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Overview of the Japan Association of
Radiological Technologists

The Japan Association of Radiological Technologists, a public interest incorporated
association under the jurisdiction of the Ministry of Health, Labour and Welfare, was
established in 1947 with the purpose of contributing to the health of citizens through
raising the professional ethics of members, improving and furthering the study of medical
radiology and medical radiological technology, and enhancing public health.

In light of the startling progress being made in the fields of image diagnostics and
radiation therapy where radiological technologists work, it is necessary to stay constantly
aware of the latest know-how and technology. JART collaborates with other certification
agencies to enhance the capacity of all radiological technologists in general through
providing lifelong learning seminars, short courses, academic conferences and numerous
other learning opportunities. We believe that such activities constitute our obligation as
medical professionals to the general public.

As the only medical profession that has “radiological” in its name, we strive to limit
medical exposure, to raise the standing of our profession, and to realize a profession
of specialist technologists that can be advertised. And we are committed to promoting
services with you all for the provision of safe and secure medical care.

general principles

We will render our services to those in need of health care.
We will act as individual members of a health care team.
We will perform our duties in our field of specialty.

We will continue to study for the benefit of mankind.

We will respect and practice the policy of informed consent.
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Foreword

Regarding Publication of the
English Edition

= /

»

UEDA Katsuhiko (President)

The journal of the JART English version issues every year. It has a favorable reception for we
members of the world and general people. As well as this issue, 12 articles to be useful for radio-
logical technologists are issued.

We will feature clinical, educational, and research-based achievements by radiological technolo-
gists in the monthly issues of the JART journal, and continually work to improve the magazine. 1
truly hope that this English edition will benefit radiological technicians worldwide.

To give our radiological technologists from across the globe an insight into our business, T will
briefly explain the history of the JART. In March 1896, we succeeded in taking the first X-ray image
in Japan. In 1897, Shimadzu Corporation released an X-ray generator for educational use. In 1925,
there were approximately 1,500 X-ray technicians. In 1927, the first Shimadzu X-ray Technician
Training Institute was established, and evidence-based education was put in place. The JART was
founded in 1947 to make “radiological technologist” a national qualification. Since its establishment,
we have worked towards broad acceptance of this national qualification, in collaboration with the
government, the Diet, the Japanese Medical Association, and occupational military authorities.

As a result in June 1951, we were finally able to see the promulgation of the Radiology X-ray
Technicians Act, Act No.226 of 1951. Since then, we have responded to the changing needs of the
society, revising the original act to get the Radiology X-ray Technicians Act of 1968 passed, and
partially revising that to get the Radiology Technicians Act and Radiology X-ray Technicians Act of
1983 passed, and finally getting the Radiology Technicians Act, which is in place currently, passed.
Back then, the scope of work was limited to general X-ray testing, television X-ray testing, angiog-
raphy, X-ray computed tomography scanning, RI scanning, and radiation therapy. In 1993, the Ra-
diology Technicians Act was further revised, and MRI scanning, ultrasonic testing, and non-mydri-
atic fundus camera examination were added to the list. In 2010, image interpretation assistance,
radiation examination explanation, and consultation work were added. In April 2015, intravenous
contrast agent injection using automated contrast injectors, needle removal and hemostasis, lower
digestive tract examination (anal catheter insertion and administration of contrast medium), anal
catheter insertion, and oxygen inhalation during radiation therapy were added as operations that
could be performed by radiological technologists.

In the latter half of 2021, the needle insertion for examinations of contrasting of the examination
for CT, MRI, Ultrasound and Radioisotope will be further added as the new operation that can be
performed by radiological technologists.

The JART will continue to respond to the needs of the medical industry, and we hope to broaden
the operational scope of radiological technologists based on our foundation in scientific evidence.
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Historyer

The Japan Association of
Radiological Technologists (JART)

1947

1951

1954

1956

1962

1968

1969

1975

1979

¢ Establishment of JART (July 13)

* Promulgation of the Act on Medical Radiog-
raphers (June 11)

* Authorization for Establishment of the Japan
Association of Radiographers (June 13)

* First national examination for Medical Radi-
ographers (May 30)

* Event to commemorate the 10" anniversary
of founding, attended by Her Imperial High-
ness Princess Chichibunomiya

« Event to commemorate the 15" anniversary
of founding and 10™ anniversary of enact-
ment of the Act on Medical Radiographers,
attended by Her Imperial Highness Princess
Chichibunomiya

* Promulgation of the Act to Partially Revise
the Act on Medical Radiographers (establish-
ment of two professions) (May 23)

* First national examination for radiological
technologists

* Renaming as the JART

+ Staging of the 4" International Society of Ra-
diographers & Radiological Technologist (IS-
RRT) World Congress at Tokyo Palace Hotel,
attended by Her Imperial Highness Princess
Chichibunomiya

* Event to commemorate the 80" anniversary
of the discovery of X-rays, attended by Her
Imperial Highness Princess Chichibunomiya

* Completion of the Education Center for
JART
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1983

1985

1987

1989

1991

1993

1994

1995

1996

1998

1999

&

e Partial revision of the Act on Medical Radi-
ographers and the Act on Radiological Tech-
nologists (unification of the professions)

Event to commemorate the 90" anniversary
of the discovery of X-rays, attended by Her
Imperial Highness Princess Chichibunomiya

Staging of the 1" Japan Conference of Radio-
logical Technologists

General assembly resolution for establish-
ment of the New Education Center and a
four-year university

Completion of the New Education Center
(Suzuka City)

Opening of Suzuka University of Medical
Science

The Act to Partially Revise the Act on Radi-
ological Technologists, and Ministerial Or-
dinance to Partially Revise the Enforcement
Orders (April 28)

Appointment of the President of JART as the
11" President of ISRRT

Event to commemorate the 100" anniversary
of the discovery of X-ray, attended by Her
Imperial Highness Prince Akishinomiya

Start of the Medical Imaging and Radiologic
Systems Manager certification system

« Staging of the 11" ISRRT World Congress at
Makuhari

» Start of the Radiation Safety Manager certifi-
cation system



2000

2001

2003

2004

2005

2006

2008

2009

2010

2011

2012

* “Presentation of the Medical Exposure
Guidelines (Reduction Targets)” for patients

Start of the Radiological Technologists Liabil-
ity Insurance System

Enactment of X-Ray Week

Relocation of offices to the World Trade
Center Building in Tokyo

Start of the Medical Imaging Information Ad-
ministrator certification system

Staging of a joint academic conference be-
tween Japan, South Korea, and Taiwan

Revision of the Medical Exposure Guidelines

Establishment of the committee on Autopsy
imaging (A1)

Revision to the national examination for ra-
diological technologists

Launch of the Team Medicine Promotion
Conference, with the President of JART as its
representative

Appointment of the President of JART as
chairperson of the Central Social Insurance
Medical Council specialist committee

Health Policy Bureau Director’s notification
concerning promotion of team medicine

Support activities following the Great East
Japan Earthquake

Staging of an extraordinary general meeting
concerning transition to a public interest in-
corporated association

Registration of transition to a public interest
incorporated association (April 1)

Event to mark the 65" anniversary of found-
ing and transition to a public interest incor-
porated association (June 2)

2013

2014

2015

2017

2018

2019

2020

2021

* Renaming as public interest incorporated as-
sociation JART

Launch of the Radiological Technologists
Liability Insurance System with participation
by all members

Signing of the Comprehensive Mutual Coop-
eration Agreement on Prevention of Radia-
tion Exposure (September 21)

Consignment of work to measure personal
exposure of residents

Revision of the Act on Radiological Technol-
ogists, Government Ordinance to Partially
Revise the Enforcement Orders, and Revision
of the Enforcement Regulations (June 25)

Launch of the radiation exposure advisor
certification system

Event to commemorate the 120" anniversary
of the discovery of X-rays

Event to mark the 70" anniversary of found-
ing and transition to a public interest incor-
porated association (June 2)

Notice from the Regional Medical Care Plan-
ning Division Director, Health Policy Bureau,
Ministry of Health, Labour and Welfare, and
Director of the Economic Affairs Division
regarding Operational Considerations for
Securing a System for Safety Management
pertaining to Medical Equipment

Notice from the Health Policy Bureau on
a Safety Management System for Medicinal
Use of Radiation

Partial revision of the Ordinance on Preven-
tion of Ionizing Radiation Hazards

Relocation of offices to the Mita Kokusai Build-
ing in Tokyo

* Partial revision of the designation regulation
for radiological technologist training school

History of JART ¢ 5
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Analysis of Facility Policy on Allocating Pregnant
Staff for MR Imaging Duty: Comparison of Deci-
sion-Making Processes between MR Imaging Duty
and Other Alternative Duties

MAEYATSU Humio”, YAMAGUCHI Sayaka”, YAMAGUCHI-SEKINO Sachiko?,
HIKICHI Takeo®

1) Department Radiology, Miyagi Kosei Association Izumi Hospital
2) Work Environment Research Group, National Institute of Occupational Safety, Japan
3) Department Radiology, Hirose Hospital

Note: This paper is secondary publication, the first paper was published in the JART, vol. 67 no. 809: 14-23, 2020.
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[Abstract]

Previous studies (Yamaguchi: JJMRM, 38, 2018) have observed variations in assignment of pregnant workers to
magnetic resonance imaging (MRD duty. This study analyzed background factors of the 7.6% “Proactive Personnel
Placement” from the previous research. “Workers' personal attributes” and “workplace characteristics” were rarely
involved. However, “physical loads” played an important role. When MRI work was regarded as an alternative work
placement, “exposure protectability” and “flexible work arrangements” were considered critical, and reduction of the
physical load for workers was an option. Concerns regarding exposure (residual risk) warranted precaution. Providing

information on the elements of concern is important while assigning MRI work placement.

Introduction

Magnetic resonance imaging (MRI) is a medi-
cal imaging modality that actively uses non-ion-
izing radiation (NIR: radio waves with wave-
lengths of 0.3 THz or less, infrared rays, visible
light, and some ultraviolet rays). A survey con-
ducted in 2017 revealed that women account-
ed for =30% of MRI equipment operators .
Similar to other modalities, life events such as
pregnancy and childbirth must be considered
while assigning MRI scan duty.

MRI operators are routinely exposed to mod-
erate to severe static magnetic fields (SMFs)
from the MRI equipment, ranging from a mini-
mum of several tens of gauss (G) up to around
1 T upon entering the scan room * ®. The op-
erators are also exposed to weak pulsed fields
and high-frequency electromagnetic fields of
several tens of MHz when they enter the room
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during data acquisition. The MRI scan duty
also involves physical tasks, such as transport-
ing the imaging coil or assisting patient trans-
fer, as in other modalities. Extensive research
has been conducted on the effects of NIR from
MRI scans, such as the effect on reproduction
and development, ranging from the cellular to
the animal level, through epidemiological re-
search. To date, a clear effect of SMF on devel-
opment and reproduction has not been report-
ed 7.8 Further, there is no uniform opinion
regarding MRI scan duty for pregnant opera-
tors, even at a global level. Government or
academic bodies in each country mainly advise
that “pregnant operators should not enter the
room while scanning is in operation” > © 9;
however, the reality is that operating standards
differ at the hospital level 1.

It was assumed that conditions would be

similar in Japan. Based on the characteristics of
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the MRI scan duty ', our group hypothesized
that two factors could be contributing towards
the discrepancies in deployment policies. The
first was the inability to eliminate the remain-
ing risk associated with the uncertainty con-
cerning the hazardous effect of NIR (especially
strong SMFs) on reproduction and develop-
ment, which was named “Differences in aware-
ness about NIR.” The second was the attitude
toward safety regarding handling of physical
load, such as patient transfer and coil installa-
tion. This factor was named as “Considerations
regarding the working conditions.”

In a previous study, the authors developed a
questionnaire on the aforementioned hypoth-
eses, which set five categories of questions.
Four of them were raised from the factor “Dif-
ferences in awareness about NIR,” namely, 1:
“Interest,” 2: “Concerns of adverse health ef-
fects,” 3: “Ease of Protection from exposure,”
and 4: “Temporal symptoms caused by non-
ionizing radiation,” which are known to be
present near the MRI equipment 12, The final
one was 5: “Physical load” and it reflected the
“Considerations regarding the working condi-
tions” factor of the hypothesis. The question-
naire was sent to 5,769 facilities nationwide in
November 2017. The questionnaire responses
revealed that the policies on allocation of MRI
scan duty to pregnant operators vary in Japan®.
The majority of the responses stated that op-
erators had a “less-promoted allocation pat-
tern” (52.6%), indicating a tendency to refrain
from allocating these duties to pregnant wom-
en. The authors investigated background fac-
tors for “less-promoted allocation pattern” us-
ing the decision tree analysis and logistic re-
gression analysis and reported that the respon-
dents’ sex and age are considerable factors
added to the aforementioned two hypothesized
factors ?.

In contrast, the results of the questionnaire
also showed that 7.6% of respondents stated
“proactive personnel placement.” This alloca-

tion pattern essentially increases the number of

allocations compared before pregnancy. Inves-
tigating background factors that affect this type
of selection may provide supporting material
for pregnant employees and also provide in-
formation for a flexible system of allocation.
Furthermore, “proactive personnel placement”
may indicate that MRI scans are treated as al-
ternative work duties for pregnant employees;
therefore, comparing the reasons for selection
with other modalities will lead to the proposal
of rational alternative work duties for pregnant
employees.

Thus, this study focused on “proactive per-
sonnel placement” where an increase was re-
ported in the number of allocations after preg-
nancy and examined background factors in-
volved in the selection of this option. First, we
investigated the background factors underlying
selection. Second, regarding the decision of al-
ternative duties, factors affecting the selection
were analyzed by comparing the case of MRI
scan duty and other duties. Third, we classified
free responses on allocation policies and dis-
cussed the contents to further deepen our un-

derstanding of the allocation situation.

Methods

1. Questionnaire distribution and collection

The protocols have already been reported in
our previous study V. Specifically, we created a
list of facilities to be surveyed, based on the list
of facilities with MRI equipment installed, ac-
cording to the 2017 Data Book of Medical De-
vices and Systems. The survey was conducted
with personnel responsible for the MRI scan
duty. The questionnaire was sent to 5,769 fa-
cilities on the above list on November 7, 2017.
Among the facilities, 5,763 were set as the total
number of facilities, excluding six facilities
where the questionnaire was not delivered.
The questionnaire comprised four sections: 1)
Basic Information, 1) General Matters Relating
to Employee Pregnancy, IID) Policies Regarding
MRI Examination Duties During Pregnancy,

Arts and Sciences ¢ 7/



Matters Considered in MRI Examination Duties,
and Concepts of Alternative Duties During
Pregnancy, and IV) Opinions on Non-ionizing
Radiation in General and Future Policies on MRI
Examination Duties during Pregnancy. There
were 34 questions (in sections I to IV) and free
comments (in section V). The response dead-
line was set at approximately 3 weeks after the
recipient had received the questionnaire. Final-
ly, the valid response rate was 36.0%, with 2,072
valid responses, after excluding 31 completely
blank non-response questionnaires from the
collected questionnaires.

2. Classification of allocation policy and data

sets

The policy for allocation of MRI work to
pregnant employees was recoded into three
groups based on the responses: proactive per-
sonnel placement (n=157, 7.6%), maintained
status quo (n=679, 32.8%), and less-promoted
allocation pattern (n=1,088, 52.5%), and datas-
ets were created with “proactive personnel
placement” set to 1, and the rest being set as 0.
If the respondents answered as “others (ques-
tions did not match the actual situation in the
facility)” we asked for specific reasons and fea-
sible content in the free responses (n=485).
The free responses were classified based on
the strength of allocation awareness, as fol-

” o«

lows: “Aggressive arrangement,” “Continual ar-

rangement,” “Principle allocation in consider-

ation,” “Appropriate response on the consent
of the person,” and “Other allocation arrange-

ment.”

3. Question classifications
The definitions of the questions are based on
our previous studies 2. The analysis set in-
cluded only typical answers. Other responses,
including free comments, were excluded from
the analysis.
a) Personal attributes and facility characteristics
There were five items for the respondents’

"o« "o

personal attributes: “Sex,” “Age,” “Years of em-
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”

ployment,” “Years of employment at the present
institute,” and “Deciding for allocation.” There
were 13 items for the facility characteristics:
“Type of institute,” “Number of beds,” “Type of

" o«

MRI scanner,” “Number of modalities at the in-

” o«

stitute,” “Female ratio (at the department),” “Fe-
male ratio (at MRI scan duty),” “Allocation pat-
tern (at the department),” “Work overtime,”
“Hours of employment per week,” “Staff suffi-
ciency,” “Allocation pattern (at MRI scan duty),”
“Occurrence of additional support at MRI scan
duty,” and “Number of MRI examinations per
month.”
b) Opinions on NIR

Opinions on NIR were classified into four

” o«

items: “Interest,” “Concern of adverse health ef-
fects,” “Ease of protection from exposure,” and
“Temporal symptom caused by non-ionizing
radiation.” For “Interest,” the degree of interest
was set as “High,” “Low,” and “Not interested”
based on the combination of the level of inter-
est and acquisition of safety information. In
this study, the target of “Interest” was legisla-
tion and guidelines on NIR emitted from home
appliances. “Concern of adverse health effects”
was classified into four items: “No,” “Feel nec-
essary for precautionary action,” “Yes,” and

" o«

“Not a basis for the decision.” “Ease of protec-

tion from exposure” was classified into three

” o«

items: “Easy,” “Not easy,” and “Not basis for the

” o«

decision.” “Temporal symptom caused by non-
ionizing radiation” was set as “Experienced and
familiar with the occurrence mechanism,” “Ex-
perienced but not familiar with the occurrence
mechanism,” “Not experienced but familiar
with the occurrence mechanism,” and “Neither
experienced nor familiar with the occurrence
mechanism.”
¢) Opinions on physical load

For questions regarding measures adopted
for physical work owing to patient transfer and
coil setting, three items were included to de-
fine the concept of physical load: “Low or re-
ducible,” “High or not-reducible,” and “Not a
basis for the decision.”
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4. Factors for selecting alternative work duties
Factors for selecting alternative work duties
(except for MRI scan duty) were set as “Ease of

” o«

protection from exposure,” “Reduction of phys-
ical load,” and “Adoption of work role”. Differ-
ences in factors underlying the selection were
examined and compared with those of selec-
tion in MRI scan duty. For MRI scan duty, the
factors for “Ease of protection from exposure”
and “Reduction of physical load” were inferred
from the work options as described below.
Work options were classified into the follow-
ing five groups: “Access restriction during data

” o«

acquisition (NIR1),” “Reduction of physiologi-
cal load (PL),” “Simultaneous selection of NIR1
+PL (NIR1+PL),” “Access restriction for MRI
scan room (NIR2),” and “No given option
(None).” The answer NIR1+NIR2 was merged
into NIR2, as the NIR2 includes strong access
restriction to the MRI room and covers the situ-
ation of NIR1. The reasons for adoption of the
work role were derived from the related ques-
tions in the questionnaire.

Each facility entered a maximum of four rea-
sons for the three candidates on alternative
work duties other than MRI. Thus, all three re-
sponses for the 2,072 facilities were merged
(N=0,216, including non-responses and invalid
responses) and analyzed. Answers selecting
MRI scan duty as alternative work were ex-
cluded; however, they were still analyzed as
described above. The selection status of the
aforementioned three reasons for selection
was derived from the applicable questions in

the questionnaire.

5. Analysis

SPSS 22 (IBM corp, Armonk, NY, USA) was
used as the analysis software, and the statistical
significance was set at p<0.05. The association
between personal attributes and facility charac-
teristics and opinions on NIR and physical load
was examined using Fisher’s exact test and chi-
squared test after cross-tabulation. Background

awareness of NIR protection and opinions on

physical load were investigated based on the
responses in the related sections of the ques-
tionnaire. The relationship between exposure
protection, physical load, and working status
was examined using correspondence analysis
for alternative work duties besides MRI scan

after primary tabulation.

Results

1. Investigation of the background factors for
selecting “proactive personnel placement”
The results of the cross-tabulation of person-

al attributes and facility characteristics in the

selection of “proactive personnel placement”
are shown in Table 1. A significant difference
was seen only in the number of examinations
per month, and the breakdown revealed an in-
crease in the selection rate in facilities that per-
formed 500-999 examinations per month.

Women and younger individuals tended to se-

lect this option; this preference was not statisti-

cally significant. Therefore, the contribution of
personal attributes and facility characteristics is
considered to be limited.

Table 2 shows the differences in awareness
of NIR and considerations based on working
status in the selection of “proactive personnel
placement.”

A significant difference was observed for all
factors other than “Temporal symptoms caused
by non-ionizing radiation” ( x? test, df=2 or 3;
the p-value was p<0.05 for “Interest” and
p<0.0001 for all others). In terms of “Interest,”
the respondents who selected “proactive per-
sonnel placement” selected the “not interested”
response more frequently. The most common
response for “Concern of adverse health ef-
fects” was “No (46.3%),” which reflects a mind-
set that stems from the fact that reports regard-
ing adverse effects on development and repro-
duction are lacking.” The frequency of this
answer among this group was more than twice
the percentage from the “others” group (21.9%).
The frequency of the response “Feel necessary

Arts and Sciences ¢ 9



Table 1 Results of cross-tabulation of personal attributes and facility characteristics. Invalid responses were
excluded from the summary.

Promoted allocation Others Total
pattern (n=157) (n=1,915)
n % n % n %
Sex N.S.
Male 129 82.2% 1,541 87.5% 1,670 87.1%
Female 28 17.8% 220 12.5% 248 12.9%
Total 157  100.0% 1,761 100.0% 1,918  100.0%
Age N.S.
20-29 11 7.0% 81 4.6% 92 4.8%
30-39 50 31.8% 454 25.8% 504 26.3%
40-49 52 33.1% 618 35.1% 670 35.0%
50-59 37 23.6% 515 29.3% 552 28.8%
>60 7 4.5% 92 5.2% 99 5.2%
Total 157  100.0% 1,760  100.0% 1,917  100.0%
Years of employment N.S.
<9 24 15.3% 216 12.3% 240 12.6%
10-19 50 31.8% 623 35.5% 673 35.2%
20-29 51 32.5% 545 31.1% 596 31.2%
>30 32 20.4% 369 21.0% 401 21.0%
Total 157  100.0% 1,763  100.0% 1,910  100.0%
Years of employment at the present institute N.S.
<9 55 35.0% 621 35.4% 676 35.3%
10-19 50 31.8% 605 34.5% 655 34.2%
20-29 40 25.5% 349 19.9% 389 20.3%
>30 12 7.6% 181 10.3% 193 10.1%
Total 157 100.0% 1,756 100.0% 1,913  100.0%
Making decision for allocation N.S.
No 82 54.7% 904 55.2% 986 55.1%
Yes 68 45.3% 734 44.8% 802 44.9%
Total 150  100.0% 1,638  100.0% 1,788  100.0%
Type of institute  N.S.
University hospital 3 1.9% 84 4.8% 87 4.5%
Public hospital 41 26.1% 490 27.8% 531 27.7%
Other hospital 112 71.3% 1,146 65.1% 1,258 65.6%
Others 1 0.6% 41 2.3% 42 2.2%
Total 157  100.0% 1,761 100.0% 1,918  100.0%
Number of beds N.S.
<99 54 34.4% 641 36.6% 695 36.4%
100-199 35 22.3% 386 22.1% 421 22.1%
200-299 20 12.7% 236 13.5% 256 13.4%
300-399 22 14.0% 199 11.4% 221 11.6%
>400 26 16.6% 288 16.5% 314 16.5%
Total 157  100.0% 1,750  100.0% 1,907  100.0%
Type of MRl scanner N.S.
0.5 T MRI scanner (only) 35 22.4% 342 19.4% 377 19.7%
1.5 T MRI scanner (only) 84 53.8% 1,009 57.4% 1,093 57.1%
1.5 T and 3 T MRI scanner 29 18.6% 264 15.0% 293 15.3%
3 T MRI scanner (only) 7 4.5% 94 5.3% 101 5.3%
Others 1 0.6% 50 2.8% 51 2.7%
Total 156  100.0% 1,759  100.0% 1,915  100.0%
Number of modalities at the institute  N.S.
<=5 39 24.8% 460 26.0% 499 25.9%
6-8 52 33.1% 575 32.5% 627 32.6%
9-10 39 24.8% 399 22.6% 438 22.8%
11+ 27 17.2% 333 18.8% 360 18.7%
Total 157  100.0% 1,767  100.0% 1,924  100.0%
Female ratio (at the department) N.S.
<=16.7 33 24.8% 374 25.2% 407 25.1%
16.8-25.0 31 23.3% 367 24.7% 398 24.6%
25.1-37.5 41 30.8% 364 24.5% 405 25.0%
37.6+ 28 21.1% 382 25.7% 410 25.3%
Total 133 100.0% 1,487  100.0% 1,620  100.0%
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Female ratio (at MRI scan duty) N.S.

<=17.14 34 28.3% 320 23.9% 354 24.3%
17.15-29.41 26 21.7% 346 25.9% 372 25.5%
29.42-44.44 35 29.2% 313 238.4% 348 23.9%
44,45+ 25 20.8% 359 26.8% 384 26.3%

Total 120 100.0% 1,338  100.0% 1,458  100.0%

Allocation pattern (at the department) N.S.

Fixed 21 14.0% 312 18.2% 333 17.9%
Rotation (2-3 modalities) 55 36.7% 561 32.7% 616 33.0%
Rotation (all modalities) 63 42.0% 643 37.5% 706 37.9%
Others 11 7.3% 198 11.6% 209 11.2%

Total 150  100.0% 1,714 100.0% 1,864  100.0%

Work overtime N.S.

Yes 126 81.3% 1,382 78.9% 1,508 79.1%
No 27 17.4% 349 19.9% 376 19.7%
Others 2 1.3% 20 1.1% 22 1.2%

Total 155  100.0% 1,751 100.0% 1,906  100.0%

Hours of employment per week N.S.

<39 40 25.6% 329 18.8% 369 19.3%
40-49 104 66.7% 1,261 72.0% 1,365 71.5%
50-59 9 5.8% 134 7.6% 143 7.5%
60-64 2 1.3% 17 1.0% 19 1.0%
>65 1 0.6% 11 0.6% 12 0.6%

Total 156  100.0% 1,752  100.0% 1,908  100.0%

Staff sufficiency N.S.

Sufficient 87 55.8% 910 52.2% 997 52.5%
Partially insufficient 58 37.2% 637 36.5% 695 36.6%
Insufficient 11 7.1% 196 11.2% 207 10.9%

Total 156  100.0% 1,743  100.0% 1,899  100.0%

Allocation pattern (at MRI scan duty) N.S.

Fixed 25 16.7% 354 20.7% 379 20.4%
Not fixed (a part of the rotation pattern) 109 72.7% 1,150 67.4% 1,259 67.8%
Others 16 10.7% 203 11.9% 219 11.8%

Total 150  100.0% 1,707 100.0% 1,857 100.0%

Occurrence of additional support at MRI scan duty N.S.

Frequently 51 32.9% 479 27.7% 530 28.2%
Occasionally 45 29.0% 574 33.2% 619 32.9%
Rarely 39 25.2% 438 25.4% 477 25.3%
None 20 12.9% 236 13.7% 256 13.6%

Total 155  100.0% 1,727  100.0% 1,882 100.0%

Number of MRI examination per month p<0.05

<499 107 68.6% 1,297 74.2% 1,404 73.7%
500-999 42 26.9% 312 17.8% 354 18.6%
>1,000 7 4.5% 139 8.0% 146 7.7%

Total 156  100.0% 1,748  100.0% 1,904  100.0%

Table 2 Relationship between selection of allocation policies and their reasons. Considerations based on re-
spondents’ awareness of nonionizing radiation and work situation in the selection. Invalid responses
were excluded from the summary. Chi-squared test.

