliferation and secretion of
IL-8 in HT29/C1 cells.

More importantly, ETBF infection can promote Th17-

dependant colonic tumorigenesis in Min*~ mouse model.
MinAre~ mice harbor a heterozygous germline mutation in the
APC gene (Min”r¢*7) and is an animal model for familial
adenomatous polyposis (FAP). Min4r**~ mice are often used to
assess anti-tumor drugs, nutritional risk factors, and to elucidate
mechanisms of colonic tumorigenesis in vivo. However, one
disadvantage of the Min**~ mouse model is that the
adenomas arise predominantly in the small intestine and less so
in the colon. In addition, maintenance of a large number of
breeding pairs are necessary, a limitation for small-sized
laboratories.
Another often used animal model for colon cancer is the
azoxymethane (AOM)/dextran sulfate sodium (DSS) mouse
model of colitis-associated cancer (CAC). An advantage of the
AOM/DSS system is ease of manipulation and documented
efficacy in wild type mice strains (eg, BALB/c and C57BL/6).
Prolonged AOM/DSS treatment induce progression from
adenomas to adenocarcinomas in a subset of adenoma
depending on the mouse strain and treatment conditions.
Furthermore, all polyps in AOM/DSS-treated mice form in the
colon. One main disadvantage of the AOM/DSS model is the
small number of polyps that form in the colon. In the current
study, we assessed the tumorigenic potential of ETBF
colonization in AOM/DSS system. We found that ETBF
colonization of wild-type C57BL/6 mice administered with
AOM/DSS rapidly develop a large number of polyps
predominantly in the colorectal region. This protocol described
herein can be readily implemented to study ETBF
tumorigenesis in wild-type mice and provides an experimental
platform for understanding ETBF induced pathogenesis.

Materials and methods

Azoxymethane (AOM) and dextran sulfate sodium (DSS).
DSS (36-50 kDa) was purchased from MP Biomedicals. AOM
was purchased from Sigma-Aldrich. Eight-week-old female
Balb/c and C57BL/6 mice (Rionbio, Korea) received a single
i.p. injection of AOM (10 mg/kg) and 7 days later provided
DSS containing water (1%, 2% w/v) 5 days for either 6 (1 round
of DSS cycle) or 12 (3 rounds of DSS cycle) weeks.

Bacterial strains. WT-ETBF strains used are as follows: B.
fragilis VP1 13784 (bft-1), B. fragilis 086-5443-2-2 (bft-2) and
B. fragilis Korea 570 (bft-3). The, nontoxigenic wild-type B.
fragilis (WT-NTBF) strain, B. fragilis NCTC 9343, does not
express BFT. WT-NTBF recombinant strains overexpressing
active BFT (rETBF; bft-2) and WT-NTBF overexpressing a
biologically inactive mutated BFT (rNTBF; bft-2 H352Y) were
reported previously. Both of rETBF and rNTBF strains have a
clindamycin-resistant gene on a plasmid.

Mouse infection. Mice were given water containing
clindamycin (100 mg / liter) and gentamicin (300 mg / liter) to
promote colonization of B. fragilis. Antibiotic-containing water
was initiated 5 days prior to bacterial inoculation and continued
for 10 days. Bacteria were grown in brain heart infusion broth
and adjusted to 1 x 10° CFU / 200 ul for mouse oral inoculations.
Colonization of bacteria was monitored by serial dilution of
stool and plating on brain heart infusion agar plates containing
gentamicin (50 ug/ml) and clindamycin (6 ug/ml).
Characteristic B. fragilis colonies were enumerated after
anaerobic culture as shown as CFU/g stool.

Tissue harvest and histology. After sacrificing ETBF-based
AOM/DSS-treated mice, isolated large intestines of mice were
separated into cecum and remaining colon by scissors. To
obtain fine pictures of flat colon with tumors, colonic tissues
were formalin-fixed (10%) for 1 hour. Gross of stiffened large
intestines was pictured by Canon SX510 HS camera in a petri
dish. After getting image of gross of isolated colon, the colonic
tissues were formalin-fixed (10%) for additional histologic
examination. Paraffin-embedded colon tissues were sectioned
(5 um) and stained with hematoxylin and eosin (H&E) and
Periodic acid-Schiff (PAS).

Immunohistochemistry. All  immunohistochemistry was
performed on formalin-fixed, paraffin-embedded samples.
Paraffin blocks were sectioned at 4 um thickness. After getting
sectioning, poly-L-lysine-coated slides were used to promote
adhering of paraffin-section to the slides which were then dried.
Images of IHC slides were pictured by optical microscopy
(Leica) and rendered using Adobe Photoshop.

Quantitative RT-PCR. Frozen colonic tissues were thawed,
followed by homogenized using autoclaved plastic
homogenizer for 10 min. Total RNA was isolated from large
intestine using TRIzol reagent (Life Technologies, CLD, CA)
according to the manufacturer’s instructions. RNA was
converted to cDNA using the M-MLV Reverse

-74 -



Statistics. All statistical analyses were performed using the
Mann-Whitney test (GraphPad Prism). A p value < 0.05 was
regarded as significant.

Study approval. All animal experiments were approved by the
Institutional Animal Care and Use Committee of Yonsei
University at Wonju (YWC-151005-1, YWCI-201612-014-01)
and Institutional Biosafety Committee of Yonsei University at
Wonju (201612-P-014-01).

C+E2 C+rE2 C+rN2 Cc
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Figure 1. Balb/c mice were subjected to the standard
ETBF/AOM/DSS (2%) protocol for 12 weeks. Mice were
infected with WT-ETBF (bft-2), rETBF (bft-2), or INTBF (bft-
2 H352Y). C, AOM/DSS; E2, WT-ETBF; rE2, rETBF; rN2,
rNTBF. Rectum of mice.

Results

We  determined  whether  tumorigenesis in  the
ETBF/AOM/DSS model requires BFT expression. Balb/c mice
were inoculated with a wild-type strain of ETBF expressing
BFT-2 (WT-ETBF), nontoxigenic B. fragilis strain harboring a
plasmid containing the active BFT-2 gene (fETBF), and B.
fragilis secreting catalytically inactive BFT (rNTBF). We
found that mice inoculated with WT-ETBF and rETBF showed
increased polyps, whereas those inoculated with rNTBF
developed polyps comparable to those observed in mice
administered AOM/DSS alone (Fig. 1). Increased spleen
weight and decreased colon length, all indicative of enhanced
inflammation, was observed in WT-ETBF and rETBF mice as
compared with those in rNTBF mice (data not shown).
Cytokine analysis was performed by real-time polymerase
chain reaction (PCR) of distal colonic tissues and cytokine bead
array of serum cytokines.

The strain ETBF is categorized into three types depending on
the secretion of one of the three BFT isotypes. We examined
the tumorigenic potential of three WT-ETBF strains secreting
BFT (i.e., BFT-1, BFT-2, and BFT-3) in the AOM/DSS model.
We found that all three WT-ETBF strains induced comparable
number of colonic polyps, whereas the nontoxigenic B. fragilis
strain (WT-NTBF) that does not secrete BFT showed no
increase in polyp number as compared with that for AOM/DSS
alone (Fig 2).
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Figure 2. Balb/c mice were subjected to the standard
ETBF/AOM/DSS (2%) protocol for 12 weeks. Mice were
infected with three different WT-ETBF strains expressing
different BFT isotypes. C, AOM/DSS; E1, WT-ETBF (BFT-
1); E2, WT-ETBF (BFT-2); E3, WT-ETBF (BFT-3); N, WT-
NTBF. Polyp number and polyp size distribution (n =5-7 mice
per group). *P < 0.05, **P < 0.01, ***P < 0.001. ns, no
statistical significance.

Discussion

Using developed method to ETBF-promoted CAC, we
demonstrate for the first time that ETBF- CAC model based on
wild type inbred mouse model. Also, this method may also
apply to other inbred strains of mouse such as 129S1/S, A/J,
AKR/J, C3H/HeJ and FVB/NJ. Previous study reported that
ICR mouse of outbred strains show strong colonic
tumorigenesis similar to BALB/c mouse which is sensitive
strain to AOM/DSS among several inbred strains. In addition,
our characterization of the method will facilitate the research to
investigate not only for ETBF-induced carcinogenesis but also
canonical oncogenesis, followed by reduced the material cost,
labor, and time for evaluation of factors to affect ETBF-CAC
model. We envision that ETBF-CAC method will be easily
used an alternative model in wild type mice in place of
MinAr*~ mice-based ETBF model because method of
AOM/DSS added with ETBF has merits such as easily
manipulable system, strong colonic tumorigenesis and
enhanced proportion of high grade tumor and cancer.

Conclusion

In this study, we demonstrated that ETBF plays a role in
enhancing colonic tumor number and progression in
AOM/DSS-treated Balb/c mice through BFT. Consequently,
Bacteorides fragilis harboring bft gene could be used as a novel
and experiemental platform for studying colitis-associated
cancer in wild-type mice.
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Introduction

Diagnostic therapy, refered as theranosis, has been considered
as a powerful tool that can not only diagnose diseases at an
early stage but also precisely treat diseases in accordance with
monitoring individual responses to therapeutic processes [1]. In
cancer therapy, the heterogenecity of cancer is a major leading
cause of different therapeutic outcomes among patients in spite
of using same treatment regimen [2]. Therefore, theranosis has
been regarded as a useful strategy for personalized medicine to
cancer [3]. In general, theranostic technology is nanomedicine
combined with molecular imaging [4]. The theranosis is based
on a concept that anti-cancer molecules and imaging agents are
simultaneously delivered to the target site by using a
nanocarrier. Aim of this study was to develop tumor-specific
theranostic nanoparticles enabling clinical applications. In this
study, we prepared tumor-targeted theranostic nanoparticles
that co-loaded paclitaxel and QDs as an anti-cancer drugs and
a molecular imaging agent, respectively. For tumor-specific
delivery of QDs and PTX, anti-EGFR antibodies or aptamers
were decorated to the surface of micelles, respectively. EGFR-
specific delivery capacity and therapeutic activities of the
theranostic nanoparticles were assessed in cancer cells and
tumor-xenografted mouse models. Biological behavior and
tumor accumulation of the theranostic nanoparticles were
monitored by in vivo fluorescence imaging. Furthermore,
efficacies of aptamers as an active targeting ligand were
compared with those of conventional antibodies.

