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Fig.7 Relationship between the body weight and absorbed dose at the time of chest radiography

formula weight in kg / (height in m)?, weight is
easier to use; thus, weight was used for dose
control in the other chest radiography rooms.
Fig.7 shows the relationship between body

weight and absorbed dose.
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Fig.8 The box-and-whisker diagram

2.4 Dose control in other chest radiography
rooms

The doses were measured using the custom-
made dosimeter for chest radiography. The ab-
sorbed doses for the 1,273 male and female
participants were statistically processed to pro-
duce box-and-whisker diagrams ¥ as shown in
Fig.8.

The lower part of the box had a 25th percen-
tile tile value of 0.19 mGy. The upper part of
the box has a 75th percentile tile value of 0.29
mGy. The median is 0.23 mGy, and the mean
is 0.25 mGy. The lower “whiskers” are 0.12
mGy, and the upper “whiskers” are 0.43 mGy.

Therefore, the dose frequency is shown in
Fig.9, using the dose frequency calculated by
excluding the outliers in Fig.8 from the afore-
mentioned dose frequency in Fig.6.

Fig.9 shows a median value of 0.23 mGy and
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mean value of 0.24 mGy.

The difference between the median and
mean values was small, and dose control was
performed by assuming a normal distribution.

For dose control in the other chest radiogra-
phy rooms, a lung field phantom (PBU-SS-2.
Kyoto Scientific) was used under clinical condi-
tions with a phototimer. The irradiation dose
(uC/kg) under those imaging conditions was
measured using the custom-made ionization
chamber dosimeter (Roueiken type)® and mul-
tiplied by the backscatter coefficient and ab-
sorbed dose conversion coefficient to obtain the
absorbed dose (mGy) at the incident surface
position for 25 chest imaging rooms (vehicle-
mounted: 22 rooms, facility-mounted: 3 rooms)
(computed radiography [CR]: 2 rooms, flat panel
detector [FPD]: 23 rooms). The absorbed doses
ranged from 0.13 to 0.23 mGy.
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Fig.9 Frequency of the absorbed dose

3. Results

3.1 Overview of the custom-made dosimeter
for chest radiography

The electrode in the center was covered with
aluminum foil, which blocked the light-illumi-
nated field. However, the area around it was
made of polyester film; hence, taking pictures
without any difficulty in positioning is possi-
ble.

3.2 Characterization of the custom-made do-
simeter for chest radiography
3.2.1 Beam quality characteristics results
The measurement results at 80 to 130 kV are
shown in Fig.10. The beam quality depen-
dence is in the range +8% to -5%. Since chest
imaging is almost exclusively performed at 120

kV, it can be said that there was no error.

3.2.2 Dose rate characteristic results
The results of measurements at dose rates
from 144 to 300 (nC/kg)/s are shown in Fig.
11. The dose rate dependence is within -3%.
In chest imaging, dose control is possible
with minimal dose quality or dose rate depen-

dence.

3.3 Clinical application of the custom-made
dosimeter for chest radiography

Since the correlation coefficient between the

=
L]
=]

1.08 1.05

0.99 0.95

Relative dose
°o e o g
8 83 8 8

o
b
S

o
8

70.0 80.0 90.0 100.0 110.0 120.0 130.0
Tube voltage (kv)

140 -

120 |
1.00 097 1.00 1.00

100 foe 7 .
§

. 080

0.60

Relative

0.40

0.20 -

0.00
1400 160.0 180.0 200.0 220.0 240.0 2600 2800 300.0
Dose rate ( (pC/kg) /sec)

Fig.10 Beam quality dependence of an ionization
chamber

26 & Journal of JART English edition 2023

Fig.11 Dose rate dependence of an ionization
chamber




absorbed dose and body weight for 1,273 male
and female participants, whose data were tak-
en with the custom-made dosimeter for chest
radiography, showed a strong correlation, body
weight was used to control doses in other chest

radiography rooms.

3.4 Dose control in other chest radiography
rooms
The regression equation between body weight
and absorbed dose (y = 0.0049x - 0.061) in Fig.
7 was used for dose control in the other chest
imaging rooms.

In the normal distribution, when the mean
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Fig.12 Relationship between the body weight and
absorbed dose

value is represented as x4 and standard devia-
tion as o, 68.27% of the values are included in
the 4 + o range. Therefore, the absorbed dose
calculated by the regression equation is repre-
sented by one line in the middle and the o
range (£ 34%) by two lines. Fig.12 shows an
example of the dose notation in another chest
radiography room (absorbed dose: 0.15 mGy,
vehicle-mounted type: FPD).

An example of a posting board in another
chest radiography room (absorbed dose: 0.15
mGy, vehicle-mounted type: FPD) is shown in
Fig.13. The notice was mounted next to the
radiation room such that the radiation dose can
be estimated based on body weight.

Examples of dose notations and postings for
0.15 mGy are shown here, but similar dose no-
tations were used for all 25 chest radiography
rooms with absorbed doses between 0.13 and
0.23 mGy, and postings were installed.

In addition, there were initially three rooms
(0.23, 0.27, and 0.21 mGy) with equipment that
exceeded the DRLs 2020 examination chest
frontal incident surface dose of 0.2 mGy. The
lung field phantoms were taken under reduced

imaging conditions, and the images were eval-

Absorbed dose during chest radiography
Medical check-up vehicle (Car217)
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Fig.13 Postings for radiation dose control
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uated by one doctor and six radiologists. Two
rooms (0.27 mGy to 0.23 mGy and 0.21 mGy to
0.19 mGy) were able to reduce the dose.

Two rooms (0.23 mGy: two rooms) had
equipment that exceeded 0.2 mGy of the DRLs
2020 examination chest frontal incident surface
dose; however, all were vehicle-mounted and
had been installed for 16 years, and the digital

imaging equipment was CR equipment.

4. Considerations

In medical examinations, chest radiography
requires the imaging of many examinees in a
short period of time, and there is often insuffi-
cient time to consider individual exposure dos-
es. Although installing dosimeters in all chest
radiography equipment is desirable, it is diffi-
cult to do so in terms of cost and time. We also
compared the results of computer software cal-
culations and showed that they wear 10-20%
lower.

Therefore, we used a simple method to esti-
mate the absorbed dose at the incident surface
location based on the body weight, which is
strongly correlated with the absorbed dose of
the examinee. A strong correlation between
BMI and incident surface dose on chest radiog-
raphy was observed . It has also been report-
ed that there was a strong correlation between
BMI and incident surface dose in gastric radi-
ography ©.

We also found similar results regarding the
strong correlation with BMI and a similarly
strong correlation with body weight; therefore,
we decided to use the participant’s weight for

easier management.

5. Conclusion

A custom-made dosimeter for chest radiogra-
phy was fabricated to control the exposure
doses during chest radiography in health ex-
aminations in which many examinees wear ex-

amined.
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The characteristics of the system were also
confirmed to maintain sufficient accuracy, and
the radiation dose during chest imaging was
measured in a clinical setting. By analyzing
and statistically processing the measurement
results, a bulletin board was posted in each
chest imaging room to enable the estimation of
the dose from the weight of the examinee in
the other chest imaging rooms. This enabled
us to confirm the estimated doses of the exam-
inees and establish a system to appropriately
respond to inquiries from examinees regarding
radiation exposure by providing them with the
estimated doses and a separately prepared
medical exposure Q&A (radiation exposure
and effects on the human body, etc.).
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[Abstract]

In April 2020, a ministerial ordinance was enforced to partially revise the Medical Care Act Enforcement Regulations.
The amendment stipulates that the facility manager assigns a person in charge of the safety management system
related to radiation medical care, formulates guidelines, trains staff, and manages and records patient doses. The
Ministry of Health, Labor and Welfare (MHLW) has established the “Study Group on the Appropriate Management of
Medical Radiation” and the minutes of the meeting are available as text data on the MHLW website.

In this study, the minutes of the review meeting were subjected to content analysis (cluster analysis and
correspondence analysis) using KHcoder3. In the cluster analysis, 10 clusters were set up so that the keywords of
the ministerial amendment, “record,” “training,” and “responsibility,” would not be in the same cluster. Each Cluster
appeared depending on the number of meetings. Each Cluster appeared depending on the number of meetings.
Correspondence analysis was conducted on “record” and “responsibility” to clarify their relationship with other “words”.
The “record” was to facilitate the UNSCEAR Global Survey, and the “responsibility” was to promote the WHO/IAEA
International Plan of Action on Patient Protection.

