
—English edit ion—

Journal of

The Japan Association of Radiological Technologists

2023

20232023



Note: The contents of this magazine are those that have been published in JART magazine. 

History

History of The Japan Association of Radiological Technologists (JART)4

—English edit ion—

Journal of

CONTENTS
Overview of the Japan Association of Radiological Technologists/general principles2

Regulations and Requirements for Submissions to the Journal of the Japan 
Association of Radiological Technologists

76

Arts and Sciences
original articles

Supraspinatus Outlet View Accuracy comparison between the conventional 
method rotated 100 degrees in X-ray photography and the Horio method 
using the central X-rays
TAKAI Natsuki, SUZUKI Yoshiaki, KATO Kyoichi

6

original articles

3D T2 -weighted turbo field echo (3D T2 TFE) sequences for evaluation of 
cervical nerve roots
KAWAKAMI Koji, KITSUKAWA Kaoru, KIMURA Yusuke, YONEYAMA Masami, FUKUCHI Hirofumi, YOSHIKAWA Tatsuo

15

original articles

Content analysis in the proceedings “Study Group on the Appropriate 
Management of Medical Radiation”
SAITO Hiroki, TOKUSHIGE Yumiko, MARUYAMA Sho, IWAI Tsugunori, KATOU Hideki, HOSHINO Syuhei

30

original articles

Student issues based on the results of clinical training of radiological 
technologists
MUTO Hiroe, NAKAYA Koji, MATSUURA Kanae

39

material

The effects of electrical muscle stimulation on facial muscles: Volume change 
of facial muscles measured with magnetic resonance imaging
NAKAYA Koji, MUTO Hiroe, MATSUURA Kanae, SUDO Shu, YAMANAKA Aya

47

material

Dementia disease classification of the statistical analysis images of cerebral 
blood flow SPECT using deep learning
YAMAMOTO Yasushi, SHIRAI Masato, KATSUBE Takashi, YOSHIZAKO Takeshi, UWABE Hoshio, MIYAHARA Yoshinori, KITAGAKI Hajime

55

original articles

Dosimetry with a custom-made chest radiography dosimeter and radiation 
dose management from the analysis results
SHINKAI Eishu, OOISHI Tetsuya, TAKAGI Yuu, KATOU Hiroaki, KOMIYA Hiroko, UEDA Kouki, YOSHIKAWA Kumiko, RIKITAKE Sayaka, BABA Ikuko

22

material

Research on eye lens exposure doses and exposure management for 
physicians involved in Interventional Radiology
ARAI Kazumasa, WATANABE Hiroshi, MEGURO Yasuhiro, KITAYAMA Sanae, YABE Satoshi, SASAKI Takeshi, HASEGAWA Takeshi, 
FUKUZUMI Toru, KAWASAKI Hideo, SATO Yoichi

63

Foreword

3 Regarding Publication of the English Edition
UEDA Katsuhiko, President, The Japan Association of Radiological Technologists 

2023
The Japan Association of 
Radiological Technologists



2  ◆  Journal of JART English edition 2023

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.

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.

general principles
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　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, 8 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. I 

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, I 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 October 2021, the needle insertion for examinations of contrasting of the examination for CT, 

MRI, Ultrasound and Radioisotope are added as the new operation that can be performed by radio-

logical 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.

Regarding Publication of the 
English Edition

UEDA Katsuhiko (President)

F o r e w o r d
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1947
・ Establishment of JART (July 13)

1951
・ Promulgation of the Act on Medical Radiog-

raphers (June 11)

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

1954
・ First national examination for Medical Radi-

ographers (May 30)

1956
・ Event to commemorate the 10th anniversary 

of founding, attended by Her Imperial High-
ness Princess Chichibunomiya

1962
・ Event to commemorate the 15th anniversary 

of founding and 10th anniversary of enact-
ment of the Act on Medical Radiographers, 
attended by Her Imperial Highness Princess 
Chichibunomiya 

1968
・ 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

1969
・ Renaming as the JART

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

1975
・ Event to commemorate the 80th anniversary 

of the discovery of X-rays, attended by Her 
Imperial Highness Princess Chichibunomiya  