Materials and methods

Materials:1,2-distearoyl-sn-glycero-3-
phosphoethanolamine-N-[methoxy(polyethylene glycol)2000]
(DSPE-mPEG2000) and 1,2-distearoyl-sn-glycero-3-
phosphoethanolamine-N-[maleimide(polyethylene
glycol)2000] (DSPE-PEG2000-mal) were purchased from
Avanti Polar Lipid, Inc. (Alabaster, AL, USA). CdSe/ZnS High
Quality organic NSQ-dots quantum dots (Q-dot, Aemit = 620
nm) were purchased from Nanosquare Inc. (Seoul, Korea).
Paclitaxel was purchased from Sigma-Aldrich (St. Louis, MO,
USA). Anti-EGFR antibodies, named as cetuximab, were
purchased from Merck KgaA (Darmstadt, Germany). The anti-
EGFR aptamers which were functionalized with sulfhydryl
group at 3’-end were purchased from Aptamer Science Inc.
(Pohang, Korea).

Cell lines and culture: LS174T (human colorectal
adenocarcinoma, #10188) cell lines were purchased from
Korean Cell Line Bank (Seoul, Korea). LS174T cells were
maintained in RPMI1640 (Gibco, Carlsbad, CA, USA)
supplemented with 10% fetal bovine serum (FBS, Gibco), 100

1U/ml penicillin (Gibco) and 100 pg/ml streptomycin (Gibco)

in a humidified atmosphere of 95% air and 5% CO2 at 37°C.

Preparation of lipidic micelles co-loading paclitaxel and
QDs: Paclitaxel (PTX) and QDs were co-encapsulated in the
lipidic micelle cores by thin film methods. Firstly, DSPE-
mPEG2000 in chloroform and methanol solution (2:1, v/v),

PTX in methanol and QDs in chloroform were mixed by
700:57:1 molar ratio. The organic solvents were evaporated
under a stream of N2 gas. Vacuum desiccation for 1 hr was
performed to remove the residual organic solvents. The dried

film was incubated at 80°C for 2 hr and was hydrated with

HEPES buffer (HEPES 25 mM, NaCl 140 mM, pH 7.5) in 1
mg/ml lipid concentration. QD and PTX aggregates which are
not encapsulated in micelles were removed by using Nuclepore
Track-Etched polycarbonate membrane filter (Whatman Inc.,
Piscataway, NJ, USA) with 100 nm pore size. The QDs-
encapsulated micelles were called as QDMs. The lipidic
micelles co-loading PTX and QDs were named as PTX-QDMs.

Conjugation of anti-EGFR antibodies to the PTX-QDMs:
For coupling anti-EGFR antibodies to the surface of the PTX-
QDMs, the primary amines of antibodies in HEPES-EDTA
buffer (25 mM HEPES, 140 mM, NaCl, 2 mM EDTA, pH 8.0)
were thiolated by Traut’s reagents (Thermo Scientific,
Rockford, IL, USA) The thiolated antibodies were added to the
PTX-QDMs-mal at the molar ratio of 0.2:1 (antibody:DSPE-

PEG2000-mal) for 18 hr at 4°C. The anti-EGFR antibodies-

conjugated PTX-QDMs were named as Immuno-PTX-QDM:s.

Conjugation of anti-EGFR aptamers to the PTX-QDMs: To
obtain the reduced form of protected aptamers which were
crosslinked each other by disulfide bond, the equal volumes of
20 mM tris-(2-carboxyethyl)phosphine (TCEP, Invitrogen,
Carlshad, CA, USA) and 100 uM aptamers in HEPES buffer
were mixed for 1 hr at room temperature. The aptamers were
added to the PTX-QDMs-mal at the molar ratio of 0.2:1
(aptamer:DSPE-PEG2000-mal) for 18 hr at room temperature.
The anti-EGFR aptamer-conjugated PTX-QDMs are named as
Aptamo-PTX-QDMs.

LS174T-xenografted mouse model: All animal experiments
were approved by the Institutional Animal Care and Use
Committee (IACUC) of Yonsei University at Wonju (YWCI-
201608-008-01) and conducted under protocols in accordance
with the school guidelines and regulations. 6-week old female
BALB/c nude mice (Orient Bio, Seongnam, Korea) were
subcutaneously injected with 2x10° cells of LS174T cells in the
left low back of each mouse. Length and width of tumors were
measured by caliper and tumor volumes (mm?) were estimated
as (lengthxwidth?)/2.

In vivo fluorescence imaging: When the tumor volume
reached at approximately 500-800 mm3, LS174T-xenografted
mice were randomly divided into 3 groups (n = 3 per group).
The mice in each group were intravenously injected with 800
pmole QDs/mouse of QDMs, Immuno-QDMs and Aptamo-
QDMs, respectively. In vivo fluorescence images were
obtained at 1, 4, 8, 24, 48, and 72 hr post-injection by using a
Maestro 2 in vivo imaging system (Aex: 550 nm, Aemit: 620 nm,
Caliper Life Sciences, Hopkinton, MA, USA).

In vivo therapeutic activities of Immuno-/Aptamo-PTX-
QDMs: When the tumor volume reached at approximately 100
mm?3, LS174T-xenografted mice were randomly divided into 5
groups. The mice in each group were intravenously injected
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with 1.25 mg/kg PTX per mouse (n = 5 each group) of saline,
PTX, PTX-QDMs, Immuno-PTX-QDMs and Aptamo-PTX-
QDM s for 3-times with 3 days intervals. The tumor volumes
were measured once every 2 days. When the largest tumor
volume reached to approximately 2000 mm?, all mice were
sacrificed.

Statistical analysis: Data were represented as mean +
standard deviation (S.D.). Statistical analysis was performed
with one-way or two-way ANOVA using Prism 7 (GraphPad

Software, Inc.). p < 0.05 was considered statistically significant.

Results
antibody
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Aptamo-PTX-(DMs

Figure 1. Schematic illustration of Immuno-/Aptamo-
PTX-QDM:s.

Table 1. Physicochemical properties of Immuno-
/Aptamo-PTX-QDMs.

QD PTX

Palydiperse  Zeta-patential?

Size" (nm) . " encapsulation  encapsulation
index® (PDI) (mV) efficiency (%) efficiency® (%)
QDMs 40,19+ 2.719 0188 #0023 2504 11090 94,184 1.949
PTX-QDMs APAG= 344 023320032 -2.52=0.54 94.5T+4.37 9850+ 2,05
Imrnung-PTX-
27722.05 260 + 0,02 =1.61 £0.67 222 . 387
QDMs 427 0 0.260 = 0.024 161 0.6 o 89 0487+ 38
Aptamo-PTX-

A1AT+300 0240£0019 515102 92102240 634111

QDMs

a)Size, PDI and Zeta-potential were measured 3 times with a particle
analyzer.

b)QDs and PTX encapsulation efficiency were estimated with 3 times-
repeated experiments.

c)Size (nm), average size + S.D.; PDI, average PDI = S.D.; Zeta-
potential (mV), average zeta-potential + S.D.; QDs/PTX encapsulation
efficiency (%), average QDs/PTX encapsulation efficiency + S.D.

T2 hr
QoM

Immuno-QDM

Figure 2. Representative images on In vivo fluorescence
imaging of Immuno-/Aptamo-QDMs. LS174T-xenografted
mice were intravenously injected with 800 pmole QDs/mouse

of QDMs, Immuno-QDMs and Aptamo-QDMs. At 1, 4, 8, 24,
48, and 72 hr post-injection, in vivo fluorescence images were
obtained. The tumors were located on the left low back of all
mice.
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Figure 3. Growth inhibition of tumors using Immuno-
[Aptamo-PTX-QDMs.  LS174T-xenografted mice were
intravenously injected with saline, PTX, PTX-QDMs,
Immuno-PTX-QDMs, and Aptamo-PTX-QDMs (1.25 mg/kg
PTX) at 1, 4, and 7 days. The tumor growth rates were
measured once every two days. Each error bar represented the
mean + S.D. for five mice. ***, p < 0.001 vs. QDMs-injected
mouse group.

Discussion

To develop tumor-targeted theranostic nanoparticles, well
characterized Immuno-/Aptamo-PTX-QDMs were prepared.
Physicochemical properties of Immuno-/Aptamo-PTX-QDMs
were suitable for tumor accumulation via passive targeting in
tumor-xenografted mice. Tumor targeting ability of Immuno-
/Aptamo-PTX-QDMs were about 5-folded higher than that of
non-targeted PTX-QDMs. The high tumor accumulation of
Immuno-/Aptamo-PTX-QDMs led to effective optical imaging
modalities which was specific to target tumors. The LS174T
tumors in mice were significantly treated without side effects
by using the Immuno-/Aptamo-PTX-QDMs at a low dose.