In this study group, the relevant laws and regulations were explained in the 1st meeting, the necessity of dose
recording and the subjects of training in the safety management system were discussed in the 3rd, 4th, and 5th
meetings, and the 6th, 7th, and 8th meetings. Regarding the guidelines for the safety management system, the rules

regarding the person in charge, records, training, etc. were discussed.

1. Introduction

In April 2020, a ministerial ordinance partial-
ly amending the Ordinance for Enforcement of
the Medical Care Act went into effect (Ordi-
nance of the Ministry of Health, Labor and Wel-
fare, (MHLW), No. 21 of 2019) V. This ordinance
indicated that the medical facility administrator
is responsible for the safety management sys-
tem related to radiological treatment, and re-
quired to establish guidelines, provide staff
training, and control and record patient doses.
To date, radiation control to reduce radiation
doses to the general public and workers has
implied the use of radiation protection stan-
dards in facilities and structures and dose limits
for those entering them in accordance with the
Medical Service Act and related laws/ordinanc-
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es. In contrast, the medical exposure to pa-
tients has not been controlled through dose
limits even if X-ray examinations are performed
at the lowest possible dose according to the
International Commission on Radiological Pro-
tection (ICRP) “as low as reasonably achieva-
ble” principle . These trends in radiation pro-
tection are based on the research of the United
Nations Scientific Committee on the Effects of
Atomic Radiation (UNSCEAR), the ICRP’s rec-
ommendations on radiation protection, and the
International Atomic Energy Agency (IAEA)'s
guidelines. In particular, the TAEA compiled
these recommendations into safety principles,
requirements, and guidelines, which have
been incorporated into the legal systems of
various countries ¥. This has enabled us to im-

plement radiation control in accordance with



international standards. The revision follows
the same trend, and in April 2017, the MHLW
launched the “Study Group on the Proper Man-
agement of Medical Radiation” and after eight
meetings, the ministerial ordinance was re-
vised?. However, there is little information on
this revision of the ministerial ordinance, just
an introduction to dose management software >
and a preface by Yonekura ©. Fortunately, the
minutes of the study meeting are available as
text data on the MHLW website.

Content analysis using text data has been
long applied in research 7 ®. Further, the wide-
spread use of analysis software, such as KH-
coder3 ?, has allowed quantitative text data
analysis. For instance, in sociology, Watabe’s
case study of hierarchical cluster analysis ' and
Kuwahata's case study of co-occurrence net-
work analysis ' used KHcoder3 and data from
the proceedings of the Diet. In the field of radi-
ology, Tokushige et al. reported a quantitative
analysis of a questionnaire survey of medical
radiology technician training schools '».

This study aimed to clarify the process lead-
ing to the establishment of patient dose records
and safety management systems by text ana-
lyzing the minutes of the review meeting using
KHcoder3.

2. Materials and Methods

A KHcoder3 Windows version including
ChaSen (WinCha 2000 R2), MySQL 5.6, Perl
5.14, R 3.1, and ggplot2 2.1 '» was used for

analysis.

2.1 Preprocessing of text data

The minutes (.docx) of the 1st through 8th
meetings of the “Study Group on the Proper
Management of Medical Radiation” were down-
loaded from the MHLW website. At the begin-
ning of each meeting, the secretary introduces
the attendees; then, the chairperson gives their
opening statement, followed by the explana-
tion of materials by the secretary, and a ques-

tion-and-answer (Q&A) session. Only the
agenda items related to this proper manage-
ment were subjected to text mining. Text data
was created in Excel format (xIsx).

The agenda is marked by the speaker, fol-
lowed by what was said. The first line of the
Excel worksheet had a header including
<Text>, <Part>, and <Chapter>, and the agen-
da item was entered on the second line. The
actual proceedings were entered in <Text>, the
numbers in <Part>, the secretary’s explanation
as “1,” and the Q&A as “2” in <Chapter>; the
Chair’s greeting was omitted. As the second
agenda item was just a title change, it was ex-
cluded from this analysis. Next, a KHcoder3
project was registered and <preprocessing>
was performed to check the text data.

As both “Diagnostic Reference Levels (DRL)”
and “diagnostic reference level” were found in
the minutes, to detect them as a single term, we
specified both in <Select Terms> and performed
<Preprocessing> and <Execute Preprocessing>.
Then, the program z1_edit_words3.pm (https://
github.com/ko-ichi-h/khcoder/issues/101),
which absorbs the two terms, was installed in
the Plugin_jp folder and <plugin> and <distor-
tion of notation> were executed.

This way, we obtained the number of sen-
tences and paragraphs to be analyzed, the ex-

tracted words, and their frequency.

2.2 Cluster analysis

Cluster analysis was performed to confirm
the pattern of occurrence of the extracted
words and phrases. KHcoder3 uses a <Hierar-
chical Cluster Analysis> as default, but to con-
sider the location information of words with
small number of occurrences ¥, a csv data file
was created using <export> and <"extracted
words x context vector” table>. For the extrac-
tion, the minimum number of occurrences was
set to 55 (default value), csv data was output,
R was initiated to read the csv data, and hierar-
chical cluster analysis was performed using the

hclust function. The distance between clusters
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was specified as ward.D2.

2.3 Bubble plots for meeting number and each
cluster

Coding rules were developed to check the
frequency of occurrence of the extracted words
in each cluster of the meeting numbers. The
words extracted in each cluster specified in the
text data (.txt) are shown in Table 1. Finally, a
bubble plot of meeting numbers and clusters
was created based on the cross-tabulation ta-
ble (<Tools>, <Coding>, and <Cross-tabulation
table>).

2.4 Correspondence analysis of the charac-
teristic words “record” and “responsibility”

In terms of proper management, the key
points of the revision of the ministerial ordi-
nance are the recording of patient doses and
the establishment of a safety management sys-
tem. In 3.1, “record” is included in Cluster 1
and “responsibility” in Cluster 10. In 3.2, Clus-
ter 1 appeared at high frequency in the 3rd,
4th, and 5th times, and Cluster 10 in the 6th,
7th, and 8th times. Therefore, a correspon-

dence analysis was conducted to confirm the

Table 1 Coding rules

Cluster Words

examination, CT, dose, record, exposure,
appropriate

1

actual, patient, receive, use, just now, need,
2 say, extremely, now, think, see, problem,
appear, impact, data, year, Japan, DRL

concrete, correspondence, case, protection,

8 standard, define

4 future, study, discussion, administrative, teacher,
opinion, page, documents, explanation
optimum, justifiable, training, implementation,
partial, basic, consider, at this time, form,

5 : ) . L
viewpoint, each, regulation, do, radiation,
medical treatment

6 facilities, hospital, equipment, medical,

institutions

7 treatment, devices, irradiation

pharmaceuticals, radiation, target, RI, hazard,
regulatory, relation

9  doctor, technologist

10  responsibility, system, management, safety
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relationship between these words and meeting
number. Texts of the 3rd, 4th, and 5th meetings
containing “record” were extracted from the
text data of the minutes and a correspondence
analysis (<tool>, <extracted word>, <corre-
spondence analysis>) was performed setting
the minimum number of occurrences to 5 (de-
fault value). Similarly, texts from the 6th, 7th,
and 8th meetings containing “responsibility”
were extracted and analyzed for correspon-
dence.

3. Results

3.1 Preprocessing and cluster analysis

After preprocessing, there were 1,890 sen-
tences, 907 paragraphs, and 76,829 total ex-
tracted words (e.g., medical: 587 occurrences,
radiation: 478). Figure 1 shows the results of
the cluster analysis. Words found near each
other in a sentence formed a hierarchy. As the
number of clusters can be determined arbitrari-
ly, to avoid that the keywords “record,” “train-
ing,” and “responsibility” of the revised ministe-
rial ordinance were all clustered together, we
defined 10 clusters with a height of 2.68 (see
Table 1). The number of extracted words were
6,18,6,9, 15,5, 3,7, 2, and 4 for Clusters 1-10,
respectively (Fig.1).