Promoted allocation Others Total
pattern (n=157) (n=1,915)
n % n % n %
“Interest” High 39 25.5% 390 22.7% 429 22.9%
0<0.05 Low 93 60.8% 1,201 69.8% 1,294 69.1%
Not interested 21 13.7% 129 7.5% 150 8.0%
Total 153  100.0% 1,720 100.0% 1,873  100.0%
“Concern of adverse health No 68 46.3% 370 21.9% 438 23.8%
effects”
0<0.0001 Feel necessary for 63 42.9% 1,082 63.9% 1,145 62.3%
precautionary action
Yes 1 0.7% 77 4.6% 78 4.2%
Not basis for decision 15 10.2% 163 9.6% 178 9.7%
Total 147 100.0% 1,692  100.0% 1,839  100.0%
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“Ease of protection from Easy 62 41.1% 467 28.2% 529 29.3%
exposure”
0<0.0001 Not easy 15 9.9% 448 27.1% 463 25.6%
Not basis for decision 74 49.0% 740 44.7% 814 45.1%
Total 151 100.0% 1,655  100.0% 1,806  100.0%
“Temporal symptom caused  Experienced and familiar
by non-ionizing radiation” with the occurrence 34 22.2% 383 22.0% 417 22.0%
mechanism
N.S. Experienced but not
famil#ar with the occurrence 23 15.0% 272 15.6% 295 15.6%
mechanism
Not-experienced but
familiar with the occurrence 31 20.3% 403 23.1% 434 22.9%
mechanism
Neither experienced nor
familiar with the occurrence 65 42.5% 686 39.3% 751 39.6%
mechanism
Total 153  100.0% 1,744 100.0% 1,897  100.0%
“Physical load” Low or reducible 113 76.9% 660 39.7% 773 42.7%
<0.0001 High or not-reducible 1 7.5% 515 31.0% 526 29.1%
Not basis for decision 23 15.6% 487 29.3% 510 28.2%
Total 147 100.0% 1,662  100.0% 1,809  100.0%

Table 3 Rates of work options in the promoted allocation pattern. NIR1 or 2 represents consideration of “ease
of exposure protection,” whereas PL shows the consideration of “reduction of physiological load.”

NIR = Non-lonizing radiation; PL = Physical load.

Given work options Abbreviations n %

Access restriction during data acquisition NIR1 13 8.3
(Protect from exposure to time-varying and radio frequency electromagnetic fields)
Reduction of physiological load PL 14 8.9
NIR1+PL NIR1+PL 16 10.2
Access restriction for MRI scan room NIR2 62 39.5
(Protection from static magnetic field exposure)
No given option None 40 25.5
No responses or invalid answers 12 7.6

Total 157 100.0

for precautionary action” was 42.9%. When
“Protection from Exposure” was considered a
problem, answers were divided into two major
groups: 41.1% responded that it is easy to for-
mulate measures for NIR exposure during
work; however, 49.0% responded that selec-
tion of this factor was not a basis for the deci-
sion. Regarding “Physical load,” 76.9% of re-
spondents who selected “proactive personnel
placement” answered that the physical load is
small (or it is possible to assign personnel to
reduce the load), which was higher than the
number of respondents who selected this an-
swer in the “others” group (39.7%).
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2. Factors for selecting alternative work duties
— Comparison of MRI scan duties (proactive
personnel placement) and another modality
selection
Factors for selecting alternative work duties

(“Ease of protection from exposure,” “Reduc-

” o«

tion of physical load,” “Adoption of work role”)
were compared to the factors for selecting MRI
scan duties (Tables 3-5, Fig.1). The status of
factors for selecting MRI scan duties as alterna-
tive work are shown in Table 3 and Fig.1. As
described in the methods, “Ease of exposure
protection” and “Reduction of physical load”
were investigated based on the status of grant-
ing work options (Table 3).

Overall, 25.5% of respondents were not

granted any particular work options, while the
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Figure 1 Rates of “adoption of work role” in the pro-
moted allocation pattern.

remaining 66.9% were granted some kind of
work option. The summative total of work op-
tions based on the premise of exposure avoid-
ance (NIR1, NIR1+PL, NIR2) was 58.0%. In
contrast, work options that considered PL alone
accounted for 8.9%.

The reasons for selection relating to “Adop-
tion of work role” for the group that implement-
ed “proactive personnel placement” are illus-
trated in Fig.1. Type 1 corresponds to “Adop-
tion of work role: easy,” Type 2 corresponds to
“Adoption of work role: difficult,” Type 3 cor-
responds to “To prevent ionizing-radiation ex-
posure,” Type 4 corresponds to “Absence of al-
ternate duties,” Type 5 corresponds to “Other,”
and Type 6 corresponds to “Not a basis for the
decision.” The selection rate for type 1 (46.5%),
type 2 (3.2%), type 3 (65.6%), type 4 (6.4%),
type 5 (0.6%), and type 6 (7.0%) included mul-
tiple answers.

These results suggest that “Ease of protection
from exposure” is a clear countermeasure, al-
though the countermeasures for “Reduction of
physical load” alone are infrequently applied.
The results also suggested that Types 1 and 3
are the main factors to be considered for the
adoption of work roles.

The frequency of and reasons for selection
of alternative work duties for pregnant em-
ployees are shown in Tables 4 and 5. Com-
puted tomography (CT) was the alternative

work duty most often selected for pregnant
employees, and the reasons included “Ease of
protection from exposure” and “Reduction of
physical load,” while “Adoption of work role”
was not prioritized. The second most common-
ly selected reason for the selection was “reduc-
tion of physical load,” with the person being
assigned to reception duties or analysis of
medical information.

These options account for = 8.0% of the sev-
en duties listed in Table 4 (CT, receptionist,
general radiography, bone density scans, ultra-
sound, mammography, and X-ray TV), and
were examined by corresponding analysis to
visualize the relationship with factors affecting
selection (Fig.2). Figure 2 illustrates the strength
of the association between these three factors
and the selected factors. The closer the plot
position to the factor, the stronger the associa-
tion between the selected item and factor. For
example, Table 5 shows that the answer ‘gen-
eral radiography’ is at the first position for
“Adoption of work role” (54.6%), seventh posi-
tion for “Ease of protection from exposure”
(82.5%), and twelfth position for “Reduction of
physical load” (51.4%), therefore, it is easy to

Table 4 Selection rate for alternative work duties
for pregnant employees. (Reference) 810
for MRI scanning.

Alternative duty during the pregnancy n %
CT 865 20.8
Receptionist, analysis of medical 646 15.6
information, office works
Radiography 599 144
Bone density test 577 18.9
Ultrasound 410 9.9
Mammography 386 9.3
X-ray TV; Fluoroscopy 370 8.9
Fundus examination 77 1.9
Radiation therapy 72 1.7
Other 69 1.7
Angiography 35 0.8
Mobile C-arm 23 0.6
Nuclear medicine 14 0.3
Mobile X-ray 8 0.2

Total 4,151 100.0
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Table 5 Reasons for choosing alternative work duties for pregnant employees. % indicates the value for the
total of each duty. The total percentage is not displayed in the table; it exceeds 100% because of the

multiple choice format.

Alternative duty during Ease of protection Reduction of Adoption of work Others Number of
the pregnancy from exposure physical load role selection
(see in Table 4)
n % n % n % n % n
CT 770 89.0% 633 73.2% 334 38.6% 66 7.6% 865
Receptionist, analysis
of medical information, 438 67.8% 545 84.4% 217 33.6% 24 3.7% 646
office works
X-ray imaging 494 82.5% 308 51.4% 327 54.6% 52 8.7% 599
Bone density test 508 88.0% 507 87.9% 185 32.1% 6 1.0% 577
Ultrasound 282 68.8% 318 77.6% 98 23.9% 16 3.9% 410
Mammography 358 92.7% 264 68.4% 167 43.3% 9 2.3% 386
X-ray TV; Fluoroscopy 331 89.5% 327 88.4% 125 33.8% 17 4.6% 370
Fundus examination 51 66.2% 69 89.6% 17 22.1% 2 2.6% 77
Radiation therapy 63 87.5% 43 59.7% 16 22.2% 7 9.7% 72
Other 39 56.5% 38 55.1% 27 39.1% 15 21.7% 69
Angiography 33 94.3% 30 85.7% 8 22.9% 2 5.7% 35
Mobile C-arm 15 65.2% 6 26.1% 7 30.4% 2 8.7% 23
Nuclear medicine 9 64.3% 12 85.7% 3 21.4% 0 0.0% 14
Mobile X-ray 2 25.0% 4 50.0% 4 50.0% 0 0.0% 8
Total 3,393 3,104 1,535 218 4,151
0g gests an association with “Ease of protection
from exposure” and “Reduction of physical
04
Exposure load.” Thus, to visualize the relationship be-
o P ik o _ tween selected alternative duties and these fac-
: Bone density test
A - tors, the results are displayed on a two-dimen-
-ray
0000 ' M sional diagram, as shown in Fig.2. As predicted
Physical load .
o [ from Table 5, general radiography was plotted
-0.2
“:’k o8 closest to “adoption of the work role,” demon-
ou [ Oﬁ;oa wark strating the strong association between these
two elements, while there is an association be-
08 tween CT and mammography and “Ease of
protection from exposure,” while bone density
“hs w08 04 02 oo 0z o4 os scans, X-ray TV, and ultrasounds demonstrated
, , a strong association with “Reduction of physi-
Figure 2 Results of correspondence analysis 5 PRy

among seven alternative work duties and
selection reasons. Office work: Recep-
tionist, analysis of medical information,
office works. X-ray: X-ray imaging. US:
Ultrasound. MMG: Mammography. X-ray
TV: Fluoroscopy.

predict that general radiography has a strong
association with “Adoption of work role” only.
In contrast, the answer X-ray TV’ is at the third
position for “Ease of protection from exposure”
(89.5%), second position for “Reduction of
physical load” (88.4%), and sixth position for
“Adoption of work role” (33.8%), which sug-
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cal load.”

3. Summary of classification of free comments

Table 6 shows a summary of the 485 free
comments that described the specific reason
and the selected “not applicable” for the poli-
cies regarding assignment of MRI scan duties
for pregnant employees. Based on the content
of the free comments, 30.0% of pregnant em-
ployees are actively allocated, continue alloca-
tion, or are usually allocated to MRI while con-
sidering the situation. In contrast, 21.0% of re-

sponses were left up to the judgment of the
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Table 6 Summary of classification and content of a free comments

The allocation situations to

@ Youre facility

the MRI scan duties implementation content @ Opinions on place D+@Total
Aggressive arrangement 2 0.6% 5 3.1% 7 1.0%
Continual arrangement 41 12.7% 20 12.3% 61 13.0%
Principle allocation in 52 16.1% 24 14.7% 76 16.0%
Appropriate e oo 68 21.1% 33 20.2% 101 21.0%
O;?gnag}g%zﬁ]?” 69 21.4% 26 16.0% 95 20.0%
Other 76 23.6% 28 17.2% 104 21.0%
Request 14 4.3% 27 16.6% 41 8.0%
Total 322 100.0% 163 100.0% 485 100.0%

individual. Furthermore, 20.0% of responses
were classified as transfers to other duties.
Combining these two made up a total of 41.0%
of responses that were classified as “careful or
negative placement.” Twenty-nine percent of
the responses were classified as “others,” in-
cluding requests from the staff. The summary
of free comments shows that a high percentage
of people are cautious about placement or
have a negative opinion based on general un-

ease regarding NIR exposure (residual risk).

Discussion

This study examined the influence of aware-
ness of NIR (work options: NIR1 or NIR2) or
considerations based on differences (work op-
tion: PL) in the decision-making process for as-
signment of MRI scan duties to pregnant em-
ployees. In addition, the effects of personal
attributes and facility characteristics of respon-
dents were investigated. The data from Table 1
shows that “proactive personnel placement”
tends to be more common among women in
their 20s and 30s, although this observation is
not statistically significant. These results dem-
onstrate that career development is prioritized
among the younger generation and women. It
is assumed that these results reflect the aware-
ness of professional employees and may show
a more rational attitude of pregnant workers
accepting risk communication for MRI scan du-

ties. However, analysis of “less-promoted allo-
cation pattern” showed a significantly high
number of men and older respondents ?. This
result may reflect concerns about the lack of
clear guidelines on the safety management of
NIR duties for pregnant employees among
men, especially those from older age groups. It
is assumed that these respondents prioritize
avoidance of risk owing to pregnant women
performing MRI scan duties and management
of workplace organization management.
Furthermore, the number of MRI scans was
the only facility characteristic with a significant
difference, with higher levels of “proactive per-
sonnel placement” in the group that performed
500-999 scans per month, than in the group
that performed 1000+ scans monthly (Table 1,
»<0.05). Based on the number of MRI scans
per unit, large-scale facilities are assumed to
fall in the 1000+ group, while medium-scale
facilities with two MRI equipment are assumed
to fall in the 500-999 group. Alternatively, the
number of scans is presumed to reflect the
scale of the facility (department), and in the
medium-sized facility group, the options for al-
ternative work duties are affected by the envi-
ronment and conditions related to the work
roles. In a previous study, the ratio of “less-
promoted allocation pattern” (59.0%) was high-
est in the medium-sized facility group as well
as “proactive personnel placement” compared to
the small-scale and large-scale facility groups 2.
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Thus, the characteristics of facilities at this scale
indicate the diversity of alternative work options.

Regarding the concern of adverse health ef-
fects as background factors in selecting “proac-
tive personnel placement,” the most common
response for selection was “No,” (46.3%) (Table
2). However, a high percentage of respondents
(42.9%) stated that they “Feel necessity for pre-
cautionary action.” This might be reflected in
the results regarding work options (Table 3), as
the total work options (NIR1, NIR1 + PL, NIR2),
including access restrictions to the exposure
source, were high (58.0%). This was also ob-
served in free comments as a high percentage
(70.0%) of the combined response rate of care-
ful/negative opinions in allocating pregnant
employees and other/requests for allocation.
Given that the “Fase” of exposure protection
accounts for 41.1% of the reasons for selection
(Table 2), it is assumed that countermeasures
to enable protection against risks are more fre-
quently selected. This suggests that measures
like access restriction (NIR1 or NIR2) are incor-
porated as a means of controlling the exposure
(58.0%, a total percentage of NIR1, NIR1+PL,
NIR2 in Table 3).

However, 49.0% of respondents stated that
the ease of controlling protection against expo-
sure to MRI scans is “Not a basis for the deci-
sion;” therefore, these respondents may con-
sider physical load as a priority factor. Focus-
ing on “Physical loads” as a background factor
for allocation, the highest reason was “low or
reducible (76.9%)" indicating that this may be
the main factor in the decision of alternative
work placement (Table 2). On the contrary,
only 8.9% of respondents added that they se-
lected work options only in response to PL
(Table 3). However, based on the conditions of
other work options, physical loads were re-
duced by imposing access restrictions to the
MRI scan room (NIR2: 39.5%) and simultane-
ous additional access restrictions during scan-
ning (NIR1 + PL: 10.2%). This also implies that
it is easy to reduce the physical load through a
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set of measures combined with NIR protection
measures. These results suggest that personal
attributes and facility characteristics are rarely
involved as background factors for selecting
active personnel placement; however, there is
a relationship between differences in aware-
ness of NIR and considerations based on work
situations as hypothesized in the present study.
In particular, “Physical load” plays an important
role in the selection of “proactive personnel
placement.”

As shown in Table 4, seven jobs (CT, recep-
tion work, general radiography, bone density
tests, ultrasound, mammography, and X-ray
TV) accounted for the majority of allocated du-
ties. However, when the factors affecting selec-
tion were examined with correspondence
analysis (Fig.2), the characteristics of the rea-
son for selection differed depending on the
equipment. CT, which was the most common
selection, emphasized “Ease of protection from
exposure” and as a work option, it is similar to
MRI scan duty considering the rate of exposure
avoidance (58.0%). MRI scan duty may also be
selected as it prevents exposure to X-rays (Ta-
ble 3, Fig.1). Regardless of the exposure source,
the selection process for CT and MRI scan duty
is similar. However, selection for MRI scans
emphasizes both “Ease of protection from ex-
posure” and “Adoption of the work role,” sug-
gesting that the selection characteristics differ
from those of CT, which is strongly associated
with “Ease of protection from exposure,” and
general radiography, which is strongly associ-
ated with “Adoption of the work role.” Further,
selection of alternative duties such as reception
work or analysis of medical information is
strongly associated with “reduction of physical
load” (Tables 4 and 5). However, this may also
be related to the gestation period, from the
point of view of maternity protection, consid-
ering that physical load is a common and pri-
oritized factor considered while selecting alter-

native work.
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Conclusion

This study considered the background fac-
tors for the selection of “proactive personnel
placement,” which increases the number of
placements to MRI scan duties after reporting a
pregnancy, focusing on differences in aware-
ness about NIR and considerations based on
work situations.

Results showed that although there was little
involvement of personal attributes and facility
characteristics, there was a relationship between
differences in awareness of NIR and consider-
ations based on work situations. “Physical load”
was a particularly important selection factor,
and it was a common factor with the group
that selected alternative work assignments oth-
er than MRI scan duties. There was also a dif-
ference in awareness of “residual risk” owing
to the general unease regarding MRI scans, and
this was a factor where there were different
views. For MRI scans, the issue seems to be
disseminating information on the residual risk

as a precautionary measure.
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[Summary]

The purpose of this study was to address regional uneven distribution of healthcare resources related to medical
imaging. We measured Gini's coefficient and the coefficient of variation based on the “Survey of Medical Institutions”
(number of Radiological Technologists, Serial angiography, Mammography, RI exam, PET, CT, MRI, 3D image
processing) to compare potential regional differences. In addition, we evaluated regional features using a hierarchical
cluster analysis. Our study reveals that the number of “Radiological Technologists” presented a lower regional
difference compared to physicians, as opposed to “Medical imaging” that presented a higher regional difference than
physicians. Furthermore, our study classified all 47 prefectures into seven clusters that describe and define the features
of each region. We suggest that the results of this study will be useful for the efficient planning and improvement of

the medical care provision system in each prefecture.

1. Background and purpose

One of the most challenging and worrisome
issues in Japan involves the potential shortage
of doctors, nurses, and healthcare workers due
to the so-called “2025 Problem” associated with
Japan’s aging population. More specifically, this
problem refers to Japan's declining birthrate
and aging population, which is expected to
cause a rapid increase in the number of elderly
people and a significant change in the demo-
graphic structure of Japan in 2025. As a coun-
termeasure, the Ministry of Health, Labor and
Welfare (MHLW) has recently established the
“Investigative commission about the demand of
the bealthcare worker” in 2015 to discuss the
outlook for supply and demand of healthcare
workers. Consequently, the objective of this
commission was to introduce efficient measures
to ensure supply and demand, thus combating
regional uneven distribution of healthcare
workers V. Radiological technologists were not
initially included in this greater discussion as a
study group. Recently, however, the number of
radiological technologists has been increasing
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due to the establishment of new radiological
technologists’ school. Therefore, this triggered
the implementation of various surveys and
studies that have evaluated the supply and de-
mand situation of radiological technologists.
The supply and demand of each category of
medical workers has been thoroughly investi-
gated, and necessary measures have been tak-
en based on the operation of healthcare deliv-
ery system. In fact, there is a significant num-
ber of research papers and reports published
that assess the supply and demand among
physicians and nurses. In contrast, there are
only a few studies focusing on the supply and
demand of radiological technologists. Kodama
estimated the future demand for radiological
technologists as a function of their available
numbers and the number of hospitals, based
on statistical data from the Medical Institution
Survey and hospital reports 2. As a result, the
authors identified that the demand for radio-
logical technologists was expected to decrease
following the peak year of 2008 2. In addition,
Muto investigated the demand for radiological
technologists and their respective salary sys-
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tem based on related job-opening information,
reported the current and future demand for ra-
diological technologists > %. We have also con-
ducted a secondary analysis based on statistical
data from medical facility surveys and hospital
reports, and reported on the supply and de-
mand situation of radiological technologists
engaged in CT scanning and their future pro-
jections . As a result, it was feared that the
demand for radiological technologists would
decrease because the number of CT would de-
crease along with the decrease in medical de-
mand ». However, many reports on the supply
and demand of radiological technologists do
not engage into a meaningful and efficient dis-
cussion to provide a comparison of their sup-
ply and demand with that of physicians and
nurses. However, the extent of this research
topic involves the whole of Japan, and, to our
knowledge, there is no research report evalu-
ating the uneven distribution of Japan’s re-
gions.

In this study, we investigate the regional un-
even distribution in the provision of diagnostic
imaging based on the Medical Institution Sur-
vey. The purpose of this study was to identify
the regional uneven distribution in radiological
technologists and diagnostic imaging devices,
and to use this study for the introduction and
subsequent establishment of a medical care

provision system.

2. Subjects and methods

2-1 Subjects

The data used in our analysis involved eight
distinct items of the static/dynamic survey of
medical institutions report, published by the
MHLW, in 2017 9. These eight items used in the
survey of medical institutions are the following:
the number of “Radiological Technologists,” the
number of institutions for “Serial angiography”
and “3D image processing,” and the number of
devices for “Mammography,” “RI exam,” “PET,”
“CT,” and “MRI". More specifically, “PET” was

Regional Uneven Distribution of Healthcare Resources Related to Medical Imaging

defined as the total number of “PET” and “PET-
CT” examinations, “CT” was defined as the to-
tal number of “multi-slice CT” and “other CT”
examinations; whereas, “MRI” was defined as
the total of “3.0T or more,” “1.5T or more and
less than 3.0T,” and “less than 1.5T" examina-
tions. Furthermore, the data used to describe
and define each item involve the total of “hos-
pitals” and “medical clinics” included in this
report. Each item was then expressed as per
100,000 population using the data for each
prefecture of the population estimates pub-
lished by the Ministry of Internal Affairs and
Communications in 2017 7. Finally, we refined
our data according to each prefecture so as to
represent the number of physicians per 100,000
population, as shown in the Survey of Doctors,
Dentists, and Pharmacists, 2016 9.

2-2 Gini’s coefficient and coefficient of varia-
tion

In this study, the Gini’s coefficient and the
coefficient of variation (CV), were measured
and compared to identify potential regional
differences. Gini’s coefficient is defined as the
ratio of the area enclosed by the Lorenz curve
and the equal distribution line to the area be-
low the equal distribution line, and is calculat-

ed from the following equation (1).
Gini's coefficient = %E?zl il yi-yg| o (D,

where 7 is the number of prefectures, and y
represents the data for each prefecture. Gini's
coefficient is a number between 0 and 1, and a
higher value indicates greater regional differ-
ences. The CV is an index shows the extent of
variability of the data, and is calculated from

the following equation (2):
ag
CV=—Xx1 (2
5 00 - (2),

where o is the standard deviation of each
item. Higher values of the CV indicate greater
regional differences.

Arts and Sciences ¢ 19



2-3 Regional difference index and Hierarchical
cluster analysis
In this study, the “regional difference index”
was evaluated by dividing the data for each
item over the national average for each prefec-
ture. The overall evaluation was based on the
average of the “regional difference index” of
each item. Furthermore, a hierarchical cluster
analysis was performed using itemized “re-
gional difference indices” in order to catego-
rize the respective prefectures. The Ward meth-
od was then used as the cluster merger meth-
od. The distance between the objects used for
classification is the Eugrid square distance. Sta-
tistical analysis was performed using the SPSS
Statistics 25 software.

3. Results

3-1 Descriptive Statistics, Gini’s coefficient,
and coefficient of variation

The descriptive statistics, Gini's coefficient,
and CV for each item are shown in Table 1 and
Fig.1. Gini’'s coefficient and CV of the “radio-
logical technologist” were 0.08 and 12.0, re-
spectively, and are slightly lower than the val-
ues obtained for physicians (0.10 and 16.3, re-
spectively). Therefore, it can be suggested that
the regional difference is small. In contrast,
Gini's coefficient and CV for “diagnostic imag-

ing system” was the highest the “PET” item (Gi-
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Fig.1 Result of Gini’s coefficient and Coefficient
of variation (CV)
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ni’s coefficient: 0.20, and CV: 37.1). The follow-
ing with the next highest values were “RI exam”
(0.18, 30.3), “CT™ (0.17, 30.0), “MRI" (0.15, 25.3),
“Serial angiography” (0.15, 24.5), “3D imaging”
(0.14, 23.3), “Mammography” (0.13, 21.6). Gini’s
coefficient and CV for “diagnostic imaging sys-
tem” were higher than those of “physician” and

the regional difference was large.

3-2 Regional difference index by prefecture

The regional difference indices for each item
by prefecture are shown in Table 2, and the
highest and lowest prefectures for each item
are summarized in Table 3. There were many
prefectures in Western Japan that exceeded the
national average such as Oita (124.9), Kagoshi-
ma (123.9), Kochi (122.3), and Toyama (115.2).
However, the regional difference index for
“Radiological Technologist” was the highest in
the Hokkaido region (127.3, i.e., 56.4 peo-
ple/100,000 population). On the other hand,
Saitama had lowest regional difference index
for “Radiological Technologist” (75.5, i.e., 33.4
people/100,000 population). Consequently, our
findings suggest that the regional difference in-
dex is about 1.7 times higher in Hokkaido than
in Saitama. Finally, many prefectures in Eastern
Japan had a significantly lower regional differ-
ence index compared to the national average
such as Saitama (75.5), Chiba (81.5), and
Kanagawa (77.9).

In addition, the regional difference index for
“Serial angiography” was the highest in Ka-
goshima with 151.6 (2.46 facilities/100,000
population). The prefectures with the next
highest values were Kagawa (146.5), Saga
(142.1), Ehime (140.0), and Tottori (130.8).
Similar to the findings of the “Radiological
Technologist” item, there were many prefec-
tures in Western Japan that exceeded the na-
tional average. In contrast, the regional differ-
ence index for “Serial angiography” was the
lowest in Saitama (52.3, ie., 0.85 facilities/
100,000 population). Therefore, it is shown
that the regional difference index was approxi-
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Table 1  Number of health resources related to medical imaging (per 100,000 Population)

Prefecture R’\;l:i?l?oegri:afl Nu?el:i?l of Number of N:Imet;zrm()f Number of Number of Number of l\l3qui:‘earg(;f Number of
Technologists  angiography Mammography (scintigram) PET cr MR processing doctors
Hokkaido 56.4 2.09 3.23 2.03 0.66 15.9 8.2 2.69 248.7
Aomori 43.0 1.41 4.23 1.25 0.47 15.7 6.9 3.13 209.0
Iwate 37.9 1.04 3.03 1.43 0.56 13.9 8.0 2.15 207.5
Miyagi 40.4 1.29 2.93 1.46 0.47 9.6 5.8 1.81 242.6
Akita 43.8 1.10 4.52 1.71 0.20 10.8 6.3 2.31 236.0
Yamagata 43.1 1.54 5.26 1.36 0.36 11.0 6.2 2.09 233.3
Fukushima 44.5 1.49 3.88 1.01 0.53 12.2 5.4 2.13 204.5
Ibaraki 40.5 1.35 2.49 0.66 0.17 10.9 5.6 2.14 189.8
Tochigi 41.8 1.23 3.47 0.87 0.41 11.0 5.2 2.66 228.8
Gunma 44.9 1.79 3.98 1.33 0.61 12.4 5.9 2.50 234.9
Saitama 33.4 0.85 2.72 0.63 0.26 8.2 3.9 1.55 167.0
Chiba 36.1 0.98 3.17 0.82 0.34 7.9 4.7 1.76 196.9
Tokyo 43.2 1.12 3.48 1.14 0.43 8.2 4.4 1.84 324.0
Kanagawa 34.5 0.99 2.58 0.84 0.24 6.8 3.7 1.51 213.0
Niigata 41.3 1.28 4.46 1.76 0.31 10.8 5.8 2.12 205.5
Toyama 51.0 1.99 3.98 1.80 0.47 14.1 7.1 1.99 256.6
Ishikawa 47.6 1.92 3.92 2.09 0.96 12.4 7.5 3.05 295.8
Fukui 50.5 1.67 3.85 1.80 0.77 13.4 7.8 2.44 256.0
Yamanashi 36.5 1.58 3.89 1.22 0.49 10.7 6.2 2.19 239.8
Nagano 42.4 1.78 4.05 1.06 0.58 11.5 5.1 2.36 236.1
Gifu 43.2 1.69 3.64 1.49 0.65 12.8 5.7 2.24 215.5
Shizuoka 39.8 1.44 2.97 1.03 0.57 9.8 5.3 2.15 207.8
Aichi 40.1 1.01 2.88 0.93 0.48 9.4 4.8 1.74 218.6
Mie 38.2 1.67 3.83 1.00 0.56 11.1 5.2 1.83 225.7
Shiga 37.8 1.49 2.55 1.34 0.50 7.8 4.3 3.26 231.4
Kyoto 45.5 1.50 3.54 1.23 0.50 9.1 4.7 2.62 334.9
Osaka 45.8 1.43 2.89 0.90 0.53 9.9 4.6 2.28 283.1
Hyogo 42.9 1.54 3.18 1.18 0.55 10.8 5.0 2.34 253.2
Nara 43.3 1.41 2.82 1.04 0.59 9.8 4.8 2.52 251.3
Wakayama 47.3 1.80 4.44 1.27 0.32 17.1 6.1 2.75 300.6
Tottori 41.1 2.12 4.96 1.77 0.53 13.1 5.0 2.83 316.7
Shimane 44.4 1.61 4.23 2.04 1.17 12.6 5.7 2.77 286.2
Okayama 50.4 1.31 3.83 1.15 0.63 14.4 6.1 2.67 312.0
Hiroshima 42.3 1.66 4.14 0.95 0.46 13.8 7.0 2.79 265.6
Yamaguchi 43.4 1.88 5.50 1.66 0.58 16.6 6.9 3.54 259.3
Tokushima 47.8 1.75 5.25 1.08 0.40 22.9 7.0 2.69 333.3
Kagawa 48.4 2.38 4.86 1.65 0.52 16.8 10.0 3.72 289.4
Ehime 43.5 2.27 4.03 1.91 0.88 16.2 8.1 3.01 272.4
Kochi 54.2 2.10 3.08 1.12 0.70 23.4 10.8 3.50 315.7
Fukuoka 47.4 1.84 3.50 1.35 0.47 13.3 6.6 2.49 313.4
Saga 48.1 2.31 5.10 0.73 0.24 16.4 8.6 3.03 287.1
Nagasaki 45.2 1.99 4.43 0.89 0.44 16.0 6.6 3.55 308.6
Kumamoto 47.5 1.59 4.48 1.13 0.40 17.2 7.6 2.66 294.8
Oita 55.4 2.00 5.90 1.13 0.43 19.9 8.1 2.60 278.4
Miyazaki 50.0 2.11 3.67 1.65 0.64 17.3 8.1 3.03 251.3
Kagoshima 54.9 2.46 4.24 1.60 0.43 21.1 9.5 4.24 272.5
Okinawa 42.4 1.46 3.40 0.83 0.35 9.8 5.5 2.15 250.8
Average 44.3 1.62 3.84 1.28 0.51 13.1 6.3 2.54 256.5
S.D. 5.3 0.40 0.83 0.39 0.19 3.9 1.6 0.59 41.9
minimum 33.4 0.85 2.49 0.63 0.17 6.8 3.7 1.51 167.0
maximum 56.4 2.46 5.90 2.09 1.17 23.4 10.8 4.24 334.9
Gini's 0.08 0.15 0.13 0.18 0.20 0.17 0.15 0.14 0.10
(9 12.0 24.5 21.6 30.3 37.1 30.0 25.3 23.3 16.3

"Serial angiography" and "3D image processing" is the number of facilities.

mately 2.9 times higher in Kagoshima than in
Saitama.