Conclusion

Immuno-/Aptamo-PTX-QDMs could be utilized for tumor-
specific theranostic nanoparticles and be a candidate for clinical
use. Furthermore, aptamers were used as a targeting ligand for
cancer theranosis in this study which have provided an example
of expanding the utility of aptamers.
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Introduction

Amyloid fibril formation has been implicated in the
pathogenesis of neurodegenerative diseases. Fibrillation
generates numerous conformers. Presumably, the conformers
may possess specific biological properties, thus providing a
biochemical framework for strains of prions. However, the
precise relationship between various fibril conformers and their
pathogenic functions has not been determined because of
limited accessibility to adequate amounts of fibrils from tissue
samples. o-synuclein is one such protein, and it has been
implicated in Parkinson disease. Using a technique known as
protein misfolding cyclic amplification, originally developed
for amplifying prions, we established a procedure through
which the amplification of a-synuclein fibrils is possible. With
a trace amount of seeds, we succeeded in amplifying o-
synuclein fibrils. The replication of the seeds was faithful in
terms of conformation even after multiple rounds of cyclic
amplification. Moreover, two transgenic mouse strains each
representing a distinct synucleinopathy were used to investigate
different conformers by using this technique. The amplified o-
synuclein fibrils derived from the tissue extracts of these two
strains led to the production of two different fibril conformers
with distinct proteinase K digestion profiles. Together, our
results demonstrated that a trace amount of a-synuclein fibrils
in tissue extracts could be amplified with their conformations
conserved. This procedure should be useful in amplifying o-
synuclein fibrils from the brains and body fluids of patients
afflicted with synucleinopathies and may serve as a potential
diagnostic  tool for Parkinson disease and other
synucleionpathies

Materials and methods

Purification of recombinant a-synuclein: Protein expression
was induced with 0.1 mM IPTG for 3 hours at 37 °C when the
absorbance of the E. coli strain BL21 (DE3) (RBC Korea, Seoul,
Korea) culture reached 0.6 at 600 nm. The cells were pelleted
and resuspended in 20 mM sodium phosphate buffer (pH 7.4)
for sonication and were subsequently boiled at 100 °C for 20
min, then centrifuged at 10,000 x g for 10 min. The supernatant
was subjected to anion-exchange chromatography and
Superdex-200 gel filtration column chromatography for further
purification. The purified a-synuclein was dialyzed against
distilled water and subsequently lyophilized. For monomer
preparation, lyophilized a-synuclein was reconstituted in
phosphate-buffered saline (PBS; #CAP08-050, GenDEPOT,
Katy, TX, USA), then subjected to ultrafiltration using a
100,000 molecular weight cut-off centrifugal device (Pall, New
York, USA). For fibrillation, a-synuclein (200 uM in PBS) was
incubated at 37 °C for 19 days with constant shaking at 1,050
rpm in a Thermomixer C (#5382000015, Eppendorf, Hamburg,
Germany). When used as seeds, the fibrils were sonicated for 1
min (Amplitude 30%) before treated to fibrillation reaction.

Mouse strains: (THY1-SNCA*A53T) F53Sud/JAS3T +/-
mice were purchased from Jackson Laboratory (Bar Harbor,
ME). Human a-Synuclein (A53T) transgenic line G2-3 was
produced and maintained as descried in Lee et al.

Preparation of brain tissues as exogenous seeds: Brain and
spinal cord tissues were homogenized with a tissue grinder
(#358039, Wheaton, Millville, NJ, USA) to 10%

weight/volume (w/v) solution with homogenizing buffer (1%
Triton X-100, 150 mM NaCl, Protease Inhibitor Cocktail). The
protein concentration was determined by using a bicinchoninic
acid assay (Pierce, Rockford, IL, USA).

PMCA: The equipment for PMCA, including a microplate
horn  (#431MPX), sound enclosure (#432MP) and
thermoelectric chiller (#4900), was purchased from Qsonica
(Qsonica, Newtown, CT, USA). PMCA was performed using
recombinant o-synuclein  monomers as substrates and
recombinant a-synuclein fibrils or tissue homogenates of
transgenic as exogenous seeds. a-synuclein monomers were
prepared to a final concentration of 20 uM in conversion buffer
(1% Triton X-100 and 150 mM NacCl), and 100 uL of this
sample transferred into siliconized PCR tubes. The samples for
PMCA were subjected to cycles of 20 sec sonication
(Amplitude 50%) and 29 min 40 sec incubation at 37 °C for a
day or several days. Exogenous fibril seeds were added to final
concentrations of 0.04%, 0.2% or 1%.

PK digestion: Twenty micromolar a-synuclein samples
were incubated with final concentrations of 10 or 100 pg/ml PK
for 30 min to 2 hours at 37 °C. Subsequently, sodium dodecyl
sulfate (SDS)-PAGE buffer was added to the samples, which
were then heated for 10 min at 95 °C.

Results

To establish a procedure for cyclic amplification of o-
synuclein fibrils, we generated a modified PMCA protocol for
a-synuclein. Western blotting confirmed that SDS-stable
aggregates of a-synuclein were formed during the PMCA
cycles in the seed-added group. The PK digestion assay showed
that the PMCA product with seed exhibited a PK digestion
pattern similar to that of the seed fibril itself, whereas the
monomers or PMCA products without seed did not result in
PK-resistant bands. These results suggest that the PMCA of a-
synuclein is highly sensitive and accurate in amplifying trace
fibrils with conserved conformations (figure 1). Next, we
attempted to amplify a-synuclein fibrils from tissue samples.
Two different transgenic mouse models were utilized for in
vivo experiments. PK digestion analysis exhibited different
digestion patterns, thus indicating that the fibrils amplified
from these mouse models were distinct conformers (figure 2).

o Seed
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Figure 1. In vitro a-synuclein fibrils are amplified using
PMCA. Immunoblotting of PMCA product without (left) and
with PK digestion (right). Similar PK-resistant fragments were
detected in fibrils (F, seed itself) and the seed-added PMCA
products, whereas nothing remained in monomers (M) and
seed-absent PMCA products.
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Figure 2. PMCA generates a-synuclein aggregates
from in vivo samples. PK digestion patterns of
PMCA products with different tissue seeds. Note the
extra band (black arrow) on seed B-derived PMCA
products. Thy1-A53T mice brain homogenate (seed
A) Immunoblotting of mPrP-A53T spinal cord
homogenates (seed B).

Discussion

To date, research exploring various structures of fibrils has
primarily been conducted on in vitro materials derived from
synthetic peptides or recombinant proteins expressed in
bacteria. In vivo-generated fibrils, however, have not been
thoroughly investigated, owing to the scarcity of samples from
patient brain tissues or animal models. In the present study, we
generated and amplified a-synuclein fibrils both in vitro and in
vivo by implementing a PMCA technique. Experimental
verification indicated that the PMCA products showed the same
conformations as those of the seeds added to the reaction.
Hence, we demonstrated that PMCA can be conducted through
several rounds without the alteration of the original seed. These
results suggest that a trace amount of in vivo fibrils can be
amplified, and thus their specific structures can be determined.
In the present study, proteinase K digestion patterns were used
to monitor structural diversities among fibrils. Although this
method has some limitations in specifically identifying distinct
fibril structures, PK digestion has nevertheless been widely and
faithfully used to examine fibril conformers not only for prions
but also for other amyloid fibrils, such as a-synuclein 101,130.
For higher accuracy, high-resolution techniques, such as solid-
state nuclear magnetic resonance (sSNMR), may be used to
determine fibril structures.

The PMCA technique was originally developed to amplify
prions from tissues or body fluids. Although this technique has
been used to amplify prions from various sources, it has also
been applied to non-prion amyloid proteins, including AB, tau
and a-synuclein. In a previous study, Herva et al. have used in
vitro-generated o-synuclein fibrils as seeds in a-synuclein
PMCA. This study successfully showed that a-synuclein fibrils
can be rapidly amplified from synthetic seeds and that the
PMCA products “infect” cells and consequently generate
cytoplasmic aggregates. Although this study notably has
demonstrated that PMCA can be applied to a-synuclein, it has
drawbacks in not addressing sensitivity and fidelity. The
novelty of the present study is the amplification of in vivo-
derived a-synuclein fibrils and the demonstration of high
sensitivity and fidelity. In the present study, we demonstrated
that as little as 0.04% monomer can be amplified from trace
seeds using the PMCA procedure. Moreover, we showed the
amplification of two distinct a-synuclein fibrils in two different
transgenic mouse models and the production of PK digestion
patterns unique to each model. The products from the initial
PMCA can also be used as seeds in the next successive rounds
of amplification and through several rounds, fibril
conformations are faithfully replicated. These results indicate

that a-synuclein fibrils can be amplified from both in vitro and
in vivo sources with high sensitivity and fidelity.

There are two notable aspects of the current study. Primarily,
AB-PMCA made it possible to concretely determine the
structures of in vivo fibrils. Recently, a-synuclein fibrils have
been isolated and amplified from two AD patients with distinct
clinical manifestations. The determination of the structures of
these fibrils through sSNMR has revealed that the fibrils were
indeed distinguishable from each other in terms of
conformations. On the basis of these observations, the authors
have suggested that the different clinical features of the patients
reflected distinct fibrils conformers, thus potentially
representing two distinct “strains”. To perform structural
studies with such high resolution, large quantities, over several
milligrams, of protein are required. Such quantities, however,
are impossible to obtain from several rounds of PMCA. The
products themselves should be further amplified through
conventional seeded fibrillation. In the present study, we
demonstrated the feasibility of attaining a large quantity of [ -
synuclein fibrils through the conventional seeded fibrillation of
a-synuclein-PMCA product without changing the fibril
structure.

Second, the study demonstrated the clinical potential of the
amplified a-synuclein fibrils from biological samples, which
might be strategically used for diagnosing synucleinopathies.
The aggregation of a-synuclein is associated with PD, DLB,
MSA and AD. It is difficult to precisely pinpoint each
synucleinopathy in diagnostics solely on the basis of the
symptoms observed. In prion diseases, PMCA exemplified the
prospective diagnostic detection of pathogenic prions from
body fluids. Consequently, we expect that a similar approach
using the PMCA technique can be adapted to synucleinopathies,
thereby bringing the field one step closer to developing
differential diagnostic tools.