3.2 Bubble plots for meeting number and each
cluster

Table 2 shows a cross table of which meet-
ings the Clusters containing the words created
by the coding rules appeared in. x? represents
the x? test result, with p<0.05 indicating the
threshold for significance. Figure 2 shows the
percentage of each cluster in each meeting
based on this cross-tabulation table. The per-
centage of occurrence was calculated by divid-
ing the frequency in each meeting number by
the total number of occurrences (e.g., 51/252
for Cluster 1) and is shown as the square size.
The colors represent standardized residuals:
Pearson rsd (vVmean x (frequency - mean)/
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Fig.1 Cluster analysis

mean value), indicating the meeting in which
the cluster appears more (or less) often, with
warmer colors indicating more frequent ap-
pearance. The mean value corresponds to the
number of current entries relative to the total
number of sentences.

Cluster 1 appeared frequently in the 3rd, 4th,
and 5th meetings, showing large standardized
residuals. Clusters 2 and 5 often appeared in all
meetings; standardized residuals were positive

in the 3rd meeting for Cluster 2 and in the 6th

and 7th meetings for Cluster 5. Cluster 3 ap-
peared predominantly in the 7th meeting, al-
though not so often, and showed large stan-
dardized residuals. Cluster 4 and 6 were mod-
erately frequent but tended to appear in the
6th and 7th meetings. Cluster 7 and 8 did not
occur often, but had large first standardized re-
siduals. Cluster 9 and 10 did not occur very
often, but showed large standardized residuals
for the 6th, 7th, and 8th meetings.

Table 2 Cross-accumulation table of number of meetings held and clusters

Meeting Cluster .

Number 1 2 3 4 5 6 7 8 9 10
1 51 149 81 108 143 104 51 95 5 63 252
3 59 93 33 39 60 46 13 9 3 5 106
4 63 79 24 51 68 47 9 12 3 28 99
5 90 115 35 52 97 56 16 9 4 24 146
6 34 89 30 66 99 70 10 26 20 59 123
7 43 68 46 56 78 46 10 18 16 33 93
8 17 47 19 37 60 31 4 30 15 37 88

sum 357 640 268 409 605 400 113 199 66 249 907

x? 12895 5266 2643 2297 3925 1534 2273 8252 6141 7561

p<0.05 6.94E-30 3.97E-13 2.74E-07 1.65E-06 3.73E-10 9.00E-05 1.86E-06 1.05E-19 4.63E-15 3.45E-18
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Fig.2 Bubble plot of meeting numbers and clusters

3.3 Correspondence analysis of the feature
terms “record” and “responsibility”

Figure 3 shows the results of the correspon-
dence analysis for the feature word “record.”
The number of target words was 73. The total
number of words was 1,870 in the 3rd, 1,934 in
the 4th, and 1,944 in the 5th meeting. Corre-
spondence analysis is based on a 3x73 cross-
tabulation table, with the proportion of occur-
rences (profile) between each word or meeting
number determined by x? distance . The x-
axis (component 1) represents the first dimen-
sion result of the word or conference number,
and the y-axis (component 2) represents the
second dimension result of the word or confer-
ence number, simultaneously distributed in a
scatter plot. The values (0.2777, 61.33%) on the
axes are contribution rates; the cumulative
contribution rate of components 1 and 2 was
100%.

The origin (0, 0) represents the coordinates
of the average profile; the closer to the origin,
the more evenly distributed the words in every
meeting. “Dose,” “exposure,” “medical,” “irradi-
ation,” and etc., are some of these words. The
feature word (the one appearing only once)
appears on a straight line from the origin to the
meeting number mark and outside of that
mark. The 4th and 5th meetings appear on the
right side of the x-axis, and many words com-
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monly appeared. From the beginning, there
were characteristic words such as “Japan,”
“TAEA,” and “difficult” in the 3rd meeting, “hos-

" o«

pital,” “on-site,” and “burden” in the 4th meet-
ing, and “EU,” “appropriate,” and “training” in
the 5th meeting. Several words followed a lin-
ear distribution between the third “TAEA” to the
fourth “hospital,” the fourth to the fifth “train-
ing,” and the third “TAEA” to the fifth “training.”

Figure 4 shows the results of the correspon-
dence analysis of the feature word “responsi-
bility.” The number of target words was 43.
The total number of words was 2,176 for the
6th, 982 for the 7th, and 1,285 for the Sth meet-
ing. The correspondence analysis showed that
the cumulative contribution of components 1
and 2 was 100% in a 3 x 43 cross-tabulation ta-
ble. The 6th and 7th meetings were located to
the left side of the x-axis.

“Responsibility,” “management,” “record,”
and “system” were distributed around the ori-
gin (0, 0). From there, there were characteristic
words such as “hospital” and “occupation” in
the 6th, “explanation” and “consider” in the 7th,
and “regulation” and “pertaining to” in the 8th

meeting. There were clusters of “technologist,”

component 2 (0.1751, 38.67%)
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tion” in the 6th and 8th meetings, and of “poli-
cy,” “guideline,” and “establishment” in the 7th
and 8th meetings. Some words were linearly
distributed between “hospital” in the 6th and “
consider” in the 7th, but not between the 7th
and 8th, nor between the 6th and 8th.

4. Discussion

The revision of the ministerial ordinance
made it mandatory for the first time to record
patient doses and required the establishment
of a dose control system. We were asked for
public comment two years prior to the an-
nouncement of the revision of the ministerial
ordinance (from January 9, 2019 to February 7,
2019), and in March 2019, we received a notice
from the Director General (Medical Policy Bul-
letin No. 0312 No. 7). Therefore, text mining of
the minutes of these proceedings was conduct-
ed to analyze the content.

4.1 Relationship between cluster analysis and
meeting number

In cluster analysis, the words are clustered

according to their close positions of occur-

rence. This time, we have subjectively deter-

mined 10 clusters according to the key words
of the revised ministerial ordinance. This meth-
od is common in cluster analysis '©. If the dis-
tance (Height = 2.68) increases, the clusters are
aggregated to 6 and each cluster contains more
words, while if the distance decreases, the
number of words in each cluster is extremely
small. Although the analysis results may change
depending on clustering rules, consideration
was given to the keywords in the ministerial
ordinance revision.

» o«

Cluster 1 includes “dose,” “record,” and “ex-
posure” and Cluster 2 includes “DRL;” Clusters
1 and 2 contain the key terms of the revision of
the ministerial ordinance. They appeared in
the 3rd, 4th, and 5th meetings, suggesting that
patient dose control was conducted using DRL
and that discussions were held on recording.
Cluster 3 includes “protection” and “standard,”
Cluster 9 includes “doctor” and “ technologist,”
and Cluster 10 includes “responsibility” and
“system,” suggesting that the discussions on the
person responsible for the safety management
system took place in the 6th-8th meetings.
Clusters 4-6 include words such as “page,”
“*documents,” “basic,” “consider,” “medical,” and
“institutions,” mentioned when the secretary
explained the meeting, as well as words for
medical facilities and equipment central to the
meeting agenda, which generally appeared in
all meetings. Clusters 7 and 8 were the first in
which radiation-related laws such as the Law
Concerning Regulation of Radioactive Isotopes
were explained. Since this meeting included
non-experts in radiation, the first half of the
meeting served to explain trends in radiation
control and the second to discuss how to de-

velop a control system.

4.2 Correspondence analysis of “record” and
“responsibility”
Although most text mining methods analyze
and evaluate the subject matter of a text using
the number of frequently occurring words as

an indicator, we believe that it is difficult to
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capture the background of the subject matter.
The advantage of KHcoder3 is that the analyst
can extract and analyze words independently.
Through the cluster analysis described above,
the author chose “record” from Cluster 1 to fo-
cus on patient dose records and “responsibili-
ty” from Cluster 10 to focus on the exclusive
responsibility for the safety management sys-

tem.

4.2.1 Feature word “record”

One of the major points of the revision of the
ministerial ordinance is the recording of pa-
tient doses. The target equipment are CT, IVR,
SPECT, and PET, which have high exposure
doses. To manage patient doses easily, man-
agement software use has become widespread
in clinical practice 7.