1979
・ Completion of the Education Center for 

JART

1983
・ Partial revision of the Act on Medical Radi-

ographers and the Act on Radiological Tech-
nologists (unification of the professions)

1985
・ Event to commemorate the 90th anniversary 

of the discovery of X-rays, attended by Her 
Imperial Highness Princess Chichibunomiya

・ Staging of the 1st Japan Conference of Radio-
logical Technologists 

1987
・ General assembly resolution for establish-

ment of the New Education Center and a 
four-year university

1989
・ Completion of the New Education Center 

(Suzuka City) 

1991
・ Opening of Suzuka University of Medical 

Science

1993
・ The Act to Partially Revise the Act on Radi-

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

1994
・ Appointment of the President of JART as the 

11th President of ISRRT

1995
・ Event to commemorate the 100th anniversary 

of the discovery of X-ray, attended by Her 
Imperial Highness Prince Akishinomiya

1996
・ Start of the Medical Imaging and Radiologic 

Systems Manager certification system

1998
・ Staging of the 11th ISRRT World Congress at 

Makuhari

1999
・ Start of the Radiation Safety Manager certifi-

cation system

Historyof 
The Japan Association of 
Radiological Technologists ( JART)
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2000
・ “Presentation of the Medical Exposure 

Guidelines (Reduction Targets)” for patients 

2001
・ Start of the Radiological Technologists Liabil-

ity Insurance System 

2003
・ Enactment of X-Ray Week

2004
・ Relocation of offices to the World Trade 

Center Building in Tokyo

2005
・ Start of the Medical Imaging Information Ad-

ministrator certification system

2006
・ Staging of a joint academic conference be-

tween Japan, South Korea, and Taiwan 

・ Revision of the Medical Exposure Guidelines

2008
・ Establishment of the committee on Autopsy 

imaging (Ai)

2009
・ 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 

2010
・ Health Policy Bureau Director’s notification 

concerning promotion of team medicine 

2011
・ Support activities following the Great East 

Japan Earthquake 

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

2012
・ Registration of transition to a public interest 

incorporated association (April 1)

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

・ Renaming as public interest incorporated as-
sociation JART

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

2013
・ Signing of the Comprehensive Mutual Coop-

eration Agreement on Prevention of Radia-
tion Exposure (September 21) 

2014
・ 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

2015
・ Event to commemorate the 120th anniversary 

of the discovery of X-rays 

2017
・ Event to mark the 70th anniversary of found-

ing (June 2) 

2018
・ 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

2019
・ Notice from the Health Policy Bureau on 

a Safety Management System for Medicinal 
Use of Radiation

2020
・ Partial revision of the Ordinance on Preven-

tion of Ionizing Radiation Hazards

2021
・ Relocation of offices to the Mita Kokusai Build-

ing in Tokyo

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

・ Holding the 23th AACRT with 37th JCRT in 
Tokyo

2022
・ Event to mark the 75th anniversary of found-

ing (July 16)



6  ◆  Journal of JART English edition 2023

Arts and Sciences
original articles

1. Introduction

　In the Y-view on X-ray imaging, the center of 

the glenoid cavity of the scapula and humeral 

head overlap, with the sides formed by the ac-

romion, scapular spine, and supraspinatus; the 

superior angle and coracoid process; and the 

body of the scapula forming a Y-shape 1). The 

Y-view is used to observe changes to the bony 

elements of the shoulder joint and their relative 

positions, as well as the subacromial joint, and 

separates the scapula from the ribs.

　There are two ways to take images in the Y-

view: the trans-scapular lateral view 2, 3) and the 

supraspinatus outlet view 3–7). The majority of 

Japanese documents on X-ray imaging tech-

niques describe the supraspinatus outlet view 

(hereinafter, Y-view). In this method, the sub-

acromial joint space can be visualized by 

obliquely shooting the X-ray craniocaudally, 

which effectively captures osteophyte forma-

tion under the acromion, shape of the under-

surface of the acromion, and calcification of 

the rotator cuff stop (Acromio-Humeral inter-

val: AHI) 5, 8, 9). In addition, X-ray in the Y-view 

is effective for its main purpose, which is the 

observation of the shoulder joint; e.g., disloca-

tion of the humeral heads and acromioclavicu-

lar joint, fracture of the clavicle, scapula, and 

humerus, osteophyte under the acromion, tu-

mor of the scapula and humeral neck, and 

snapping scapula syndrome 5, 8, 9, 10).