The regional difference index for “Mammog-
raphy” was the highest in Oita with (153.8, i.e.,
5.90 units/100,000 population). The prefectures
with the next highest values were Yamaguchi

(143.1), Yamagata (137.1), Tokushima (136.7),
and Saga (132.8). Conversely, the regional dif-
ference index for “Mammography” was the
lowest in Ibaraki (64.8, i.e., 2.49 units/100,000
population). Therefore, it is shown that the re-
gional difference index was approximately 2.4
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Table 2 Regional difference index of each prefecture

Prefecture 'I"Reacdr::?lgigciaslt angisoegr:'zlphy Mammography (sfi:'\tei;?:\m) PET cr MR ;r?)cirens:i?\eg ev(:x\l/::ilcl)n
Hokkaido 127.3 128.5 84.2 158.1 129.9 121.6 129.1 105.8 123.1
Aomori 97.0 86.8 110.1 97.5 92.7 120.1 109.0 123.2 104.5
lwate 85.4 63.8 78.9 111.7 110.1 105.9 126.1 84.7 95.8
Miyagi 91.1 79.6 76.2 114.0 93.5 73.6 91.3 71.2 86.3
Akita 98.8 68.0 117.7 133.0 39.7 82.8 100.1 90.9 91.4
Yamagata 97.2 95.0 137.1 106.0 71.7 83.8 97.7 82.1 96.3
Fukushima 100.5 91.7 101.0 78.6 104.9 93.3 85.8 83.6 92.4
Ibaraki 91.4 83.1 64.8 51.2 34.1 83.2 88.1 84.4 72.5
Tochigi 94.3 75.6 90.5 67.7 80.7 83.9 81.7 104.6 84.9
Gunma 101.3 110.0 103.7 103.3 120.9 95.1 93.7 98.4 103.3
Saitama 75.5 52.3 70.9 49.0 51.3 62.3 61.3 60.8 60.4
Chiba 81.5 60.2 82.6 63.6 66.4 60.4 74.0 69.3 69.7
Tokyo 97.4 69.1 90.5 88.5 84.9 63.0 69.3 72.6 79.4
Kanagawa 77.9 61.2 67.1 65.5 47.4 51.7 59.1 59.3 61.2
Niigata 93.2 78.8 116.0 137.5 61.0 82.2 91.4 83.3 92.9
Toyama 115.2 122.5 103.6 140.2 93.5 107.7 112.4 78.3 109.2
Ishikawa 107.5 118.2 102.2 163.0 189.4 94.5 118.7 120.1 126.7
Fukui 114.0 102.8 100.3 140.0 152.1 101.9 123.9 96.0 116.4
Yamanashi 82.2 97.3 101.3 94.7 96.0 81.6 98.1 86.1 92.2
Nagano 95.6 109.8 105.4 82.6 114.2 87.5 80.0 92.9 96.0
Gifu 97.4 104.3 94.7 116.4 127.9 97.7 89.8 88.2 102.0
Shizuoka 89.9 88.8 77.3 80.6 112.8 75.0 83.1 84.6 86.5
Aichi 90.5 62.2 75.1 72.5 94.5 71.4 75.5 68.5 76.3
Mie 86.1 102.7 99.8 77.9 109.7 84.8 82.6 72.2 89.5
Shiga 85.2 91.6 66.4 104.7 97.8 59.4 68.3 128.1 87.7
Kyoto 102.7 92.4 92.2 95.9 98.8 69.3 74.9 103.0 91.2
Osaka 103.4 88.0 75.3 69.8 105.2 75.8 72.3 89.7 84.9
Hyogo 96.9 95.2 82.8 92.0 107.7 82.1 79.1 92.3 91.0
Nara 97.6 86.8 73.4 80.9 117.2 74.8 76.3 99.3 88.3
Wakayama 106.7 110.8 115.8 98.9 62.7 130.9 97.1 108.3 103.9
Tottori 92.8 130.8 129.1 137.9 104.9 100.0 78.4 111.4 110.7
Shimane 100.1 98.9 110.3 159.2 230.6 95.9 90.1 109.2 124.3
Okayama 113.8 80.8 99.7 89.9 124.3 110.1 97.1 105.2 102.6
Hiroshima 95.5 102.4 107.7 74.3 90.7 105.0 110.2 109.9 99.5
Yamaguchi 97.8 115.8 143.1 129.6 114.2 126.4 108.7 139.4 121.9
Tokushima 107.8 107.8 136.7 83.9 79.7 174.7 110.8 105.9 113.4
Kagawa 109.3 146.5 126.6 128.9 102.1 127.9 158.7 146.5 130.8
Ehime 98.2 140.0 105.0 148.5 173.7 123.7 127.6 118.3 129.4
Kochi 122.3 129.4 80.3 87.3 138.3 178.6 170.7 137.8 130.6
Fukuoka 106.9 113.4 91.3 105.3 92.8 101.7 104.1 97.9 101.7
Saga 108.5 142.1 132.8 56.7 47.9 125.1 136.4 119.4 108.6
Nagasaki 102.0 122.9 115.4 69.0 87.5 122.4 104.0 139.5 107.8
Kumamoto 107.1 97.7 116.6 88.3 78.3 131.5 120.1 104.8 105.6
Oita 124.9 123.0 153.8 87.9 85.7 151.8 127.8 102.5 119.7
Miyazaki 112.8 130.1 95.7 128.8 126.9 131.8 127.9 119.3 121.7
Kagoshima 123.9 151.6 110.5 124.6 85.0 161.1 149.9 167.0 134.2
Okinawa 95.7 89.7 88.4 64.8 68.4 74.6 87.7 84.5 81.7

times higher in Oita than in Ibaraki.

The regional difference index for “RI exam”
was the highest in Ishikawa (163.0, i.e., 2.09
units/100,000 population). The prefectures with
the next highest values were Shimane (159.2),
Hokkaido (158.1), Ehime (148.5), and Toyama
(140.2). In contrast, Saitama had the lowest re-
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gional difference index for “RI exam” (49.0, i.e.,
0.63 units/100,000 population). Therefore, it is
shown that the regional difference index was
approximately 3.3 times higher in Ishikawa
than in Saitama.

Moreover, Shimane had the highest regional
difference index for “PET” (230.6, i.e., 1.17
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Table 3 Regional difference of health resources related to medical imaging

Highest Lowest dli::‘f?a?'i;r;:a;s dif‘feRr:r?ci:c:;arlatio
Overall Kagoshima  134.2 Saitama  60.4 73.8 2.22
Radiological Technologist Hokkaido  127.3 Saitama  75.5 51.8 1.69
Serial angiography Kagoshima  151.6 Saitama  52.3 99.3 2.90
Mammography Oita 153.8 lbaraki  64.8 88.9 2.37
Rl exam (scintigram) Ishikawa  163.0 Saitama  49.0 114.0 3.33
PET Shimane  230.6 lbaraki  34.1 196.5 6.76
CT Kochi  178.6 Kanagawa 51.7 126.9 3.46
MRI Kochi  170.7 Kanagawa  59.1 111.6 2.89
3D image processing Kagoshima  167.0 Kanagawa 59.3 107.7 2.82

units/100,000 population). The prefectures
with the next highest values were Ishikawa
(189.4), Ehime (173.7), Fukui (152.1), and Ko-
chi (138.3). In contrast, Ibaraki had the lowest
regional difference index for “PET” (34.1, i.e.,
0.17 units/100,000 population). Therefore, it is
shown that the regional difference index was
approximately 6.8 times higher in Shimane
than in Ibaraki.

Kochi had the highest regional difference in-
dex for “CT" and for “MRI" (178.6, i.e., 23.4
units/100,000 population, and 170.7, i.e., 10.8
units/100,000 population, respectively). With
respect to “CT,” the prefectures with the next
highest values were Tokushima (174.7), Ka-
goshima (161.1), Oita (151.8), and Miyazaki
(131.8), whereas Kagawa (158.7), Kagoshima
(149.9), Saga (136.4), and Hokkaido (129.1)
were the prefectures with the next highest val-
ues for “MRI” In contrast, Kanagawa had the
lowest regional difference index for both “CT”
and “MRI” (51.7, i.e., 6.8 units/100,000 popula-
tion, 59.1, i.e., 3.7 units/100,000 population,
respectively). Therefore, it is shown that the
regional difference indices for “CT” and “MRI"
were approximately 3.5 and 2.9 times higher in
Kochi than in Kanagawa, respectively.

Furthermore, Kagoshima had the highest re-
gional difference index for “3D image process-
ing” (167.0, i.e., 4.24 facilities/100,000 popula-

Regional differences = Highest - Lowest
Regional differences ratio = Highest/Lowest

tion), followed by Kagawa (146.5), Nagasaki
(139.5), Yamaguchi (139.4), and Kochi (137.8).
In contrast, Kanagawa had the lowest regional
difference index (59.3, i.e., 1.51 facilities/100,000
population, approximately 2.8 times lower than
Kagoshima.

Overall, the highest regional difference in-
dex was in Kagoshima (134.2) followed by
Kagawa (130.8), Kochi (130.6), Ehime (129.4),
and Ishikawa (126.7). Conversely, Saitama had
the lowest overall evaluation of regional differ-
ence index (60.4). The prefectures with an
overall evaluation of the regional difference in-
dex of 80 or less were Tokyo (79.4), Aichi
(76.3), Ibaraki (72.5), Chiba (69.7), and Kanaga-
wa (61.2).

3-3 Hierarchical cluster analysis

As a result of a hierarchical cluster analysis,
we classified the 47 prefectures into seven
clusters. The dendrogram is a tree diagram that
shows how individuals are clustered together
in a cluster analysis (Fig.2). The mean item
value for each of the seven clusters is shown in
Table 4. We designated the cluster with the
highest mean value in the regional difference
index for each item as Cluster 1, and in de-
scending order from Cluster 1 to Cluster 7.

Cluster 1 consisted of 3 prefectures: Kagawa,
Kochi, and Kagoshima. Cluster 1 was charac-
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Table 4 Average of regional difference index to each cluster

Prefecture Rad|olog|gal Senal Mammography R.I exam PET CT MRI s mage
Technologist angiography (scintigram) processing
Cluster 1 Kagawa, Kochi, Kagoshima 118.5 142.5 105.8 113.6 108.5 155.9 159.8 150.4
Cluster 2 Ishikawa, Shimane, Ehime 101.9 119.0 105.8 156.9 197.9 104.7 1121 115.8
Cluster 3 Hokkaido, Toyama, Fukul, Tottort, 44y 4518 1093 1391 1203 1149 1184 1084
Yamaguchi, Miyazaki
Aomori, Wakayama, Hiroshima,
Cluster 4 Tokushima, 106.2 111.7 123.6 82.1 78.2 132.7 114.4 114.2
Saga, Nagasaki, Kumamoto, Oita
Cluster 5 Akita, Yamagata, Niigata 96.4 80.6 123.6 125.5 57.4 82.9 96.4 85.4
Iwate, Miyagi, Fukushima, Gunma,
Tokyo, Yamanashi, Nagano, Gifu,
Cluster 6 Shizuoka, Aichi, Mie, Shiga, 95.8 90.4 88.1 92.2 106.3 83.5 86.0 89.9
Kyoto, Osaka, Hyogo, Nara,
Okayama, Fukuoka
Cluster 7 Ibaraki, Tochigi, Saitama, Chiba, 860 703 774 603  58.1 69.3 753  77.2
Kanagawa, Okinawa
terized as a region with abundant healthcare
e | ; " s x % resources that greatly exceeded the national
e average for all items, especially for “Serial an-
vl giography,” “CT,” and “MRI".
Shiga

Fukuoka
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Fig.2 Dendrogram
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Cluster 2 consisted of 3 prefectures: Ishika-
wa, Shimane, and Ehime. Cluster 2 was charac-
terized as a region with abundant healthcare
resources, where all items were higher than
the national average, and where the “RI exam”
and “PET” were particularly high.

Cluster 3 consisted of 6 prefectures: Hokkai-
do, Toyama, Fukui, Tottori, Yamaguchi, and
Miyazaki. Cluster 3 was characterized as a re-
gion with abundant healthcare resources where
all characteristics exceed the national average.

Cluster 4 consisted of 8 prefectures: Aomori,
Wakayama, Hiroshima, Tokushima, Saga, Na-
gasaki, Kumamoto, and Oita. Cluster 4 was
characterized by a lack of healthcare resources
for nuclear medicine examinations, with “RI
exam” and “PET” below the national average.

Cluster 5 consisted of 3 prefectures: Akita,
Yamagata, and Niigata. Cluster 5 was charac-
terized by prefectures where the scores for
“Mammography” and “RI exam” were signifi-
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cantly higher than the national average, where-
as the scores for “PET” were significantly low-
er.

Cluster 6 consisted of 18 prefectures: Iwate,
Miyagi, Fukushima, Gunma, Tokyo, Yamanashi,
Nagano, Gifu, Shizuoka, Aichi, Mie, Shiga,
Kyoto, Osaka, Hyogo, Nara, Okayama, and Fu-
kuoka. Cluster 6 was characterized by a well-
balanced region with efficient healthcare re-
sources.

Cluster 7 consisted of 6 prefectures: Ibaraki,
Tochigi, Saitama, Chiba, Kanagawa, and Oki-
nawa. Cluster 7 was characterized as a region
with poor healthcare resources, falling below
the national average in all categories.

4. Discussion

In this study, we evaluated potential regional
differences using Gini's coefficient and CV
based on the number of “radiological technol-
ogists” and the number of “diagnostic imaging
devices” reported in the Medical Institution Sur-
vey. We also categorized regional characteris-
tics in healthcare resources related to medical
imaging using a hierarchical cluster analysis.
Our results show that both Gini's coefficient
and the CV for “radiological technologist” were
lower than those for “physician” with low re-
gional differences. On the other hand, both co-
efficients for each diagnostic imaging device
were higher than those for “physician,” with
high regional differences. In particular, “PET”
exhibited the largest regional differences among
all the diagnostic imaging devices investigated
in this study. Regional uneven distribution is
influenced by medical demand, demographic
structure, and geography ?. Therefore, we had
assumed that the healthcare resources related
to medical imaging, especially in prefectures
with low population density such as Hokkai-
do, would have been high nationwide. How-
ever, in order to provide high-quality health-
care in all prefectures, diagnostic imaging de-
vices and radiological technologists are need-

Regional Uneven Distribution of Healthcare Resources Related to Medical Imaging

ed, even in small population prefectures.
Therefore, we expect that eliminating regional
uneven distribution will be a very challenging
and difficult issue.

Saitama, Chiba, and Kanagawa, which have
a low overall regional difference index, have
limited healthcare resources for their popula-
tions. In particular, it was identified that Saita-
ma and Chiba lack both healthcare resources
related to medical imaging, but also healthcare
resources such as physicians, nurses, and hos-
pitals 1. Till now, there are two prevalent rea-
sons that explain why the scarcity of health-
care resources in Saitama and Chiba has not
had a major impact on the respective popula-
tions. The first reason is that the populations
are still relatively young and disease preva-
lence is low. The second reason is that a sig-
nificant portion of these populations work in
Tokyo, therefore, they often choose to go to a
medical institution in Tokyo, should they fall
sick 1. According to the statistical survey of the
daytime population of Tokyo in the 2015 cen-
sus, the population inflow to Tokyo was
936,100 people from Saitama, 716,881 people
from Chiba, and 1,068,505 people from
Kanagawa. Overall, this number comes to ap-
proximately 2.9 million people, when includ-
ing the population inflow from other prefec-
tures 'V. Consequently, the daytime population
of Tokyo increases by approximately 2.4 mil-
lion people, even after subtracting population
outflow from Japan's capital city. Therefore,
the overall regional differential index using the
daytime population would be significantly
higher in Saitama, Chiba, and Kanagawa pre-
fectures than the results found in this study.
Similarly, if we calculate the overall regional
difference index of Tokyo on the basis of its
daytime population, then it would be signifi-
cantly lower than the results provided in this
study. As a result, it is necessary to calculate
the overall regional difference index that con-
siders not only the population but also the
characteristics of the region, such as the day-
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time population. The medical demand is ex-
pected to increase in Saitama, Chiba, and
Kanagawa in the future for two reasons '”. The
first reason is the rapid increase in aging popu-
lations, whereas, the other reason is the in-
crease in the use of local medical institutions
due to retirement. Therefore, it is necessary to
consider both the inflow and outflow of the
population when planning and improving the
medical care provision system for medical im-
aging. In Okinawa, where the aging rate is the
lowest in Japan, the overall regional difference
index is bound to be higher than the results
shown in this study. Similarly, in Akita, where
the aging rate is the highest in Japan, the over-
all regional difference index is slightly lower
than the national average. However, if the cal-
culations are based on the aging rate, the over-
all regional difference index will further de-
crease, and the region will seem to have scarce
healthcare resources. Therefore, it is necessary
to consider not only the results of this study,
but also the inflow/outflow of populations,
and the aging rate in order to plan and im-
prove the medical care provision system.

A hierarchical cluster analysis enabled us to
classify our data into 7 clusters, thus providing
us with a greater insight regarding their charac-
teristics. The regional difference indices in
clusters 1 and 3 were above the average for all
items included, i.e., indicate prefectures with
abundant healthcare resources. Nuclear medi-
cine examinations with “RI exam” and “PET”
had a significant impact on this classification.
Cluster 2 indicates prefectures where nuclear
medicine examinations were abundant, where-
as cluster 4 indicates prefectures where nuclear
medicine examinations were poor. Further-
more, cluster 5 indicates prefectures that are
abundant in “RI exam” but poor in “PET.” All 18
prefectures included in cluster 6 were average
and well-balanced prefectures with well-devel-
oped healthcare resources. We suggest that
Cluster 6 could be helpful in terms of planning

and improving the medical care provision sys-
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tem. In all six prefectures of cluster 7, health-
care resources were generally scarce. These
prefectures were in fact the bottom three pre-
fectures in the overall regional difference in-
dex (Saitama, Chiba, and Kanagawa), Ibaraki,
Tochigi, and Okinawa. Therefore, we suggest
that it is necessary to review the medical care
provision system for medical imaging after as-
sessing future changes in medical demand such
as population inflow/outflow and aging rate.

Currently, each prefecture is planning a
medical care provision system that considers
the characteristics of each prefecture. In addi-
tion, shared use of diagnostic imaging devices
is being promoted in order to provide efficient
medical care. Therefore, it is necessary to plan
and improve the medical care provision system
by not merely considering individual hospitals
but the entire prefecture. The results of this
study are extremely useful for the develop-
ment of the medical care provision system in
each prefecture. However, the development of
the medical care provision system requires
more detailed data analysis of secondary med-
ical areas. Here, the secondary medical area
could be a medical administration area set for
each large city or wide area municipality in the
regional healthcare plan. For example, in Toch-
igi prefecture, there are six medical regions:
“North,” “West,” “Utsunomiya,” “East,” “Ryomo,”
and “South,” and there are multiple medical re-
gions in each prefecture. In addition, the de-
velopment of this system requires continuous
research.

Furthermore, there is no gold standard that
defines the required number of radiological
technologists. Therefore, it is difficult to under-
stand the potential excess and/or lack of radio-
logical technologists. This study is a relative
survey of the presence or absence of regional
uneven distribution in healthcare resources re-
lated to medical imaging. Therefore, the excess
and/or lack of radiological technologists is not
captured. It can be inferred that the factors

causing regional differences include medical



original articles

demand, demographic structure, and geo-
graphical conditions. In the future, detailed
factor analysis of the excess and/or lack of ra-
diological technologists and regional uneven
distribution must be an essential issue to con-

sider.

5. Conclusion

In this study, we evaluated regional uneven
distribution and used a hierarchical cluster
analysis to categorize each item based on the
number of radiological technologists and the
number of diagnostic imaging devices reported
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[Summary]

Chest X-ray (CXR) is the most commonly used diagnostic examination in lung cancer screening. The temporal
subtraction (TS) processing of CXRs using computer-aided diagnosis (CAD) software is a technique in which a
previous CXR is used to enhance evaluation of changes in an intervening time. However, if the superpositioning of
the two images is not accurate, excessive misregistration artifacts will make it difficult for radiologists to differentiate
between true changes and simple artifacts. In this study, we aimed to use bone suppression (BS) processing as a
method to reduce artifacts when detecting a lesion became difficult due to the occurrence of artifacts between two
images. The contrast-to-noise ratios (CNRs) of TS processing images with and without BS processing were calculated
and compared based on several types of positions including anterior inclination, lateral inclination, right anterior
oblique (RAO), and left anterior oblique (LAO). Our results showed that CNRs were significantly improved with BS

processing.

1. Introduction

According to the Ministry of Health, Labor,
and Welfare 2018, cancer is the leading cause
of death in Japan. Lung cancer is increasing in
incidence in both males and females V. Cur-
rently, greater emphasis is given on preventive
medicine for the early detection and treatment
of lung cancer.

Lung cancer screening is generally per-
formed with sputum examination and chest
radiography, although high-performance com-
puted tomography (CT) is also widely used. CT
screening is usually used for treatment deter-
mination. Sputum examination is performed
on high-risk patients with a history of smoking;
however, chest radiography is critical for the
early detection of lung cancer. Chest radiogra-
phy can be promptly and effortlessly per-
formed and has the advantages of low cost and
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low exposure to radiation. More than 80 differ-
ent lesions have been shown to exist in the
lung, and images may additionally include the
presence of overlapping ribs and normal tis-
sue, making the detection of pale, small, and
early lesions of lung cancer challenging. Ap-
proximately 95% of missed lung cancer lesions
overlapped with the ribs and clavicles 2.
Research and development of computer-aid-
ed diagnosis (CAD) using artificial intelligence
technology have been employed in the field of
diagnostic imaging. However, the reading effi-
ciency and diagnostic accuracy must be im-
proved. Temporal subtraction (TS) processing
of chest radiographs involves superimposing
two images of the same person, one from the
past and one from the present; then, the chang-
es over time are identified. This is known as a
computer-aided detection system, which iden-
tifies lesions and presents the results for assess-
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ment. TS processing is useful to improve the
visibility of lesions that overlap with normal
tissue and may be overlooked by doctors #: ¥.

In TS processing, two images of the same
patient, one current image and one past image,
acquired with digital radiography and comput-
ed radiography are subjected to differential
processing. Specifically, to superimpose the
two images, first, a global matching process is
performed on the past image to roughly match
the thorax. Second, a local matching process
corrects the distortion of the lung structure.
This two-step nonlinear image superimposi-
tion process emphasizes the shades that
changed over time ». The artifacts are reduced
with nonlinear image deformation, which is
useful for detecting changes over time ©. How-
ever, removing sharp linear artifacts in the rib
edges and fine artifacts in the pulmonary ves-
sels is complex as artifacts may persist even
after performing the imaging deformations 7.
Thus, TS greatly affects the reproducibility of
past and current images ®. If the superimposi-
tion of the two images in a chronological se-
quence is not accurate, strong artifacts will ap-
pear in the entire lung field, which will inter-
fere with image reading.

In the present study, we employed a method
to improve lesion detection in cases of poor
detection due to artifacts triggered by a mis-
alignment between two images. Although there
have been reports on improvement of lesion
detection by modifying the algorithm of TS
processing systems 7, the use of both TS and
bone suppression (BS) processing has not
been reported. The BS process is a CAD ap-
plication for chest radiographs. This CAD ap-
plication depresses the signals of the ribs and
clavicles from the lung field and can be gener-
ated as a single image ®. The detection rate of
lesions is improved by enhancing visibility
with BS processing, even for radiologists who
are not specialists in chest radiology . Previ-
ous reports have demonstrated that BS pro-
cessing is not significantly affected by position-

ing'V. In the present study, BS processing was
used as a preprocessor for TS processing, and
TS images were generated for both the past
and present images. We compared the effect of
lesion detection on TS images generated from
the original and BS images using physical eval-

uation.

2. Materials

The present study used the radiographic sys-
tem, Radnext 50 (Hitachi Medical Corporation),
and the flat panel detector (FPD) [AeroDR
(A50C-50438) by Konica Minolta, Inc. NEOVIS-
TA T-PACS EX (A791-0304)] for TS and BS pro-
cessing. Kyoto Kagaku Co., Ltd. N-1 LUNG-
MAN was used for the chest phantom. Image]
(1.501) was used for statistical analysis of the
contrast-to-noise ratio (CNR) region of interest
(ROD).

3. Methods

In this study, for investigating the effect of

positioning on the CNR in TS processing im-
ages, we calculated the CNR for each angular
change in positioning using images of a chest
phantom with an attached simulated nodule.
Additionally, we calculated and compared the
CNRs of TS images generated from the original
and BS images to determine whether BS pro-
cessing improved detection of poor lesions
when artifacts occurred due to mispositioning.
For TS images after BS processing, the latter
was performed on the reference image and all
comparison images with varying positioning
angles, which were differentially processed.
Subsequently, the mean and standard devia-
tion of the CNR of TS images with and without
BS processing, as well as the improvement rate
of the CNR, were calculated. We also per-
formed a significant difference test for TS im-
ages with and without BS processing using the
Mann-Whitney U test for CNR. The significance
level was set at 5%.
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3-1 N-1 LUNGMAN

In this study, experiments were conducted
using images of a simulated nodule mounted
in the lung field of a chest phantom. This
phantom was composed of a soft tissue substi-
tute and artificial bone with an absorption rate
similar to that of the human body. The phan-
tom had simulated blood vessels arranged in
the lung field. Therefore, the concentration
changes were the same as observed in the hu-
man body. The inner structure of the lung field
was detachable, and a simulated lesion was
placed inside.

3-2 Simulated nodules

A simulated nodule with a diameter of 1 cm
and a CT value of 50 HU was used. Figure 1
illustrates nodules were attached to the left un-
der the clavicle, left heart edge, right middle
lung field, or right hilar area.

Figure 1 Mounting position of the simulated nod-
ule: 1) left under the clavicle; 2) left edge
of the heart; 3) right lobumediusu, middle
lobe; and 4) right hilus pulmonis

3-3 CNR

The CNR of the simulated nodules was cal-
culated as quantitative evaluation of the physi-
cal characteristics of the visibility of lesion
shadows on TS images.

We defined the boundaries of the simulated
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nodule as visually recognized using Image]
(1.501). Figure 2 illustrates S was set as the in-
ner signal region. The donut-shaped back-
ground region outside the nodule was set as B.
The size of the background region B was set to
5 mm in width, which ensured that the charac-

teristics of the lung fields would not be lost.