The 3rd meeting was the “TAEA.” According
to the minutes, international trends were intro-
duced at the 3rd meeting. In the report, during
UNSCEAR'’s global survey ¥, Japan is struggling
to collect dose data. On the other hand, at the
IAEA, it was introduced that doses are man-
aged by patient IDs through the smart card
project . The goal of the government is to
establish a system to record and track medical
exposure history (smart card project), as is be-
ing worked on by the TAEA, with the goal of
reducing medical exposure. The company ex-
pressed its ambition to make good use of its
my number card for this history tracking. There
was a “burden” in the 4th meeting. This was a

” o«

concern about the “on-site” “burden” of con-
ducting “record.” They also asked for opinions
on how to make the “record” data easier to get
out. Thus, better performance of medical
equipment and equipment capable of record-
ing patient dose information in the radiology
information system, irradiation and electronic
medical records might decrease the burden on
the site of treatment allowing implementation.
Since 2000, the International Electrotechnical
Commission has been displaying radiation dos-

es on equipment, including computed tomog-
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raphy dose index and dose length product for
X-ray CT systems *”, and the reference air ker-
ma rate, integrated reference air kerma, and
integrated area dose at the patient entrance ref-
erence point are displayed on IVR systems 2.
The information is centrally managed by dose
management software via the DICOM Radia-
tion Dose Structured Report. However, clinical
sites are struggling due to the lack of test pro-
tocol names, etc. ?2. Therefore, it is important
to standardize the medical information to fa-
cilitate dose control and to easily obtain repre-
sentative Japanese values in each examination
site. The 5th meeting included “training.” It was
stated by the secretary that this can be prop-
erly managed to justify and optimize radiation
protection by “training” and “record” of doses
to radiation practitioners.

Based on the above, from the 3rd to the 5th
meetings, proper management of radiological
practice was agreed to be carried out through
dose recording and training.

4.2.2 Feature word “responsibility”

There was “occupation” in the 6th meeting.
The responsible person can be a doctor, den-
tist, or radiology technologist who can irradiate
the human body (i.e., can press a button on a
radiation device) but who is not responsible
for the need of radiological treatment, but can
be a radiology technician because he/she es-
tablishes guidelines and systems. An “explana-
tion” was provided at the 7th meeting. Despite
the opinion that nurses could provide explana-
tions to patients to lower the burden on physi-
cians, it was determined that medical treatment
and explanation belong together, as required
by the World Health Organization, the TAEA >,
and others ? 2>, The 8th meeting, held in re-
sponse to public comments, referred to “regu-
lations.” Tt was noted that there were many
comments regarding the regulations for safety
managers. The secretary proposed that a radio-
logical technologist can be a safety manager
only when the system is justified by a doctor or



dentist and can give instructions to the radio-
logical technologist. The role of the responsi-
ble person is the justification of radiological
inspections but the establishment of a safety
management system, including the formulation
of guidelines and the implementation of train-
ing.

Accordingly, the 6th-8th meetings served to
discuss the selection of the responsible person
and the establishment of a management system.

Conclusion

In the “Study Group on the Proper Manage-
ment of Medical Radiation” the 1st meeting ex-
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[Abstract]

The purpose of this study was to analyze the results from a 3-year clinical training evaluation conducted at the
authors’ university and to identify problematic issues in training education for students who aim to become radiological
technologists. Participants were 325 university students who were in their fourth year of clinical radiological
technologist training between 2019 and 2021. The clinical training evaluations of these students comprise a series of
items and sub-items. We asked clinical training instructors to grade each item. Students had little knowledge about the
cost of radiological examinations, and some students were unable to write training reports sufficiently. An analysis of
clinical training evaluations indicated that some radiological technologist students had little knowledge about the cost
of radiological examinations and showed poor report writing ability. Future clinical training should seek to strengthen
the guidance offered to students on these topics in pre-education before conducting clinical training. We believe our

findings can help facilitate further improvements in the development of clinical training.

Introduction

University training for radiological
technologists in Japan follows a four-year
curriculum. In those four years, students
acquire the specialized knowledge necessary
for practicing as a radiological technologist.
In addition to classroom lectures, university
education involves clinical skills training to
prepare radiological technologists to work
at a hospital. X-ray photography education,
moreover, is continuously advancing, and thus
clinical training education is indispensable
for the production of aspiring radiological
technologists”. At our university, clinical
training is provided in the first half of the
fourth year; during this training phase, students
are taught by radiological technologists
working in hospitals. The clinical training is
conducted in a general hospital, and our aim
is for students to acquire the clinical skills for
the modality in which a given radiological
technologist practitioner is engaged: general

radiography, computed radiography,
magnetic resonance imaging, angiography,
ultrasonography, nuclear medicine, and
radiotherapy. The Department of Radiation
Technology Science at our university attracts
more than 100 students from all over Japan
every year. Therefore, because it is impossible
to provide clinical training in a hospital near
the university for all the students, we ask
students to conduct their clinical practice at
their local hospital. In the past, clinical training
centered on the tour type has been conducted.
However, in recent years, participatory clinical
training has begun to be adopted to help
students acquire more clinical skills”. At this
point in their training, students do not yet have
a radiological technologist license; therefore,
they are not allowed to irradiate patients,
although they have acquired other clinical
skills through clinical training (e.g., patient
treatment, image analysis processing, and
understanding of examination content).

As part of our clinical training grade
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evaluations, hospital-based clinical training
instructors engaged in student guidance are
asked to rate the grade evaluations created
by our university. On the basis of the grade
evaluations provided by the clinical instructors,
the credits for clinical training are approved or
rejected. However, we realized the potential
usefulness for clinical training development
(and thus for students) of identifying
potentially problematic issues from among the
grade evaluation data. Therefore, the purpose
of this study was to analyze the past 3 years’
grade evaluations for clinical training at our
institution in Japan and to identify problems in
clinical training education for students.

Materials and Methods

Targets

A total of 325 participants comprised: 100
students (69 male, 31 female) who underwent
their fourth-year university clinical training
in 2019; 108 students (61 male, 47 female)
who underwent their fourth-year university
clinical training in 2020; and 117 students
(69 male, 48 female) who underwent their
fourth-year university clinical training in 2021.
The prescribed duration for clinical training
set by our university is 57 days (training
time per day is 8 hours). However, in 2020
and 2021, the clinical training period for
some students was shortened owing to the
response of the local hospital in which they
were training to the effects of coronavirus
disease 2019 (COVID-19) infection. This study
was approved by our University’s Conflict
of Interest Management Committee and its
Clinical Research Ethics Review Committee.

Grade evaluations for clinical training

Table 1 shows the items that comprise the
clinical training evaluation for our university.
The main items used for evaluation are as
follows: item 1 evaluates the acquisition

of basic practical radiological technologist
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skills; item 2 evaluates the development of
knowledge about and analytical ability for
operating the hospital radiation department;
item 3 evaluates the ability to respond
appropriately to patients; and item 4 evaluates
the development of responsibility and
awareness as a member of the medical team.
To assess the topics covered in the main
items in more detail, seven sub-items were
set for each main item, as shown in Table
1. After clinical training is completed, the
clinical training instructor evaluates all the
sub-items for each student on a 4-point scale
(1 point: inferior, 2 points: standard, 3 points:
good, 4 points: excellence). From FY2019 to
FY2021 the clinical training evaluations were
conducted using the same method described
above. The setting and evaluation method for
these clinical training evaluation items were
created by the university’s clinical training
instructor and have been used for 3 years
to evaluate the university’s clinical training

program.

Comparison of clinical training evaluation
scores (comparison of sub-items)

The sub-item scores (average value %
standard deviation (SD)) for the clinical
training evaluation for all students (total
students from 2019 to 2021) were calculated.
The score for each sub-item (average value
+SD) was calculated for each year, and a
comparison was made to see if there were
differences in each sub-item score in each

year.

Comparison of clinical training evaluation
scores (comparison of main items)

The average values + SDs of the main items
were calculated from the average sub-item
values for all students, and the overall scores
for each main item were compared. The
average values = SDs of the main items for
each year were calculated from the average
value of the sub-items for each year, and



Table 1 Main and sub-items for clinical training evaluation

Items for grade evaluation in clinical training

Main item 1: Acquire basic practical skills as a radiological technologist

Sub-item 1-1. You can work on pre-learning and take part in practical training.

Sub-item 1-2. You can record what you experienced in training in the report and use it in future training.

Sub-item 1-3. You can clarify your own tasks from daily reports and study to gain knowledge that you lack.

Sub-item 1-4. You can work on the tasks you have been instructed to do and give feedback on the next day’s training.

Sub-item 1-5. You know the structure and installation of the hospital that considers patient safety (including infection
prevention and accident prevention) and comfort, and you can explain these in the report.

Sub-item 1-6. You understand the structure and installation of hospitals with staff safety (including infection prevention
and accident prevention) and comfort in mind, and you can write down their characteristics in a report.

Sub-item 1-7. You can correlate and analyze the knowledge and theory learned in the classroom with the experience and

situations in clinical practice.