　An X-ray in the Y-view is taken correctly un-

der the following conditions: overlap of a) the 

Supraspinatus Outlet View Accuracy compari-
son between the conventional method rotated 
100 degrees in X-ray photography and the Horio 
method using the central X-rays
TAKAI Natsuki1），SUZUKI Yoshiaki2），KATO Kyoichi3）

1）Medical examination center, Mitsubishi-kobe hospital
2）Department of Radiology, Shimoda medical center

3）Showa University Graduate School of Health Sciences

Note: This paper is secondary publication, the first paper was published in the JART, vol. 69 no. 831: 32-39, 2022.

Key words:  Supraspinatus Outlet View,  Y-View,  Scapula,  Reference line,  Radiography

【Abstract】
　This study examined which, between the conventional method of rotating the scapula 100 degrees and Horio’s 
method of using the central X-ray connecting the root of spine of scapula (the scapular spine triangle) and the center 
of the glenoid cavity, satisfied the visualization conditions of the Supraspinatus Outlet View.
　The conventional method and the Horio method were reproduced by 3D-CT of 40 cases of scapula, and the 
tangentiality of the scapula body in the left-right rotation direction was compared. For the upward and downward 
rotation directions, the parallelism with the central X-ray indicated by Horio was evaluated using the base of the 
supraspinatus fossa as an index.
　As a result, the tangentiality of the scapular body in the left-right rotation direction was 9.39 mm ± 3.81 mm in the 
conventional method and 2.22 mm ± 2.34 mm in the Horio method, which was significantly higher with the Horio 
method.
　When the Horio method was used, the parallelism in the upward and downward rotation directions was 
－0.15° ± 1.55°.
　It was proved that the Horio method satisfies the drawing condition of Supraspinatus Outlet View, in comparison 
with the conventional method.

Received April 7, 2021; accepted June 30, 2021
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Supraspinatus Outlet View Accuracy comparison between the conventional method rotated 100 degrees in X-ray photography and the Horio method using the central X-rays

original articles

lateral border of the body of the scapula, which 

is the axillary fossa side, and b) the medial bor-

der of the body of the scapula, which is the 

spinal 10). The tangential imaging of the anterior 

surface of the scapula 6) also reveals that the 

body of the scapula is separated from the 

ribs 2, 3, 10–12). Furthermore, a wide view of the 

subacromial joint formed by the acromion and 

humeral head 13) and X-rays taken at an angle 

tangential to the supraspinatus must be ob-

tained 11), i.e., the subacromial region must be 

observed tangentially. Images that do not fulfill 

these conditions will not allow visualization of 

the components of the shoulder joint in the Y-

shape. In other words, the relationship be-

tween the scapula and humeral head will be 

distorted, hindering the diagnosis of fractures, 

dislocations, and ligament injuries, which is 

detrimental to ensuring reproducibility during 

follow-up.

　Specifically, the method involves the straight 

segment of the posterior border of the scapular 

spine (which can be palpated from the body 

surface) being rotated horizontally 100° to the 

image-receiving area 12, 14-16). This method (hence-

forth, the conventional method) is extensively 

documented. However, different documents 

describe the angle of incidence of the X-rays in 

the upward direction as 0°, 10°, 15°, and 20° 
with the angle being applicable to all pa-

tients 1, 3, 14, 16). Additionally, X-rays taken in the 

Y-view in clinical practice have required many 

reexaminations due to differences between pa-

tient position and scapular anatomy, which re-

sult in distortions of the scapular Y-view in lat-

eral, upper, or lower rotations. In particular, for 

patients with rounded backs, the Y-view of the 

X-rays is taken in the recumbent position, 

which requires further adjustments to achieve 

appropriate visualization of the scapula.