Figure 2 The position of the region of interest

CNR = |Save B Bavel
Bsa

where Suwe is the average luminance value in
the signal region, Baw is the average luminance
value in the background region, and B.a is the
standard deviation of the background lumi-
nance value. Since the value of CNR fluctuated
depending on the ROI, the average of the two

measurements was used for analysis.

3-4 Reference and comparison images

The displacement of positioning was evaluat-
ed by focusing on the angle of displacement
from the posterior-anterior (PA) direction, which
is often used in lung cancer screening, and was
assessed in the following directions: anterior
tilt, right anterior oblique (RAO), left anterior
oblique (LAO), right-lateral flexion, and left lat-
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eral flexion. The comparison images were pro-
cessed by differentiating the images with dif-
ferent positioning angles. The comparison im-
age was shifted from the reference image by
1°- 9° in each direction in 1° increments. If a
nodule was not correctly positioned or the
edges of the simulated nodule were indistin-
guishable from the surrounding artifacts, the
ROI could not be identified; therefore, we
compared the data up to the angle at which all
the simulated nodules could be measured.

3-5 TS and BS processing

The processing was executed on the I-PACS
EX screen. The processed images were auto-
matically generated with the output in approx-
imately 1 s. An initial display image was used.

4. Results

Figure 3 illustrates the graphs of CNR show-

ing the changes in the positioning of TS images
with and without BS processing. In the anterior
tilt TS images without BS processing, simulated
nodules two, three, and four could not be
measured at 5°, and all the simulated nodules
above 6° could not be measured. In TS images
with BS processing, simulated nodule two
could not be measured at 5°, and simulated
nodule four could not be measured at 6°. In the
RAO TS images without BS processing, simu-
lated nodule four could not be measured at 5°,
and simulated nodule two could not be mea-
sured at 6°. In the TS images with BS process-
ing, all the simulated nodules could be mea-
sured at all angles. In the LAO TS images with-
out BS processing, simulated nodules two and
four could not be measured at 5°. In TS images
with BS processing, all simulated nodules
could be measured at all angles. At both right
and left lateral flexion, all the simulated nod-
ules could be measured up to 9° in the TS im-
ages with and without BS processing.

All the simulated nodules were measured in

all positions up to 4°as CNRs. Table 1 illustrates

the means, standard deviations, and improve-
ment rates of the CNRs of simulated nodules
one to four in the TS images with and without
BS processing. In the anterior tilt, RAO, and
LAO, the improvement in CNR was higher for
TS images with BS processing than for those
without BS processing in the simulated nodule.
In the anterior tilt position, improvement in the
CNR was 10.2% in simulated nodule one; how-
ever, the highest was in simulated nodule three
at 51.0%. In RAO and LAO, simulated nodule
three was low at approximately 10%; however,
simulated nodule four was the highest at 34.7%
and 61.6%. The improvement rates for right
and left lateral flexions were low, with some
nodules showing a negative improvement rate.
Even after TS processing alone, the CNR was
stable and relatively high and was detected at
around 2.0.

Figure 4 illustrates the mean and standard
deviation of the CNR of TS images with and
without BS processing. There was a significant
difference in the anterior tilt, RAO, and LAO.
There was no significant difference between

the right and left lateral flexions.

5. Discussion

Chest X-ray (CXR) imaging is an excellent
examination method as it has the advantages
of low cost, easy to use, and low exposure
dose, despite the considerable amount of in-
formation obtained. However, reading CXR im-
ages is highly cumbersome for radiologists,
who must take multiple pictures in a short pe-
riod, to minimize misdiagnosis. TS processing
can improve detection as it allows instanta-
neous visualization of changes in lesions over
time 2. However, artifacts occur when there is
a misalignment between the two images due to
the influence of the reproducibility of the past
and current images. This artifact makes it diffi-
cult to distinguish between detection of chang-
es over time and simple artifacts '». The main

features of the artifacts are the linearity of the
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Figure 3 Graphs of CNRs showing changes in the positioning of TS images with and without BS processing
(c) Left anterior oblique (LAO) (d) Right lateral flexion

(a) Anterior tilt  (b) Right anterior oblique (RAO)

1. TS images without BS processing 2. TS images with BS processing

32 @ Journal of JART English edition 2021

(e)—2

(e) Left lateral flexion



original articles

The Usefulness of Bone Suppression Image-Based Temporal Subtraction Processing for the Improvement of Lung Nodule Detection on Chest Radiograph Images

Table1 Values of CNRs for each simulated nodule on
temporal subtraction images with and without
bone suppression

a) Anterior tilt

b) Right anterior oblique (RAO)

c) Left anterior oblique (LAO)

d) Right lateral flexion

e) Left lateral flexion

(
(
(
(
(

*p<0.05 *p<0.05 *p<0.05 p=0.15 p=0.11

R

il

RAO Right Lateral inclination  Left Lateral inclination

3

CNR

25

15 }
1
05
0
Anterior inclination

=TS images without BS = TS images with BS

Simulated
Nodule @ @ ©) @
Ave/Std  Ave Std Ave Std Ave Std Ave Std
TSI
without BS 151 0.11 1.11 0.88 1.37 0.47 1.50 0.28
TSI
with BS 1.66 0.05 1.49 0.65 2.07 0.24 2.08 0.28
Improvement
rate (%) 102 34.5 51.0 38.1
(a)
Simulated
Nodule ® @ ® @
Ave/Std  Ave Std Ave Std Ave Std Ave Std
TSI
without BS 1.45 0.20 1.71 0.57 1.62 0.21 1.37 0.25
TSI
with BS 1.78 0.12 1.96 0.46 1.75 0.36 1.84 0.32
Improvement
rate (%) 22.8 14.7 8.3 34.7
(b)
Simulated
Nodule @ @ ® @
Ave/Std  Ave Std Ave Std Ave Std Ave Std
TSI
without BS 1.27 0.24 1.19 0.81 1.69 0.09 1.20 0.46
TSI
with BS 1.79 0.24 1.36 0.73 1.87 0.11 1.94 0.54
Improvement
rate (%) 40.3 14.2 10.1 61.6
(©)
Simulated
Nodule ® @ ©) @
Ave/Std Ave Std Ave Std Ave Std Ave Std
TSI
without BS 1.82 0.20 1.86 0.63 1.94 0.15 1.77 0.18
TSI
with BS 1.98 0.27 1.91 0.56 1.87 0.46 2.43 0.38
Improvement
rate (%) 9.2 2.8 -3.7 37.2
(d)
Simulated
Nodule ® @ ® @
Ave/Std  Ave Std Ave Std Ave Std Ave Std
TSI
without BS 2.12 0.38 1.98 0.49 1.97 0.17 2.01 0.43
TSI
with BS 2.05 0.30 2.28 0.23 2.29 0.22 2.17 0.27
Improvement
rate (%) 3.3 15.1 15.9 8.4

(e)

Figure 4 Comparison of CNRs for TS images with
and without BS processing of four posi-
tions. Mean value and standard deviation of
the CNR

rib edges and the complexity of fine pulmo-
nary vessels.

In this study, we generated artifacts by shift-
ing the positioning of the comparison image by
1° in the forward-leaning, RAO, LAO, right-lat-
eral bending, and left lateral bending positions
against the reference image. The results were
divided into two groups: anterior tilt, RAO and
LAO, and right and left lateral flexions.

Although the variations in CNR were large
for deviations to the right and left lateral bends,
the superposition of TS processing was suffi-
cient to produce TS images with few artifacts
within a range of up to 9°. These were two-di-
mensional misalignments in the X and Y axes,
occurring by the rotation of the FPD with the
front surface of the chest attached. The mis-
alignment was corrected with the global match-
ing process of TS processing and was detected
by TS processing alone. Therefore, the CNR
did not improve, even for TS images with BS
processing.

In contrast, in the cases of an anterior tilt,
RAO, and LAO, a part of the body is separated
from the FPD and is displaced not only in the
X-Y axis but also in the Z-axis. Although a
complex warping process was performed in
the local matching after the global matching
process, it was inadequate to cope with the
increasing displacement of the body. There-
fore, artifacts and simulated nodules appeared
in the TS images, where the edges cannot be
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seen beyond 5° In this case, we first generated
BS images, followed by the TS images. All the
simulated nodules were measured up to 9° in
the RAO and LAO positions. In the anterior tilt
position, simulated nodules one and three
were measured up to 9°. Simulated nodules
two and four could be measured up to 4°, with
no significant differences between TS images
with and without BS processing. The calculat-
ed anterior tilt of 4° was defined as a state in
which the panel and body were 3 cm apart at
the lower end of the FPD. Although it is pos-
sible in elderly patients with bent hips, it is
considered to be no problem in medical ex-
aminations.

The Mann-Whitney U test demonstrated that
there was a statistically significant difference in
the CNR values for the anterior tilt, RAO, and
LAO positions between the TS images with and
without BS processing. For the artifacts caused
by three-dimensional misalignment, the CNR
was improved by generating a BS processed
image first, followed by a TS image. Conse-
quently, the detections of all simulated nodules
in the anterior tilt, RAO, and LAO positions
were improved.

The improvement rate for CNRs was higher
than 30% in the hilar area. This area contains a
mixture of two complex artifacts: linear rib
edges and fine pulmonary vessels. The results
suggested that the rib shadows in the entire
lung field were attenuated by the BS and TS
processes. The complex superposition process
was reduced by combining the artifacts into a
single factor, and the CNR was improved.
However, the templates of the TS treatment su-
perposition also included the thorax and pul-
monary vessels of normal tissue and the ribs.
Nevertheless, the possible reduction of accu-
racy with the weakening of the ribs has not
been tested. Areas with many vessels can be
accurately superimposed on the ribs when
they are weakened; however, they may not be
aligned as the number of vessels decreases.
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In the case of poor lesion detection due to
artifacts caused by the inadequate superimpo-
sition of past and current images, we read the
TS images automatically generated using pic-
ture archiving and the communication system.
However, in this study, as a method to improve
lesion detection in clinical practice, we demon-
strated that TS processing after BS processing
using two images improved lesion detection.
The diagnostic accuracy of TS images is ex-
pected to improve with improvement in the
detection capability.

In the present study, we focused on the an-
gle in the upright frontal PA direction, often
used in medical examinations. However, since
various imaging methods are used in clinical
examinations, the associated discrepancies
must be evaluated. In the future, we must in-
vestigate the effect of Z-axis misalignment on
the magnification rate and radiograph center-
line, as well as respiratory misalignment and
other lesions that are limited by phantom ex-
periments. The variety in lesions must be stud-
ied in the future. Additionally, we assessed
both physical and visual evaluations, such as
receiver operating characteristic observer ex-
periments, for maximizing its use in clinical

practice.

6. Conclusion

In TS processing, artifacts tend to appear due
to the mismatch of past and current images,
which further complicates the temporal chang-
es of lesions. In the present study, the nodules
were unable to cope with three-dimensional
misalignment, reducing the detectability of the
nodules. Using BS processing in advance im-
proved the CNR and was useful for nodule de-

tection.
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[Summary]

The slot scan technology for long-length radiography installed in the fluoroscopic imaging equipment performs
continuous radiographing while the X-ray tube and the light-receiving unit simultaneously move in parallel, creating a
long-length image. The disadvantage is that the exposure while moving creates a blurred image looking with reduced
contrast, contributing to low image quality. Although the cause is related to the combination of exposure time and
tube voltage, the conventional contrast improvement method cannot be applied due to the influence of blurring, and
there is no physical evaluation report, only a visual evaluation report.

In this study, we analyze the blur part and propose a method to calculate the source of the new concept of contrast
quantitatively.

Background

Long-length radiography systems aimed at
full spine imaging and full leg imaging is clas-
sified into the general X-ray radiography equip-
ment and the fluoroscopy radiography equip-
ment.

The general X-ray equipment includes a sys-

tem in length of which the X-ray tube and the

light-receiving unit move in parallel (Fig.1 a1),
the X-ray tube inclines (Fig.1 a2), and images ‘ - a:ﬂ = bzg

are taken at a time in light irradiation field
(Fig.1 a3).
The fluoroscopy radiography equipment in-

Fig.1 Long length radiographic system

(al1), (@2), (@3): X-ray general radiographic system
(b1), (b2): Fluoroscopic radiographic system

cludes a system in which the X-ray tube and
light-receiving surface move in parallel (Fig.1

b1), images are taken in the large field of view,
and images are taken in sequence while mov-
ing (Fig.1 b2). Tt is introduced and operated
according to the circumstances of each hospi-
tal.

The light-receiving surface changed from
analog to digital computed-radiography (CR)
and flat-panel detector (FPD), and the image
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quality improved digital image processing.
FPD system can output the X-ray signal as a
digital signal in real-time. It is characterized by
images with a large field of view, less distor-
tion, a broad dynamic range, and high detec-
tive quantum efficiency. Therefore, it has a
possibility to reduce radiation dose.

In contrast, the slot scan technology for long
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Reconstruction
processing

.

? Overlap ?

a‘b‘c

Fig.2
(a) Image Acquisition

images in FPD-mounted fluoroscopy X-ray ra-
diology equipment makes the examination
easy for patients because it takes only 1-2 min
from radiation to the end of image processing.
It is good for throughput with easy handling,
fast processing of images, and short examina-
tion time (Fig.2) .

The imaging method continuously irradiates
an X-ray beam with a slit-shaped (2 or 4 cm)
collimator, produce more than 10 images, and
make one long-length image.

Since an X-ray beam radiates vertically to-
ward an object, it has a constant scale with less
distortion.

Consequently, in the field of orthopedics, it
is often used to measure alignment and evalu-
ate a patient’s condition before and after op-
eration* . It is also applied to leg angiography
in the field of surgery due to its continuous
imaging .

The imaging method is that the X-ray tube
and the light-receiving part (FPD, 17 x 17
inch) simultaneously move from the head to

Image creation process with slot scan technology (from exposure to image creation)
(b) Stitching

(c) Long length image

the foot side at a constant speed (HS mode:
150 mm/sec, HQ mode: 75 mm/sec) and have
a slit shape (HS mode: 4 cm, HQ mode: 2 cm),
irradiates an X-ray beam from a collimator for
continuous exposure.

The tube voltage can output from 60 to 130
kV with a exposure time of 1.0-20.0 msec. The
modes available include three-way, 110 cm,
120 cm, or 150cm on source image receptor
distance. Slit images become one long image
through superposition. The image mode has
the HS mode, which is standard image quality,
and the HQ mode, which is high quality (Table
1). The tube voltage (kV), tube current (mA),
and exposure time (s) must be set manually
because the automatic exposure control can-
not be used. Because an X-ray is radiated while
moving, this results in blurred and low-quality
images (Fig.3). A picture taken in a moving
vehicle may be blurred in normal mode but
can be taken when in an almost stationary state
at a short exposure speed.

Thus, this image is slightly or strongly

Table 1 Exposure techniques with slot scan technology (2 types)
Tube current [mA]: 400 mA (constant)
Mode Moving Speed Slit width Tube voltage Exposure time SID
[mm/sec] [em] [kV] [msec] [cm]
HS 150 4 60-130 1.0-20.0 110/120/150
HQ 75 2 60-130 1.0-20.0 110/120/150

Arts and Sciences ¢ 37



Fig.3 Features of slot scan images (blurred image)
Blur appears in the x-ray tube traveling direction

blurred, leading to a degree of contrast. Simi-
larly, the slot scan images can be stationary at
a short exposure speed.

However, it is necessary to increase the tube
voltage because the image quality decrease de-
pending on the exposure speed. Based on
these findings, it is important to consider the
tube voltage and not only the exposure speed
to take fine slot scan images. Due to the influ-
ence of blurring, a highly accurate physical
evaluation, such as the contrast noise ratio

Still image

blurred image
(General image) (Slot scan image)

Fig.4 Difference between still image and

blurred image

Still image: Concentration boundary is clear (sharp)
Blurred image: Concentration boundary is unclear
(slightly change)
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(CNR), and some method must be considered
necessary in capturing slot scan images.

In this study, we suggest methods that evalu-
ate the contrast in slot scan images quantita-

tively by analyzing the blur it produces.

1. Methods

1-1 Definition of contrast in slot scan images

1-1-1 Difference between general radiographic
images and slot scan images

Images contain motion elements and are ex-
pressed as a blur since the X-ray tube and im-
aging unit continuously radiate an X-ray beam
while moving in slot scan images. In the area
indicated by the arrows in Fig.4, the concentra-
tion of contrast rapidly changes in still images,
but it changes by gradation in the blur of slot
scan images. Furthermore, when the range is
broad the image is difficult to observe. When
the range is narrow it is easy to observe the
image, which is almost stationary. This blurred
range is observed like low contrast images due
to the vague concentration of contrast (Fig.5).
We define this as the contrast in visual effects.

1-1-2 The feature of slot scan images
Regarding the blurring in slot scan images,

the width of the blur can be improved by

shortening the imaging time. On the other

Large <€ Blur >  Small

Long €= Exposure time =3  Short

Fig.5 Difference of blurred size a ‘ b ‘ c

The size of the blur is affected by the exposure time
(a) Large blur image, exposure time is long

(b) Middle blur image, exposure time is middle

(c) Small blur image, exposure time is short
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hand, the apparent contrast is also affected by
image quality caused by the tube voltage.
Therefore, the tube voltage must also be con-
sidered.

The relationship between image and X-ray
dose can be expressed as the photo effect (P.

E.) in the following equation:

PE=VDelet/ 12 (D,
where V is the tube voltage, n is the tube
voltage index (2—6), I is the tube current, t
is the imaging time, and r is the distance.

Equation (1) shows that when the imaging
time (t) is shortened, the image effects can be
kept constant by increasing the tube voltage
(V), and the image effects can be maintained at
a constant level. However, when the tube volt-
age (V) is increased, the image changes in de-
creasing contrast, owing to the change in the
X-ray image quality. This is the case for both
general radiographic imaging and slot scan im-
aging.

In general radiographic imaging, decreasing
the tube voltage and extending the imaging
time improves the contrast. On the other hand,
the contrast does not improve in slot scan im-
aging. This is because extending the imaging
time increases the blur and decreases the con-
trast in visual effects. If the imaging time is
shortened, the amount of blur is reduced, and
the contrast tends to improve. However, when
the tube voltage increases, the contrast drops
due to changes in the X-ray image quality.
Thus, there is a contradictory relationship be-
tween the imaging time and tube voltage with
respect to the change in image quality. To im-
prove the image quality of slot scan images, it
is insufficient to decrease the blur width; how-
ever, it is also necessary to consider the X-ray
image quality caused by the tube voltage. Since
a change in the blur is affected by both the
imaging time and the tube voltage, we define
this change as the amount of blur.

Therefore, it is assumed that an optimal com-

New Quantitative Calculation method of Contrast Values in Slot Scan Image

bination of the imaging time and tube voltage
can maintain an optimal visual contrast in slot

scan images.

1-1-3 Analysis of the amount of blur (contrast in
visual effects)

The profile curve (image) of the blurred area
is measured from an image obtained by slot
scan imaging (Fig.6a). While the density of a
still image abruptly changes, the density (sig-
nal value) of a slot scan image gradually chang-
es due to the effect of blurring, showing a
curve like that of an X-ray (Fig.6b). The curve
is characterized by a slight curve at first, reach-
ing a maximum near the center and reverting
to a slight curve.

Next, the rate of change is calculated by dif-
ferentiating the values obtained from the pro-
file curve. As shown in Fig.6c, the calculated
values are graphed as a spike-shaped graph for
the still image and a mountain-shaped graph
for the slot scan image.

From both graphs, the height value can be
considered the value when the concentration
change is at the maximum, defined as the con-

trast in the still image, and the contrast in a

Still Image blurred image
(Slot scan image)

(General image)

x ray chart

profile curve ; - /

contrast contrast

rate of change curve

Fig.6 Contrast analysis method
(@) measurement range on the chart
(b) profile curve by imagej
(c) rate of change curve (differential)

O‘U‘m
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visual effect is the contrast in the slot scan im-
age. We define the contrast value in a visual
effect as the Cp (contrast peak value) value.
Since the Cp value varies with the combination
of imaging time and the tube voltage, it can be
regarded as one of the image quality evalua-
tion parameters. By using the method de-
scribed above, the best value of contrast in vi-
sual effect is obtained from the combination of
imaging time and tube voltage, and the imag-
ing conditions (imaging time and tube voltage)
at that time are considered to be the optimal

imaging conditions for slot scan images.

1-2 Equipment and materials

- Fluoroscopy equipment: FPD-mounted X-ray
fluoroscopy equipment: SONIAL VI-
SION G4 (Shimadzu Corporation)

- Phantom: Water phantom (ph-40) 40 X 40 cm
(Kyoto Science)

- X Line chart: R-1 fluoroscopy chart

- Analysis tool: Image-J 1.48 (2014)

1-8 Acquisition of captured images
1-3-1 Preparing materials

The simulated materials for slot scan imaging
were made in a tough water phantom (hereaf-
ter called a phantom) with thickness as fol-
lows: 10, 15, and 20 cm. An X-line chart for the
control of fluoroscopy imaging accuracy (here-
after called an X-line chart) was placed on the

phantom. Figure 7 shows the layout.

1-3-2 Imaging conditions

There are 11 imaging conditions in combin-
ing the tube voltage with the imaging time and
was described as follows: 70 kV-25.0 msec, 75
kV-20.0 msec, 80 kV-16.0 msec, 85 kV-12.0
msec, 90 kV=8.0 msec, 95 kV-5.6 msec, 100
kV-3.6 msec, 105 kV-2.5 msec, 110 kV-1.8
msec, 115 kV-1.4 msec, and 120 kV-1.0 msec.

Regarding the setting, in order to obtain the
same image effect, the digital value (SS value)
was set under the condition of 400 (within *
15%), and the tube current was kept constant
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at 400 mA.

The measurement was performed three times
each and the average value was obtained. Ta-
ble 2 shows the imaging conditions.

Note) The SS value is defined as a value that is
inversely proportional to the incident X-ray
dose, as 200 when the incident X-ray is 1
mR.

1-3-3 Imaging

The slot scan radiography (11 ways) was
performed in an HS mode with the upper end
of the phantom as the imaging start point and

e LT

Phantom ,,S Wowes,:...

10, 15, 20cm

HETER i
L LR
S Tale

Lateral direction Front Direction

Fig.7 Arrangement of image acquisition a
(phantom and x-ray chart) b
(a) Phantom on the top of which the X-ray chart is
positioned

(b) llustrated arrangement of phantom and X-ray chart

Table 2 Imaging condition

Each combination of tube voltage and ex-
posure time keeps almost same SS value

Tube voltage (kV) Exposure Time (msec)
70 25.0
75 20.0
80 16.0
85 12.0
90 8.0
95 5.6

100 3.6
105 2.5
110 1.8
115 1.4
120 1.0
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A —————"—

A

LU AT AR AR

Head side
(Start point)

Foot side
(End point)

Fig.8 Scanning direction of slot scan technique
The arrow shows the scanning direction

the lower end as the end point. Figure 8 shows
the imaging situation. The X-ray chart is ar-
ranged so that the slit is perpendicular to the
advancing direction of the tube.

1-3-4 Measurement data

Since the image obtained from the slot scan
imaging is subjected to frequency processing,
such as dynamic range compression after
stitching processing, the projected image (raw
image) before processing was used for mea-

surement.

1-3-5

Figure 9 shows the measurement processing

Image analysis

method. Using the widest slit at the top of the
X-ray chart, profile curves were measured in
the scanning direction for adjacent parts with
different densities (blurred parts) in the direc-
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tion of the X-ray tube (Fig.9 a, b).

1-3-6 Rate of change measurement

The measured profile curve was converted
into a numerical value, and differential pro-
cessing was then performed to obtain the rate

of change (Fig.9¢).

1-3-7 Calculation of the Cp value

From the change in rate measurement results
obtained in 1-3-6, the maximum Cp value was
obtained for each phantom thickness.

2. Results

2-1
Figure 10 shows the Cp value for each imag-

Change to Cp value of the tube voltage

ing condition at each phantom thickness. It be-
came a mountain-shaped graph for each phan-
tom thickness. In addition, the Cp value was
different among the phantoms. Specifically, an
increase in phantom thickness causes the Cp
value to shift to the high voltage side, and the
Cp value becomes 440.499 for a phantom
thickness of 10 cm, 236.242 for 15 c¢m, and
96.830 for 20 cm. As for the value, an increase
in phantom thickness results in a lower opti-
mum Cp value. Table 3 shows the Cp values

for each imaging condition.

2-2 Blur width in X-ray chart

Fig.11 shows the slot scan image of the X-ray
chart. In the region of 0.5 LP/mm, the blur
width is large and non-identifying at the tube

0o 400 Cp value
\ (MAX)
120
\ 200
gwuo
0
a0
S SEETASNE R G
0 ‘ ADisleme(:\m) ] ‘ SO =+ =N Nmm
Fig.9 Measurement of the contrast peak value (Cp) from the slot scan image a ‘ b ‘ c

(a) X-ray chart (Black frame: Profile measurement area)
(b) Profile curve  (c) Rate of change (differential data of profile curve)
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Table 3 Contrast peak value (Cp) measurement
Op value Phantom thickness reSU|t
500.0 —@—10cm —@—15cm —&—20cm
4500 Tube  Exposure Cp Value
400.0 voltage time
30.0 [kV] [msec] 10cm 15 cm 20 cm
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‘ 105 25 395724 212733  96.830
Fig.10 Variation of Cp value with exposure 1o 18 808392 179.988 78.289
condition 115 1.4 308.392  172.301 74.025
120 1.0 257.417 148.798 62.535
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70 kV-25 msec 80 kV-16 msec

N

90 kV-8 msec 100 kV-3.6 msec 110 kV-1.8 msec 120 kV-1.0 msec

Fig.11 X-ray chart image (10 cm) according to the difference of imaging conditions

voltage of approximately 70—-80 kV. On the
other hand, at a tube voltage of 110-120 kV,
since the exposure time was shortened, the
blur width reduced, and the identification ca-

pability improved.

2-3 Imaging conditions and Cp value

The optimal combinations of imaging condi-
tions were, 95 kV-5.6 msec at a phantom thick-
ness of 10 cm, 100 kV-3.6 msec at 15 ¢cm, and

Table 4 Imaging condition with optimum Cp value

Phantom thickness Exposure condition

[em] [kV-msec]
10 95 kV-5.6 msec
15 100 kV-3.6 msec
20 105 kV-2.5 msec

42 & Journal of JART English edition 2021

105 kV-2.5 msec at 20 cm. The more the phan-
tom thickness increased, the more it shifted to
the high tube voltage and the short time expo-
sure side. Also, in each phantom, the Cp value
tended to be higher in the high tube voltage-
short time imaging range of approximately
95-105 kV than in the low tube voltage-long
time imaging range of approximately 70—-80 kV
(Table 4).

3. Discussion

3-1 On existence of Cp value

Regarding the optimal measurement of Cp
value, it became a graph with a mountain-
shaped peak in each phantom. For still images,
the lower the voltage showed a higher con-
trast, and the lower contrast at a higher voltage
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tend to decrease at a constant rate. On the
other hand, the slot scan image had a low Cp
value in the low tube voltage range, and better
results were shown in the high tube voltage
range. It is presumed that the quality of image
will improve by shortening the imaging time,
because the improvement of the identification
capability in the short time imaging-high tube
voltage range was also recognized as shown in
the X-ray chart in Fig.10. However, despite the
shortest imaging time, the Cp value did not
show the best value because it is affected by
the radiation quality caused by the tube volt-
age (Fig.10). From the above, it seems that the
Cp value is related to both the imaging time
and tube voltage.

3-2 Characteristics of Cp value (Part 1)

The Cp value tends to be high in the high
tube voltage range, but the Cp value changes
depending on the phantom thickness. As the
phantom thickness changed from 10 to 20 cm,
the optimum exposure conditions changed
from 95 kV-5.6 msec to 105 kV-2.5 msec. This
is the same as the general X-ray imaging area
and is similar to the fact that a low voltage is an
optimum condition for thin subjects and that
the thicker the subject, the higher the voltage
range. Regarding the exposure time, the fact
that the exposure time was different depend-
ing on the phantom thicknesses suggests that
the optimum Cp value cannot be determined
only by the exposure time. Inferring from the
apparent contrast, in the case of a thin phan-
tom, the Cp value changes predominantly in
the tube voltage, and it is considered that the
exposure time predominates as the thickness
increases. This is considered to be a character-
istic of the change in the apparent contrast in a
slot scan image. Furthermore, in clinical prac-
tice, the thickness of the subject varies from
person to person, so it is possible to estimate
the setting of the optimum conditions accord-
ing to thickness.
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3-3 Features of Cp value (Part 2 the viewpoint
of slot scan technology)

In general X-ray photography, when the
phantom thickness is 10-20 cm, the standard
tube voltage used is approximately 70—90 kV,
but the 95—-105 kV obtained in this study tend-
ed to be high. Therefore, slot scan photogra-
phy is performed continuously using a narrow
collimator with a width of 4 cm. For this rea-
son, the generation of scattered X-rays is mini-
mized even in a high voltage range. It is con-
sidered that the effect of scattered X-rays on
the contrast is insignificant even in a relatively
high tube voltage range.