Main item 2: Develop knowledge about and analytical skills for the operation of the hospital radiation department
Sub-item 2-1. You comply with the rules set by the training facility.
Sub-item 2-2. You do not view electronic medical records without the permission of the leader.
Sub-item 2-3. You do not record any personally identifiable information in the report.
Sub-item 2-4. During training, you do not leave your records or belongings on the desk in the imaging room or elsewhere.
Sub-item 2-5. You understand the functions and roles of the Radiology Department members (chief radiological

technologist, sub-chief radiological technologist, chief radiological technologist of each modality, etc.).

Sub-item 2-6. You understand the role of the chief for each modality.
Sub-item 2-7. You understand the medical fees that are required for each radiological examination.

Main item 3: Learn how to respond appropriately to patients

Sub-item 3-1. Your appearance is suitable for medical personnel, and you can perform clinical training.

Sub-item 3-2. You can greet patients, staff, and leaders, etc.

Sub-item 3-3. You use polite language, such as using honorifics, when talking to patients.
Sub-item 3-4. You give an honorific title to your surname when you call a patient.
Sub-item 3-5. You try to read the patient's emotions in their facial expressions and wording.
Sub-item 3-6. You can respond to the patient with a clear and easy-to-hear voice.
Sub-item 3-7. You can flexibly adapt to children and elderly patients.

Main item 4: Develop responsibility and awareness as a member of the medical team

Sub-item 4-1. You are not late for clinical training.

Sub-item 4-2. You can keep the time you have promised to your teacher or clinical practice leader.
Sub-item 4-3. You reveal your whereabouts to the clinical practice leader and act (i.e., do not take a break without

permission).

Sub-item 4-4. You can meet deadlines for submitting clinical training reports and other assignments.
Sub-item 4-5. You strive to improve what has been noted by clinical practice leaders and teachers.

Sub-item 4-6. You take care of your own health.

Sub-item 4-7. If you have any questions, you ask or consult with the medical team leader.

the overall scores for the main items were

compared to identify differences.

Statistical analysis

The Kruskal-Wallis test of one-way
ANOVA was used to test for significance.
The significance level was set to p<0.05.
The P-value used a two-sided test. When a
significant difference was observed between
groups, the p-value-corrected Dann-Bonferroni
test was used to determine which group
differed significantly. Again, the significance
level was p<0.05. We used Statistical Package
for the Social Sciences (SPSS), version 26.0
(SPSS Inc., Chicago, IL, USA) for these

analyses.

Results

Comparison of clinical training evaluation
scores (comparison of sub-items)

Figure 1 shows the results of the clinical
training evaluation scores for each sub-item for
all students (total students from 2019 to 2021).
The scores for each sub-item were as follows:
1-1 was 3.13+0.62, 1-2 was 3.23 = 0.60, 1-3
was 3.15 +=0.60, 1-4 was 3.23 £0.59, 1-5 was
3.07£0.53, 1-6 was 3.05+0.53, 1-7 was 3.04
+0.57, 2-1 was 3.55=0.54, 2-2 was 3.68 +
0.50, 2-3 was 3.67 £0.47, 2-4 was 3.44 = 0.55,
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Comparison of clinical training
evaluation scores (comparison
of main items)

Figure 3 shows the scores for
each of the main items for all
students; they were: 3.13 = 0.08
for 1, 3.35+0.32 for 2, 3.36

Figure 2 Scores for sub-items in the clinical training evaluations
for each year. The Kruskal-Wallis test was used to test
for significant differences between other groups. The
significance level was set to P<0.05. When a significant
difference was found, the P-value-corrected Dann-
Bonferroni test was used to determine which group differed

significantly.
*P<0.05, *P<0.01.

2-5 was 3.23 ¥ 0.54, 2-6 was 3.12+0.54, 2-7
was 2.80 +0.52, 3-1 was 3.69 * 0.48, 3-2 was
3.57 £0.54, 3-3 was 3.47 £0.55, 3-4 was 3.44
+0.54, 3-5 was 3.12+0.60, 3-6 was 3.19 +
0.64, 3-7 was 3.04 £0.59, 4-1 was 3.79 = 0.41,
4-2 was 3.72 = 0.46, 4-3 was 3.68 +0.50, 4-4
was 3.57 £0.55, 4-5 was 3.39 * 0.58, 4-6 was
3.56 = 0.55, and 4-7 was 3.29 = 0.61.

Figure 2 shows a graph comparing each
sub-item of the clinical training evaluation
classified in 2019-2021. The Kruskal-Wallis test
revealed significant differences between the
years for the sub-items 2-4, 3-2, 3-5, 4-2, 4-5,
4-6, and 4-7 (sub-items 3-2, 3-5, 4-2, and 4-5
were p<0.05, and sub-items 2-4, 4-6, and 4-7
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+0.25 for 3, and 3.57 £0.18
for 4. The Kruskal-Wallis test
showed a significant difference
between groups (»<0.05). The
Dann-Bonferroni test showed a
significant difference between
main items 1 and 4 (»<0.01).
Figure 4 shows a graph
comparing each main item in the clinical
training evaluation classified in 2019-2021.
Scores for main item 1 were: 3.11 £0.08 in
2019, 3.17 =0.07 in 2020, and 3.11=0.11 in
2021. Scores for main item 2 were: 3.30 + 0.32
in 2019, 3.41 = 0.33 in 2020, and 3.36 + 0.32 in
2021. Scores for main item 3 were: 3.35 + (.22
in 2019, 3.44 = 0.25 in 2020, and 3.29 + 0.26 in
2021. Finally, scores for main item 4 were: 3.54
+0.26 in 2019, 3.65 * 0.17 in 2020, and 3.52 =
0.21 in 2021. The Kruskal-Wallis test showed
no significant difference between the years in

any of the major items (n.s.).
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Figure 3 Scores for main items in the clinical
training evaluations for all students
(total students from 2019 to 2021). The
Kruskal-Wallis test was used to test for
significant differences between other
groups. The significance level was set
to P<0.05. When a significant difference
was found, the P-value-corrected Dann-
Bonferroni test was used to determine
which group differed significantly.
*P<0.01.

Discussion

The purpose of this study was to analyze
the grade evaluations for clinical training for
the past three years at our institution and to
identify problems in clinical training education
for students. For students who aim to become
medical professionals, clinical training
education can give them the necessary skills
for clinical practice. Therefore, this research
attempts to identify and highlight problematic
issues in students’ clinical training to inform
and facilitate the further development and
improvement of clinical training education.

First, the method used for clinical training
evaluation will be mentioned. The Likert scale
is used for the clinical training evaluation
of this study. In order to easily evaluate the
comparison of clinical training evaluation
items and the comparison of each year, the
analysis was performed by quantifying the
Likert scale. In addition, we asked clinical
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Figure 4 Scores for main items in the clinical training evaluations for each year. (a) Main item 1 score. (b) Main
item 2 score. (c) Main item 3 score. (d) Main item 4 score. The Kruskal-Wallis test was used for the
significance test between other groups. The significance level was set to P<0.05. No significant
difference was found in any of the Main items (n.s.).

Arts and Sciences ¢ 43



training instructors to evaluate the Likert scale
in four stages without using the median. This is
because the absence of an intermediate value
makes it possible to remarkably evaluate the
quality of each item of students and facilitate
future student guidance.

The first notable outcome from this study is
the consistently satisfactory average scores for
the clinical training results among all students
across all 3 years. The average score for most
of the sub-items was 3.0 or higher, which
indicates that students were able to perform
clinical training well in the areas and topics
covered by the evaluation items. Only sub-
item 2-7 had an average score of less than
3. This item addresses medical fees. Clinical
training instructors mainly provide information
and direction about how to handle medical
devices and how to communicate with patients
during clinical work. While some clinical
training instructors also inform students about
medical fees, most do not. Additionally, even
in university classes, there are no official
lectures that explain medical fees for each
type of medical examination. This can help
explain why these students’ understanding of
this item was the poorest, and the associated
scores the lowest. However, when a student
becomes a radiological technologist and works
at a hospital, knowledge about medical fees
is always essential. Patients often ask medical
staff about the cost of their tests. Therefore, it
is necessary to introduce classes to improve
students’ knowledge about medical fees.

