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The purpose of this study was to analyze the interview data of nurses when the short-time

regular staff system was introduced, and to consider the problems of the short-time regular

staff system that have continued to the present, using the knowledge of previous studies.

Semi-structured interviews were conducted with seven nurses who used the system, and

qualitative and inductive analysis was conducted.

As a result, the background of using the system was extracted from the categories of

» o«

“insufficient childcare support

attachment to work” “priority for childcare” and “financial

allowance”. The working environment for short-time regular staff is “flexible system”

“business burden regardless of system” “boss's attitude” “difficulty on vacation”

» o«

“consideration for finishing wor

staff felt that they had “better to compromise

» «

” o«

cooperative workplace atmosphere”. Short-time regular

the importance of time management”

” o«

“awareness of physical and mental health” “maintaining high quality work” “feeling guilty to

» «

colleagues

giving up their careers” “declining self-esteem”. Considering this along with the

findings so far, many problems remain unresolved even after more than 10 years have passed

since the introduction of the system.

It was suggested that the reduction of work burden is an urgent issue, and that the

evaluation of nursing practice ability is effective in suppressing the decline in self-esteem.

Key words : Nurse, Short-time regular staff system, Work life balance, Work environment,

Self-esteem
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Delphi technique in a study of GPs information re-

[Background] Although the relationship between patients and therapists in rehabilitation is
extremely important, there is no tool that can measure the skills required to build better
partnerships with clients. This study examined the validity of a proposed tool, the
“Communication and Intervention Skills Assessment to Build Better Partnerships with
Clients in clinical rehabilitation settings” (CISA-TBBP; “CISA” hereafter) based on a Delphi
survey. [Methods]An online questionnaire survey was conducted three times on 17
physical therapists, 16 occupational therapists, and 9 speech-language-hearing therapists.
The degree of agreement with each question in the CISA draft was determined, and the
content was revised based on the points raised to confirm whether it met the agreement
criteria. [Result] The valid response rate of the three surveys was 100 %, and the 54
questions that met the agreement criterion of 80% or more were selected. [Conclusion]The
CISA draft was completed, reflecting the knowledge of experts based on their extensive
clinical experience and ensuring the content validity of each question item and the tool as a
whole.

Key words : Evaluation scales, Rehabilitation therapist, Client, Communication,

Intervention
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Development of Bluetooth-compatible Simple Dosimeter and

Abstract

the Evaluation of Bluetooth Reliability

Bluetooth xJ )it il 2 XA &= =T DB 58 & Bluetooth O3 FEMEFHAili

IR NV = T S - V- /G (5= o RN Y 0

Hiroki Saito!, Ogura Izumi?, Negishi Toru *, Nikaido Michiru®, Kurosawa Satoshi*

The output of the X-ray equipment should be controlled to optimize the radiographic dose.

Until now, expensive ionization chambers and semiconductor dosimeters have been used to

measure X-ray output. We have developed an inexpensive photodiode-based dosimeter that

has been widely used in clinical facilities. In this study, we developed a Bluetooth-compatible

simple dosimeter (BCSD) to reduce the cost and improve the operability of these dosimeters

as well as evaluated the reliability of Bluetooth communication.
The developed BCSD uses a photodiode (52386-8k, Hamamatsu Photonics) for X-ray de-

tection and a Bluetooth device (ESP32-DevKitC, Espressif Systems) for wireless communica-

tion. The air kerma, load time, and their graphs were displayed on a smartphone using the

Web Bluetooth API. Then, the reliability of BCSD' s X-ray detection and wireless communi-

cation was evaluated.

The measurement range and accuracy of BCSD were equivalent to those of simple dosime-

ters. Bluetooth transmission tests using metal and plastic cases showed that the plastic case

was superior in terms of the received signal strength indicator (RSSI). No influence of extra-

neous radio waves on BCSD was observed when using 2.4 GHz-band Bluetooth simultane-

ously.

BCSD is a simple dosimeter based on Bluetooth technology, which reduces the number of

components in a measuring instrument and transmits wireless signals under clinical condi-

tions without any problems.