This is considered to be a structural feature
of the slot scan technology.

3-4 Validity of evaluation by Cp value

In this study, the Cp value was assumed to
have the best visual contrast among the combi-
nation of exposure time and the tube voltage.
In order to maintain the same image effect, the
imaging conditions were set by estimating the
SS values, and the results were measured for
11-way different images, changing the long-
time exposure to low voltage to short time ex-
posure to high voltage. In other words, it is
considered that the image obtained from the
maximum Cp value is the image that maintains
the best apparent contrast, while the width of
blurring is caused by the exposure time, and
the X-ray imaging quality is caused by the tube
voltage change. In the slot scan image, differ-
ent Cp values were shown for changes in ex-
posure time, tube voltage, and phantom thick-
ness, indicating that the amount of blur chang-
es at a constant rate with respect to these
changing factors. The obtained Cp value is
considered to be a quantitatively changed val-
ue. From the above, it is considered that the
quantitative calculation of the contrast in the

slot scan image was suggested.

3-5 Possibility of Cp value

Since the automatic exposure control cannot
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be set in the slot scan technology, it is difficult
to set the optimum exposure conditions. As a
result, it is known that there are a few facilities
that take pictures due to the excessive dose. In
the future, based on this result, we consider
the possibility of quantitatively calculating the
superiority or inferiority of image quality, in-
cluding the possibility of CNR measurement.
The slot scan technology produces an image
that contains a negative factor called a blur.
However, the whole spine imaging is per-
formed in all age groups, and includes highly
radiosensitive areas, such as the mammary
spine and gonads. Nowadays, a single exami-
nation includes the standing (anterior-posterior
and lateral) and the recumbent imaging, and
regular (follow-up) imaging with overall doses
from other modalities will require radiation in
the future. It has the potential to increase the
risk of disability and increase the risk of can-
cer. Under such circumstances, this study
makes it possible to approach dose evaluation
and provide a foothold for dose reduction” ®.
We believe that the quantitative analysis of
blurred images obtained in this study can be
applied to the analysis of blurring and moving

images, such as moving images and pulse fluo-
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roscopy. We proposed a method to analyze
image blurring using slot scan technology and
proposed a quantitative calculation method in

image quality contrast.

4. Limit

In this study, we proposed a method to
quantitatively analyze the blurring factors in
slot scan images. However, we have not exam-
ined the evaluation of clinical images, and the
indication for test images remains unknown.

5. Conclusions

Images obtained from the slot scan technol-
ogy are blurred. By analyzing the blurring, we
established a new method to calculate the ap-
parent contrast (Cp value) quantitatively.
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[Abstract]

The conventional manual for surface contamination screening method following a nuclear disaster dictates that the
required screening processes should last for 3 minutes. However, the manual did not describe the specific procedure
that should be followed. As a result, surveyors performed many unnecessary operations, which, in turn, facilitated
increased fatigue and exhaustion. Therefore, the Yokosuka and Miura Radiological Technologists’ Association special
dispatch team for nuclear disasters devised the segment method with the purpose to screen populations at a rate
of 3 minutes per person. The segment method divides the whole body into six regions and screens in one-stroke
sketch manner. As a result, we were able to clarify the precise time allocation and to stabilize the operation speed.
Furthermore the segment method is easy to operate, prevents potential errors or omissions in the screening areas, and

also reduces the physical burden on the surveyor.

Introduction

The general anxiety regarding a nuclear di-
saster increased in Japan after the Tokai Village
JCO critical accident on September 30, 1999 V.
Yokosuka City has been a port of call for nu-
clear vessels of the US Navy since 1966 2, and
a nuclear fuel processing plant was built in
1967. Therefore, nuclear disaster crisis aware-
ness is acute, and safety measures against pos-
sible nuclear disasters are necessary in Yoko-
suka, especially since the Yokosuka Port was
designated as the home port of a nuclear-pow-
ered aircraft carrier in 2008 %.

The Yokosuka and Miura Radiological Tech-
nologists’ Association, a regional organization
of the Kanagawa Association of Radiological
Technologists, organized the Nuclear Accident
Screening Support (NAS) Team in 2004. This
team aims to conduct radioactive contamina-

tion screening, which is a necessary protective

measure in the event of a nuclear disaster. The
team was organized with the request of the
Yokosuka Medical Association, and its core
members are radiological technologists certi-
fied by the Japan Association of Radiological
Technologists (JART). The conventional manu-
al for screening of surface contamination of
people affected by a nuclear disaster ¥ states
that “screening is completed within 3 minutes.”
However, there are no details provided regard-
ing the screening process, thus, the speed and
moves tend to be ad hoc. Consequently, this
ambiguity is bound to induce prominent issues
when unnecessary moves are performed, which
can in turn render the process as significantly
more time-consuming than what was antici-
pated but also result in surveyor’s exhaustion.
Another manual » describes the speed with
which the probe should move and a rough or-
der of the body parts to be measured. How-

ever, the precise time that is required to screen
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the total body is not provided. Therefore, in
this article we report a screening method that
we developed where “screening of one person

in 3 minutes” can be certainly implemented.

1. Methods (design guidelines)

The following design guidelines were used
to standardize a consistent screening method
for a single person over 3 minutes. The seg-
ment method was designed based on the fol-
lowing guidelines:

@ Clarifying the time allocation

@ Stabilizing operation speed

® Simple operation

@ Preventing omissions in screening regions

® Alleviating physical burden on the surveyor

1-1. Clarifying time allocation and stabilizing
operation speed

To clarify the time allocation and stabilize
the operation speed, the total body surface
was split into six segments for screening. Each
segment and its screening time are shown in
Fig.19.

The first segment involves the front of the
head, face, neck, and shoulder, whereas the
second segment includes the front of the up-
per body, including the upper limbs. Further-

more, the third and fourth segments include

the front of the lower body and the rear of the
head and upper body, respectively. Finally, the
fifth and sixth segments involve the rear of the
lower body, including the sole of the shoes,
and regions that need additional care, such as
the palm and back of the hands, respectively.
The regulated screening time for each segment
is 20, 40, 30, 30, 30, and 30 seconds, respec-
tively, which collectively results in a total screen-

ing time of 3 minutes.

1-2. Simple operation and preventing omissions
in screening regions

Fig.2 shows the screening method devel-
oped. To ensure that this operation will be
simple and to prevent omissions in screening
regions, a one-stroke sketch procedure is ad-
opted where scanning is performed sideways
toward the lower body. Subjects place their
upper limbs toward their bodies and bend the
back of their hands slightly forward. The sur-
veyor screens sideways in one stroke from face
to right shoulder, right side of the head, top of
the head, left side of the head, and left shoul-
der. Consequently, the surveyor screens the
front of the upper body, including the upper
limbs and palm of the hands, and then the
front of the lower body while squatting. The
sides of the upper limbs are screened together
with the front during this procedure. Screening

15t segment
20sec
4'h segment
2nd segment S0sec
40sec
rd
3rd segment 5h segment
30sec 30sec

Fig.1 Screening time for each segment
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Fig.2 Screening method for the front and both
sides of the body

is continuously performed from the upper half
to the lower body and along both sides toward
the toes.

Following screening of the front of the body,
subjects are asked to turn around. The survey-
or screens their lower body, including the sole
of the shoes, and their upper body, and then
their head while standing up. Finally, subjects
are asked to raise both their hands, and the
screening process then focuses on the inner
sides of the upper limbs, both armpits, both
sides of the belly, and then on the regions that
need additional care, such as the palm and the

back of the hands, as necessary (Fig.3).

2. Results

2-1. Clarifying the time allocation and stabiliz-
ing the operation speed

Conventional screening methods did not
provide any predetermined details or protocols
regarding the screening procedure, and the
speed and moves tend to be ad hoc. Therefore,
the precise definition and designation of the
time required for screening each segment clar-
ified the time allocation and stabilized the
speed with which the survey meter should
move. An easy-to-understand video describing
the procedure is provided at the Yokosuka and
Miura Radiological Technologists’ Association

website ©.

2-2. Simple operation and preventing omis-
sions in screening regions

A one-stroke survey meter operation results
in a simple and efficient screening process
where all necessary areas of the human body
to be scanned are covered, while at the same
time eliminating any unnecessary operations.
Three members of the NAS team participated
in the first dispatch team of the JART respond-
ing to the Great East Japan Earthquake and the
nuclear disaster at the Fukushima Daiichi Pow-
er Plant of Tokyo Electric Power on March 11,

2011 (Fukushima nuclear accident). However,

Head and
upper body (rear)
30sec

Lower body (rear)
also the soles
of feet
30sec

Bujuaa4ds UM puers

Flank,etc.
30sec

- =

Fig.3 Screening method for the rear and other parts of the body
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the on-site screening level in this disaster relief
mission was significantly altered. The affected
area was substantially larger, and the number
of affected individuals was so immense that
the individual scanning process should have
been completed in approximately one and a
half minutes, as opposed to the conventional 3
minutes. Adjustment to these requirements dic-
tated the use of the one-stroke segment meth-
od that doubled the screening speed in an ef-
ficient manner. The 3-minute segment method
has a screening speed of approximately 3-6
cm/s, whereas the one and a half-minute meth-
od can screen twice as fast, i.e., 6-12 c¢cm/s
(Fig.4).

2-3. Alleviating physical burden on the surveyor

The conventional screening manual did not
elaborate on the exact body region that needs
to be screened nor did it provide any instruc-
tions regarding the order of screening that
needs to be followed. Therefore, the surveyor
had to squat several times when moving the
survey meter up and down. Prior to the Fuku-
shima nuclear accident, the segment method
required screening in a one-stroke direction,
thus the number of squats was reduced to only
two. However, two squats per screening in-
duced a prominent burden on the surveyors

because the number of affected individuals in

the evacuation zone of the Fukushima nuclear
accident was significant high. As a result, based
on our experiences from the Fukushima nucle-
ar accident, the initial screening of the fifth
segment and then of the fourth segment while
standing up manages to reduce the number of
squats to one, thereby further reducing the
burden on the surveyor. The one-squat meth-

od was then defined as the segment method.

3. Discussion

The segment method has demonstrated its
applicability and flexibility in nuclear disaster
situations. However, contamination from the
Fukushima nuclear accident can be described
as an exceptional situation, thus the segment
method should, in principle, be performed
over 3 minutes, as outlined in the manual. The
screening level required for a whole-body de-
contamination process was elevated for the
evacuation zone of the Fukushima nuclear ac-
cident, and contamination levels requiring sim-
plified decontamination ”, namely partial wipe-
off decontamination, were easily detectable.
The survey meter reading started to increase
even before initiating any measurements to de-
termine the decontamination level, and all in-
dividuals successfully participated in the “one

and a half-minute method” scanning process in

10sec
4th segment

15sec

[
IIlIll-j—-
BsveymVEE= "
1enbs

i
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.
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Fig.4 Segment method-One and a half-minute version
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Table 1 Screening results from the first dispatch team

Date . .
©011) Screening location Number of people
Mar.16 Koriyama Gymnasium 140 140
Koriyama City 510
Mar.17 ) 1,334
Tamura City 824
Koriyama Gymnasium 360
Tamura Gymnasium 87
Ogoe Gymnasium 138
Mar.18 . . 1,199
Takine Gymnasium 256
Denso east Corporation (Tamura City) 100
Old Ishimori Elementary School Gymnasium 258
Koriyama Gymnasium 665
Old Haruyama Elementary School 517
Mar.19 . . 1,489
Tokiwa Gymnasium 217
Tokiwa Health Center 90
Tamura Gymnasium 321
Mar.20 Koriyama big palette 220 859
Koriyama Gymnasium 318
Total 5,021

the Fukushima nuclear accident. The first dis-
patch team of the JART managed to screen
5,021 residents affected by the Fukushima nu-
clear accident over a period of 5 days, from the
16™ to 20™ of March, 2011 (Table 1) ®.

Among the 12 surveyors, five individuals,
i.e., three NAS team members and two mem-
bers of the Kanagawa Prefecture Radiation
Safety Manager Committee that worked togeth-
er with the NAS team had already practiced in
the segment method. More specifically, each
surveyor had screened approximately 80 peo-
ple based on a simple average. Continuous
squatting during this process can be extremely
straining, thus the standardization of the screen-
ing method minimized the number of squats
performed and reduced the inflicted burden
on the surveyors. In addition to those dis-
patched by the JART, surveyors in the NAS
team conducting screening for the Fukushima
nuclear accident included two individuals dis-
patched from hospitals and two individuals
that were requested by the Ministry of Health,
Labor and Welfare. A nuclear power plant ac-
cident, as in this case, where the extent of the
affects population requiring screening is very

large, translates into a situation where one sur-
veyor is responsible to screen a high number
of people over several consecutive days. There-
fore, the significance of the segment method
was that it demonstrated its applicability and
usefulness in terms of reducing the burden on

SUrveyors.

4. Conclusions

We developed a segment method that pro-
vides solid instructions for screening individu-
als in case of a nuclear disaster, such as a nu-
clear power plant accident, in the future. The
whole body is divided into six regions (seg-
ments) and it is screened in a one-stroke
sketch. The advantages of this procedure are
that it clarifies time allocation, stabilizes the
operation speed, it is easy to operate, prevents
potential errors or omissions in screening re-
gions, and alleviates the physical burden on
the surveyor. This segment method demon-
strated its ability but also its flexibility in terms
of reducing the screening times in the Fuku-
shima nuclear accident, where the scale and
ratio of screening had significantly changed.
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Moreover, the segment method contributes to
a distinct burden reduction of the surveyors
conducting screening processes that need to
include greater populations. Therefore, the
segment method should be adopted as a stan-
dard screening procedure in case of a nuclear

disaster.
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[Summary]

In recent years, through questionnaire surveys, the importance of radiographic assistance in interpretation for
medical examinations and emergency care has become clear. However, there have been no reports on radiographic
assistance in interpretation in general imaging in daily practice, where it is considered to be the most frequently
used. Therefore, we constructed a radiographic assistance in interpretation for general imaging, using the image
reproduction function. As a result, we could prevent the oversight of abnormal findings in three cases out of a total
of 57 cases, in which image replication was performed within 1 year, from September 1, 2017 to August 31, 2018.
These facts suggest that the radiographic assistance in interpretation provided by medical radiologists, who use the
image reproduction function, also plays a role in double-checking general imaging work in daily practice, revealing its

usefulness.

Introduction

In recent years, although the sophistication
and specialization of medical care have in-
creased, a critical shortage of physicians has
become a challenge.

Therefore, in April 2010, the Director of the
Ministry of Health Labor and Welfare of the
Health Policy Bureau notified regarding the
promotion of medical team V.

In accordance with this, “it should be en-
couraged to utilize radiologists clarifying that
they can assist in the reading of diagnostic im-
ages and provide explanations and consulta-
tions about radiological examinations” the law
was amended to make recommendations for
the active use of the radiologists and expan-
sion of their duties.

Accordingly, the studies on the assistance in
image interpretation by radiologists, question-
naires on such assistance, and their usefulness
had been conducted 2.

Although we are a clinic with beds that do

not provide emergency care and medical ex-
aminations, we have experienced requests for
imaging advice from the requesting physicians
in the course of our daily general radiology
work, and we became aware of the need for
assistance in image interpretation of general
imaging.

However, the reports have been on reports of
gastrointestinal contrast imaging, ultrasonogra-
phy, mammography, etc., and holiday and noc-
turnal computed tomography (CT) and mag-
netic resonance imaging (MRD in the field of
emergency medicine >, the assistance in im-
age interpretation by radiologists in the field of
general radiography in daily practice has not
been reported.

In this study, we reported the usefulness of
image replication as a method of assistance in
image interpretation for general radiography.

Equipment

The image processing equipment Console
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Sent to PACS

Displays only the
processed image

Processed image

Original image

Displays both the original
and processed images

o)

Fig.1 The explanation for the image reproduction function

(@) Not using the reproduction function
(b) Using the reproduction function

Advance (DR-ID300CL [Version 10]. Fujifilm)

was used.

What is image replication function?

Image replication function creates an image
of unique identifier (UID) that is different from
the original image. The replicated and original
images are processed by a radiologist and
stored as separate images in picture archiving
and communication system (PACS).

In traditional image processing, the original
image is overwritten by the processed image

52 @ Journal of JART English edition 2021

because the UID are the same (Fig.1-a).

However, in the image replication function,
the replicated image is given a new UID and
can be displayed as a different image than the
original (Fig.1-b).

Methods

Arrangements for the use of image replication

function

To avoid an unnecessary increase in the
number of images due to replication and the
time required for physicians to check the im-
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ages, we discussed with our full-time physi-

cians (N=2) and determined for image replica-

tion as follows.

1. A lesion contrary to the patient's complaint
(non-examining side).

2. Neoplastic lesions (soft tissue masses, bone
tumors, etc.), and foreign bodies.

3. An oversight at another hospital (Radio-
graphs at other hospitals were diagnosed as
normal; however, our radiographs demon-
strated a lesion).

4. The presence of a lesion at a distance from
the painful area.

The images were replicated for these four
items, and the images were processed accord-
ing to the purpose of each item (for example,
magnification of the lesion site by partial crop-
ping, the addition of markers to the lesion, and
adjustment of the density of soft tissue condi-
tions).

1. Classification and calculation of the cases with
image replication
The number of cases of image replication
during a year from September 1, 2017, to Au-
gust 31, 2018, when this system was first im-
plemented, was classified into the above cate-

gories (1-4) and calculated.

2. The predicted number of missed imaging diag-
noses in the absence of assistance in image
interpretation by replication image
With the help of our full-time physicians

(N=2), we calculated the number of cases pos-

sibly missed in the absence of image replica-

tion.

3. Evaluation of the assistance in image interpre-
tation with image replication
Our full-time physicians (N=2) were asked to
evaluate and give their opinions on the use of
the image replication function to the assistance

in image interpretation for 1 year.

Results

1. Classification and calculation of cases with im-

age replication

A total of 57 cases were replicated during the
period from September 1, 2017, to August 31,
2018, and tumor lesions and foreign bodies
were the most common items (46 cases). The
least common item was an oversight at another
hospital (2 cases) (Fig.2).

2. The predicted number of missed imaging diag-
noses in the absence of assistance in image
interpretation by replication image
The number of missed cases avoided by the

assistance in image interpretation with the im-

age replication feature was 3 out of 57 cases

per year.

3. Evaluation of the assistance in image interpre-
tation with image replication

Our full-time physicians (N=2) had the fol-

lowing opinion on the use of image replication
to assist in image interpretation.

1. Lesion recognition and explanation of the
lesion to the patient became easier.

2. The time and effort required for image ma-
nipulation (density adjustment and magni-
fication) on PACS were reduced.

3. Reduced the risk of missed lesions.

The following evaluations and opinions were

given.

Typical clinical examples of image replica-

4cases  Hcases B
=1. Acaseof a contralateral lesion

2cases

=2 Tumor lesions (soft-tissue tumors,
bone tumors, etc.) and foreign materials

m 3. Overlooked at another hospital

4, Lesionsin areas away from the pain
site

Fig.2 Number of cases of image reproduction
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Zoomed cut-out of
a reproduction image

Original image

Fig.3 A case of a contralateral lesion
Chief complaint: right hip joint pain

Original image

Zoomed cut-out of
a reproduction image

Fig.4 Lesions in areas away from the pain site
Chief complaint: inside left knee pain

tion are shown in Fig.3 and 4.

Fig.3 demonstrates hyperpenetration in the
left femur (white circles in the figure) opposite
to the site of the chief complaint on the right
hip pain, which is replicated, cut out, and en-
larged.

In Fig.4, a patient complained of medial left
knee pain; however, since a neoplastic lesion
(white circle in the figure) was observed on
the fibula, the image was replicated, cut out,
and enlarged.

Discussion

In the past, these cases of image replication
required the physician to change the window
level and window width and to enlarge the im-
age for a patient explanation, which made the

54 # Journal of JART English edition 2021

physician’s work more complicated. However,
if the radiologist uses the image replication
function to change the window level and win-
dow width to suit the patient’s needs, the phy-
sician can eliminate the procedure and reduce
the burden of examination work.

Also, the most important aspect of the assis-
tance in image interpretation was the oversight
of abnormal findings. The failure to recognize
abnormal findings accounts for approximately
80% of diagnostic imaging errors 7.

In our hospital, to prevent errors in imaging
diagnosis, if an abnormal finding is found
when the radiologist takes pictures or confirms
images, the radiologist goes to the examination
room or confirms with the physician over the
telephone.

However, in a small facility, a single physi-
cian needs to examine and treat patients by
himself, which often results in a lack of com-
munication and work stagnation.

However, since the start of the image replica-
tion function, the physician can check the im-
ages added by image replication and contact
the radiologist in charge only when necessary
to confirm the abnormal findings.

From these observations, it is considered that
the pickup of abnormal findings by the image
replication function by radiologists can effi-
ciently double-check to prevent oversight, and
it is an important factor in reducing diagnostic
imaging errors % .

Additionally, this kind of assistance in gen-
eral radiography may promote the importance
of recruiting radiologists in small facilities that
do not have large equipment (e.g., CT, MRD),
that do not provide nighttime or emergency

care.

Conclusion

The assistance image interpretation in gen-
eral radiography using the image replication
function was useful for preventing oversight

and improving work efficiency.
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[Abstract]

Semiconductor rectal dosimeters are useful for patient monitoring during brachytherapy. Many authors have
reported a variety of characteristics such as a decrease in sensitivity with irradiation history. Additional characteristics
such as the dose rate dependence, dose per pulse dependence, sensitivity variation with temperature, dose linearity,
and directional dependence have also been reported. However, the trend of these characteristics with irradiation
history has not been well investigated. Approximately three years have passed since we introduced a new n-type
silicon semiconductor rectal dosimeter in our hospital. Therefore, the purpose of this study is to investigate sensitivity,
dark current noise, dose rate dependence, sensitivity variation with temperature of the semiconductor rectal dosimeter,
and changes in the characteristics with brachytherapy irradiation history.

An n-type silicon semiconductor rectal dosimeter system (Intracavitary Detector IDF-5 channels) was used in this
study. Measurements were performed with a High Dose Rate (HDR) Iridium-192 brachytherapy source. The radiation
source was placed between the semiconductor detector and the Farmer-type ion chamber in a water phantom system.
The ratio of the reading by the semiconductor dosimeter to the absorbed dose by the Farmer chamber as a reference
was defined as the sensitivity index value of the semiconductor. Several characteristics were investigated by evaluating
their sensitivity index.

For all the channels, the relative sensitivity decreased to approximately 0.92—0.95, with an irradiation history of
approximately 200 Gy. Dark current noise values tended to converge towards zero according to the irradiation history.
Dose rate dependence for HDR source strength was not observed, and it was not related to the irradiation history.
Although there was sensitivity variation with temperature, it was small after irradiation history.

The identified characteristics may affect the actual measurement results. However, when sensitivity calibration is
performed under appropriate conditions, they can be effectively used for rectal dose monitoring during brachytherapy.

dimensions, simple instrumentation and the

1. Introduction

absence of bias voltages. As such, they are

Real-time monitoring of rectal dose is es-
sential for intracavitary brachytherapy in the
treatment of gynecological malignancies .
Monitoring is used to ensure that the treatment
is accurately performed with the intended dose
distribution. In addition, if administration dif-
fers from the intended dose and an unexpect-
ed dose increase to risk organs is identified, it
is possible to respond promptly *" .

In our hospital, an n-type silicon semicon-
ductor rectal dosimeter is used for real-time
monitoring. Semiconductor dosimeters pro-

vide real-time readout, high sensitivity, small
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well-suited for in-vivo measurements during
treatment .

However, as a physical phenomenon, when
radiation is incident on the detector, excessive
electron-hole pairs are created throughout the
semiconductor. Minority carriers (holes in n-
type) are swept across the junction by built-in
potential and are measured by an electrometer.
The minority lifetime of the carriers affects
the sensitivity of semiconductors with irradia-
tion history integrated dose, although this is
dependent on the electrical properties of the
semiconductor crystal and adversely affects the
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minority carrier lifetime >”. These phenomena
in semiconductor dosimeters cause various
characteristics.

Previous studies on semiconductors ¥ ¥
have revealed that they exhibit a variety of
characteristics such as a decrease in sensitivity,
dose rate dependence, dose per pulse depen-
dence, sensitivity variation with temperature,
dose linearity and directional dependence.
However, there is limited research on the de-
pendence of the characteristics on the irradia-
tion history with the exception of sensitivity
decrease 'V

Therefore, in this study, we investigated
characteristics that could be observed over
the long term, such as the sensitivity change
and the change in the dark current noise with
irradiation history. In addition, the dose rate
dependence and its change, and sensitivity
variation with temperature and its change were
investigated for a semiconductor rectal dosim-

eter.

2. Materials and Methods

2-1 Experiment setup

The measurements were performed with a
High Dose Rate (HDR) Iridium-192 (denoted
hereafter as Ir-192) brachytherapy source
(microSelectron-v2 HDR Ir-192; Nucletron B.V.,
Veenendaal, The Netherlands). The unit was
equipped with an Ir-192 source with an aver-
age apparent activity of 370 GBq. The source
was replaced approximately every six months.

A 5-channel n-type silicon semiconductor
dosimeter system (denoted hereafter as semi-
conductor dosimeter) is the subject of this
study. The semiconductor dosimeter was an
Intracavitary Detector IDF-5 (IBA Dosimetry,
Schwarzenbruck, Germany) and was connect-
ed to a DPD12pc electrometer (IBA) to mea-
sure the dose. It consists of a flexible probe
structure and rectal interstitial type with five
semiconductors channels placed 20 mm apart.
The probes were connected to a computerized

Long Term Characteristics Change of n-type Semiconductor Rectal Dosimeter

control system. A computerized control sys-
tem is a combination of an adapter, personal
computer, and software. The reading value
was output in units of 16 bits ADU. ADU is an
analog-to-digital conversion unit that facilitates
the monitoring of ionization output using a
personal computer.

Fig.1 (@) shows the schematic of the experi-
mental setup in a modification of the so-called
sandwich method . A water phantom system
(IDF-Calibration Phantom, IBA) consisting of
water cubes of 20 x 20 X 20 cm’ in size was

used. The Ir-192 source was sandwiched using

IDF-calibration phantom

Channel 1
Channel 2

Channel 3 Iridium | |source 0

— 8m —js— 8m —
Channel 4

Channel 5

Semiconductor Farmer
(5 channels) chamber
Catheter
(@)
Thermometer
IDF-calibration phantom I
Water
PMMA sleeves

Semicon-
gt Catheter ~ chamber

Heated water bath

Heater

(b)

Fig.1 A schematic diagram of the experimental
setup, (a) coronal plane and (b) axial plane.
The two detectors were positioned in a wa-
ter phantom with sleeves at a distance of 8
cm on either side of the Ir-192 source. The
water phantom temperature was maintained
using heated water.
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the semiconductor detector and Farmer-type
ionization chamber (PTW-30013, Freiburg,
Germany). As shown in Fig.1 (b), both detec-
tors were fixed using a poly-methyl methacry-
late (PMMA) sleeve. Both sleeves were located
in a phantom system with a separation of 8
cm each from the Ir-192 source. The phantom
was immersed in a water bath heated by a
heater. This allowed the preset temperature
to be maintained with an accuracy of £0.2°C.
For all measurements, a current was applied 1
hour before the start of the measurement and
pre-irradiation was performed for 15 minutes
immediately before the measurement.

All measurements were read simultaneously
by the semiconductor and the farmer as a ref-
erence. The ratio of the reading by the semi-
conductor dosimeter to the absorbed dose by
the Farmer chamber as a reference was defined
as the sensitivity index value. This is the same

principle of diode sensitivity calibration '*.

2-2 Sensitivity index and Ir-192 dosimetry

Both detectors were irradiated for 15 min
with an Ir-192 radiation source, as shown in
Fig.1. To minimize the influence of the tran-
sition time, the preset time was 15 minutes
(maximum time). The measurements were
repeated three times and the background was
measured as dark current noise without a ra-
diation source.