The second outcome to underscore is the
higher grades observed for some of the sub-
items in 2020 compared with other years.
Furthermore, no differences were observed in
the average scores for the sub-items in 2019
and 2021. In 2020 and 2021, students’ clinical
training underwent changes influenced by the
COVID-19 pandemic. Recent clinical training
education has shifted to address COVID-19
infections”. More specifically, the clinical

training curriculum was unexpectedly changed
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in some cases, and/or the clinical training
period shortened, to prevent students from
contracting COVID-19, and to protect students’
mental health*”. Moreover, students whose
clinical training period was shortened were
also expected to study independently when
they were not engaged in clinical training.
Thus, although many facilities were forced to
change some aspects of their clinical training
teaching methods, some of the evaluation
items were scored the same or better than
before the changes were enacted. Currently,
to improve clinical training, workshops are
also held to further educate clinical training
instructors. Some reports indicate that clinical
training instructors have low participation
rates in these workshops”, despite bearing
all the responsibility for their students during
the clinical training period”. In addition, the
quality of the instructor’s teaching ability has
a substantial impact on student learning®”.
Therefore, in Japan, to improve the leadership
skills of clinical training instructors who train
radiological technologists, the number of
facilities participating in these workshop is
increasing. Furthermore, university faculty
members continue to work well with students
and hospital-based clinical training instructors
to improve clinical training. Therefore, even
during the period of restricted clinical training
owing to COVID-19, the students were able to
receive high-quality clinical training education.
The reasons why we were able to carry out
sufficient clinical training even with COVID-19
disasters are “sufficient guidance on infection
control in pre-education of clinical training”,
“thoroughness not to go out unnecessarily”,
“students will be on standby at home from
2 weeks before the start of clinical training”,
and “Students and clinical training instructors
and faculty members will be in close contact”,
etc. In addition, the students themselves kept
a high awareness of infection prevention, and
they wanted to acquire clinical techniques,
so we think that they were successful in the



clinical training during the prevalence of
COVID-19.

Here, we will describe the attendance
of student education guidance in order to
improve the leadership of clinical training
instructors. On September 30, 2021, the
Ministry of Health, Labor and Welfare of
Japan revised the guidelines for guidance
at radiological technologist training centers.
As part of the amendment, it is stated that
hospitals that conduct clinical training should
have radiological technologists who have
completed the radiological training instructor
training course'”. Improving the leadership of
clinical training instructors is a very important
item, and we hope that this revision will lead
to the further development of clinical training
education.

A comparison of the main items for all grades
showed that the acquisition of basic practical
abilities as a radiological technologist was
the lowest scoring item. This main item was,
moreover, considerably lower than the item
that addresses fostering responsibility and
awareness as a member of the medical team;
its content deals mainly with sub-items that
evaluate the technological knowledge required
to complete a report. The clinical training
instructor requires students to write their own
thoughts in their own words in their reports,
including their experiences and activities on
a given day of clinical training. However,
some students find it difficult to express in
their own words what they were involved in
during medical examinations on the day. Such
students rather describe the contents of the
textbook as if it were their report. Therefore,
we would like to offer proper guidance on
how to write a report through pre-education in
clinical training.

In our comparison of main items in the
clinical training evaluations for each student
cohort, we used the same evaluations for
each year. While some sub-items differed
considerably across cohorts, a comprehensive

assessment of the main items indicated there
were no differences in evaluations across
cohorts.

On the basis of the foregoing analyses, we
noted that students lacked knowledge about
medical fees and that some students could
not write reports well. To improve these
aspects in future, we would like to enhance
the relevant instructions in pre-education
courses and in-person clinical training. Clinical
training education is necessary for preparing
students to play active roles as radiological
technologists. We want students to be at
the forefront of the medical field when they
become radiological technologists and engage
in clinical work. Thus, the problems identified
in this research can facilitate improvements
in those areas to produce higher quality
radiological technologists.

One limitation of this study is that the
clinical training evaluation we analyzed was
only a four-stage evaluation (i.e., 1 point:
inferior, 2 points: standard, 3 points: good,
4 points: excellent). If the evaluation stages
were extended, differences may appear in
other items. Therefore, in the future, we
would like to review the scoring criteria for
evaluations. A further limitation is the absence
of evaluation for each modality in the clinical
training evaluation we studied; rather, it is
an evaluation of the entire clinical training
process. Importantly, students have likes and
dislikes and various weaknesses in different
modalities. Therefore, a separate assessment
should be conducted for each modality’s
clinical training evaluation. Additionally,
reports indicate that remote lectures have
been adopted in various school settings in
response to the spread of COVID-19, and that
they have had a positive educational effect

for students'''?

. Furthermore, education that
incorporates e-learning into existing lessons
has been shown to be effective®'>'®. The
e-learning system is not introduced in this

research. we would like to create an e-learning
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program for distance learners whose clinical
training has been interrupted or shortened
because of COVID-19. Finally, another study
reported on the creation and effective use of a
video recording of a radiological technologist’s
work for student education'”. We wish to
contribute to the further development of
clinical training education by incorporating the

trials of those previous reports.

Conclusion

The findings from our analysis of the grade
evaluations for clinical training for the past
three years at our institution show that some
students’ knowledge about medical fees was
weak and their reports poorly written. It
is, therefore, essential to improve students’
knowledge and skills in the areas in which
they are weakest by including a pre-education
phase for clinical training and by enhancing
the future development of clinical training

education.
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[Abstract]

Purpose: FElectrical muscle stimulation (EMS) delivers a low-intensity stimulus to the nerves in the muscle to cause
muscle contraction, and can result in a cosmetic effect. In this study, we measured volume changes of facial muscles
before and after using EMS facial equipment via magnetic resonance imaging, and investigated the effects of EMS
facial equipment on facial muscles.

Methods: Eight sessions of facial treatment were performed on healthy volunteers using EMS facial equipment.
T,weighted images were acquired before and after using the EMS facial equipment, and volume changes in the
buccinator and masseter muscles before and after using EMS facial equipment were measured from the images.
Results: The use of EMS facial equipment caused a decrease in masseter muscle volume in magnetic resonance
images.

Conclusion: The results suggested that the use of EMS facial equipment had a clear effect on facial muscles, and that

a facial treatment effect could be obtained even with short-term use.

1. Introduction

Human skin shows the effects of aging over
time". Many women use cosmetics and medi-
cines to prevent skin aging and rejuvenate the
skin"?. In recent years, the market for beauty
appliances has grown rapidly and demand is
increasing®. In addition, many beauty salons
offer treatments that attempt to prevent skin
aging using beauty equipment. In recent years,
beauty appliances and esthetic salons have
developed and utilized facial equipment us-
ing electrical muscle stimulation (EMS). EMS
involves the application of a low-intensity
electrical stimulus to the nerves in the muscle,
causing contraction of the muscle*® resulting
in a cosmetic effect. EMS is also used as an ex-
ercise device for muscle training in the sports
industry®. Furthermore, it has been reported
that EMS is effective for dieting”. Facial EMS is
now widely used for skin anti-aging and diet-

ing purposes, providing a facial treatment that
stimulates facial muscles and promotes facial
muscle movement”. It contracts the muscles
of the face and gives a slimming effect on the
face.

In the current study, we examined the ef-
fects of EMS on facial muscles. Many people
regularly perform EMS on their face, reporting
beneficial effects on their appearance”. How-
ever, the extent to which EMS affects facial
muscles is currently unclear. There are no re-
ports quantifying the effects of EMS as a facial
treatment. Therefore, we sought to clarify the
effect of EMS by using the volume change of
facial muscles. Imaging of facial muscles can
be taken by computed tomography (CT) and
magnetic resonance imaging (MRID), etc. MRI
has better contrast resolution than CT'”. Mus-
cles with a small area can be evaluated more
accurately from MR images. Therefore, we
thought that the facial treatment effect of EMS
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could be evaluated if the muscles were acti-
vated by EMS and the degree of muscle con-
traction could be captured by MR images. In
addition, there is T2-weighted imaging (T>WI)
in the MR sequence. It has been reported that
this sequence is anatomically easy to see and

" Therefore, we would

provides good contrast
like to adopt T-WI for the MR sequence that
images facial muscles. In the current study,
we measured changes in the volume of fa-
cial muscles before and after using EMS facial
equipment via T>WI of MRI, and investigated
the effects of EMS facial equipment on facial

muscles.

2. Materials and Methods

2-1. Subjects
The subjects were 10 healthy women, aged

21 to 22 years (mean 21.7 £0.5 years), who
volunteered to take part. This study was car-
ried out with the approval of the Ethics Com-
mittee of Suzuka University of Medical Scienc-

€S.