Conclusion

Addition of in vivo and in vitro a-synuclein seeds accelerated
PMCA reactions and the PMCA end-products maintain seed
characters, which suggest PMCA may be utilized for
amplifying human brain and/or CSF o-synuclein and a
potential diagnosis tool for PD.
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Caregiver Burden in Accordance with

Behavioral and Psychological Symptoms of Dementia(BPSD)

in Alzheimer Dementia Patients

BK. Kim

Department of Nursing, Wonju College of Medicine, Yonsei University, Wonju, Korea

Introduction

Along with increasing of the number of dementia
patients [1, 2] caregiver burden due to behavioral and
psychological symptoms of dementia (BPSD) in Alzheimer
dementia (AD) patients also considered as serious problems
[3, 4, 5].

The purpose of this study was to examine the BPSD in
AD as well as to verify the factors related with caregiver
burden.

Methods

Study Design: The path analysis study based on
situation relating theory was conducted.

Participants: Total 170 study participants, who visited
neurology in tertiary hospital located in Seoul area, were
recruited for this study.

Data Collection: The data were collected from January
2011 to February 2016 through the survey for the caregivers
and the electronic medical record of the patients.

Measurements: The measurement tool included Korean
Neuropsychiatric inventory (NPI), Korean version of Mini-
mental status examination (MMSE), Short form of Geriatric
Depression scale (GDpS), Clinical Dementia Rating (CDR),
Korean version of Bathel Activities of Daily Living Index
(ADL), and Seoul-Instrumental Activities of Daily Living
(IADL).

Data Analysis: For the data analysis, SPSS Win 22.0
and AMOS 22.0 were used.

Results

1) Patients” BPSD score was 17.68+20.67 and the score
of caregivers’” burden was 9.65+11.12. The level of
caregivers’ burden was significantly different according to
family relationship, CDR, ADL, and IADL.

2) Based on the results by the factor analysis of BPSD,
the identified factors were Hyperactivity (Disinhibition,
Irritability/Lability,  Agitation/  Aggression), Psychosis
(Hallucination, Anxiety, Elation/ Euphoria, Delusion,
Depression/Dysphoria), Physical behavior (Appetite and
eating disorders, Apathy/Indifference, Aberrant motor
behavior, Sleep and nighttime behavior disorders).

3) In terms of the level of patients’ symptoms by the
characteristics of caregivers and patients, patients’ education
level, drinking, CDR, GDpS, ADL, IADL were significant in
hyperactivity symptom cluster; CDR, IADL were significant
in psychosis symptom cluster; and family relationship,
patients’ age, MMSE, CDR, ADL, IADL were significant in
physical behavior symptom cluster.

4) Among the factors which affected caregiver burden,
CDR, IADL, hyperactivity, psychosis, physical behavior
showed positive relationship, and MMSE and ADL showed
negative rela- tionship.

5) Based on goodness of fit in modified model,
¥2=8.73(p=.189), y2 /df(1.456), GFI(.985), AGFI(.932),

CFI1(.996), NFI1(.987), IF1(.996), SRMR(.034), RMSEA(.052)
was selected for final model.

6) Among the 22 paths in the model, 12 paths were
supported. Among the hyperactivity symptom, ADL and IADL
showed direct effect and total effect, and among the psychosis
symptom, CDR and IADL showed direct effect and total effect.
Finally, among the physical behavior symptom, CDR and ADL
showed direct effect and total effect. Among the caregiver
burden, hyperactivity symptom, psychotic symptom and
physical behavior symptom showed direct effect and total effect.

Conclusions and Suggestions

To sum, the behavior patterns of Alzheimer dementia
were categorized into hyperactivity, psychosis and physical
behavior. In accordance with the model, CDR, ADL, IADL
affected caregivers’ burden through hyperactivity, psychosis
and physical behavior. Hyperactivity, psychosis, and physical
behavior symptom had complete mediating effect.

Thus, in order to alleviate burden in caregivers, intensive
nursing interventions focusing on CDR, ADL, IADL should be
developed and practically applied. Base on the findings of this
study, by delaying and preventing BPSD in AD patients,
caregivers’ burden would be alleviated.
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The Association of Japanese Mothers’ Perineal and Physical Pain

after Vaginal Birth with Parental Behavior in Early Postpartum: A Literature Review

A. Yamada, M. Kamiya, Y. Takahashi

Department of Nursing, Nagoya University Graduate School of Medicine, Nagoya, Japan

Introduction

The postpartum period is a vital transitional time for a
woman, her baby, and her family. Perinatal nurses and
midwives should carefully assess a mother’s physical
recovery and her psychological adaptation from childbirth to
ensure positive future mother-infant relationship.

A process of becoming a mother requires extensive
psychological, social, and physical effort [1]. The maternal
role starts during pregnancy and continues to develop for 1
year postpartum, throughout which a mother’s demographic,
obstetric, and psychosocial factors determine their parenting
behavior and maternal role [1-3].

Mercer’s theory of becoming a mother [4] was
developed by Rubin’s theory of maternal role attainment [5].
Maternal attachment is the process through which maternal
love develops as a result of the satisfying and pleasing
interaction between mother and infants [6] following 4 stages
[4]; commitment, attachment, and preparation during
pregnancy; acquaintance, learning, and physical restoration
in the first 2 to 6 weeks following birth; moving toward a
new normal between the first 2 weeks and 4 months; and the
achievement of maternal identity at around 4 months. Almost
all mothers learn to read their infant’s cues within 1 month
after birth [5]. To facilitate this process, a mother and her
infant should be together immediately after birth, and they
should look after the baby by themselves [7] to gain the
“parental behavior” experiences such as smiling, touching,
kissing, hugging, patting, singing, maintaining eye contact,
breastfeeding, sensitivity, and affection [8-10]. As a result,
maternal self-confidence and satisfaction with her baby
increases, thus enhancing mother-infant attachment.
However, the mother-infant interaction may be hampered by
mother’s physical recovery from childbirth [1].

While mothers are free from labor pain after giving birth,
they experience various types of pain such as perineal pain,
posterior pelvic pain, and lower back pain, which may get
delayed attention and prevent mothers from properly looking
after their babies and performing their own daily activities
[11-14]. Previous study from Japan has shown that Japanese
mothers who were in a poor physical state were less willing
to look after their infants by themselves, and less interested
in their infants compared with mothers who were in a good
physical state 1 month postpartum [15].

Mothers experience various pregnancy and delivery-
related pain in the early postpartum period that may influence
their daily life activities and prevent them from
understanding their baby’s cues and respond on time.
Therefore, this literature review aims to describe how
perineal pain after birth impacts Japanese mothers in their
daily life and how it affects their parental behavior. The

present study specifically focuses on Japanese mothers because
of the cultural differences in verbal and non-verbal emotional
expression. The objective of this study is to gain a deeper
understanding of maternal adaptation in early postpartum to
facilitate perinatal and midwifery practices.

Materials and Methods

The purpose of the review was to summarize the
relationship between a mother’s perineal and physical pain after
vaginal birth and their parental behavior in the early postpartum
period.

The database Ichushi-Web (Japan Medical Abstracts
Society) was used to search for original Japanese research
articles published between 2000 and 2017 that studied human
participants. The following inclusion criteria were used: (a)
original research, (b) studies that clearly described the changing
perineal pain and the type of pain in early postpartum, (c)
studies that indicate how perineal pain influences postnatal
mother’s daily life activity, and (d) studies that identify a
mother’s needs in early postpartum.

The terms postpartum, perineal pain, and lower back pain
were searched both with and without hyphenation on August 25,
2017. The search yielded 30 studies of perineal pain in
postpartum and 19 studies of lower back pain in postpartum. Six
articles were selected for inclusion in the literature review.

Results

Of the 6 papers selected for review, 3 were research
articles on perineal pain, 3 were research articles on lower back
pain.

1. Changing perineal pain and how mothers’ perineal and
physical pain after vaginal birth impact their daily life
activities in early postpartum

1) Perineal pain [16]

Perineal pain was evaluated from 0 to 100 (no pain to
worst pain) on the Visual Analogue Scale (VAS). Perinatal pain
was reported in 85.9% of women who felt the strongest pain at
days 0 and 1. The mean and standard deviation of VVAS-related
pain in episiotomy were 65.2+-19.94 at day 0, 59.4+19.72 at
day 2, and 44.0£22.26 at day 4. Perineal pain on each day was
positively related (r=.57, r=.28, r=.18, respectively). Moreover,
perineal pain on each day was positively related with difficulty
of daily activities, and strongly associated with difficulty of
sitting position (r=.83), decreasing motivation (r=.60), difficulty
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of excretion and cleaning their vagina (r=.70) and difficulty
of general movement (r=.83).
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2) Lower back pain [12][14][17]

Nakazawa et al., [12] conducted research with 253
postpartum mothers, of which 225 (88.9%) gave birth
naturally and the remaining 28 (11.1%) gave birth via
caesarean section. A total of 148 mothers had lower back
pain 1 week after birth and 140 mothers (57.9%) reported it
after 1 month. They reported difficulties with daily life
activities such as getting up, bending forward, and sitting for
over 30 minutes even a week after birth. Difficulties related
to looking after their baby, such as changing diapers and
breastfeeding were also reported. Kusumi et al., [17] studied
67 postpartum mothers who gave birth to a baby by vaginal
delivery. They found lower back pain in postpartum was
experienced by 31 mothers (46.3%) at day 4, in 35 mothers

(52.2%) at day 5, and 32 mothers (47.8%) 1 month after birth.