Referring to equation [14], for diode sensitiv-
ity calibration, the sensitivity index (denoted
hereafter as SI) is expressed as:

— Ractual[ADU]
SI = p Ir=192 [cGy] (1)

water

D Ir=192 i determined from Farmers ab-

sorbed dose to water with the Ir-192 source:
D \aier= MN§5 *ky (2)

M is the chamber readings measured with
the Ir-192 source, which is corrected for tem-
perature and pressure, ion recombination, and
polarity '”. &, is the beam quality conversion
factor for Co-60 to Ir-192 sources, as indicated
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in the work by Araki et al 7.
R, 1s the actual reading from the semicon-
ductor dosimeter with the background sub-

tracted.
Ractual = Rraw - Rbackground (3)

R, is the original raw reading and R,.ceouma
is the background noise. R,.cipomaWas mea-
sured as dark current noise without a radiation
source. It was measured for 15 minutes in the

same manner as the radiation source.

2-3 Evaluated characteristics
The following four characteristics were ex-
amined in this study.

2-3-1 Sensitivity change with the irradiation
history

Sensitivity change with irradiation history
was examined using SI over a three-year period
and assessed as a relative value with the first S7
value at the introduction of the semiconductor
dosimeter set to 1.00. SI was measured at the
time of introduction and thereafter periodically
approximately every six weeks. The irradiation
history recorded all irradiated doses in clinical

use and experiments.

2-3-2 Change of dark current noise with the
irradiation history

The background was measured as dark
current noise without a radiation source. As
shown in equations (1) and (3), dark current
noise was measured each time SI was mea-
sured. Similar to the sensitivity change, dark
current noise changes were observed with ra-
diation history over a 3-year period.

In addition, Ryucigrounad/ Raw at each source
strength was evaluated as a ratio of the dark
current to determine the effect of the dark cur-
rent noise on the source strength. This is the
ratio of the dark current to the total reading
of the semiconductor dosimeter including the
dark current noise, which indicates the degree
of uncertainty if this value is not accurately
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quantified. The maximum source strength for
the three years holding the radiation source

was defined as 1.0 and compared.

2-3-3 Dose rate dependence and its change

The dose rate dependence for the sensitivity
of the semiconductor dosimeter was evaluated.
The ST investigated in the 2-3-1 study was eval-
uated for each dose rate. Furthermore, the first
year of the evaluated three years was classified
as “Initial” and the third year as “Irradiated”.
The dose rate at the time of maximum source
strength for the three years holding the radia-
tion source was defined as 1.0.

2-3-4  Sensitivity variation with temperature and
its change

To investigate the sensitivity of the semicon-
ductor dosimeter dependence on temperature,
SI was measured while changing the water
temperature. Using the geometry shown in
Fig.1, the temperature was set to 40, 38.5, 37,
35.5, 34°C with the body temperature set to
37°C 'Y, Temperature and pressure correction
was only performed for the farmer chamber
reading. The sensitivity at a temperature of
37°C was normalized to 1.00 and the correla-
tion with the sensitivity to temperature was
observed. The temperature coefficient, defined
as (dSI/dT) where SI is the sensitivity index and
T is the temperature, was then determined via
linear regression of the data. The temperature
coefficient is expressed as 1%/°C as an ST in-
crease per unit temperature.

This experiment was performed at the time
of the new introduction. This is defined as “Ini-
tial”. In addition, approximately 2 years after
the irradiation history, the experimental pro-
cedure was repeated at almost the same dose
rate. This is defined as “Irradiated”. The two

results were compared.

Long Term Characteristics Change of n-type Semiconductor Rectal Dosimeter

3. Results

3-1 Sensitivity change with irradiation history
[Fig.2 (a)—(e)] shows that sensitivity change

for the irradiation history for each semiconduc-
tor detector channel. The x-axis represents all
the irradiation history doses over a three-year
term. The y-axis represents the relative SI.

The scale of the x-axis varies from channel
to channel for clinical use, and the geometry is
shown in Fig.1. The SI decreased to approxi-
mately 0.92—0.95 with an irradiation history of
200 Gy. Notably, an initial exponential reduc-

tion was observed.

3-2 Change of dark current noise with the
irradiation history

The change of the dark current noise of the
semiconductor dosimeter is shown in Fig.3.
The y-axis represents the dark current noise at
a given time. With respect to the dark current
noise, individual differences among channels
of the semiconductor detector were observed.
Channel 3 had the highest dark current value.
Negative currents were observed in channels
2 and 4. The dark current noise for channel 5
only from the time of introduction was almost
zero. For the channels 1-4, the dark current
noise converged to 0 from the introduction
time.

Fig.4 shows the scatter plots of Ry iground/
R, versus the relative source strength. When
the source strength was approximately 0.2,
the percentage of dark current noise was ap-
proximately 6%. When the source strength is

approximately 0.7 or more, it is 1% or less.

3-3 Dose rate dependence and its change
[Fig.5 (a)—(e)] shows the result for the dose
rate dependence. The y-axis represents the
relative ST and the x-axis represents the relative
dose rate. The white dots represent “Initial”,
and the black dots represent “Irradiated”. As a
rough estimate, the dose rate 1.0 corresponds
to approximately 6.85 Gy/h and the dose rate
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0.2 corresponds to approximately 1.45 Gy/h.
At dose rates in the range of 1.45 Gy/h to 6.85
Gy/h, there is no correlation between the dose
rate and SI both during the “Initial” and “Irra-
diated” term. Moreover, even when the term
and the term are compared, there was no clear
result that was common to all semiconductor

detectors channels.

3-4 Sensitivity variation with temperature and
its change

As shown in [Fig.6 (a)-(e)], the results are
plotted as the S versus temperature. The white
dots represent the “Initial” whereas the black
dots represent “Irradiated”. For all semiconduc-
tor detectors channels, the temperature coef-
ficient was 0.2—0.4%/°C at the initial stage of
introduction. However, it was 0.1%/°C or less

after the irradiation history.
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4. Discussion

Semiconductor dosimeters must be quanti-
fied under any clinical conditions for intracavi-
tary brachytherapy to maximize their accuracy
and clinical utility. Without accurate sensitivity
calibration, it is not possible to determine if
a reading is due to abnormal dose values or
other errors. In this study, we focused on the
sensitivity and dark current noise, dose rate,
and temperature of the detector.

Regarding the decrease in the sensitivity as-
sociated with the irradiation, the result was
in agreement with previously reported find-

ings D-7), 13)

, indicating an initial exponential
reduction, which subsequently slowed down.
From the experiments, it was determined that
there was the sensitivity decreased to approxi-
mately 0.92-0.95 with irradiation. According
to the guidelines of the American Association
of Physicists in Medicine (AAPM) task group
No.138, 3.4% of the total dose calculation un-
certainty of high-energy HDR is recommended,
and a 5-8% decrease is not negligible because
it is higher than . Therefore, sensitivity cali-
bration is required before use. Then, it is nec-
essary to record the change in sensitivity over
time and observe that the sensitivity gradually
becomes moderate. To accomplish this, the
historical irradiated dose delivered to the de-
tector must be recorded if possible.

There are limited publications on dark cur-
rent noise. In addition to the aforementioned
phenomenon that the sensitivity with the Ir-
192 source decreases with the irradiation his-
tory, the response to dark current noise also
decreases. It has been determined that some
semiconductor channels have a negative dark
current noise. In addition, when the source
strength was low, (i.e. before source replace-
ment), the ratio of the dark current noise ex-
ceeded 6%, and it was not negligible, given
that it exceeded the uncertainty 3.4% set by
the AAPM as in the aforementioned sensitivity
decrease. Depending on the treatment plan,
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the rectum may be far away from the iridium
source and there may be channels that receive
little or no radiation. Therefore, it is necessary
to quantify the zero signal as exactly zero.

Investigations at high dose rates of 60 Gy/h'?
were not feasible in this study. The dose rate
dependence at rates from 1.8 Gy/h to 2.4 Gy/h
has been reported as negligible . In addition,
a dose rate dependence was not observed
at dose rates of 1.4 Gy/h to 6.8 Gy/h in this
study. The results were the same for “Initial”
and “Irradiated”. As such, the decrease in the
source strength due to the decay of the 1r-192
source with an average apparent activity of
370 GBq can be interpreted as not affecting
the accuracy of sensitivity calibration. In other
words, there was no dose rate dependence
and no change due to irradiation history.

In terms of the sensitivity variation with tem-
perature, for the case of “Initial”, the result was
in agreement with reference ®'". Furthermore, it
was determined in this study that the tendency
becomes moderate with irradiation. Thus, it was
considered that temperature dependence re-
duced with irradiation. However, it was challeng-
ing to determine whether the temperature of the
element was owing to the temperature depen-
dence of the electronic circuit system, and it can
only be considered to affect the final reading. In
actual clinical dose monitoring, the detector is
inserted into the rectum. Therefore, it is desirable
to perform sensitivity calibration while accurately
maintaining the phantom temperature at 37°C,
especially when irradiation is initially low.

For all the characteristics of the semiconduc-
tor dosimeter, the results show that there are no
large individual differences among the 5 chan-
nels. In actual clinical practice, there are cases
in which treatment is performed over multiple
fractions and the insertion position of each frac-
tion into the rectum may be evaluated based
on the ratio of the measurement values of the 5
channels. Therefore, the absence of individual
differences is a very important characteristic.
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5. Conclusion

In this study, we examined characteristics
that were evaluated using a semiconductor
rectal dosimeter over a three-year period. The
sensitivity changed with irradiation history
and it was determined that there is a sensitiv-
ity variation with temperature, which changed
with irradiation history.

It should be noted these characteristics may
affect the actual measurement results. How-

ever, when sensitivity calibration is performed
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[Abstract]

Around 10 years ago the Japan Medical Imaging and Radiological Systems Industries Association (JIRA) published
a checklist to be followed at start-up and end-of-work of radiation-related equipment. However, recent angiography
systems are diversified in model and function, and there is a possibility that the daily inspection being performed as
per the published inspection table is insufficient. Upon investigating the daily inspection table of each facility, we
observed that 13.5% of the apparatuses use the JIRA inspection table, and the contents and quality of inspection are
diverse.

In this study, we developed a daily inspection table with respect to the currently used models and applications for
the purpose of correcting the disparity in daily inspection protocols among facilities and standardizing the daily quality
control of systems. We propose that incorporation and implementation of the inspection items described in this study

can improve the quality control output.

Introduction

Since the partial revision of the Medical Care
Act in April 2007 ', medical institutions are re-
quired to ensure the efficiency and safety of
management systems for drugs and medical de-
vices. Under this revision, the Japan Medical Im-
aging and Radiological Systems Industries Asso-
ciation (JIRA) has released information regard-
ing the appropriate maintenance of radiation-
related systems, such as the inspection table ?
and the guidelines for equipment delivery?.

Since then, a study on inspection items for
the maintenance and safe use of cardiovascular
imaging systems ¥, and a specific guideline for
the use and maintenance of the examination
and treatment equipment in cardiovascular
care ® have proposed distinct methods for start-
up and end-of-work inspections. However, in
recent years, angiography systems have be-

come significantly diverse so as to include
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models equipped with computed tomography
system (hereinafter IVR-CT), cone beam CT
(hereinafter CBCT), and those compatible with
operating rooms (hereinafter hybrid). There-
fore, each facility has been devising ways to
review and anticipate for items that are not
specifically presented in the JIRA’s start-up and
end-of-work inspection table. In this study, we
report the inspection table which we have de-
vised according to the models currently in use.
Furthermore, we discuss and highlight its pur-
pose that intends to rectify the current dispari-
ties observed among facilities by standardizing
the daily quality control procedures.

Materials and Methods

1. Collection of start-up and end-of-work in-
spection items
We collected inspection items from the start-
up and end-of-work checklist for angiography
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systems used at each facility. All inspection
items were collected from checklists submitted
by candidates who took their 2017 certification
examinations through the Japan Professional
Accreditation Board of Radiological Technolo-
gist for Angiography and Intervention and ap-
plicants that are currently renewing their certi-
fications. Next, we compared the collected in-

spection items with those of the JIRA.

2. Selection of start-up and end-of-work in-

spection items

The inspection items were shortlisted based
on the guidelines for equipment delivery for
cardiovascular imaging systems® from among
the collected inspection items. For the start-up
inspection, we selected items that evaluated
the operation and safety of each part of the
system, which ensures that the day’s work can
be performed in a smooth and unhindered
manner. For the end-of-work inspection, the
selected items included cleaning and organiz-
ing systems contaminated with contrast media,
blood, and other substances, as well as records
of malfunctions and problematic issues that oc-
curred while using the system. Consequently,
using the same criteria as described above, we
selected items related to the CBCT, IVR-CT,
and hybrid models, which are not listed in the
JIRA start-up and end-of-work checklist. We
excluded items that were difficult to standard-
ize, such as items from the inspection table
that are not common to all system manufactur-
ers or items that have different inspection fre-
quencies. These items were highlighted on the
inspection table so that they can be performed
for each system as per the system’s require-
ment and configuration.

3. Development of the start-up and end-of-
work inspection table
The selected inspection items were divided
into two groups: the start-up inspection items
and the end-of-work inspection items. Both
groups were further classified according to the

Standardization of a Daily Inspection Protocol for Angiography System

respective environment, system, peripherals,
and model. In addition, items in each category
were organized in a well-defined manner so

that they can be performed sequentially.

4. Consideration of a daily quality control

In addition to the items in our checklist, we
discussed the quality controls that users should
implement on a daily basis to identify potential
abnormalities of the equipment at an early
stage.

Results

1. Collection of start-up and end-of-work in-
spection items

We used 400 start-up and end-of-work in-
spection tables collected from 152 facilities.
Table 1 shows the number of inspection items
collected from each system and from the JIRA
start-up and end-of-work checklist. The break-
down of the number of systems is listed in
Table 2. Our findings demonstrate that there
were 153 items for the start-up inspection and
72 items for the end-of-work inspection, in-
cluding similar items. For the JIRA inspection
items, there were 30 items for the start-up in-
spection and 23 items for the end-of-work in-
spection. In addition, 54 of the 400 systems
used the entire JIRA inspection table or used
items extracted from it, thus accounting for
13.5% of the total systems under consideration
in this study.

In contrast, of the systems that did not use
the JIRA inspection table, 23 out of 28 (82.1%)
IVR-CT models (including two hybrid models
equipped with CT) had IVR-CT-specific inspec-
tion items added to the inspection checklist,
and 21 out of 32 (65.6%) hybrid models had
hybrid-specific inspection items added. The
CBCT-specific inspection items were added in
11 out of 173 (6.4%) angiography systems, ex-
cept for the systems used exclusively for car-

diovascular imaging.
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Table 1 The number of collected inspection items

. ) . Daily inspection table for each facility JIRA’s dail

Collection source of inspection items angio VR-CT Hybrid total inspection ta>t/)|e

environment 28 21 15 28 8

angiography system 64 52 53 64 16

start-up peripherals 18 12 16 19 6

inspection CBCT 4 1 3 4 -

ftems cT - 28 2 28 -

Hybrid - - 10 10 -

total 114 114 99 153 30

environment 19 15 17 19 8

angiography system 26 19 21 26 9

end-of-work peripherals 16 13 13 16 6

!nspection CBCT 0 0 0 0 -

items cT B 3 2 8 B

Hybrid - - 3 3 -

total 61 55 56 72 23

Table 2 The breakdown of the number of systems by model

Model angio (%) IVR-CT (%) Hybrid (%) total (%)
The number of facilities 147 26 28 152
The number of systems 342 (85.5) 26 (6.5) 32 (8.0) 400 (100)
The number of systems using JIRA checklist 46 (85.2) 2 (8.7) 6(11.1) 54 (100)
The number of systems using other check lists 296 (85.6) 24 (6.9) 26 (7.5) 346 (100)
;gf)ggt@?ei{eﬁ;gy“ems that perform specific 11 (20.0) 23 (41.8) 21(38.2) 55 (100)
The number of apparatuses that have not 42 (84.0) 6 (12.0) 2(4.0) 50 (100)

undergone end-of-work inspection

2. Selection of start-up and end-of-work in-

spection items

Based on the guidelines for equipment deliv-
ery for cardiovascular imaging system ¥, 22
items were selected as the start-up inspection
items and 17 items were selected as the end-of-
work inspection items. We selected two items
for CBCT-specific, two items for hybrid-specific,
seven items for IVR-CT-specific models in the
start-up inspection, and five items for IVR-CT-
specific models in the end-of-work inspection.

We employed the daily consistency test for
imaging display systems as a new item for
start-up inspection because this was a common
item in all systems under consideration in this
study. In addition, we adopted confirmation of
remaining hard disk capacity of the system, the
number of protective aprons, cleaning, and the
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number of radiographic aids and supplies sole-
ly at the end-of-work inspection to improve
the efficiency of the start-up inspection. Due to
the differences in necessity of daily inspection
and frequency of inspection among different
systems, warm-up and calibration of the X-ray
tube, proper operation of the emergency stop
button, brake test of the robotic arm, and cali-
bration of the surgical bed were excluded from

start-up and end-of-work inspection items.

3. Development of a start-up and end-of-work
inspection table
The start-up inspection table is shown in
Fig.1, and the end-of-work inspection table is
shown in Fig.2. The inspection items for CBCT,
hybrid, and CT models are designed to be per-
formed additionally in each model. In contrast,
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date

Start-up inspection

environment

Air conditioning management of machine room and inspection room is
done. (temperature / humidity)

Checking the surveillance camera

Check microphone / intercom

Operation check of oxygen, suction device, etc.

There is no obstacle in the operating range of the equipment, and itis in a
fixed position.

Appearance check and cleaning of equipment

angiography
system

The “in use” indicator light is on when the unit is operating.

The system starts up normally and there is no error display.

Checking the display time

No abnormal noise or smell

Checking the operation of the support arm

Operation check of patient table

Operation check of X-ray aperture / filter / field switching

Operation check of touch sensor and irradiation prohibition switch

Operation check of fluoroscopy and radiography (Including image
irregularities and artifacts)

Operation check of irradiation indicator

Operation check and remaining capacity check of external recording device

(Constancy test of imaging display system)

The workstation starts up normally and there is no error display.

Operation and appearance check of contrast medium injector

peripherals | There is no problem starting the HIS-RIS system.

treatment

Operation check of peripheral equipment related to inspection and

Rotating radiography operation check

CBCT

Confirming image transfer operation to the workstation

Hybrid

Checking the multi-monitor connection and display

Check the placement and operation of the operating table

The system starts up normally and there is no error display.

No abnormal noise or smell

Gantry running / tilting operation check

CT

Checking the lighting and displacement of the pointer

X-ray tube warm-up

values.

The phantom is scanned and there are no abnormalities in the CT and SD

There is no artifact in the scanned phantom image.

inspector

% Other inspection items recommended by the manufacturer should be performed as necessary.

Fig.1 Start-up inspection table

excluding the above inspection items, all re-
maining items are designed to be performed in

exclusive cardiovascular imaging systems.

4. Consideration of an additional daily quality

control

From the collected inspection items, we
identified 57 of the 400 systems (14.3%) includ-
ed in our study were checking and recording
the X-ray output conditions as an inspection
item. Since confirmation of the daily X-ray out-
put reproducibility is an important item to en-
sure the stable operation of the system, we ex-

amined whether this can be added to start-up
or end-of-work inspections as a quality control
item. As a result, we noticed that if “Operation
check of fluoroscopy and radiography” pro-
posed in Fig.1 is performed at the time of start-
up inspection with a defined geometric ar-
rangement, and then it can be used to assess
the consistency of the daily X-ray output. An
example of geometric arrangement is shown in
Fig.3. The recording of the X-ray loading factor
was separated from the start-up and end-of-
work inspection tables in another sheet. The
X-ray output recording sheet is shown in Fig.4.
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End-of-work inspection

date

Check the temperature and humidity in the inspection room

fixed position.

There is no obstacle in the operating range of the equipment, and itis in a

environment

Confirmation and replenishment of necessary items

There is no loss or damage to the radiographic aids.

Oxygen and suction device must be cleaned up.

Appearance check and cleaning of the system

The support arm is retracted.

No abnormal noise or smell

angiography
system

Check if an error message is displayed

Transfer images / There are no unprocessed images.

Confirmation of the remaining hard disk capacity

The system ends normally.

Contrast medium injector (cleaning and shut down)

Confirmation of normal shutdown of HIS-RIS system

peripherals

Other equipment (cleaning and shut down)

X-ray protector (number / cleaning)

Appearance check and cleaning of the system

The gantry is retracted.

CT Transfer images / There are no unprocessed images.

Confirmation of the remaining hard disk capacity

The system ends normally.

eneral "
g an abnormality

No abnormality during inspection / Reporting and description when there is

inspector

3 Other inspection items recommended by the manufacturer should be performed as necessary.

Fig.2 End-of-work inspection table

remove patient .
table from Field of =~

View

e

o

place the
copper plate

Fig.3 An example of geometric arrangement for
X-ray output check

Discussion

The inspection items collected from the
checklist of each facility enabled us to identify
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that inspection items and contents varied not
only according to the model and purpose of
each system, but also due to other potential
differences between the facilities. Therefore,
standardization of the inspection contents ne-
cessitated the establishment of items that were
common to all angiography systems. More-
over, it was important to consider the items
designed to be performed according to the
functions and purposes of use of the systems.
In addition, we decided to execute the inspec-
tion items listed in both, start-up and end-of-
work, inspection tables proposed by JIRA 2
solely for the start-up or end-of-work inspec-
tion to improve efficiency based on the selec-
tion criteria shown in method 2. This is taking
into consideration the fact that the number of
inspection items is expected to increase with
the recent advancements in the functions of
the respective systems.

Since the start-up inspection is required to
be performed within a limited time before

commencing any task or emergency examina-
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X-ray output check sheet
FoV inch fluoroscopy program :
SID cm radiography program : exposure time : sec
phantom : mmCu * if you can't set exposure time,
for DSA, record in "mGy/f", for DA, record in "mGy/s".
fluoroscopy radiography
tube tube p_ulse tube tube pylse air karma |inspector| note
voltage | current time voltage | current time
date (kV) (mA) (ms) (kV) (mA) (ms) (mGy)*
— [ [ —
— [ _—— 1 R

Fig.4 Check sheet of X-ray output

tions, we investigated the time required to carry
out the inspection of the environment, system,
and peripherals, which are common items of
the start-up inspection. The average time re-
quired was 11 minutes and 45 seconds. We be-
lieve that “items that can be inspected in 10 to
15 minutes,” described in the main criterion for
selection of inspection items by the Safety Man-
agement Manual Preparation working group of
JIRA @ are sufficient and can be implemented.
When selecting the inspection items, we em-
ployed the daily monitor constancy test as one
of the start-up inspection items that is common
to all systems. This is because regular inspec-
tion of the monitors is performed by each sys-
tem manufacturer during maintenance and in-
spection. However, the “Quality Assurance
(QA) Guideline for Medical Display Systems” 7
recommends that the constancy test for a medi-
cal image display monitor used in diagnostic
imaging should be performed on a daily basis .
Therefore, it is preferable that daily constancy
test should be performed by the user.
Currently, each system can display the test
pattern that is used in the overall daily evalua-

tion test. However, there are systems that can
display the test pattern only in service mode.
We believe that it is necessary to consider this
issue together with manufacturers, and thus as-
sess the means with which users can imple-
ment appropriate monitor quality control.

We propose a record of the X-ray output as
a daily quality control item. This facilitates an
efficient quality assurance of the system as well
as early detection of potential abnormalities,
because the daily variation of X-ray output val-
ues can be graphed and analyzed by recording
the X-ray output conditions in a separate table.

Image quality evaluations, such as spatial
resolution and contrast resolution of images,
were also considered as an additional daily
quality control. However, it is difficult to en-
sure standardization because only certain fa-
cilities have phantoms for image quality evalu-
ation. The “Evaluation and routine testing in
medical imaging departments—Part 2-9: Con-
stancy tests—Equipment for indirect fluoroscopy
and indirect radiography JIS4752-2-9"® states
that “the frequency of constancy tests shall be
performed at least every three montbs in the ab-
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sence of information on the frequency of test-
ing”®. Therefore, it is necessary for each facil-
ity to have its own image evaluation phantoms
to supplement the inspections that cannot be
performed during the manufacturer's mainte-

nance.

Conclusion

In this study, we propose a new daily in-
spection method for angiography systems. We
believe that the effective implementation of
daily inspection items adapted as per the mod-
el and purpose of use can facilitate the efficient
and appropriate equipment management of
each device. In addition, the use of the pro-
posed daily inspection is expected to standard-
ize daily inspections and improve system man-

agement by users.
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[Abstract]

Purpose. This study aimed to investigate the relationship between students’ modalities of interest in clinical practical
training during radiological technologist education and their degree of learning for those modalities. Methods.
The target is 2019 fourth-year students of Suzuka University of Medical Science. The same questionnaire survey
was administered to participating students before and after clinical training. In the first part of the questionnaire,
students ranked the modalities of radiological technologists’ duties by their level of interest. The second part of the
questionnaire assessed their learning level for each modality. In this study, the technical term for each modality was
presented individually, and participants’ level of understanding of these technical terms was defined as the learning
level for that modality. Results. The modalities of the radiological technologists’ work in which students were most
interested were general radiography, computed tomography, and magnetic resonance. The interest in these modalities
did not change between before and after clinical training. Students’ learning levels were particularly high in the
modalities of interest. Conclusion. We investigated changes in students’ interest in modalities attributable to clinical
practical training during radiological technologist education and identified the relevance of the degree of learning for

those modalities. We aim to use these data to inform educational improvements.

1. Introduction

In Japan, universities that train radiological
technologists provide fourth-year education.
In the Department of Radiological Technol-
ogy at Suzuka University of Health Sciences,
all specialized subjects related to radiological
technologists’ clinical practice are acquired by
the end of the third year, and students then
advance to the fourth year. During the fourth
year, students return to their hometown from
May to August, and are offered clinical train-
ing at a local hospital. Every year, all fourth-
year students choose specialized subjects to
guide their clinical practice. We were inter-
ested in students’ perceptions relating to three
specific points. First, we assessed students’

interest in modalities involved in the practice

of a radiological technologist during clinical
practice after covering all specialized subjects
in on-campus training. Second, we evaluated
whether students’ modalities of interest had
changed after they received clinical education
from radiological technologists during their
clinical training. Third, we investigated wheth-
er students’ learning levels differed between
modalities of interest and those in which they
were not interested. We thought that as clini-
cal training offers opportunity to understand
the importance of clinical work that cannot
be experienced through on-campus training"
there may be differences in students’ modali-
ties of interest between before and after clini-
cal training. Clarifying these three points will
build understanding of students’ modalities of

interest and weak parts of learning, which can
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be used to guide student education. Therefore,
the purpose of this study was to investigate the
relationship between students’ modalities of
interest in clinical practical training and their

degree of learning for those modalities.

2. Materials and Methods

2-1. Targets

The present questionnaire survey targeted
2019 fourth-year students at Suzuka University
of Health Sciences, Department of Radiological
Technology Science (100 students: 69 men, 31
women). The questionnaire survey was con-
ducted both before and after clinical training
(two times in total). The questionnaire was
completed via the campus portal system. All
personal information was anonymized and dis-
carded. Informed consent was obtained from
all participating students. In addition, this study
was approved by the Ethics Committee of the
Suzuka University of Medical Science.

2-2. Survey items

The same questionnaire survey was admin-
istered before and after clinical training. The
first part of the questionnaire asked participat-
ing students to rank each modality based on
their interest. The six modalities representing
radiological technologists’ practice presented
in the questionnaire were: general radiography
(GR), computed tomography (CT), magnetic
resonance (MR), nuclear medicine (NM), ra-
diotherapy, and angiography. Mammography
and X-ray TV inspections were included in
GR. The work of radiological technologists
also involves ultrasound. However, ultrasound
was excluded from the present survey because
there were many facilities where radiological
technologists did not perform ultrasound. We
also investigated the reason students’ chose
their first-ranked modality using free descrip-
tion.

The second part of the survey covered stu-
dents’ learning level in relation to each modal-
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ity. In this study, the technical term for each
modality was presented individually, and stu-
dents’ level of understanding of these technical
terms was used to define their learning level
for that modality. To extract the terminology of
each modality, we first set the difficulty level of
explaining the terminology of each modality in
three levels: easy, normal, and difficult. Of the
three difficulty levels, in this study, we adopted
technical terms extracted as “normal” as ques-
tionnaire material. For each technical term,
students who could explain that term chose
“A”, students who knew the term but could not
explain it chose “B”, and students who did not
know the term chose “C”. The technical terms
presented by each modality are shown in Table
1. The terminology was determined through
consultation with faculty members in each spe-
cialized field, and technical terms with roughly
the same level of difficulty were extracted.

2-3. Data processing

The modalities of interest were scored based
on students’ ranking. The scores for each mo-
dality are shown in Table 2. The score for each
modality was calculated as the total score rate
(%) of each modality by the following equation
(D.

Total score rate for each modality (%) =

100 (1)

Total score for each modality

Total score for all modalities

This total score rate was compared among
modalities and for each modality before and
after clinical training. Based on the learning
level for each modality as recorded in the sur-
veys, the recognition level and level of under-
standing of technical term for each modality
were calculated using formulas (2) and (3).