2-2. Use of EMS facial equipment

PEARL FACE ESTHE Sonic EX (ITO CO.,
LTD., Saitama, Japan) was used as the EMS
facial equipment. The method of using the
EMS facial equipment is shown in Fig.1. When
using the EMS facial equipment, pearly sonic
gel (Mikimoto Pharmaceutical CO., LTD., Mie,
Japan) was applied to the tip of the probe. The
electromagnetic waves of EMS used medium
frequencies that affect muscles. Electromag-
netic wave output was performed at 13 out of
40 stages. EMS facial equipment was used for
20 minutes per person, and was used twice a

Treatment manual by EMS mode

OFR®
CESY

P o
Gw NO

@ @

1. Corner of the mouth

Slowly draw a circle inward
2. Lower jaw

Inwardly to wrap around the lower jaw
3. Outside cheek

Draw an ellipse inward around the front of your ear
4. Upper cheek

Inwardly rotate the upper part of the cheekbone
5. Under the eyes

Make a round trip from the inner corner of

the lower eyelid to the outer corner of the eye
6. Temple

Like drawing a circle inward
7. Upper eyebrows, forehead

Draw a circle around the top of the eyebrows

Operate the EMS probe slowly in the order of steps 1-7.
After reaching step 7, operate the EMS probe while
returning from steps 7—1.

Fig.1 How to use electrical muscle stimulation facial equipment.
Instructions provided by Mikimoto Pharmaceutical CO., LTD.
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week. In total, subjects underwent eight treat-
ment sessions from September 2020 to Oc-
tober 2020. Subjects practiced using the EMS
facial equipment, and, after securing an envi-
ronment in which to do so, operated the EMS

facial equipment themselves.

2-3. Acquisition of magnetic resonance imag-
ing

MRI was performed before the use of the
EMS facial equipment and within 2 to 3 days
after the last day of use. An ECHELON 1.5T
scanner (Hitachi, Ltd., Ibaraki, Japan) was used
as the MRI device. A head coil was used as
the receiving coil. T.WI was used as the imag-
ing sequence, and the imaging conditions for
the T.WI are shown in Table 1. The imaging
cross-section was set so that a cross-section
perpendicular to the long axis of the cheek
could be obtained.

2-4. Comparison of facial muscle volume
before and after using EMS facial equip-
ment

The muscles used for volume measurement
were the buccinator muscle, which is involved
in facial expression, and the masseter muscle,
which is involved in jaw movement and mas-
tication. The masseter muscle is used to open
and close the mouth and is also an important
muscle for facial expression'*'”. Also, these
muscles are the parts where the EMS probe is
in close contact, and it was the subject of eval-
uation. For measuring the volume of both mus-
cles, the region of interest (ROI) tool attached
to the workstation of the MR device was used.

MR images were acquired by 2-demensional

scan (3 mm slices at 3 mm intervals). The ROI

was surrounded by both muscles in all slice
cross-sections where both muscles were de-
picted (Fig.2). Add up the muscle areas of all
cross sections, and the volumes of both left
and right muscles were measured. Volumes
of the buccinator and masseter muscles were

compared before and after the use of the EMS

Table 1 Imaging conditions for T2-weighted images

Parameters
TR (ms) 3,000
TE (ms) 84
FOV (mm) 200
Matrix 320 x 320
FA 90
IR Pulse off

Thickness (mm)

Interval 3
Multi slice 40
E. Factor 12
NSA 2
Bandwidth (Hz/pixel) 147.5

Right buccinator

Left buccinator

Fig.2 Buccinator and masseter muscles region of
interest settings

facial equipment. The ROI was set by a radio-
logical technologist with 10 years of experi-

ence in MRI work.

2-5. Statistical analysis

Wilcoxon signed-rank test was used for sta-
tistical analysis of volume changes in the buc-
cinator and masseter muscles before and after
use of the EMS facial equipment. Statistical
significance was defined as a P-value < 0.05.
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We analyzed using Statistical Package for the
Social Sciences (SPSS), version 26.0 (SPSS Inc.,
Chicago, IL, USA) for statistical analysis.

3. Results

3-1. Volume change of buccinator muscle
Fig.3 shows the volume of the right bucci-
nator muscle before and after using the EMS
facial equipment. The volume of the right
buccinator muscle before and after using the
EMS facial equipment was 1.15 = 0.43 cm’® and

1.03 £ 0.27 cm’, respectively. There was no
significant difference in the volume of the right
buccinator muscle before and after using the
EMS facial device (P = 0.508). Fig.4 shows the
volume of the left buccinator muscle before
and after using the EMS facial equipment. The
left buccinator muscle volumes before and af-
ter using the EMS facial equipment were 1.04
+0.45 cm’ and 0.88 = 0.36 cm’, respectively.
There was no significant difference in the
volume of the left buccinator muscle before
and after using the EMS facial equipment (P =
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Before and after using the beauty treatment
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Fig.3 Volume of the right buccinator muscle before and after using electrical
muscle stimulation facial equipment
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Fig.4 Volume of the left buccinator muscle before and after using electrical
muscle stimulation facial equipment

50 ¢ Journal of JART English edition 2023



0.059).

3-2. Volume change of masseter muscle

Fig.5 shows the volume of the right masseter
muscle before and after using the EMS facial
equipment. The volume of the right masseter
muscle before and after using the EMS facial
equipment was 19.70 +5.86 cm® and 18.13 =
4.73 cm’, respectively. There was a significant
decrease in the volume of the right masseter
muscle after the use of the EMS facial device
compared with before (P < 0.05). Fig.6 shows

the volume of the left masseter muscle before
and after using the EMS facial equipment. The
left masseter muscle volume before and after
using the EMS facial equipment was 20.44 +
6.26 cm® and 19.06 = 6.04 cm’, respectively.
There was a significant decrease in the volume
of the left masseter muscle after the use of the
EMS facial device compared with before (P <
0.05).
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Fig.5 Volume of the right masseter muscle before and after using electrical

muscle stimulation facial equipment
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Fig.6 Volume of the left masseter muscle before and after using electrical
muscle stimulation facial equipment
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4. Discussion

We measured the volume change of facial
muscles from T>WI of MRI before and after
using the EMS facial equipment, and examined
the effects of the EMS facial equipment on the
facial muscles.

In the current study, the buccinator and mas-
seter muscles were targeted to induce changes
in the volume of facial muscles. The buccinator
and masseter muscles were selected because
they provided suitable contact with EMS facial
equipment, and it was relatively easy to set an
effective ROI than other muscles in the MRI
images. Regarding the buccinator muscle, there
were no changes in the volume of the left and
right buccinator muscles following the use of
EMS facial equipment. This finding may have
occurred for several reasons. First, the volume
of the buccinator muscle is small, and no sig-
nificant volume change was observed. Further-
more, the EMS facial equipment was used by
the subjects themselves. Using the EMS facial
equipment took exactly 20 minutes. Howev-
er, because the procedure was performed by
the subjects themselves, there were individual
differences in the effects, and some subjects
did not exhibit an effect on the buccinator
muscle, which has a small volume. In addition,
there may have been limited reproducibility,
because the ROI for measuring volume was
set manually. However, the average volume
decreased after using the EMS facial equip-
ment. Thus, the results suggest that a signifi-
cant decrease in volume may be obtained by
continuing to use the EMS facial equipment.
In contrast, there was a marked effect of the
EMS facial equipment on the masseter muscle,
with the volume of the left and right masseter
muscles significantly decreasing after using the
EMS facial equipment. The masseter muscle
has a larger volume than the buccinator mus-
cle and came into contact with the EMS facial
equipment more often. Therefore, the masse-

ter muscle volume was significantly reduced,
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even though the equipment was controlled by
the subjects themselves. However, there were
cases in which the volume of the masseter
muscles after EMS did not decrease. As with
the buccinator muscle, the cause of the cases
where the volume reduction was not obtained
after EMS was that the subjects themselves
used EMS. Therefore, it is considered that there
were cases in which the probe could not stim-
ulate the muscles well and the facial treatment
effect could not be obtained. In the future,
we would like to implement it after sufficient
training on how to use the probe. Thus, only
the masseter muscle gained volume reduction
after using EMS. The muscle that most closely
adheres to the skin and the largest of the facial
muscles is the masseter muscle. The reduction
in masseter volume after using EMS makes the
face slimmer. Therefore, it is considered that
the use of EMS provided a facial treatment
effect. In addition, the loss of muscle volume
after EMS is not a loss of muscle mass itself. As
mentioned in the introduction, EMS promotes
muscle movement and contracts muscles. Mus-
cle activation also has the benefit of enriching
facial expressions. Therefore, although the
muscle volume is reduced, there is no health
problem in using EMS and it can be used for
beauty.