Keyword : Diagnostic X-ray equipment, Semiconductor dosimeter, Photodiode, Bluetooth,
ESP32 WROOM-32
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1. Introduction

Image diagnosis is important in medical care.
Following the recommendation of the International
Commission on Radiological Protection, radio-
graphic dose during radiological examinations
have been optimized and diagnostic reference lev-
els for radiographic dose were introduced 2.
Meanwhile, the output control of X-ray equipment
(X-ray dose) is clearly defined as the responsibility
of the user in the enforcement regulations of the
Medical Care Act®. Thus far, devices such as ion-
ization chamber and semiconductor dosimeters
have been used to measure X-ray dose *®. Howev-
er, these measurement devices are not affordable
for every clinical facility. Therefore, we have devel-
oped a simple dosimeter using photodiodes and
have disseminated the same to clinical facilities " ®.

Notably, X-ray equipment output needs to be
controlled as per each patient’s physique *. Howev-
er, current simple dosimeters cannot obtain data
during clinical use owing to the structural limita-
tions of the measuring instrument; hence, it is nec-
essary to improve the simplified dosimeters for
monitoring the X-ray output at a fixed point. There-
fore, we used Bluetooth to develop a simple dosim-
eter for reducing its cost and improving its opera-
bility.

While several semiconductor dosimeters using
radio communication have been developed in the
past'? these devices first store all the X-ray sig-
nals in the memory inside the measurement device
and then transmit them through Wi-Fi or Blue-
tooth, which increases the cost of the device. To
reduce costs, our device does not use a memory.
Instead, we attempted a method wherein the ion-
ization current from the photodiode is converted
into voltage, which is then converted into analog/
digital (AD) and transmitted through Bluetooth.

In this study, we have developed a Bluetooth-
compatible simple dosimeter (BCSD) using previ-
ously reported simple dosimeter. Furthermore, the
reliability of Bluetooth communication is evaluated.

2. Method

2.1 Development of BCSD

Figure 1 shows the circuit diagrams of the X-
ray detector and the wireless transmitter. In the X-
ray detector circuit, the photodiode detects X-rays,
and performs current/voltage conversion via a 47
kQ resistor. The obtained output signal is then in-
put to an inverting amplifier circuit operating
through a single power supply and amplified by a
factor of 21. This amplified signal is then input to a
Bluetooth device (ESP32-DevkitC; ESP32, Espres-
sif Systems, Shanghai, China) and converted to
AD. When the signal voltage is > 50 mV, the volt-
age and elapsed time are transmitted in 48 bit
packets, and when the signal voltage is < 50 mV,
ESP32 is in standby mode. Integrated circuit (IC) 1
is an analog power source used for operating pho-
todiode and operational amplifier with a 5-V regula-
tor and IC2 is a digital power source used for oper-
ating transceiver with a 3.3-V regulator.

Next, the display program was produced using
‘Web Bluetooth Application Programming Interface
(APD ", developed with Hyper Text Markup Lan-
guage (HTML) and Javascript. First, a Bluetooth
connection (annotation) is displayed and connect-
ed to BCSD. When the connection is successful, it
enters standby mode. While it is receiving the
wireless signal, it retains both the voltage and
elapsed time in array format.

When the reception of the wireless signal ends,
the conversion formula described in Section 3.1
was used to obtain the air kerma rate from the av-
erage voltage, which was then multiplied by the
loading time calculated from the elapsed time to
obtain the air kerma. The loading time is the differ-
ence between the elapsed time when the data was
first transmitted and that of the last transmitted
data. Lastly, the air kerma and the loading time are
displayed in HTML, and the graphs of the voltage
and elapsed time are displayed using chart.js.