They also reported a positive relationship between
episiotomy-related perineal pain and difficulty in daily life
activities at day 5 because of lower back pain (r=.41).
Research by Fukuyama et al., [14] on 163 mothers at day 4, 1
month, and 2 months after birth by vaginal delivery found
that 31.9% of mothers had low back pain at day 4, 23.3% at 1
month, and 24.5% at 2 months after birth. In addition, 8.6%
of mothers said the pain had not subsided since pregnancy,
and among those aware of the pain at day 4, 21.5% reported
that the pain persisted until 2 months postpartum. Mothers
who had lower back pain at day 4 also had difficulties in
their daily life activities. Lower back and posterior pelvic
pain was found in 50.6% of women before pregnancy, in
83.0% of women during pregnancy, in 58.5% of women 1
week after delivery, and in 55.3% 1 month after delivery.
[12]

Discussion

The findings of this review showed that perineal pain
and physical pain are negatively related with a mother’s daily
life activities Thus meaning that immediately after birth
mothers are in pain whilst caring their baby, and
breastfeeding them. To date, there has been limited research
into the relationship between perineal pain and parental
behavior in early postpartum. Despite existing policies for
hospital discharge, raising awareness about major concerns
such as perineal pain, postpartum complications, newborn
feeding and care should not be routinely practiced in the
hospital schedule. A mother’s learning needs and the process
of recovery from her birth may differ and change during the
postpartum period. It is common for new mothers to be
hospitalized for 5 to 7 days after birth in Japan. This length is

an advantage for Japanese perinatal nurses and midwives as it
enables them to assess a mother’s physical recovery and their
psychological adaptation. Clinical health care providers can also
support mothers to establish breastfeeding. Previous studies
have shown that the first 2 to 3 days is the most painful period
for mothers. We therefore have to examine a mother’s physical
recovery and identify potential barriers to daily life activities
such as looking after their baby and breastfeeding. It is
important to note however that it is during this time that a
mother can get used to being with her baby and better
understand how to read her infant’s cues for future mother-
infant attachment. Mother-infant interaction is engaged
increasing maternal-confidence related to the baby [1]. Through
interaction with their babies, mothers gain self-effect, self-
esteem, and stability. These successful experiences build up
their identity as becoming a mother. The early postpartum
period is precious and important for initiating actual baby care.
Therefore, we have to reconsider our routine postnatal practices
for positive future mother-infant attachment.
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The Effects of Communication Competency and Job Embeddedness on Nursing

Performance in Small and Medium-sized Hospital: A Literature Review
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Introduction

Nursing performance shows how effective it is to
perform roles and responsibilities related to patient care. In
the hospital setting, patient care and nursing are top priority
tasks [1]. The nurses' workload and intensity of work were
increased as the demand for quality nursing services in-
creased, and high nursing work performance was also re-
quired through professional improvement to increase the
productivity of the hospital [2-3]. In this case, small and
medium hospitals often exceed their working hours due to
insufficient nursing staff compared to large hospitals, the
work environment is not good due to relatively low salaries
[3]. Due to the difficulty of securing nursing staff nursing
manpower management is also very difficult. Nursing work
performance is an important management factor because of
the low quality of nursing work and low interest in nursing
work performance [4]. The personal dimension that influ-
ences the performance of these nursing tasks is the job
embeddedness of the nurse to stay in the organization
without leaving the organization, the ability to communi-
cate, the self-efficacy of self- Leadership, nurse emotional
labor, emotional intelligence resilience, and self-efficacy.
[4, 7, 8-10,15-16,22]. Organizational dimension to improve
productivity and efficiency of hospital organization: nurs-
ing organization culture, nursing work environment, trans-
formational leadership of nursing manager, coaching be-
havior of nursing manager are reported [11-13].

Purpose

The purpose of this study was to investigate the effect
of communication competency and job embeddedness of
nurses in small and medium hospitals on nursing perfor-
mance.

Methods

As a key question in this research, firstly, whether the
communication ability of the nurse and the job embed-
dedness are related to the nursing performance. Second,
what is the size of the relationship and what are the factors
that affect it? The search database was composed of theses
and doctoral dissertations from 2008 to present (2017.8)
and articles published in journals (KoreaMed, PubMed,
RISS, National Assembly Library, Yonsei University Li-
brary). A review of selected literature references based on
selection criteria was included in the analysis of 22 studies
that met the selection criteria. The main keywords in
searching the database were 'Small hospital nurse’, 'Job
embeddedness ', 'Communication ability', 'Nursing perfor-
mance', and 'Communication ability AND nursing work
performance’, ' Job embeddedness 'and' nursing perfor-
mance .

Results
The important factors influencing the performance of
nursing work through the searched literature are the results

of the variables related to the nurses’ communication abil-
ity and job embeddedness [1, 4, 8, 14-17, 19-20, 22-23].

Nursing performance is the degree to which nurses
perform their roles in a rational way to improve the quality
of nursing based on their expertise, and thus perform the
goals of the nursing organization efficiently [5]. Improving
the performance of nursing work leads to the improvement
of the quality of nursing service and nursing productivity
[6].

Communicative competence is the ability to use
communication in interpersonal relationships to the ability
to communicate in an organization refers to how well you
use communication in the course of performing tasks [23].
Nurses have difficulty communicating with patients, care-
givers, doctors, or fellow nurses. The difficulty of such
communication causes conflict, anxiety, stress, and eventu-
ally decides to leave. Competence nurses have difficulty
communicating with patients, caregivers, doctors or fellow
nurses. This difficulty of communication causes conflict,
anxiety, stress, and eventually it is an opportunity to decide
the turnover. Therefore, communication ability is very
important for nurses [14]. Communication skills reduce the
possibility of physical frictions among members in the
course of job performance and improve the professional
ability of nurses [15]. Communication ability has a positive
(+) correlation with communication ability and nursing
work performance. The higher the communication ability,
the higher the nursing work performance. On the other
hand, the lower the communication, Stress was increased
[1, 8, 15-16].

In relation to the factors influencing the performance
of nursing work, the job embeddedness is a new concept
that identifies the factors of organizational stay based on
individual and job relations, so that the individual can stay
in the organization without leaving the organization. It is a
web of individual complexity entangled with a new re-
search area that synthesizes psychological events or behav-
iors that shift and turnover [17,18]. It is an important varia-
ble that influences individuals' decision to stay in or leave
an organization. It is an intra-job factor that focuses on
"why do people stay in the organization?" It is composed
of fitness, linkage, and sacrifice as sub-factors [18]. The
higher the nurse's job embeddedness was, the lower the
intention to turnover [17, 19-20]. The job embeddedness
had a positive correlation with nursing work performance
[22]. In many medical institutions, it is important to in-
crease the job embeddedness and to reduce the turnover
rate of nurses. It is to increase the efficiency of the nursing
work by enhancing the efficiency of the work by having a
lot of competent nurses 7]. This job embeddedness has a
direct effect on job performance, and the more hospitals,
organizations, and jobs that nurses work with, the better the
individuals, the more active interaction with relevant de-
partments and colleagues in the hospital, And the higher
the perceived material and mental loss due to leaving the
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hospital, the higher the performance of nursing work [7, 21,
22]. The hospital is the place to treat and nurse the patient,
and the best nursing performance is essential. It is im-
portant to understand the factors influencing

Conclusions

Literature review results, there are many researches on
nurse 's communication ability and nursing work perfor-
mance, but research on job embeddedness and nursing
work performance is on the one hand and most of them
have studied on job embeddedness as an influence factor
on turnover intention. It is necessary to study the effects of
communication ability and job embeddedness of nurses in
small and medium hospitals on the performance of nursing
work and to provide useful basic data for nursing work
improvement and nursing human resource management.

References

[1] Son YJ, Lee YA, Sim KN, Kong SS, Park YS. Influ-
ence of Communication Competence and Burnout on
Nursing Performance of Intensive Care Units Nurses.
Journal of the Korean Academy of Fundamentals of
Nursing, 2013;20(3): 278-288.

[2] Lee HS. Relationships among Communication Compe-
tence, Communication Types, Organizational Com-
mitment of Nurses. Dankook University. 2007. Chun
an, Korea.

[3] Kim JK, Kim MJ, Kim SY, Yu M, Lee KA. Effects of
general hospital nurses' work environment on job em-
beddedness and burnout. Journal of Korean Academy
of Nursing Administration, 2014;20(1):69-81.

[4] Lim MY. Effectsof Empowerment, Communication
Ability, and Job Stresson Nursing Service Performance
of Small and Medium-sized Hospital Nurses. Kongju
University. 2016. Choongnam. Korea.

[5] Ko YK, Lee TW, Lim JY. Development of a perfor-
mance measurement scale for hospital nurses. Journal
of Korean Academy of Nursing. 2007;37(3):286-294.

[6] Ha NS, Chol J. An Analysis of Nursing Competency
affecting on Job Satisfaction and Nursing Performance
among Clinical Nurses. Journal of Korean Academy of
Nursing Administration . 2010;16(3): 286-294.

[7] Lee HS. Yom HY. Role of Self-leadership and Social
Support in the Relationship between Job Embed-
dedness and Job Performance among General Hospital
Nurses, Journal of Korean Academy of Nursing Ad-
ministration. 2015;21(4):375-385.

[8] Kim YJ. The Effects of Emotional Intelligence and
Communication Competency on Nursing Performance
of Outpatient Nurses. Yonsei University. 2016. Seoul.
Korea.

[9] Lee EJ. University hospital nurse's feelings regarding
the impact on the business performance of nursing la-
bor research. Soonchunhyang University. 2013. Chu-
nan. Korea.

[10] Park SK. The impact of resilience on nursing outcome
of clinical nurses. Hanyang University. 2014. Seoul.
Korea.

[11] Lee YM. A study of correlation between leadership
styles of head nurses and nursing performance: the reg-
ulation effect of nursing organizational culture. Soon-
chun University. 2015. Jeonnam. Korea.

[12] Kim JK. Structural Model of Hospital Nurses' Turno-
ver Intention : Focusing on Organizational Characteris-
tics, Job Satisfaction, and Job Embeddedness. Journal
of Korean academy of nursing administration. 2016;22
(3):292-302.

[13] Ryu SY. The relationship between Coaching Behav-
iors of Nursing Managers, Empowerment and Job Per-
formance of Staff Nurses. Yonsei University,2009,

Seoul, Korea.