In this study, the EMS facial equipment was
used only eight times in total. The volume of
the masseter muscle was reduced with this
relatively small number of uses, suggesting
that this EMS facial equipment may be suitable
for use as a cosmetic device, inducing facial
treatment effects in a relatively short period
of time. However, when use of the EMS facial
equipment is discontinued, muscle contraction
is likely to return to its original state, leading
to the disappearance of the facial treatment
effect. Thus, it is likely to be necessary to use
the EMS facial equipment on a regular basis to
continue the facial treatment effect. Important-
ly, some facial muscle rollers, cosmetics, and

pharmaceuticals have been reported to affect



facial expression. One previous study reported
that the use of facial muscle roller devices must
consider the facial muscles, and that training is
required for safe use'”. In addition, rough skin
and other side effects are induced by some
cosmetics and pharmaceuticals. Because the
EMS facial equipment does not have a risk of
these negative effects, facial treatment effects
can be obtained efficiently.

Overall, the current results revealed that the
EMS facial treatment device induced a facial
treatment effect in a relatively short period of
time. We describe future research topics be-
low. The number of subjects in this study is
10 cases. Since the number of cases is small
in this study, we would like to increase the
number of cases and obtain credible data
when conducting further research. In addition,
the volume data used this time is the one that
sets the ROI for one person. Originally, it is
appropriate to evaluate with a few people and
perform calculation of intra-class correlation
coefficient. However, it was too difficult to set
the ROI for muscles, so the ROI setting was for
one person. We would like to create a manual
for muscle ROI setting and build a system that
can be evaluated by multiple people. In addi-
tion, there is also fat in the muscle. EMS may
also be given the ability to burn fat. Therefore,
we would like to pursue a method that can
evaluate facial treatment from the viewpoint of
fat using short TI inversion recovery images.
The current study targeted young women in
their twenties. In the future, we plan to evalu-
ate whether the treatment effect varies across
age groups. In addition, we plan to investigate
changes in the thickness of facial muscles
using an ultrasonic device, and to measure

changes in muscle hardness using shear wave

elastography. At the end, in this study, one
EMS device is used for evaluation. However,
other manufacturers are also developing de-
vices with EMS function. Since the principle of
EMS effect is the same even if the device is dif-
ferent and the treatment procedure is different,
it is considered that the same facial treatment
effect can be obtained. It is also necessary to
examine the effects of facial treatments on var-

ious devices.

5. Conclusion

The use of EMS facial equipment induced a
decrease in masseter muscle volume measured
using T>WI of MRI. Therefore, it was suggested
that the use of EMS facial equipment promotes
the movement of facial muscles, reduces mus-
cle mass, and has the effect of slimming the
face. In addition, a facial treatment effect could

be obtained even with short-term use.
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[Summary]

Using the original deep learning model, we attempted to classify the following disease: AD, DLB, and normal
cognition, from the cerebral blood flow SPECT 3D-SSP images. Then we compared it with the transfer learning of
GoogLeNet and AlexNet that was previously reported. Furthermore, we tried to visualize the accuracy of each analysis
by Grad-CAM. The accuracy was low in AD for AlexNet, and in DLB for GoogLeNet. We obtained stable results in the
original model. There were differences between the position and the size of the feature areas captured in each model

from the Grad-CAM images. The original model captured the hypovolemic region precisely.

Introduction

Recently, in the field of radiographic images,
the clinical application of Artificial Intelligence
(AD has been rapidly growing, and many of
them are reported in papers. Typical examples
are the detection of brain haemorrhage by
head CT scans V, the detection of unruptured
aneurysms on the MRA 2, applications of noise
reduction technologies®, or reconstruction
technologies ¥ on Computed Tomography (CT)
or Magnetic resonance imaging (MRI). As we
have shown, Al technology is used in many
ways. In 2019, the software, which allows us to
detect a cerebral aneurysm on Magnetic reso-
nance angiography (MRA), received regulatory
approval for the first time in Japan. Turning to
the field of nuclear medicine, it is reported that
an attempt to make images of CT scans from
Positron computed tomography (PET) images
and to use them for attenuation correction .

lizuka and others classified dementia disease

from Three-dimensional stereotactic surface
projection (3D-SSP) ©® images made from cere-
bral blood flow Single photon emission com-
puted tomography (SPECT) with deep learning
(DL), then they reported the scientific validity
from the perspective of visualizations of the
specific hypovolemic regions”. We, our group,
have been attempting the classification of de-
mentia disease by our original deep learning
model with 3D-SSP images made from cerebral
blood flow SPECT images®. Moreover, with an
application of the notion of simulation training
data stated by Uwabe ?, we have verified and
reported the classification of dementia dis-
ease '> 19 by well-recognised AlexNet (A.N) '
and GoogleNet (G.N)'D. This time, we as-
sessed the results of identification accuracy cal-
culations by O.N from data groups which are
the same as the reports from by A.N and G.N.
Additionally, using Gradient-weighted Class
Activation Mapping (Grad-CAM)'?; one of

technologies for visualizing Convolutional neu-
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ral network (CNN), we compared O.N with
G.N and AN to clarify their differences by
Grad-CAM heat map images.

1. Methods

1-1  Used Models (A.N, G.N, O.N)

O.N is composed of 4 layers of CNN and 3
layers of Pooling. We showed detailed settings
in Fig.1. We utilised Matlab 2019b (Mathworks
Company), Deep learning toolbox, Image Pro-
cessing Toolbox, Computer vision toolbox,
and Parallel computing toolbox in the analysis.
We also described the details of G.N and A.N
as comparison objects in References ' 1.

1-2 Making image data

The images we utilised in the analysis are
3D-SSP Z-score maps gained from N-Isopro-
pyl-p-['*1] Todoamphetamine ('®I-IMP) 167
MBq cerebral blood flow test. Moreover, we
also utilised Discovery NM/CT 670pro, 3D-OS-

EM methods (subsets 10, iterations 6) for im-

age reconstruction, Dual energy window meth-
ods, CT based Attenuation correction methods.
For 3D-SSP analysis, we utilised the Normal
Database of Shimane University. We showed
the standard output images from 3D-SSP in
Fig.2 (C). They were images of a human brain
taken from eight different directions: the ante-
rior surface, the posterior surface, the left lat-
eral surface, the right lateral surface, the left
medial surface, and the right medial surface.
The original sizes were 890 x 660 pixels. How-
ever, we adjusted the sizes for 224 X 224 pixels
in order to assess with G.N and A.N. (Supple-
mentary information: the size- 224 x 224 pix-
els is the same size for A.N. The size for G.N is
227 x 227 pixels.) Then in order to avoid loss
of detection accuracy by image reduction in
the hypovolemic regions (Z-score description
regions) as targets, we chose the images from
4 different directions (the left and right lateral-
medial surface sides) from the images from 8
directions as shown in Fig.2 (D). Why we chose

these images is it is important to discern the

(1) (2) (3) (4) (5) (6)
(A)
(100 (1)
(B) Image input layer(1)
Input Size [224,224,3]
Convolution 2Dlayer(2)
Filter Size [3,3]
Channels 8
Stride [1,1]
Padding zero padding

WeightslInitializer Xavier

B-FH-H-B--F-J-El-E-
B ERE-E B E-E - El

(12)

(7) (8) (9)

(13) (14) (15) (16)  (17)  (18) (19)

Convolution 2Dlayer(6)
Channels 16

Batch normalization layer(7)(11)(15)
Convolution 2Dlayer(10)

Channels 32
Convolution 2Dlayer(14)
Channels 64

Full connected layer(17)

Batch normalization layer(3) (7) InputSize 50176
ReLU layer(4)(8)(12)(16) OutputSize 3
Max pooling 2Dlayer(5)(9)(13) Bias [-0.04;-0.02;0.06]
PoolSize [2,2] WeightslInitializer Xavier
Stride [2,2]
Fig.1 Configuration diagram and parameters of the original model.

[t comprises 4 con