Figure 2 shows the appearance of the devel-
oped BCSD and display program. The external di-
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Figure 1 Bluetooth-compatible simple dosimeter (BCSD) circuit diagram
Photodiode; S2386-8k ’ ;
operational amplifier; JRC 7043D
Figure 2 Appearance of BCSD
mensions are 100 mm (W) X 38 mm (H) X 160 eliminated.
mm (D). The development cost was ~5,000 yen, 2.2 Calibration of the voltage-dose conver-
one-third of a conventional simple dosimeter, be- sion formula
cause the liquid crystal display mechanism was The voltage converted from the photodiode’s
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X-ray tube assembly
Total filtration: 2.7 mm Al

PTW or BCSD N

Field size 2.5cm % 2.5 cm

Focus to chamber
distance 100 cm

50 cm

Ground

Figure 3 Measurement arrangement

ionizing current is proportional to the air kerma
rate. Figure 3 shows the measurement arrange-
ment. The X-ray equipment was KXO-50SS
(TOSHIBA, Otawara, Tochigi, Japan) and the total
filtration of the X-ray tube was 2.7 mm Al. A BCSD
was used to measure the voltage and loading time,
and an SFD chamber Type 34060 (PTW, Freiburg,
Germany) of an ionization chamber dosimeter was
used to measure air kerma. The air kerma, average
voltage and loading time were measured twice un-
der alternating irradiation conditions with the dis-
tance between the focal spots as 100 cm, varying
the tube voltage from 40 to 120 kV, the tube cur-
rent from 100 to 400 mA, and the loading time from
10 to 500 ms. The measured air kerma was divided
by the set irradiation time of the X-ray system to
obtain the air kerma rate, and an approximate for-
mula was obtained from the scatter plot of the air
kerma rate and the average voltage to form the
conversion formula (see Section 3.1).

2.3 BCSD's dose characteristics (tube volt-

age-tube current dependence)

Dose characteristics were evaluated in the same
arrangement as mentioned in Section 2.2. The
measurement conditions were as follows: loading
time = 50 ms, tube voltage = 40 — 120 kV, and tube
current = 100 — 400 mA. Air kerma were per-
formed using PTW and BCSD, and each instru-
ment was used twice. The average value was ob-
tained from the measured values, and the relative
error with respect to the PTW value was calculat-
ed.

2.4 BCSD's received signal strength test

The detector of the simple dosimeter developed
thus far is covered by a metal case?. As it is diffi-
cult for radio waves to pass through metal, we eval-
uated the received signal strength indicator (RSSI)
and graph display time for the metal and plastic
cases.

For measurements of the X-ray dose, a detector
is normally placed inside the X-ray room and the
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Figure 4 Voltage-air kerma rate conversion

display is located outside the X-ray room (operation
room). The BCSD was placed right beneath an X-
ray tube assembly, and the RSSI and the times until
graphs were displayed were measured when the
door of the X-ray room was closed; the distance be-
tween the BCSD and smartphone (PH-1: Essential
Products, Palo Alto, California, United States) was
changed between 5 and 12 m. The load conditions
of the X-ray equipment were 80 kV, 200 mA, and 50
ms. For RSSI measurements, another ESP32 was
newly prepared, which was connected to a PC
wherein Arduino 1.8.19 has been installed as a re-
ception terminal, and RSSI was displayed on the
serial monitor. The graph display time was mea-
sured from the time the receiving signal entered
the display program until the completion of the
graph drawing.

This operation was repeated three times to ob-
tain the average. The software R (version 4.1.2)
was used for statistical analysis.

Note that the reception distance was initially set
at 5 m because the distance between the X-ray
room door and the X-ray equipment was 5 m.

2.5 BCSD's 2.4 GHz radio interference test

Bluetooth communication uses radio waves in
the 2.4 GHz band. Flat panel detector Wi-Fi is one
of the wireless devices used in clinics'>. As the

FPD uses the 2.4 and 5 GHz bands, there is a risk
of interference between Bluetooth radio waves and
the 2.4 GHz band. Therefore, to test the radio in-
terference property of the developed BCSD, we
measured the average voltage, load time, and num-
ber of packets (length) transmitted from the BCSD
when the PC and the ESP32 used in Section 2. 3
were communicating via Bluetooth ("Hello World";
88 bits at 100 ps intervals).