[14] Kim SH, Lee MA. Effects of Emotional Labor and
Communication Competence on Turnover Intention in
Nurses. Journal of Korean Academy of Nursing Ad-
ministration, 2014;20(3): 332-341.

[15] Bae JY. The relationships among the level of commu-
nication competence, the types of communication, and
the level of nursing performance. Kosin University.
2008. Busan. Korea.

[16] Choi JH. Relationship between nurse's emotional in-
telligence, communication competency and organiza-
tional commitment. Ajou University. 2010. Kyonggi-
do. Korea.

[17] Kim JH. The effects of job embeddedness on turnover
intention and organizational citizenship behavior in
hospital employees: Focusing on moderating effect of
personality traits. Kyungsung Universit. 2010. Busan.

[18] Mitchell TR, Holtom BC, Lee TW, Sablynski CJ, Erez
M. Why people stay: using job embeddedness to pre-
dict voluntary turnover. Academy of Management
Journal. 2001;44(6):1102-1121.

[19] Jeon JH, Yom YH. Roles of empowerment and emo-
tional intelligence in the relationship between job em-
beddedness and turnover intension among general hos-
pital nurses. Journaal of Korean Academy of Nursing
Administration. 2014;20(3):302-312.

[20] Kim YS. Rhu SA. Influence of Job Embeddedness
Factors on Turnover Intention of Nurses in Small and
Medium Sized General Hospitals. Journal of Korean
Academy of Nursing Administration. 2016;22(2):158-
166.

[21] Halbesleben JRB, Wheeler AR. The relative roles of
engagement and embeddedness in predicting job per-
formance and intention to leave. Work and Stress.
2008;22(3):242-256.

[22] Kwon SB, Pakk MJ, Song HM, Moon JS. Effects of
Job Embeddedness and Emotional Intelligence on Per-
formance of Nurses in Medium and Small sized Hospi-
tal. The Korean Journal of Health Service Management.
2017;11(1):55-66.

[23] Papa MJ. Communicator competence and employee

performance with new technology. Southern Commu-
nication Journal, 1989;55(1):87-101.

Author address
E-Mail: cis0306 @nate.com

-88 -



Association of Early Skin-to-Skin Contact with Mother-Infant Attachment for the First Month

Y. Takahashi, A Yamada, M Kamiya, K. Tamakoshi

Department of Nursing, Nagoya University Graduate School of Medicine, Nagoya, Japan

Introduction

Mother who held their infant skin-to-skin contact (SSC)
after birth were more likely to breastfeed sooner, more
effectively, and for longer durations compared with mother
who did not have SSC [1-5]. After SSC, mother was more
care for their infant with more confidence and to recognize
and respond to their baby’s needs sooner [1, 5-7]. Infant who
had SSC during first hour after birth cried less [1,5,8,9],
stayed warmer [1,4,10,11], had more stable glucose levels
and cardiorespiratory function [5,6,12-14], had lower stress
hormone levels [14], were more likely to leave the hospital
having been exclusive breastfed at various intervals during
the first 6 months after birth [1,2]. Despite rich evidences of
SSC for mother and infant, they are often separated without
medical reasons [15]. Mother-infant attachment begins to
develop before a child is born [16] and also the attachment
for fetus is strongly correlated with postnatal attachment.
Klaus and Kennell have shown that a stronger impact of
early skin-to-skin contact on their attachement [17]. However
few studies have done in full-term mother-infant dyads
compared with preterm dyads.

Thus, the aim of this study is to explorer the relationship
between early SSC and mother-infant attachment for the first
month.

Materials and Methods

Subjects: This study was part of a larger study conducted
in Aichi, Japan, from January to October in 2009[14]. The
subjects were 75 healthy mothers selected according to the
criteria below. Maternal inclusion criteria were vaginal birth
of a singleton full-term healthy infant, uncomplicated
pregnancy. Maternal exclusion criteria were past mental
disease of the mothers, signs of fetal distress during labor,
and cesarean section. Infant exclusion criteria were any
congenital anomaly, and obvious birth asphyxia as assessed
by either 1 or 5 minute’s APGAR of seven or less. According
to the above-mentioned criteria, we distributed and collected
the questionnaires directly during hospitalization, whereas
one month after birth, the questionnaires were distributed by
mail. Finally, the current analysis was restricted to 56 healthy
dyads. This study protocol was approved by the Ethics
Review Committee of the Nagoya University School of
Medicine, Nagoya, Japan.

Measures: Demographic data were collected from
medical records during hospitalization.

Stein’s Maternity Blues Scale (MBS)[18], MBS is self-
rating scale with 13 items, evaluates maternity blues. We
used the Japanese version of the MBS validated by
Yamashita[19]. The sum of the score for each item with a

range of 0-26 was provided every day during hospitalization (4
or 5 days).

Edinburgh Postnatal Depression Scale (EPDS); a self-rating
scale with 10 items, has been used in screening for postpartum
depression[20]. The EPDS was translated into Japanese and
standardized[21,22]. The questionnaire contains 10 items, and
each item is scored on a four-point scale from 0~3, with the
minimum and maximum total scores being 0 and 30 points,
respectively, and the cut-off point was 8/9 in this study for the
assessment of postpartum depression. At one month after
delivery, the subjects received the EPDS by mail.

Maternal Attachment Inventory (MAI); MAI is a self-
reported questionnaire with 26 items, designed to measure
maternal affectionate attachment to infants[23]. The MAI was
translated into Japanese and was verified for concurrent
validity[24]. Each item is scored on a four-point scale from 1~4,
the minimum and maximum total scores being 26 and 104
points, respectively; a higher score indicates a stronger
attachment to the infant. We asked mothers to fill in at 3 days, 5
days, and 1 month after delivery.

Others; we directly asked some questions about feeling and
mood regarding pregnancy, childbirth, and their partner on the
first day after delivery. These questions were the original 8-item
rating scale, which was scored according to a five-step scale of
1: ‘strongly disagree’; 2: ‘somewhat disagree’; 3: ‘neutral’; 4:
‘somewhat agree’; and 5: ‘strongly agree. > Most respondents
were 5. Therefore, the 5: ‘strongly agree’ category was rescored
‘agree overall’ and other categories were combined. In the
analyses mentioned below, they were used as two categorical
data.

Data analysis: Descriptive statistics were used to
summarize the demographic factors. All continuous variables
are shown as mean + standard deviation (SD), and categorical
data are presented based on frequency and percentage. The
correlation of MAI, MBS and EPDS with other study variables
is given by Pearson’s correlation coefficients or Spearman’s
rank-correlation coefficient. Multiple regression analysis by
forced entry method was performed to estimate the contribution
of study variables to MAI each 3, 5 days and 1 month
postpartum. Each MAI was the dependent variable and the
variables borderline significantly associated with MAI (a
probability value <0.1) were the independent variables. A
probability value <0.05 was considered significant. Data were
analyzed using SPSS version 23.0 for Windows. Differences
were considered significant when P<0.05 for the two tails.
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Results

Characteristics; the mean age of the mothers who
participated in this study was 31.1t4.1 years, the mean
gestation age was 39.7+1.0 weeks. The mean infant’s birth
weight was 3015 +353 grams in 25 (44.6%) boys and 31 girls
(55.49).

Distribution of MAI, MB, EPDS; the mean of MAI at day
3, day 5 and 1M were 96.4+6.7, 99.0+5.8, 99.615.5,
respectively. Eight mothers (14.3%) were suspected as
Maternity blues until day 3 postpartum and eleven mothers
(19.6%) were also suspected until day 5. At 1 month, 8
mothers (14.3%) had an EPDS score of nine or more. All
mother and newborn infant physical conditions were good.

Feeling and mood regarding pregnancy, childbirth, and
their husbands/partners; the proportion of ‘strongly agree’
was 70-90% for each of the questions except [l tried to do
something for the baby during my pregnancy].

The associations among each MAI and study variables;
MAI scores were strongly and positively correlated with each
other. MBS until day 3 and each MAI were negatively
correlated with each other, see Tablel.

Table 1. Correlation between each MAI, MBS and EPDS

MAI MAI MAI

Day 3 Day 5 at1M
Infant attachment score at 3day 0.86** 0.73**
Infant attachment score at 5day 0.81**

Infant attachment score at 1M
The Maternty blues score untilday 3 -0.32**  -0.37**  -0.29**
The Maternty blues score untiilday 5  -0.30"*  -0.33** -0.26

EPDS at1M -0.06
**P<0.05

A positive association between duration of SSC and MAI
at day 3(r=0.25, p<0.10) and day 5 (r=0.31, p<0.05) were
observed. Also [I was happy when | felt fetal movement] was
positively correlated with MAI day 3 (r=0.30, p<0.05) and
day 5 (r=0.38, p<0.05). [My partner was happy when told of
my pregnancy] (r=0.38, r=0.46, r=0.29, respectively) and
[My partner cooperated with me during my pregnancy]
(r=0.28, r=0.38, r=0.35, respectively) were correlated with
MAI until 1M (p<0.05). [Mother’s age] was marginally and
negatively correlated with MAI at 1M (r=-0.25, p<0.10),
[Mother's occupation] (r=-0.24, p<0.10) and [Satogaeri
bunben] (r=-0.24, p<0.10) were marginally and negatively
correlated with MAI at day 3.

Accosiation between MAI and other variables; By
multiple linear regression analysis, [MBS until day 3],
[mother's occupation] and [satogaeri bunben] were were
independently and inversely associated with MAI score at
day 3 and [My partner was happy when told of my pregnancy]
was independently and positively associated with MAI at day
3. [Duration of SSC] was significantly and positively
associated with MAI at day 3 by simple correlation analysis.

[Duration of SSC], [My partner was happy when told of my
pregnancy] were independently and positively associated with
MAI at day 5, but MBS until day 5 were independently and
inversely associated with MAI score at day 5.