Recognition level (%) = 100 2

— X
A+B+C

Understanding level (%) =

A
“I7B+c 0B
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Table 1 Technical terms presented for each modality
modalit general radiography computed tomography nuclear magnetic  nuclear medicine radiation thera anaioaranh
y GR) o) resonance (NMR) (NM) Py glography
) o maximum intensity diffusion weighted  autoradiography tissue maximum ratio )
terminology Jacobi line o ) seldinger
projection (MIP) image (DWI) (ARG) (TMR)
Table 2 Conversion of ranking to points
Rank 1st place 2nd place 3rd place 4th place 5th place 6th place
Score 6 point 5 point 4 point 3 point 2 point 1 point

The levels of recognition and understanding
for each modality were compared for each mo-
dality and any changes before and after clinical
training were evaluated. We also investigated
students’ free descriptions for the top three

modalities of interest.

2-4. Statistical analysis

The Pearson chi-square test was used for sta-
tistical analysis of significant differences from
the results of questionnaire surveys before
and after clinical training. Using this significant
difference test, the recognition level of techni-
cal term before and after clinical training was
compared. In addition, we compared the level
of understanding of technical term before and

after clinical training.

3. Results

3-1. Survey collection rate

The questionnaire response rate before clini-
cal training was 99% (69 men, 30 women), and
the response rate after clinical training was
97% (67 men, 30 women).

3-2. Modalities of interest ranking

Figure 1 shows the results of the total score
rate for each modality before and after clini-
cal training. The total score rates before clini-
cal training were 20.7% for GR, 21.9% for CT,
21.6% for MR, 11.9% for NM, 15.6% for radio-
therapy, and 8.4% for angiography. The total

score rates after clinical training were 16.5% for

GR, 1.3% for CT, 20.5% for MR, 12.7% for NM,
16.2% for radiotherapy, and 12.8% for angiog-
raphy. The top three modalities of interest for
students both before and after clinical practice
were CT, MR, and GR, in that order.

3-3. Learning level for each modality

Figure 2 shows the results for the recognition
level of technical term for each modality be-
fore and after clinical training. Before clinical
training, the recognition level of technical term
for each modality were 91.9% for GR, 100%
for CT, 100% for MR, 97.0% for NM, 97.0% for
radiotherapy, and 51.5% for angiography. After
clinical training, the recognition level for tech-
nical term for each modality were 97.9% for
GR, 100% for CT, 100% for MR, 97.0% for NM,
97.0% for radiotherapy, and 90.7% for angiog-
raphy. There was a significant difference in the

recognition level of GR before and after clini-

OBefore clinical training

B After clinical training

Total score rate (%)

radiotherapy angiography

Each modality

Results of the total score rate for each
modality before and after clinical training

Figure 1
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Figure 2 Comparison of recognition of technical
terms for each modality before and after
clinical training

The Pearson chi-square test was used for the significance test.
*: p<0.05, ™ : p<0.001

cal training (»<0.05). In addition, there was a
significant difference in the recognition level of
angiography before and after clinical training
(p<0.00D).

Figure 3 shows the results for the level of
understanding of technical term for each mo-
dality before and after clinical training. Before
clinical training, the level of understanding of
technical term for each modality were 42.4%
for GR, 43.4% for CT, 34.3% for MR, 38.4% for
NM, 23.2% for radiotherapy, and 4.0% for angi-
ography. After clinical training, the level of un-
derstanding of technical term for each modality
improved to 83.5% for GR, 85.6% for CT, 83.5%
for MR, 47.4% for NM, 61.9% for radiotherapy,
and 49.5% for angiography. There was a sig-
nificant difference in the recognition level be-
fore and after clinical training of GR, CT, MR,
radiotherapy, and angiography (»<0.001).

3-4. Free description of reasons for first choice
of modality

For the top three modalities of interest, we
investigated the free descriptions of why stu-
dents’ ranked these as their first choice. Before
clinical training the free descriptions of stu-
dents who chose GR included comments such
as “T am interested in mammography” and “the

basics of radiological technologist work is GR.”
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Figure 3 Comparison of level of understanding of
technical terms for each modality before
and after clinical training

The Pearson chi-square test was used for the significance test.
**: p<0.001

For CT, the comments included “main work of
radiation work” and “CT is a convenient and
important examination.” Comments relating
to MR included “I actually experienced MR
through on-campus training and deepened my
desire to be involved in MR in the future.” After
clinical training the descriptions of students
who chose GR included comments such as “I
felt that GR was a basic modality in the work
of radiological technologist and that it should
be learned first through clinical training.” For
CT, the comments included “there was enthu-
siasm taught by the person in charge of CT in
clinical practice” and “I was able to operate CT
during clinical training.” For MR, the comments
included I felt the fun of MR by listening to MR
imaging technicians about the imaging prin-

ciple.”

4. Discussion

In this study, we investigated changes in
students’ modalities of interest by clinical train-
ing education and the relationship between
interest and the degree of learning for that
modality. GR, CT, and MR were the modalities
of most interest to students who had acquired
all specialized subjects both before and after

their clinical training. First, before clinical train-
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ing, participants mentioned that these three
modalities offered many opportunities to come
into contact with the devices used in these
modalities during the third-year of on-campus
training. In this way, students could get a
sense of actual clinical work by handling the
relevant devices. In addition, it was thought
that the students may have deepened their
knowledge and become interested by studying
the devices. GR was also popular with female
students interested in mammography. How-
ever, our university does not have the devices
used for the three modalities with the least
interest (NM, radiotherapy, and angiography).
Therefore, it is possible that students were not
interested in these modalities because they had
not handled the devices associated with these
modalities. In addition, few lectures are given
on angiography during on-campus education,
and there is no on-campus practical training.
As a result, angiography was not interesting
to students, and was scored the lowest of the
six modalities. Participatory training leads to
more improvement in learning motivation and
study compared with visit-type training, and
has been reported to be effective”. In addi-
tion, there are reports that participatory train-
ing also improves communication skills*” . We
think that some kind of participatory training
should be offered, even for modalities for
which universities do not have the necessary
equipment. The modalities of most interest to
students after clinical training were those in
which they had many opportunities to handle
the devices during clinical training and be in-
volved in performing these modalities. Numer-
ous clinical practice hospitals are able to per-
form imaging position or device operation in
these modalities, meaning that these modalities
were of most interest to students. In addition,
it is thought that the enthusiasm of the radio-
logical technologist instructor at the hospital
who was in charge of students during their
clinical training was also an influential fac-

tor. The enthusiasm of the instructor may also

—Questionnaire survey of RT students—

increase satisfaction with clinical practice”.
Some students were interested in modalities
about which their instructors were enthusiastic.
In contrast, clinical training in modalities of
less interest to students tended to be those for
which visit-type training was offered. These
lower-level modalities were also taught with
enthusiasm from instructors in clinical practice,
but it is thought that students were more inter-
ested in participatory practice than in visit-type
practice. At present, clinical training is limited
to visit-type clinical training in some hospitals
in Japar19). However, participatory training is
being promoted in current clinical training'”.
There are many participatory clinical training
sessions in clinical training for other medical

occupations”

. The instructor’s leadership is
indispensable for participatory training. The
clinical training instructor needs to be able to
understand students” acquisition of specialized
knowledge and examine the content of the
training'”. Participatory practical training has
been promoted in all training modalities for ra-
diological technologists. For all modalities, in-
structors are expected to improve their teach-
ing skills and introduce participatory training,
mainly in communication skills education,
in both on-campus and clinical training. It is
thought that students’ motivation will increase
through such high-quality clinical training.
Next, we considered students’ learning level
for each modality. Before clinical practice, the
recognition of the technical term “Seldinger”
used in angiography was 51.5%, which was
the lowest value. Seldinger is a common term
in the clinical setting; however, because of the
small number of lectures on angiography in
our university, this term was less familiar for
students. However, students’ learned about
Seldinger through clinical practice, and the
level of recognition of this term increased to
90.7% after clinical practice. Through clinical
training, the recognition level of this term has
increased significantly. Moreover, the recogni-
tion of the “Jacoby line”, which is a GR term,
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also increased after clinical training (»<0.05).
However, the recognition level of the Jacoby
line before clinical training was 91.9%, and it
is considered that the students who did not
recognize it increased after learning the Ja-
coby line during clinical training. The techni-
cal term for other modalities had recognition
levels of 90% or more before and after clinical
training, which indicated that technical terms
with almost the same difficulty were selected.
However, students’ level of understanding of
technical term for all modalities was lower
than the recognition level. The level of under-
standing for technical terms increased through
clinical training, and there was a significant
increase in GR, CT, MR, radiography, and an-
giography (p<0.001). In particular, the under-
standing level for angiography before clinical
training was 4%, but improved to 49.5% after
clinical training. The level of understanding
of angiography-related technical term before
clinical training was extremely low, which may
also be attributable to the few angiography
lectures at our university. Therefore, we should
increase the number of lectures on angiogra-
phy and offer more opportunities for students
to study angiography. In addition, the knowl-
edge gained from pre-clinical training lacks
relevance to clinical training®. It is necessary
to educate the students so that the knowledge
gained from pre-clinical training can be related
to clinical training. The level of understanding
of autoradiography (ARG), which was used
as a terminology for NM examinations, was
38.4% before clinical training and 47.4% after
clinical training (n.s.). This percentage increase
in understanding level was the lowest com-
pared with other modalities. The ARG method
is a quantitative test used for brain perfusion
single photon emission computed tomography
(SPECT). Many hospitals in Japan do not use
the ARG method of brain perfusion SPECT
in clinical training, meaning there would be
no opportunity to study the ARG method,

which may explain the low rate of increase
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in understanding. In addition, the level of un-
derstanding after clinical training for the most
interesting modalities was 83.5% for GR, 85.6%
for CT, and 83.5% for MR. The percentage of
understanding level for these modalities was
higher than the understanding level of modali-
ties with less student interest. This suggests
that students’ were learned more about their
modalities of interest. Participatory training
may therefore contribute to more improvement
in learning motivation and studying compared
with visit-based training.

In addition, the terminology of each modality
used this time was examined and selected by
the teachers. However, it should be noted that
there is a possibility that the difficulty level of
the technical term of each modality is not uni-
fied. In this research, we set the degree of dif-
ficulty of each modality terminology to “easy”,
“normal”, and “difficult”, and adopted the term
corresponding to “normal”. In the next re-
search, we would like to consider a method of
selecting words that are more consistent than
this time.

In this questionnaire, we excluded ultra-
sonography. Currently in Japan, radiological
technologists and clinical laboratory technolo-
gists are technicians involved in ultrasound.
Ultrasound was excluded from the present
study because few hospitals in Japan have
radiological technologists performing ultra-
sound. However, ultrasound is one of the tasks
of radiological technologists. In the question-
naire survey planned for next year, we intend
to include ultrasound as an option. In addition,
there were modalities for which good results
could not be obtained by extracting technical
terms. We aim to carefully examine the extrac-
tion of technical terms for the questionnaire
survey planned for next year.

Our study showed that the most interest-
ing modalities for students were GR, CT, and
MR. These modalities also had high levels of
learning. In hospitals in Japan, young radio-
logical technologists can play an active role
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in any modality, and there is a need for multi-
utility radiological technologists that can re-
spond immediately, even if new equipment is
introduced. The current work of radiological
technologist continues to increase and become
more complex'”. In addition, with the ad-
vancement of medical care, the technology ex-
pected of health care worker such as radiologi-

1516 Therefore,

cal technologist is increasing
we want students to be interested in all mo-
dalities and study all modalities without bias.
This means on-campus training and clinical
training should include participatory training
for all modalities. Tt is hoped that students’ in-
terest and willingness to learn will be increased
by such changes. We want to contribute to
the development of high-quality radiological
technologists required by hospitals. Therefore,
we plan to use this data to inform educational
improvements.

As a future research topic, this study does
not compare the results of the questionnaire
with the student’s basic academic ability. In the
future, we would like to evaluate the relation-
ship between the results of this questionnaire
and basic academic ability. The results of this
study are limited to students of Suzuka Univer-
sity of Medical Science. Since different schools
have different teaching methods, the same
research may produce different results at other
schools. In the future, we would like to con-
duct research on student education that goes
beyond the boundaries of schools through

joint research with other schools.

5. Conclusion

The purpose of this study was to investigate
the relationship between students’ modalities

—Questionnaire survey of RT students—

of interest in clinical training and their level
of learning for those modalities. Modalities of
most interest to students were GR, CT, and
MR, and the level of learning for these modali-
ties was particularly high. We will improve
our education program based on the results of
the present questionnaire to contribute to the
training of high-quality radiological technolo-
gists.
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[Abstract]

This study aimed to evaluate the effects of visceral fat area, abdominal circumference, and body mass index (BMID)
on X-ray computed tomography (CT) and the effect of comments on results.

In this study, subjects were recruited for 94 months, and 232 subjects were assessed for visceral fat area, BMI, and
abdominal circumference, and images and guidance comments were distributed as reports to the subjects.

As a result, 57.0% of the subjects had visceral fat accumulation. These subjects were instructed to improve their
lifestyle after 6 months and reexamined. However, only 9.7% of the subjects followed it. Those who followed the
reexamination instructions did not reduce BMI or abdominal circumference but tended to reduce visceral fat area.

We conclude that the motivating effect of this study is limited. However, it was estimated that visceral fat area was

likely to be reduced, even if the reexamination did not reduce weight and abdominal circumference.

Introduction

People in modern society consume more nu-
trients while consuming less total calories.

As a result, the problems caused by malnutri-
tion have decreased, but the increase in the
number of obese individuals have led to an
increase in the incidence of various diseases.
Obesity is a problem not only in Japan but also
worldwide. The countries with the highest per-
centage of overweight with a BMI = 25 are the
United States, Mexico, Australia, the United
Kingdom, and China. More than 60% of the
population in these countries is overweight.

The 2002 World Health Report by the World
Health Organization pointed out the impor-
tance of measures against cardiovascular dis-
eases, which are rapidly increasing in devel-
oped countries and China and Asian countries,
as global health measures . The percentage of
overweight in Japan is 22.4%, which is lower

compared to that of other countries. However,
the number of obese individuals is increasing
due to the rapid westernization of eating habits
that has changed in the last 50 years. Against
this background, even mildly obese individuals
with a relatively low BMI develop lifestyle-re-
lated diseases. Thus, Japanese individuals have
low tolerance to obesity and are at greater risk
of obese individuals for lifestyle-related diseas-
es than individuals of Western countries.

In 1996, the Ministry of Health, Labour and
Welfare focused on individual lifestyle involve-
ment in the factors responsible for obesity, type
2 diabetes, dyslipidemia, hypertension, and car-
diovascular disease. Moreover, the basic policy
of disease management was formulated ». Sub-
sequently, in 2000, focusing on multiple risk
factor syndrome, a secondary health checkup
benefit system was implemented with workers’
accident compensation insurance . LDL cho-

lesterol is the greatest risk factor for atheroscle-
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rosis, but the accumulation of other risk factors
has been shown to worsen the onset and prog-
nosis of heart disease. When risk factors are
accumulated, it is called metabolic syndrome.
Particularly, visceral fat-accumulating obesity is
considered one of the pathological causes of
metabolic syndrome.

The initiation of the process of establishing
metabolic syndrome is based on fat accumula-
tion around the abdominal organs, such as the
gastroepiploic artery and mesentery. Moreover,
when risk factors, such as insulin resistance
and impaired glucose tolerance, arteriosclero-
sis-inducing lipoprotein abnormality, and hy-
pertension, are accumulated, heart disease is
likely to develop. Metabolic syndrome is estab-
lished through such a process.

The diagnostic criteria for metabolic syn-
drome were established in April 2005 by the
International Diabetes Federation and eight re-
lated academic societies in Japan . The diag-
nostic criteria in Japan were abdominal circum-
ference of = 85 cm in men and = 90 cm in wom-
en and visceral fat area around the navel of >
100 cm? defined as visceral fat obesity. More-
over, among those with visceral fat-fat obesity,
those with at least two of hypertension, hyper-
glycemia, and cholesterol abnormalities were
defined as metabolic syndrome. In addition,
X-ray computed tomography (CT) is recom-
mended to evaluate the visceral fat area » . Tt
is presumed that the reason that the standard
value of abdominal circumference is higher in
women is that subcutaneous fat is generally
higher in women. Our study found that more
women have normal abdominal circumference
measurements, even though their visceral fat
area is > 100 cm?. The ratio was 2.4 times high-
er in women than in men ”. Subcutaneous fat
is not a direct cause of arteriosclerosis like vis-
ceral fat, and it is difficult to reduce compared
with visceral fat. If a subject with subcutaneous
fat obesity uses the abdominal circumference
measurement method to determine visceral fat

loss effect due to exercise or the like, it be-
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comes difficult to determine the effect of vis-
ceral fat loss. As a result, when the abdominal
circumference measurement method is used to
determine the visceral fat loss effect, there is a
concern that the motivation of the subject who
attempts to reduce visceral fat may be reduced.
If the visceral fat area is evaluated using X-ray
CT, problems like abdominal circumference
measurement method do not occur.

Moreover, an example of the X-ray CT ex-
amination method and image display method
used in the visceral fat area evaluation is pre-
sented in the obesity clinical practice guide-
lines ®. However, they are not based on clear
grounds, and it is presumed that they copied
the exposed conditions of abdominal CT used
clinically. In a previous study, we instructed
subjects with visceral fat accumulation assessed
by X-ray CT to obtain written guidance and
reexamination after 6 months. Subsequent re-
examinations investigated the body weight and
abdominal circumference of subjects whose
visceral fat area decreased by = 10%. As a re-
sult, there was no significant difference in the
mean weight and abdominal circumference of
the subjects whose visceral fat area decreased.
In some cases, the body weight and abdominal
circumference increased even though the vis-
ceral fat area decreased?.

This study aimed to examine how the vis-
ceral fat area evaluation and written guidance

using X-ray CT affect the subjects.

Method

From July 2010 to December 2017 (94 months),
we recruited subjects for bulletin boards, pam-

phlets, and optional examination of complete
medical examination (Ningen dock). There
were 232 (male/female ratio 107: 125) subjects
in the study. We performed CT of the umbilical
region of these subjects and analyzed the vis-
ceral fat region, BMI, and abdominal circum-
ference using visceral fat region analysis soft-

ware. Subjects were categorized based on ab-
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Table 1

Effects and Limitations of Visceral Fat Area Evaluation and Written Instruction by X-ray Computed Tomography

Classification of subjects by diagnosis and comments of medical doctors

Vicseral

CATEGORY Fat Area

(VFA)

Abdominal

BMI Circumference

Threshold

100cm?
or more

male: Comments and Instructions
25 or 85cm or more

more  Female:
90cm or more

You are obese and your abdominal circumference is above normal, and you
have a buildup of visceral fat. You need to improve your lifestyle and exercise
habits.

You should improve your lifestyle and reexamination 6 months later.

Your abdominal circumference is normal. but you have obesity and visceral fat
accumulation.

You should improve your lifestyle, mainly exercise therapy, and reexamination
after 6 months.

You are not obese, but you abdominal circumference is above normal and you
have accumulated visceral fat.

You should improve your lifestyle, mainly exercise therapy, and reexamination
after 6 months.

You have a normal range of obesity and abdominal circumference, but you have
- - accumulated visceral fat. You should improve your lifestyle and reexamination
6 months later.

You have excess abdominal circumference and obesity. However, there is no
visceral fat accumulation. You should try to control your weight.

You have a normal abdominal circumference and no buildup of visceral fat.
But you are obese. You should try to control your weight.

You have no obesity and no visceral fat accumulation. You are only above the
- + normal range of abdominal circumference. You should develop an exercise
habit.

You have normal abdominal circumference, no obesity, and no buildup of
visceral fat. You should maintain your current lifestyle.

Your abdominal CT image

Height 167.7 cm
Body weight 81.4 kg
Subcutaneous Fat ~ 274.7 cm?
Visceral Fat 103.8 cm?
BMI 289
Ideal weight 61.9 kg
Abdominal

. 98.1 cm
circumference

M visceral fat [l Subcutaneous fat

Instructions

You are obese and your abdominal circumference is above normal, and you have a buildup
of visceral fat. You need to improve your lifestyle and exercise habits.
You should improve your lifestyle and reexamination 6 months later.

Fig.1 Report example issued to the subject

Arts and Sciences ¢ 81



dominal circumference of 85 cm in men and 90
cm in women, BMI of 25, and visceral fat area
in 100 cm?. The guidance comments shown in
Table 1 and the captured images were attached
to the report and results mailed to the subjects.
(Fig.1 shows an example of a report to the
subjects.) Moreover, 134 (male/female ratio,
91: 43) subjects had visceral fat area > 100 cm?.
We instructed them to undergo reexamination
after 6 months.

Then, we investigated changes in visceral fat
area, abdominal circumference, and BMI be-
fore and after the initial examination and reex-
amination of subjects. If the subject underwent
reexamination > 4 months after the initial ex-
amination or within 14 months, the result was
determined to be valid. Subjects who under-
went reexamination earlier or later were ex-
cluded from the analysis. Concurrently, we
also observed the compliance rate for reexam-
ination. The deadline for accepting new exam-
ination was May 2017, and for subsequent
tests, only those who were reexamined were
counted. The subject paid a cost of 3,000 yen
JPY) (+ 8% tax) for each examination. The
equipment used was Aquilion64 manufactured

by Canon Medical Systems Corporation, and

the visceral fat analysis software used was Slim
Vision manufactured by Cybernet. The imag-
ing conditions were tube voltage of 120 kVp,
tube current of 300 mA, rotation time of 0.5 s,
slice thickness of 6 mm, reconstruction filter
function for abdomen (FC10), and slice-and-
scan imaging method. This study was approved
after undergoing an ethical review at the medi-

cal institution that collected the data.

Results

Table 2 shows the subjects who underwent
reexamination and the subjects who were in-
structed to undergo reexamination but did not
respond (ignored).

Of 134 subjects who were instructed to un-
dergo reexamination, 121 subjects did not re-
spond (male/female ratio, 77: 44), and 13 sub-
jects responded to the reexamination instruc-
tions. Subjects reexamination compliance rate
was 9.7%. Table 3 shows the initial examina-
tion and reexamination of 13 subjects who re-
sponded to the instruction.

The subjects had a male-female ratio of 7: 6,
an average age of 56.6 * 11.0 years, an aver-

age visceral fat area of 130.2 = 29.4 cm? at the

Table 2 The average value of the gender ratio, age, BMI, abdominal
circumference and visceral fat area of the group that had
been reexamined and were not reexamined (ignored)

Re-Ex Ignore
Male: Female 7:6 77: 44
Age (yo) 56.6 = 11.0 60.3 £ 11.5
VFA (cm?) 130.2 £ 29.4 1379 £ 31.5
BMI 26.6 £ 1.9 26.7 = 3.3
Abdominal Circumference (cm) 89.7 £ 5.7 93275

Table 3 Comparison of initial and reexamination of subjects who
have undergone reexamination

n =13 (Male: 7, Female: 6) Before Re-Ex
VFA (cm?) 130.2 £ 29.4 119.3 £ 314
BMI 26.6 1.9 26.5 = 2.1
Abdominal Circumference (cm) 89.7 £ 5.7 89.9 £ 5.5
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first examination, and an average visceral fat
area of 119.3 = 31.4 cm? at the reexamination.
Moreover, the subjects had an average BMI of
26.6 £ 1.9 at the first examination, average BMI
of 26,5 + 2.1 at the reexamination, average
abdominal circumference of 89.7 = 5.7 cm at
the first examination, and average abdominal
circumference of 89.9 = 5.5 cm at the reex-
amination. Nine subjects (male/female ratio, 6:
3) exceeded the standard values in all items of
visceral fat area, BMI, and body weight. In the
three subjects (male/female ratio 1: 2), the vis-
ceral fat area and BMI exceeded the standard
values and the abdominal circumference was
within the standard values. In one subject
(male/female ratio, 0: 1), the visceral fat area
exceeded the standard value, and the BMI and
abdominal circumference were within the stan-
dard value. In the paired t-test, the P-value of
visceral fat area was 0.06, the P-value of BMI
was 0.39, and the P-value of abdominal cir-
cumference was 0.84. Comparing the mean
values between the initial examination and re-
examination of the subjects, there was no sig-
nificant difference at 5% level. However, the
visceral fat area of four subjects was < 100 cm?
at the time of reexamination, and the visceral
fat accumulation disease was resolved (elimi-
nation rate of visceral fat accumulation disease,
30.8%) (Fig.2).

The average observation period until the

subject underwent reexamination was 351.1 +

86.2 days. The average age of 121 subjects
who did not undergo reexamination was 60.3
= 11.5 years, the average visceral fat area at
the first examination was 137.9 + 31.5 cm?, the
average BMI at the first examination was 26.7
+ 3.3, and the average abdominal circumfer-
ence at the first examination was 93.2 = 7.5
cm. Comparing the subjects who did not re-
spond to the reexamination and the subjects
who responded to the reexamination instruc-
tions using the Mann-Whitney U test, visceral
fat area showed P = 0.33, BMI showed P =
0.89, abdominal circumference showed P =
0.14, and age showed P = 0.52 (Fig.3). The
percentage of subjects who could confirm that
the visceral fat accumulation disease had dis-
appeared was 3.0% (4/134).

Discussion

In this study, we performed abdominal CT
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Fig.2 Changes in indicators according to instruc-
tions for reinspection

Fig.3 Comparison of people who responded to
instructions for reinspection and those who
did not respond
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examinations on 232 subjects who were con-
cerned about visceral fat accumulation and de-
sired to undergo evaluation of the visceral fat
area. As a result, 57.6% (134 subjects) of the
subjects had visceral fat accumulation disease.
These subjects were instructed by mail to un-
dergo reexamination after 6 months by im-
proving their lifestyle, such as exercise and
diet. However, only 9.7% (13 subjects) of the
subjects complied with the reexamination in-
structions, and 90.3% (121 subjects) did not un-
dergo reexamination.

We believed that the reasons that the sub-
jects did not undergo reexamination were as
follows:

“The subject forgot that he was instructed to
undergo reexamination.”

“The subject was interested in own visceral
fat area and wanted to undergo examination
only once.”

“The subject died or had difficulty in moving
freely.”

“Subjects were not retested because they
were not convinced that they had succeeded in
reducing visceral fat.”

Fig.2 shows the group that complied with
the reexamination instructions.

From this figure, the average visceral fat area
tends to decrease even though BMI and ab-
dominal circumference do not decrease. The
results of this study indicate that the effect of
reducing visceral fat area cannot be indirectly
inferred from BMI and abdominal circumfer-
ence. We are presumed that the subjects who
received the instruction for reexamination used
BMI (or body weight) and abdominal circum-
ference as indicators of progress. However,
since many subjects could not confirm the
weight reduction effect of BMI (or body weight)
and abdominal circumference, it is considered
that the motivation of the subjects to continue
the weight reduction effort was reduced. As a
result, we can infer that many subjects did not
undergo reexamination. The fact that the de-

crease in BMI and abdominal circumference
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cannot be confirmed despite the decrease in
visceral fat area is consistent with the results of
our previous studies®. The low reexamination
compliance rate of the subjects is a direct fac-
tor that only 3.0% can confirm the resolution of
visceral fat accumulation disease.

Subjects who desired to measure the visceral
fat area themselves are a group that is con-
cerned about their own visceral fat accumula-
tion and wants to know the fact. Thus, it can
be said that this group of subjects has a high
interest in health. Comparing the subjects who
responded to the reexamination and those
who did not respond to the reexamination,
there was no significant difference in all items
(visceral fat area, abdominal circumference,
BMI, and age). There is no significant differ-
ence between the retested group and non-re-
tested group. Therefore, it can be inferred that
the subjects with decreased visceral fat area
were not small in the group that did not un-
dergo reexamination. The average visceral fat
area of 13 subjects who adhered to the reex-
amination instructions tended to decrease
overall from 130.2 = 29.4 cm? to 119.3 = 31.4
cm?, but the P-value was 0.06 in the paired t-
test. It has not reached 5% significance level.
This is due to the statistical examination that
included subjects with significantly increased
visceral fat area. The limitation of this study is
that the sample size is small. However, among
the subjects who underwent reexamination,
the elimination rate of visceral fat accumula-
tion disease was 30.8% (4 of 13).

In addition, 53.8% (7 of 13) of the subjects
who underwent reexamination had a visceral
fat area decreased by = 10%. It can be inferred
that these test subjects adhered to the written
instruction of the physician. Written instruc-
tions by a physician provide some motivation.
However, 90.3% of the subjects did not re-
spond to the reexamination instruction.