3. Results
3.1 Calibration of the voltage-dose conver-
sion formula

Figure 4 shows the relationship between the av-
erage voltage of BCSD and air kerma rate. The
measurement range of the air kerma rate was 1,450
uGy/s — 45 mGy/s. Although there was some vari-
ation around 0.8 V and 1V, it could be approximat-
ed by a linear function with a coefficient of deter-
mination of 0.99. The conversion formula between
the average voltage of BCSD x [V] and air kerma
rate y [uGy/s] is as follows.

y=20949x +272.73 (1)
3.2 BCSD's dose characteristics (tube volt-

age-tube current dependence)
Figure 5 shows the air kerma at different tube
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RSSI of BCSD with metallic and plastic case
The Graph display time of BCSD with metallic and plastic case

voltages as a series of tube currents. Error bars in-
dicated twice the standard deviation. BCSD could
not be detected under 40 kV, 100 mA, 50 ms condi-
tions. The correlation coefficient between PTW
and BCSD for each tube current was more than
0.99, and the relative error with respect to PTW is
less than -10% below 150 uGy and more than +5%
at 70 and 80 kV, but the interquartile range of error
is -2.4% - 3.4%.

3.3 BCSD's Received Signal Strength Test

Figure 6 shows the RSSI and the times elapsed
until graphs were displayed when the reception
distance was changed. The average RSSI for the
metallic case was -91.41 dB, and that for the plastic

case was -79.96 dB. Thus, the average RSSI for the
plastic case was larger (p = 6.4E -4 < 0.05). While
the RSSI of the metallic case could not be mea-
sured after 8 m, the plastic case did not display any
major changes even when the reception distance
increased. While the graph plotting time of the me-
tallic case tended to increase when the reception
distance was longer, the plastic case displayed mi-
nor correlation between the graph plotting time
and reception distance; the graph was plotted in a
few hundred milliseconds when the reception dis-
tance was 12 m.

3.4 BCSD's 2.4 GHz Radio Interference Test

Table 1 shows BCSD 2.4 GHz radio interfer-
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Table 1 BCSD radio interference test under 2.4 GHz radio waves

2.4 GHz voltage [V] loading time [ms] packet number
radio waves Average SD SD Average SD
OFF 0.527 0.0100 1.088 122.6 23.15
ON 0.525 0.0082 0.568 118.9 18.54
p value 0.225 0.082 0.307

ence test results. The average voltage, load time,
and packet number were not significantly different
with or without radio interference (p > 0.05).

4. Discussion

4.1 Development of BCSD

The photodiode used in the detection section is
the same as that used by Ogura et al”. The differ-
ence between both photodiodes is the AD conver-
sion element. Ogura et al. use a PIC16F88 AD con-
version element!® that can be used up to 5V,
whereas the AD conversion of the ESP32 used in
the present study is 3.3V'”. Therefore, the resistor
for current-to-voltage conversion was changed
from 82 kQ to 47 kQ and the opamp multiplier was
increased by 21 times. Still, as the average voltage
at the time of maximum air kerma (120 kV, 200
mA, 0.5 s) was 2.1V, there is a possibility that the
maximum air kerma of the BCSD can be increased
a little more. The minimum air kerma measure-
ment depends on the lower limit of the AD conver-
sion voltage. As the lower limit of the AD conver-
sion voltage is 50 mV, the voltage below this is not
converted to AD. Thus, measurement could not be
performed under the load conditions of 40 kV, 100
mA, and 50 ms because these conditions were be-
low the lower limit voltage. Therefore, while the
device cannot measure low dose ranges such as
the input/output characteristics of picture receiv-
ers because the minimum air kerma is 12 uGy ¥, it
is perfectly capable of measurement in the range of
the present quality control system®. Therefore, the
measurement range of BCSD was equivalent to
that of the simple dosimeter proposed by Ogura et
al. The error range was almost the same, although

there were errors exceeding +5% at 70 and 80 kV.