However, any variables did not associated with MAI at 1
month. Only mother's age was significantly and negatively
associated with MAI at 1 month by simple correlation analysis.

Discussion

We found that early SSC lead to the positive mother-infant
attachment in early postpartum.

Klaus and Kennell’s bonding theory recommends that
mother have early SSC contact during the ‘sensitive period’
after birth*”. Previous studies have shown that early SSC is
positive, observable differences in maternal-child interaction as
measured a few days after birth'® and by using a standardized
assessment technique 1 year later*®. When both mother and
infant are in the sensitive period immediately after birth, SSC
could be positively impacts them respectively. Oxytocin could
emphasis maternal affectionate behavior and to induce bonding
to her infant during SSC and their first breastfeeding®. Thus,
early SSC enhances early postpartum mother-infant attachment.
These results suggest that the effective care and support suitable
for each point postpartum may serve to enhance maternal-infant
attachment in future through the factors related to the
attachment change postpartum.

There are two limitations in our study. One limitation was
that our study was observational. Thus, subjects must be
randomized to confirm our results even enough, though the
characteristics of SSC groups were almost comparable and
multivariate adjustment was performed. Another limitation
arises from the fact that healthy and full-term infants were the
subjects of our study. Hence, our results may not apply to
preterm infants and infants with any complication.

Conclusions

1. MAI scores at Day3, Day5, and 1 month postpartum were
significantly and strongly correlated.

2. At 5 day, the duration of skin-to-skin contact was
significantly and positively associated with MAI score at 5
day postpartum.

3. The husband’s affirmative feeling, attitude, and behavior
during pregnancy were significantly and positively
associated with MAI scores at 1 month postpartum by
simple correlation analysis.
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Premenstrual Syndrome in Female Workers: A Literature Review
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Introduction

Premenstrual syndrome (PMS) refers to physical
and emotional symptoms that occur in the one to two
weeks before a woman's period. Up to 80% of women
report having some symptoms prior to menstruation. It is
reported that main symptoms of female workers having
PMS is fatigue, lack of enthusiasm and emotional burnout
and PMS has relevance to their functional decline of
occupation. However, most women hardly ever consult the
health professionals. They primarily take a rest or take
medicine arbitrarily to relieve their symptoms.

Purpose

The purpose of this study was to explore
epidemiology, causes, signs and symptoms and
management state of premenstrual syndrome for Korean
female workers.

Methods

Data were extracted from 9 studies found to be
eligible. Nine research studies were reviewed in terms of
samples, outcome measurements.

Results

Premenstrual syndrome(PMS) is a condition in
which some women experience unpleasant physical and
emotional feelings for a few days before their period.
PMS is known to have a great impact on daily life
activities and social functions, and might result in
significantly decreased quality of life. Prevalence rate of
PMS is measured differently depending on measurement
tool. However, almost every women experience at least
one symptom[9] and severity of symptoms is various in
accordance with the individual.

1. Causal factor

Causative factor of PMS would not be regarded as
being clearly unfounded. Many researches have been
conducted to find out factors to aggravate or alleviate
symptoms. It has been reported that, of the physical factor
to degenerate symptoms, it is hypermenorrhea[1] and age[6]
and so on. However, age and menstruation history is
misrelated PMS according to other stydy[1]. Also, stress
from various area is main psychological factor[2, 6, 9] and
some female worker who perform emotional labor their
duties are troubled with severe PMS. Perception femininity
is not related to PMS. In addition to that, low income,
caffeine intake, marriage is relating factor to have an effect
symptoms of PMS

2. Symptoms

Most frequent symptom is fatigue, physical
discomfort and water retention[3-6]. Those symptoms give
rise to anger-repression[8] and degrade their quality of life.

3.Treatment

To reduce their discomfort, half of women think
medical treatment but only 12.5% of women see a
doctor[3]. They usually take a break in their spare time or
take medicine without doctor’s prescription.

Conclusions

Through a literature review, it has been found that
premenstrual syndrome is important issue for evaluation of
health state and management for female workers.
Individual exertions is required to assess their own signs
and symptoms of PMS and management for relief. Also
further research is need to understand factors associated
with Premenstrual syndrome in female workers.
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Health-related QOL in Japanesse patients with GERD and the role of Nursing
A.Kono, N.Nakayama
Department of Nursing, Nagoya University Graduate School of Medicine, Nagoya, Japan.

Introduction

i . . Table 1. Each sample’ s characteristics
Gastroesophageal reflux disease (GERD) is defined as "a

condition that develops when the reflux of stomach contents artok | sampk| n age sex, m f
causes troublesome symptoms and/or complications”[1]. In I a 109 62.1 25-85) 3574
addition to a typical symptom, which is called "heartourn”, I b 108 59.422-83) 28 80
the patients complain a variety of troublesome/painful I c 92 575+15.1 48 44
symptoms. The patients’ quality of life (QOL) is regarded as I d 17 655+13.3 118
important element. As GERD symptoms improve, the I e 66 505+17.2 26 40
patients’ QOL also become better _[2, 3] I f 10 5624127 37
Although research on the megﬂcal approach to QERD has I p 28 6634124 1216
been done, no research on nursing for GERD patients was - h 81 5574140 4348
founded. Therefore, we analyzed QOL of patients with . T
GERD through Japanese literature and explored the role of v ! 63 96.6+151 3126
nursing for GERD. v ] 62 534+154 2636
A k 47 513179 1730
VI I 47 57x14 3116
Materials and Methods VI m 40 58+14 2416
We used a database Igaku Chuo Zasshi (ICHUSHI) web VI n 35 54+15 2114
version, which is established and being updated by the Japan Vi o 20 58+15 911

Medical Abstracts Society (JAMAS). Keywords used for the
search were; "gastroesophageal reflux disease” "GERD"

reflux esophagltls and QOL' 374 articles were identified. Table 2. the QOL scores compared with national standard values

We screened the articles for eligibility and selected 19
. . N . subscales summary
artlclgs. The articles were the_ research studies which sample| oo oo Bp G VT SF RE MH PGS MGCS
examined the effect of medical approach on QOL Before the medical treatment
improvement among adult patients without other a - - - - - - - - L v
gastrointestinal diseases and/or surgeries. Next, we limited - - - - - - - - L v
HR-QOL measured by 36-ltem Short Form Health Survey s L L L L L L L L L L
(SF-36) or 8-ltem Short Form Health Survey (SF-8) in this d s 8§ L L s s s L L L
study. According to the international consensus about e L L L v L L L L L L
HR-QOL, it has basic three component; "physical function”, f L L L L L L S L L L
"mental health" and "social life function"[4]. SF-36 and SF-8 g |L L s L s L § § L S
can measure both physical and mental aspects of HR-QOL. h - - - - - - - - Lt
We included 6 articles which used SF-36 or SF-8 to measure ! e
. . . # | L L L L L L L L L L
HR-QOL in the final review. | LoL oL L L L L oL - -
SF-36 is a self-administered questionnaire consisting of m|ls s L L L s L L - -
8 subscales; physical functioning (PF), role-physical (RP), n s L L L L S L L - -
body pain (BP), general health (GH), vitality (VT), social ° s L L L L L L L - -
function (SF), role-emotional (RE) and mental health (MH). After the medical treatment
These 8 subscales can be used to compute physical a - - - - - - - - L 1
component summary (PCS) and mental component summary b - - - - - - - - L 1
(MCS) [5]. SF-8 is a short version of SF-36 and contains 8 c - - - - - - - Lot
subscales and 2 summary scales like SF-36. Reliability and d - - - - - - - - s S
validity of both scales have been established in Japan [5]. ]‘f - Ié f
g L L s L s L s s L s
h - - - - - - - - 8 s
Results _ _ i L L L L L L L L L L
There were 15 samples in the selected 6 studies. Each | L L L L L L L L L L
sample’s characteristics are shown in Table 1. I s s S S S L L L - -
First, the QOL scores of the 15 samples before and after m s s s L L s s L - -
the medical treatment were compared with national standard n s 8§ s L L L L L - -
values (Table 2). Before the medical treatment, PCS was o s L s L L s L L - -
lower than the national standard value in all samples. L, lower than national standard values
Especially, PF, RP and BP were remarkably low. After the S, same as national standard values
medical treatment, almost all samples reached the national -, not stated
standard values. However, four subscales VT, SF, RE and
MH which belongs to MCS were lower than the national many samples. There was no significant improvement in RP. SF
standard values even after the medical treatment. and RE of each sample were declined after the medical
Next, we examined the change in the QOL score after the treatment.

medical treatment (Table 3). BP improved significantly in
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Table 3. Changes in the QOL scores

sample subscales summary

PF RP BP GH VT SF RE MH PCS MCS
a - - - - - - - - S S
b - - - - - - - - 1 I
c - - - - - - - - S S
d - - - - - - - S I
e - - - - - - - S S
f - - - - - - - - 1 I
g S S I S I N N N S N
h - - - - - - - - S S
i I I I I I I w 1 1 I
] I N S S S I 1 S 1 S
k I I I I I I 1 1 1 I
| S I S S S I S S - -
m N N S I I N 1 N - -
n N I S N S W S S - -
o N N S I I I N 1 -

S, significantly improved

I, improved not significantly
N, not changed

W, got worse

-, not stated

Discussion
When compared with the national standard values,
GERD patients feel decreased level of health on both

physical and mental aspects before starting medical treatment.

After the medical treatment, HR-QOL of physical aspect is
almost same as healthy people, while patients still feel a
psychosocial burden.

The results imply the role of nurses in caring for GERD
patients include; 1) to approach the patients’ psychosocial
aspects, 2) to support them to continue their medical
approach, and 3) to assist them in adjusting to new lifestyles

and habits. The rationales of these implications are as follows.