Moreover, the subjects who responded to the
reexamination instruction were often signifi-

cantly delayed even though they were instruct-
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ed after 6 months.

Thus, the written instruction of a physician
alone has a limited motivational effect.

Takenaka et al. point out that it can be ex-
plained that “health checkups are difficult to
sell”!”. The problems are that the subjects must
pay for the reexamination and that he has to
visit the medical institution again for reexami-
nation. We can expect an improvement in the
subject’s reexamination rate by improving the
service to the subject. Eventually, we believe
that the number of subjects who can confirm
the elimination of visceral fat accumulation dis-

ease will increase.

Conclusion

If the subjects were evaluated for visceral fat
area by abdominal CT and the subjects who
pointed out visceral fat accumulation were in-
structed to undergo reexamination in writing
after 6 months, = 90% of the subjects would not
respond to the reexamination instruction. The
reason is that it is difficult to determine the
decrease in visceral fat area by body weight

measurement (BMI calculation) or abdominal
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[Abstract]

In 2011 the International Commission on Radiological Protection recommended that “the threshold dose for cataracts
and the lens equivalent dose limit should be significantly reduced”, and the Ministry of Health, Labour and Welfare
has notified medical institutions to strengthen measures to protect eye lenses from radiation exposure. This shows the
necessity to protect medical professionals by using equipment with increased levels of protection.

This study developed new radiation protective eyewear in accordance with Japanese Industrial Standards (JIS) for
eye lens exposure, and conducted basic evaluations of the protection efficiency in angiography, general radiography,
fluoroscopy, and C-arm applications. The results showed that these newly developed radiation protective eyewear

provide a high level of radiation protection.

Introduction

In recent years, medical devices using radia-
tion have advanced remarkably, and they are
widely used clinically, from diagnosis to treat-
ment. However, patient exposure to radiation
has become an issue. In 1977, the International
Commission on Radiological Protection (ICRP)
has recommended three basic principles in ra-
diation protection: legitimacy, protection opti-
mization, and dose limits. In clinical settings,
there are numerous situations where both
medical professionals and patients are exposed
to radiation. In particular, the eye lens is a
highly radiosensitive organ, and if the dose of
radiation exposure exceeds threshold limits, it
may cause radiation damage such as cataracts.
For this reason, in 2011 the ICRP has conduct-
ed epidemiological studies and announced
that the threshold doses recommended in 1990
and 2007 for prevention of lens opacity (5 Gy)
and impaired sight (8 Gy) were underestimat-
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ed, and has amended the values to 0.5 mSv.
Along with this, the ICRP suggested that the
lens equivalent dose limit should not exceed
20 mSv / year on average for 5 years and 50
mSv in any one year '». Under the current reg-
ulations, with the exposure dose evaluated in-
directly by attaching a personal dosimeter,
which measures the 1 cm dose equivalent or
70 um dose equivalent, to the chest and abdo-
men or the head and neck, it is difficult to eval-
uate eye lens exposure accurately. This evalu-
ation method is based on the assumption that
if the dose limits are ensured for a 1 cm dose
equivalent of effective dosage and the 70 um
dose equivalent for the skin equivalent dose,
the dose limit for the eye lens is also assured.
However, as the shielding effects of protection
eyewear have not been considered, a previous
study by Kato et al. (2020)» reported the de-
velopment of protection eyewear that comply
with Japanese Industrial Standards (JIS) (JIS T
61331-3) ¥ to achieve further reductions in the
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exposure in order to protect eye lenses in clin-
ical settings. In the present study, we conduct-
ed basic evaluations of the eye lens protection
efficiencies of protection eyewear used in car-
diovascular examinations, chest radiography,
fluoroscopy, and intraoperative examinations,

and examined the effectiveness.

Methods

1. Dosimetry

After attaching JIS certified protection eye-
wear, Dr. B-Go® (manufactured by Dr. Japan
Co., Ltd.), to a phantom, and assuming a clini-
cal standing position, the scattered dose was
measured with an optically stimulated lumines-
cence (OSL) dosimeter. We used a small OSL
dosimeter, nano Dot (manufactured by Nagase
Landauer Co., Ltd.) for the dosimeter, PMMA
(W x D x H) 20 cm as the scatterer phantom,
and THRA-1 (manufactured by Kyoto Scientific
Co., Ltd.) as the human body equivalent phan-
tom. The measurement conditions were the
same as they would be in actual clinical use in
all tests. Doses were calculated by correcting
the used energy of the OSL dosimeter and the

calibration value for each element involved.

The OSL dosimeters were placed inside and
outside of the front surface of the protection
eyewear, inside and outside the frame for the
lateral direction, and above both eyes. Without
protection eyewear, the doses were measured
only directly above both eyes (Fig.1). We used
the following devices: Allura Xper FD10/10
(manufactured by Phillips Japan Co., Ltd.) as
the angiography device; CUREVISTA (manu-
factured by Hitachi, Ltd.) as the X-ray fluoro-
scope; CALINEO (manufactured by Fujifilm
Medical Co., Ltd.) as the X-ray device; and
OEC9900 (manufactured by GE Healthcare Ja-
pan Co., Ltd.) as a C arm. We also used Marbic,
lead equivalent 0.5 mmPb (manufactured by
Getinge Group Japan Co., Ltd.) for the X-ray
protection plate of the heart catheter (protection
plate); and a scattered ray protection cloth NP
(protection cloth), lead equivalent 2.5 mmPb
(manufactured by Hoshina Seisakusho Co.,
Ltd.) for the fluoroscope. The measured values
were the average of three measurements.

1-1
The measurement angle for the cardiovascu-
lar radiography was LAO 60 degrees + Caud 30

degrees, the maximum dose in the previous

Front

Side

Fig.1 Placement of radiation protective eyewear and dosimeters

Meyewear lens surface  @On the top of the eye
@Inside eyewear @ Outside of eyewear
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Fig.2 Measurement geometry and measurement conditions in Angiography

study. The X-ray field was 12 X 12 inches (30.5
x 30.5 cm), and the source flat panel detector
distance (SFD) was 110 c¢cm, with the height of
the treatment bed 85 cm from the floor. Assum-
ing a standing position of a technologist, the
position of the phantom was set 40 cm in front
of and 80 cm away from the middle (centerline)
of the bed at the surface of the eye, and 150 cm
from the floor to the eye lenses. The tube volt-
age and current were set as Full Auto for PMMA
20 cm. For filters we used 0.1 mm Cu + 1.0 mm
Al in the radiography, and 0.4 mm Cu + 1.0 mm
Al for the fluoroscopy. The irradiation dura-
tions were 1 minute for imaging and 10 min-
utes for the fluoroscopy. The fluoroscopy was

operated at 15 frames / sec (Fig.2).

1-2

For the chest radiography, assuming a tech-
nologist assisting a patient, the phantom was
placed 50 cm from the middle (centerline) of
the patient phantom. The SFD was 130 cm,
and the height of the centerline of the detector
was 122 c¢cm from the floor. The human phan-

88 @ Journal of JART English edition 2021

tom was at 150 cm from the floor, at 50 cm to
the surface of the eye lenses, and 150 cm from
the floor to the eye lenses. The irradiation an-
gle, fluoroscopy / imaging conditions, and po-
sition of the dosimeter were tube voltage / cur-
rent 90 kV / 20 mAs for the PMMA of 20 cm.
The irradiation field was 17 X 17 inches (43.2 x
43.2 cm), and the filter was 0.1 mm Cu at the
time of the radiography ; with 10 times of imag-
ing (Fig.3).

1-3

In the fluoroscopy, a scattered radiation pro-
tection cloth NP was attached to the device,
and assuming a standing position of the tech-
nologist, the position of the surface of the eye
lenses of the phantom was 60 c¢cm in front of
and 80 cm away from the middle of the bed,
and the distance from the floor to the eye lens-
es was 150 cm. In the fluoroscopy, the tube
voltage and current were set as Full Auto for
PMMA 20 cm, 92 kV, 0.7 mA, 21 X 21 inches
(53.3 x 53.3 cm), and a 120 cm source-image
distance (SID), at 6.3 Pulse / sec for 10 min-
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Fig.3 Measurement geometry and measurement conditions in General radiography
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Fig.4 Measurement geometry and measurement conditions in Fluoroscopy

utes. In the radiography, the tube voltage and
current were 82 kV, 200 mA; 21 x 21 inches
(53.3 X 53.3 cm); 120 cm SID; with 20 times of
imaging (Fig.4).

1-4

In the fluoroscopy for an intraoperative C-
arm, assuming a standing position of the tech-
nologist, the human body phantom was set at
a distance of 50 cm in front of and 50 cm away

from the middle of the bed to the surface of
the eye lenses, and 150 cm from the floor to
the eye lenses. Other conditions were 85 kV,
3.5 mA, SID 120 cm, 4 Pulse/sec, and a 5 min
duration (Fig.5).

Results

1-1

Table 1 shows the results of the measure-
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Fig.5 Measurement geometry and measurement conditions in C-arm

ments with the angiography settings. The val-
ues with protection eyewear and without pro-
tection plate and with protection eyewear and
protection plate at each position were as fol-
lows: 0.339 mGy and 0.095 mGy (lateral-exter-
nal side of the left eyewear), 0.179 mGy and
0.052 mGy (lateral-internal side of the left eye-
wear), 0.263 mGy and 0.080 mGy (front-exter-
nal side of the left eyewear), 0.050 mGy and
0.018 mGy (front-internal side of the left eye-

wear), 0.124 mGy and 0.038 mGy (front-exter-
nal side of the right eyewear), 0.036 mGy and
0.014 mGy (front-internal side of the right eye-
wear), 0.088 mGy and 0.016 mGy (lateral-ex-
ternal side of the right eyewear), and 0.026
mGy and 0.001 mGy (lateral-internal side of
the right eyewear). Immediately above the left
and right eyes without protection eyewear and
protection plate: 0.091 mGy and 0.078 mGy;the
left and right eyes with protection eyewear and

Table 1 Radiation protection dose by radiation protection eyewear and protective plate in Angiography
Angiography eyewear (+) : protective plate (—) eyewear (+) : protective plate (+)
Left side: Outside of eyewear 0.339 0.095
Left side: Inside eyewear 0.179 0.052
Left front: Outside of eyewear 0.263 0.080
Left front: Inside eyewear 0.050 0.018
Right front: Outside of eyewear 0.124 0.038
Right front: Inside eyewear 0.036 0.014
Right side: Outside of eyewear 0.088 0.016
Right side: Inside eyewear 0.026 0.001
On the top of the left eye 0.091 0.078
On the top of the right eye 0.114 0.030

eyewear (—) : protective plate (-) eyewear (-) : protective plate (+)
On the top of the left eye 0.300 0.090
On the top of the right eye 0.130 0.036
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Table 2 Radiation protection dose by radiation protection eyewear in General radiography

General radiography eyewear (+) eyewear (-)
Left side: Outside of eyewear 0.098 -
Left side: Inside eyewear 0.083 -
Left front: Outside of eyewear 0.139 -
Left front: Inside eyewear 0.012 -
Right front: Outside of eyewear 0.009 -
Right front: Inside eyewear 0.007 -
Right side: Outside of eyewear 0.087 -
Right side: Inside eyewear 0.028 -
On the top of the left eye 0.022 0.150
On the top of the right eye 0.099 0.131

(mGy)

Table 3 Radiation protection dose by radiation protection eyewear and protective cross in Fluoroscopy

Fluoroscopy

eyewear (+) : protective cross (-)

eyewear (+) : protective cross (+)

Left side: Outside of eyewear
Left side: Inside eyewear

Left front: Outside of eyewear
Left front: Inside eyewear

Right front: Outside of eyewear
Right front: Inside eyewear
Right side: Outside of eyewear
Right side: Inside eyewear

On the top of the left eye

On the top of the right eye

0.166
0.045
0.163
0.016
0.125
0.009
0.021
0.036
0.030
0.031

0.006
0.006
0.002
0.003
0.015
0.002
0.001
0.001
0.002
0.002

eyewear (-):

protective cross (=)

eyewear (-) : protective cross (+)

On the top of the left eye
On the top of the right eye

0.156
0.087

0.006
0.003

protection plate: 0.114 mGy and 0.030 mGy.

Immediately above the left and right eyes
without protection eyewear and protection
plate vs. without protection eyewear and with
protection plate were 0.300 mGy and 0.090
mGy (left), 0.130 mGy and 0.036 mGy (right).

1-2

Table 2 shows the measurement results with
the general radiography. Values with protec-
tion eyewear at each position were as follows:
0.098 mGy (lateral-external side of the left eye-
wear), 0.083 mGy (lateral-internal side of the
left eyewear), 0.139 mGy (front-external side
of the left eyewear), 0.012 mGy (front-internal
side of the left eyewear), 0.009 mGy (front-ex-

(mGy)

ternal side of the right eyewear), 0.007 mGy
(front-internal side of the right eyewear), 0.087
mGy (lateral-external side of the right eye-
wear), 0.028 mGy (lateral-internal side of the
right eyewear). Values immediately above the
left eye with protection eyewear vs. without
protection eyewear were 0.022 mGy and 0.150
mGy; those of the right eye were 0.099 mGy
and 0.131 mGy.

1-3

Table 3 shows the measurement results with
the fluoroscopy. Values with protection eye-
wear and without protection cloth and with
protection eyewear and protection cloth at
each position were as follows: 0.166 mGy and
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0.006 mGy (lateral-external side of the left eye-
wear), 0.045 mGy and 0.006 mGy (lateral-inter-
nal side of the left eyewear), 0.163 mGy and
0.002 mGy (front-external side of the left eye-
wear), 0.016 mGy and 0.003 mGy (front-inter-
nal side of the left eyewear), 0.125 mGy and
0.015 mGy (front-external side of the right eye-
wear), 0.009 mGy and 0.002 mGy (front-inter-
nal side of the right eyewear), 0.021 mGy and
0.001 mGy (lateral-external side of the right
eyewear), 0.036 mGy and 0.001 mGy (lateralin-
ternal side of the right eyewear). Immediately
above the left and right eyes without protec-
tion eyewear and protection cloth vs. with pro-
tection eyewear and protection cloth were
0.030 mGy and 0.002 mGy (left), 0.031 mGy
and 0.002 mGy (right).

Values immediately above the left eye with-
out protection eyewear and without protection
cloth vs. without protection eyewear and
with protection cloth were 0.156 mGy and
0.006 mGy; those of the right eye were 0.087
mGy and 0.003 mGy.

1-4

Table 4 shows the measurement results with
the fluoroscopy for an intraoperative C-arm.
Values with protection eyewear at each place
were as follows: 0.017 mGy (lateral-external
side of the left eyewear), 0.007 mGy (lateralin-
ternal side of the left eyewear), 0.018 mGy

(front-external side of the left eyewear), 0.002
mGy (front-internal side of the left eyewear),
0.015 mGy (front-external side of right eye-
wear), 0.001 mGy (front-internal side of the
right eyewear), 0.001 mGy (lateral-external
side of the right eyewear), 0.012 mGy (later-
alinternal side of the right eyewear).

Values immediately above the eyes were
0.006 mGy (left) and 0.006 mGy (right). With-
out protection eyewear, values immediately
above eyes were 0.011 mGy (left) and 0.010
mGy (right).

Discussion

The developed protection eyewear use eye-
wear lenses containing high-density lead, a
lead equivalent of 0.88 mmPb. In addition,
since the frame is also lead-coated, the frame
provides protection also for the direct radiation.
Further, for the scattered radiation from the ver-
tical and lateral directions there is also a protec-
tive effect as the frame is designed to reduce
the gap between the frame and the surface of
the skin. In the basic measurements in previous
studies using only protection eyewear, a 98% or
better protection against exposure to direct
frontal radiation over the full range from 80 kV
to 140 kV. There was also protection against
direct lateral radiation: the maximum was 80%

or better, and the minimum was 66% or better.

Table 4 Radiation protection dose by radiation protection eyewear in C-arm

C-arm eyewear (+) eyewear (-)
Left side: Outside of eyewear 0.017 -
Left side: Inside eyewear 0.007 -
Left front: Outside of eyewear 0.018 -
Left front: Inside eyewear 0.002 -
Right front: Outside of eyewear 0.015 -
Right front: Inside eyewear 0.001 -
Right side: Outside of eyewear 0.001 -
Right side: Inside eyewear 0.012 -
On the top of the left eye 0.006 0.011
On the top of the right eye 0.006 0.010
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When a protection plate was introduced to-
gether with the protection eyewear, the scat-
tered dose reduced to about 1/7 on average,
suggesting that the combined use of eyewear
with a protection plate has a very considerable
effect on lens radiation protection .

In the measurements for the present study,
the maximum dose that a technologist is ex-
posed to in one procedure in cardiovascular
angiography would be 0.300 mGy on the later-
al-external side of the left eyewear without pro-
tection eyewear and without a protection plate,
with an average of 20 mGy over 5 years. There-
fore, the threshold value of the eye lens will be
exceeded after performing 66 procedures. The
result immediately above the right eye is 0.13
mGy, and with this exposure the threshold
dose will be exceeded after performing 153
procedures, and even with protection eyewear
without a protection plate there is the possibil-
ity of exceeding the upper limit of the thresh-
old dose for the eye lens.

Considering a maximum of 50 mGy per year,
166 cases can be handled.

However, physicians who handle many cases
or perform treatment that last longer periods
may exceed the threshold dose. With protec-
tion eyewear and protection plate, the maxi-
mum exposure per procedure dose is 0.095
mGy at the lateral-external side of the left eye-
wear. Assuming a threshold value of 20 mGy,
210 cases could be acceptable, and if the
threshold is considered as 50 mGy, 526 cases
would become acceptable. Overall, these num-
bers suggest that it is preferable to use a radia-
tion protection plate together with the protec-
tion eyewear.

It is estimated that the maximum dose of
scattered radiation that a radiologic technolo-
gist who assists patients in general radiography
receives in one month is 0.15 mGy immedi-
ately above the left eye without protection eye-
wear and protection plate, averaging 20 mGy
over 5 years. Based on this estimate, a radio-
logic technologist can perform assistance 133

times. The dose immediately above the right
eye is 0.131 mGy, giving an estimated number
of possible procedures of 153. However, if the
annual number of working days is 200, there is
a strong possibility that this upper limit will be
exceeded. With a maximum dose of 50 mGy
per year, this would allow 333 times of expo-
sure. In this case, 1.6 times of assistance per
day for 200 days could exceed the threshold
value. With protection eyewear, the dose im-
mediately above the left eye is 0.022 mGy, and
that at the right eye 0.099. Compared to the
situation without protection eyewear, the ex-
posure doses with protection eyewear were
1/6.80 for the left eye and 1/1.30 for the right
eye. These results show the necessity to use
protection eyewear when assisting patients
during general radiography, resulting in good
agreement with the results reported by Takei>.

Results of the measurements assuming fluo-
roscopy showed that the exposure doses with
both protection eyewear and protection cloth
decreased to 1/78 on the left eye and 1/43.5 on
the right eye compared to the case without
such devices. The doses with only protection
cloth became 1/26 on the left, and 1/29 on the
right eye. Considering the threshold value of
20 mGy, 128 tests could be performed without
using protection eyewear and protection cloth,
and 645 with only protection eyewear. Using
both, it will be possible to handle 10,000 tests
annually. This suggests the advantage of using
protection eyewear at the very least.

When using the C-arm, the maximum dose
without protection eyewear is 0.011 mGy im-
mediately above the left eye, averaging 20
mGy for 5 years, and suggesting 1,818 tests are
possible. Further, wearing only protection eye-
wear is effective because the exposure dose is
reduced by half.

This present study did not measure the doses
at CT tests, but it is considered that wearing
protection eyewear is an effective means for
protecting the eye lens of technologists who

assist patients during CT examination or per-
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form biopsies with CT.

Akahane reported that “The shielding effect
of protection eyewear is affected by the posi-
tional relationship between the head, the eye-
wear, and the radiation source. If the position
of a technologist is not directly facing the ra-
diation source, the shielding effect of the pro-
tection eyewear is reduced. If the gap between
the eyewear and the face is large, the shielding
effect of the protection eyewear may easily be
attenuated. When a dosimeter is attached to
the inside of the protection eyewear, it is diffi-
cult to detect the attenuation of the shielding
effect of the protection eyewear, and there is a
risk of underestimation when using these val-
ues as a standard for the eye lens equivalent
dose” @, As described above, because the distri-
bution of the scattered radiation is complicat-
ed, it is possible that the results in the present
study will differ from the results of other basic
experiments on lenses and materials, and there
may be influences of wraparound radiation
(radiation from unexpected angles) and the
secondary scattering as errors due to the influ-
ence of the incident direction.

The measurement results are notated as Gy
as physical quantities. Further, we think it is
acceptable to consider the absorbed dose in
Gy of the eye lens and the equivalent dose in
Sv as equal because this study targets the eye
lens, and the radiation weighting factor is 1.0

for X-rays.
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Limitations of the study

The measurements in the present study
showed a high protective effect, but in actual
clinical practice, some cases take more time for
the treatment, and in that case, the fluoroscopy
time, the number of radiographies, and the
large angle of the load would increase, affect-

ing the values of the protective effect.

Conclusions

We conducted a basic evaluation of the JIS-
compliant protection eyewear developed in
this study. As the results show highly protec-
tive effects for various clinical settings, it was
established that the protection eyewear are ef-
fective as a device for eye lens protection.

Acknowledgments

We wish to express our sincere gratitude to
Ikuo Kobayashi (Nagase Landauer, Ltd.) for
helpful and supportive cooperation in this

study.

Conflict of interest

This study was conducted with research
funding under a contract for joint research and
development between the Dr. Japan Co., Ltd.

and Showa University.

4) JIS. Protective devices against diagnostic medical X-
radiation- Part 3: Protective clothing, eyewear and pro-
tective patient shields, JIS T61331-3: 2016.

5) Takei Yasutaka: The Non-uniform Exposure of Medical
Staffs in General Radiography. Journal of radiation pro-
tection research, 16(2),10-13, 2017.

6) Akahane Masaaki: Shielding effects of protection eye-
wear, Levels and factors of variation. 3rd Radiation
Council, Radiation Protection Study Group for Eye
Lens, Document 4.
www.nsr.go.jp/data/000205423.pdf (Accessed on
2020 Jan. 29)



Contribution

Global Extension of Medical Technologies: What
can Radiologic Technologists do for Global Health?

KONO Yuzuru

Affiliation: Department of Radiology,
Department of Global Network and Partnership,
National Center for Global Health and Medicine, Japan

Note: This paper is secondary publication, the first paper was published in the JART, vol. 67 no. 814: 41-44, 2020.

Suppose that you are asked a questions from
one of your colleagues like, “What can we do
for global health?” How would you answer the
question? Most of our colleagues would prob-
ably say “Sorry, pal. That should not be for ra-
diologic technologists but for medical doctors
and nurses.”

I would do likewise, unless I had participat-
ed in the project of global extension of medical
technologies.

Most of the readers however, may not be fa-

miliar with this.

The projects are defined as follows;

The projects of global extension of medical
technologies dispatch Japanese experts in the
field of health policy, social security, health
care and health industry to developing coun-
tries and accept health staff from various coun-
tries. Through these activities, Japan intends
to share experiences of medical institutions
such as the public health insurance scheme
and promote excellent medical technologies,
drugs and equipment. Thus, the projects aim
to improve public health and medicine in de-
veloping countries while facilitating growth of
Japanese health industry. Such activities are
expected to increase trust in Japan in the in-
ternational society and derive win-win relation

between Japan and developing countries .

As you can image, there are many applicants

and lots of projects are carried out in develop-
ing countries. Among them, one that I joined
in and broadened my horizon is “Enhancing
computed tomography (CT) and cardio angi-
ography in Republic of Zambia”.

For those who are not well informed of, let

me introduce Zambia.

Zambia, unlike most of its neighbors, has
managed to avoid the war and upheaval that
has marked much of Africa’s post-colonial his-
tory, earning itself a reputation for political sta-
bility. The landlocked country has experienced
rapid economic growth over the last decade as
Africa’s second largest copper producer after
the DR Congo. But its over-reliance on copper
has made it vulnerable to falling commodity
prices. Zambia also has one of the world’s fast-
est growing populations with the UN projecting
that its population will triple by 2050. But eco-
nomic growth and massive Chinese investment
have failed to improve the lives of most Zambi-
ans, with two-thirds still living in poverty .

Zambia used to be British territory and the
official language is English (less language bar-
rier to us comparing to French-speaking area).
Victoria Falls, one of three largest waterfalls
in the world, attract lots of people from all of
the world. The distance between Tokyo and
Lusaka, the capital of Zambia, is approximately
12,917 km, and the flight time (Emirates flights)
from Narita international airport to Lusaka
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airport is 22 hours and 25 minutes via Dubai
(Fig.1, 2, 3)! No direct flight service is avail-
able. You cannot survive without movies or

video games!

The summary of the “Enhancing CT imaging
and cardio angiography in Rep. of Zambia”
project is as follows; University Teaching Hos-
pital (UTH) in Lusaka procured two Canon’s
radiology systems in 2015: CT and cardio angi-
ography. However, owing to the lack of skills
and knowledge of the staff, and sometimes
infrastructure gap (blackouts happen quite

often), the systems were not used effectively

Fig.4
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before the project (Fig.4).

Here is our story.
® CT (2017)

Four radiologic technologists from the UTH
were invited and received education in Japan.

Contents of education include imaging pro-
tocol management, CT radiation dose control,
quality assurance/quality control (QA/QC) of
medical imaging devices, patient treatment,
etc. Through the intense hard training, trainees
in this project succeeded cardiac CT angiogra-
phy (cardiac CTA). Eventually, Zambia became
the second country (after Rep. of South Africa)
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to perform cardiac CTA in Southern African
countries. The fact was reported through the
media (TV and newspaper) across the country
and drew lots of attention.

Improved diagnostic CT imaging gathers
more clinical requests and resulted in increas-
ing the number of CT cases from 40 a day (be-
fore the project) to 60 (after the project) :a 50%
jump rise! (Fig.5). The impact of the project
has progressively grown and finally extended
to Ministry of Health and Welfare. CT scanner’s
maintenance and user support contract were
concluded in 2019.

Please note that it is very unusual for a de-
veloping country to conclude an equipment
maintenance contract.

After the conclusion, the CT scanner has
been running 24/7 and providing useful clini-
cal imaging.

UTH even procured a new Japanese 3D
work station in 2019, preparing for explosive
increase in Cardiac CTA. They decided to strike

out on their own.

® Cardio angiography (2018 and 2019)

Added to four radiologic technologists, one
cardiologist and three nurses from UTH were
invited and received education in Japan for this
project.

The purpose of this project is to provide
world-standard cardio angiography and percu-
taneous coronary intervention (PCD) in UTH.

Unless otherwise, they would have to go to

South Africa for the medical treatment. Educa-
tion contents for radiologic technologists in-
clude imaging protocol management, radiation
dose control, quality assurance/quality control
(QA/QC) of medical imaging devices, patient
treatment, etc. They received training in the
cath lab of National Center for Global Health
and Medicine (NCGM) and Terumo Medical
Planex (Terumo Co. Tokyo, Japan).

After the hard training of two years, the UTH
cath lab team succeeded the first PCI case in
November 2019: the second country (after
Republic of South Africa) in Southern African
countries (Fig.6).

Like the CT project, the fact was reported in
the local media (TV and newspaper) through-
out the country (Fig.7). The cardiologist be-
came famous overnight and was invited to see
“Vice President of Zambia”. The meeting was
so quite an event to her that he keep appearing

on her cell phone wall paper since then.

On the last day of our visit to UTH in No-
vember 2019, an unforgettable event hap-
pened. A South African patient of acute
myocardial infarction was transferred from
a modern private hospital for his treatment.
Although it was an early morning emergency
case, PCI was successful. The patient was then
discharged in a couple of days later and re-
turned to Rep. of South Africa safely.

The UTH director was so delighted to hear
the news and it is not surprising to see that he

Fig.6

Fig.7
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Fig.8

called the cardiologist “My daughter” since.

Please keep in mind that it is very unusual to
transfer patients from a private hospital (often
foreign-affiliated and modernized) to a public
one (often older and not well-equipped).

The UTH staff were kind enough to invite
us Japanese staff to join a weekend safari park
tour. We had a big party over there (Fig.8, 9).

UTH team and NCGM still keep in contact
with each other; which serves great assets to
us. The project also had impact on academic
performance and achievement. Several of the
UTH staff were motivated to enroll in a college
and a postgraduate course.
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So after the event, if a friend of mine ask me

“Hey, what's in it flying over such a long dis-
tance to see your colleagues?”

I would answer the silly question “For global
health promotion and it is definitely worth-
while.”

The project made me believe this.
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