The display mechanism uses Web Bluetooth
API, which is a web application. While the compati-
ble versions differ depending on the web browser,
it can operate on Windows PCs. If Google Chrome
is used as the web browser, the setting in
chrome://flags must be changed'®. The operating
speed is highly dependent on the CPU and OS of
the PC. When I was measuring the voltage — air
kerma rate conversion equation in Section 2.2 on a
Windows (10 and 11 + Google Chrome) PC, I
could not exceed the load time beyond 50 ms. The
cause is unknown, but there have been comparable
reports?’. Alternatively, Android smartphones can
receive and display the data even when the loading
time is 0.5 seconds.

4.2 Transmission test of BCSD

The BCSD converts the ionization current from
the photodiode into voltage, and following the AD
conversion by ESP32, it transmits it to a smart-
phone via Bluetooth. For this reason, it was neces-
sary to verify that radio transmission via Bluetooth
was operating correctly. The test in Section 3.3 ver-
ified RSSI; in Section 3.4 a Bluetooth transmission
test was conducted in a 2.4 GHz radio wave envi-
ronment.

The structure of the X-ray examination room is
shielded with lead to reduce X-ray leakage, per
medical regulations?’. The effect of free space on
Bluetooth radios has been verified. No significant
change in signal strength or graph display time
was observed when the plastic case was used in
the 3.3 RSSI test, even when the receiving distance
was increased. Therefore, we found that the use of
a plastic case reduces the decrease in Bluetooth ra-
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dio waves due to reception distance.

Commercially available measurement devices in-
clude those that are capable of Wi-Fi or Bluetooth
communication '*'?. Most of these first store the
detected signals in memory prior to transmission.
This is inferred to be a measure against radio sig-
nal blockage by some type of unforeseen influence.
When the metallic case was used, the RSSI of the
BCSD reduced at a distance of >8 m and the data
was lost, while for plastic case, the radio signal was
not blocked no matter how many times the test
was repeated. In addition, the radio interference in
Section 3.4 confirmed the effect of interference
when a data volume nearly twice that of BCSD was
transmitted at 100 ps intervals. From Table 1,
BCSD was transmitting at around 120 packets for a
50-ms load time. This means that the transmissions
were made at intervals of ~400 ps, which is a fairly
high probability when the same 2.4 GHz radio
waves were present in the same space. Even under
these conditions, there were no significant differ-
ences in average voltage, load time, or length (p >
0.05). If there are missing packets, the measure-
ments will be under-represented. However, this
was not the case in this study. From these results,
we were able to confirm the reliability of Bluetooth
communication ® without incorporating memory
in the detection unit.

5. Conclusion

We developed a low-cost BCSD that does not use
signal cables by utilizing Bluetooth. As the BCSD
is capable of receiving radio signals, even when it
is several meters away from the X-ray equipment,
user operability has been improved. Moreover, the
reliability of Bluetooth was verified because radio
communication could be performed without any is-
sue, such as issues involving interference from
other radio signals.
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Abstract

The purpose of this study was to determine the effects of facial care with essential oils that
come with preferred fragrances. Autonomic nervous system activity, nasal skin temperature,
and the Profile of Mood States Second Edition (POMS2)were assessed in eight healthy
subjects. The participants were asked to choose the essential oil that had their favorite
fragrance, and both facial care with essential oil and facial care without essential oil were
performed. The results showed that facial care with essential oil significantly increased nasal
skin temperature, which is affected by autonomic nervous system activity, compared to facial
care without essential oil. Analysis of heart rate variability indices, however, did not indicate
significant changes in parasympathetic or sympathetic nervous system activity. These
findings suggested that the effect of facial care with essential oil on autonomic nervous
system activity might be rather small. Regarding mood state, facial care with essential oil did
not significantly alter the total POMS2 score; however, it significantly increased the sub-item
“Vigor-Activity,” suggesting that using essential oil for facial care might promote positive
emotions.
Key words : facial care, essential oil, autonomic nervous system activity, the Profile of Mood

States, nasal skin temperature
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