Since patients experience psychosocial burden even after
medical treatment, it is necessary to approach psychosocial
aspects. Nurses can educate patients and their family about
selecting or cooking meal, spending time after the meal,
drinking and smoking and so on. it is proposed that nurses
can also regulate work time in liaison with occupational
nurse or introduce peer support group to them. Continuing
appropriate medical approach seems to contribute to the
improvement of HR-QOL. Therefore, we recommend nurse
to support the patients in selecting and continuing suitable
medical approach. Nurses are expected to assist the patients
to change and adjust to the new lifestyles and habits which
can alleviate GERD symptoms.

Conclusions
GERD patients have a variety of symptoms which

compromise body function, mental health and social function.

As a result, HR-QOL of patients with GERD is lower than
that of healthy people. However, improvement of HR-QOL
in physical function can be achieved by receiving medical
treatment and appropriate control of symptoms. On the other
hand, psychosocial aspects of HR-QOL are not improvement.

The results of this literature review imply that the role
of the nurses in caring for patients with GERD are; 1) to
approach to psychosocial aspects, 2) to support them to
continue their medical approach, and 3) to assist in adjusting
to lifestyles and habits.
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Literature review on self-care behavior of Japanese pregnant women
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Introduction

Pregnancy is associated with normal physiological
changes that assist fetal development as well as preparation
for labor. A woman in the first stage of her pregnancy
usually works toward improving her health or family
situation [1-3]. Thus, perinatal nurses and midwives should
lead pregnant women from the beginning stages to prevent
and reduce occurrences of a complicated pregnancy and help
them develop a healthy mother-fetus attachment for future
development.

However, pregnancy poses both physical and
psychological health risks because it brings many changes to
the body of the woman, and it may cause abnormal signs and
symptoms for both the woman and the fetus even if the
symptoms are unnoticeable. Thus, to prevent maternal health
problems during pregnancy and childbirth, healthy self-care
behavior are needed [4].

Human pregnancy comprises three trimesters: 1%
trimester (0~15 gestational weeks), 2nd trimester (16 to 27
gestational weeks), and 3rd trimester (28 gestational weeks ~
until birth). Each trimester is accompanied by specific
hormonal and physiological changes. The 1st trimester is the
most crucial one for fetus development, and women need to
make lifestyle changes such as avoiding smoking or cutting
down on alcohol. During this period, hormonal levels change
dramatically and affect almost every organ system causing
fatigue, morning sickness, headache, and constipation.
Through the 2™ and 3™ trimesters, endocrinal changes are
slight, and the pregnant woman begins to develop an
attachment to her unborn baby, a bond that increases
following fetal movement. Both international and Japanese
studies have shown that fetal movement has a strong impact
on developing mother-fetus attachment [1, 2, 5-8]. However,
pregnant women may also experience a whole new set of
symptoms in this stage, such as lower back pain, abdominal
pain, leg cramps, constipation, and heartburn due to the
increasing size of the uterus [9, 10].

Therefore, pregnancy may be an optimal time to inform
and challenge women to change their daily habits toward
healthy self-care behavior. However previous studies have
shown that self-care during pregnancy is independently
related to demographic characteristics such as knowledge,
perceived benefits, perceived barriers, social support, and
self-efficacy [5, 11]. Thus, it may not be easy for pregnant
women to maintain healthy self-care behavior in difficult
circumstances.

Therefore, we would like to clarify the factors and
experiences that act as "motivation" and "intention" to select
appropriate healthy self-care behavior in order to prevent
serious pregnancy complications and develop a ‘“healthy”
mother-infant relationship from the beginning of the
pregnancy period. In this study, we also present perinatal and
midwifery practices for effective pregnant education.

Methods

The aim of this review was to summarize the related
factors leading to motivation and intention toward
developing healthy self-care behavior during pregnancy. The
database Ichushi-Web (Japan Medical Abstracts Society) was
used in the search for original Japanese research articles

published from 2000 to 2017 that studied human participants
and were written in Japanese.

The terms pregnancy, self-management, attachment,
maternal role were searched both with and without hyphenation
on August 19, 2017. After adding a hand search. We finally
identified 11 articles to use for this review.

Results

We found that 6 out of the 11 searched papers were studied
by Manabe’s research group, which developed the scales for
self-care behavior and clarified the definition of self-care
behavior. Three studies clarified own definitions of self-care
behavior. Although 2 of the 5 studies used Manabe’s model, one
study did not clarify the definition, as can be seen from Table 1.

Table 1. Definitions of self-care behavior in pregnant women
according to each study

Authors Terms Definitions
Manabe et al., Self-Care | Pregnant women perceive
(2000) Behavior | their own physical and

psychological changes and
as a result, adopt practices of
ideal daily life behaviors for
growth of the fetus and
prepare for delivery and
childrearing

Uemura et al., Self-Care | Pregnant women cope with

(2011) Behavior | the physical and

psychological changes that
occur during pregnancy

Takatsu et al., Healthy Pregnant women cope with
(2013) Self-Care | the physical changes that
Behavior occur during pregnancy
Tachibana et Self-Care | Pregnant women change
al., (2014) Behavior | their behavior for improving
their obvious symptoms that
occur during pregnancy
Soma (2011) Daily life | Pregnant women change
behavior their life habits for

improving their physical
and psychological health and
growth of fetus

Sasaki (2013) | No identification

1.  Self-care behavior model during pregnancy by Manabe et
al. [12] [13]

Manabe et al. [13] proposed a practical approach using the
concept of "self-care behavior," which was developed from the
HAPA model. According to their definition of self-care
behavior, “pregnant women perceive their own physical and
psychological changes, practice ideal daily life behaviors for the
growth of the fetus, and prepare themselves for delivery and
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childrearing.” Next, they mentioned that self-care behavior
involves, “internal motivation” such as being interested in the
“growth of the fetus” or in the “prevention of abnormal
pregnancy.” The second is “external motivation,” such as
obtaining health care providers’ approval for their practices
or “practicing similar behavior or techniques with their
friends.” They showed that “internal motivation” is strongly
associated with action when compared to “external
motivation”.

2. A study on motivation for healthy self-care behavior by
Takas et al. [14]

Takatsu et al. used semi-structured interviews of 10
pregnant women between 30 and 34 gestational weeks to
understand factors that enhanced motivation and difficulties
for self-care behavior among them. They reported motivation
for self-care behavior among women with regard to the
following: (a) interest and concern for the infant and for their
daily life during pregnancy, (b) suggestions received from a
medical professional, (c) their husband, or colleagues, (d)
their own body and their baby’s health during and after birth,
and (e) changes during the course of pregnancy. About their
difficulties are in; (1) change their dietary habit or life habit,
and (2) change working environment.

3. Factors related to motivation toward self-care behavior
during pregnancy

Manabe et al. [15] conducted a study on 295 Japanese
pregnant women from 9 to 38 gestational weeks using the
"pregnant women's self-care behavior motivation scale" that
they developed. They showed that internal motivation was
positively related to positive feelings when they noticed
pregnant, positive fetal attachment, and affection toward their
husband . Also they showed that primipara had stronger
internal motivation to self-care behavior than multiparas [16].
Only the depressive mode was negatively correlated to
motivation toward self-care behavior. Uemura et al., [17]
studied 112 pregnant women who were between 5 and 15
gestational weeks using Manabe’s scales [16]. They
demonstrated that young age, primipara, and a short marriage
period were positively related to motivation to self-care
behavior. Furthermore, motivation to self-care behavior was
positively correlated to a better relationship with the husband,
with the mother, positive feeling of pregnancy, and positive
identification with the maternal role. Sasaki [18] studied 70
pregnant women between 20 and 27 gestational weeks using
Manabe’s scales [16]. She reported that motivation to self-
care was not related to pregnancy history. These findings
were different from the original results.

4. Factors related to intention and implementation of self-
care behavior during pregnancy

Manabe et al., [19] conducted another study among 243
primiparae who were between 16 and 38 gestational weeks to
explore the factors related to intention to self-care behavior.
They found that positive relations between intention to self-
care behavior and positive emotion toward the fetus, self-
management skills, wish to have a baby, emotional support,
and state of occupation; they found intention to self-care was
negatively correlated to depressive mode. Sasaki et al., [18]
showed that women with a normal pregnancy showed a
higher score on intention to self-care behavior than women
with complications during pregnancy. In addition, pregnant

women whose BMI < 25 showed a high score of intention to
self-care behavior when compared to those with BMI >25.
Tachibana et al., [20] conducted a survey among 140 pregnant
women (not clear about their gestational weeks) using 20 items
chosen from the Pregnancy Behavior Scale (PBS), which was
developed in 2009. They showed that occupation/income,
planned pregnancy, and satogaeri were related to actual
implementation of behavior. Soma et al., [8] examined this
relation between maternal-fetal attachment and the daily life
behavior in 440 primiparae at the end of pregnancy. They
reported a positive relationship between maternal-fetal
attachment and hopes and plans for pregnancy, feeling of
pregnancy, experiences of childrearing before pregnancy, high
self-esteem, changes in dietary habits during pregnancy,
consuming food with higher iron content, sleeping during the
day, and exercise habits.

Discussion

The findings of this review suggest that mother-fetus
attachment plays an important role in motivation and intention
toward self-care behavior among pregnant women. However,
we were unable to determine whether the pregnant women who
participated in the study maintained their self-care behavior
during pregnancy due to the study design. All reviewed studies
were cross-sectional and analyzed all trimesters together. When
planning to offer an effective pregnant education, we need to
consider trimester differences because of the different physical
symptoms and psychological changes during pregnancy.
Therefore, we hope to find strong evidences for feasible
education during pregnancy for the future health of pregnant
women with sustainable routine postnatal practices, and for
developing healthy mother-infant attachment.
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	물리치료_초록합
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	작업치료_초록합
	초록 간지_작업치료
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	방사선_초록합
	초록 간지_방사선
	0. 방사선 발표순서
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	임상병리_초록합
	초록 간지_임상병리
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	간호_초록합
	초록 간지_간호
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