　It is necessary to use not only a single indica-

tor, as in the conventional method, but also to 

identify the central X-ray that connects the 

point of incidence and point of exit of the X-

ray for the body of the scapula. However, to 

the best of our knowledge, Horio’s (1971) 

study is the only one that described the central 

X-ray in the Y-view as the scapular spine tri-

angle and glenoid cavity 17), and this expression 

has not been used in any of Horio’s subsequent 

studies. In addition, no studies have examined 

the validity of the two points presented by 

Horio for the Y-view. It is necessary to reexam-

ine the body surface index because stable im-

aging cannot be achieved with the body sur-

face index in Y-view as described in the cur-

rent literature, and the incidence angle varies 

between references. In this case, it is important 

to use the central X-ray of the patient’s scapula 

as a reference in Y-view. This and other imag-

ing methods result in changes in the patient’s 
position according to their posture and shoul-

der movement.

　Here we report our experience using three-

dimensional (3D) computed tomography (CT) 

in the conventional method and an alternative 

method that uses the scapular spine triangle 

and glenoid cavity that form the central X-rays 

(hereinafter, the Horio method) to determine 

which method meets the conditions of visual-

ization in Y-view more effectively.

2. Methods

2-1. Ethical considerations

　The data from this retrospective study was 

anonymized. The ethics committee of our insti-

tution approved this study.

2-2. Devices and subjects

　A 64-row CT scanner (Optima CT660 Pro 

15HW25.2, GE Healthcare Japan Co., Ltd.) and 

workstation (SYNAPSE VINCENT Ver.5.4, Fujif-

ilm Medical Co., Ltd.) were used for construct-

ing 3D images. The CT was acquired with a 

rotation time of 0.5 s, 64 × 0.625 mm optical 

sight, 5.0 mm section thickness, 0.984 mm beam 

pitch, 78.75 mm/s table feed speed, 500 mm scan 

range, 120 kV tube voltage, 100–500 mA tube 

current. The images were reconstructed at 350 
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ken line) connecting the uppermost and low-

est points of the glenoid cavity (supraglenoid 

and infraglenoid tubercle), and 2) the line con-

necting the most anterior and posterior borders 

of the glenoid cavity (solid line) cross perpen-

dicularly (hereinafter, center of the glenoid 

cavity) on the view that allows its frontal ob-

servation 17). Next, as shown in Fig.1-c, the line 

connecting these two reference points, i.e., the 

root of the spine of the scapula (scapula spine 

triangle) and center of the glenoid cavity, is 

defined as the Y-view central axis.

2-4. Evaluation of left–right rotation on Y-view

　The left–right rotation direction of the scapu-

la is indicated by the overlap between the lat-

eral and medial borders of the body of the 

scapula, which is required for an effective Y-

view 10) indicates. As depicted in Fig.2, refer-

ence points for evaluation were placed on the 

medial and lateral borders to find if the condi-

tions are met for an effective Y-view., the tan-

gentiality of the lateral and medial lines in the 

Y-view in the conventional method and the 

Horio method, which relies on the scapular 

spine triangle and the glenoid cavity, were as-

sessed. The percentage of overlap between the 

mm image reconstruction and 500 mm recon-

struction field of view. Chest CT obtained 40 

scapular images of 22 patients from May 2018 

to October 2019 for a diagnostic purpose dif-

ferent from this study, in which the entire scap-

ula (21 right, 19 left; 13 males, 9 females; ages 

33–88 years; mean age 61.3 ± 16.0 years) were 

analyzed.

2-3.  Method of determining central X-ray as a 

reference point concerning the scapula

　Fig.1 depicts the point of the scapular spine 

triangle, which is the point of incidence of the 

X-ray with respect to the scapula in Y-view im-

aging, and the X-ray exit point, i.e., the glenoid 

cavity. Fig.1-a represents the 3D scapular im-

age of the point of incidence in Y-view, i.e., 

the root of the spine of the scapula (scapula 

spine triangle), which is defined as the point of 

intersection (●) between the line that extends 

from the superior border of the scapular spine 

to the medial border of the scapula (solid line) 

and the line originating at the inferior angle 

extending to the base of the supraspinatus 

(broken line) 8). As shown in Fig.1-b, the gle-

noid cavity’s point of exit corresponds to the 

point (×) where 1) the longitudinal axis (bro-

Fig.1　 Position of point of incidence of the X-ray （root point of the spine of the scapula）and the point 
of injection （center of the glenoid cavity）and The Y-View central axis

a. The root point of the spine of the scapula (The scapular spine triangle)（●）
b. Center of the glenoid cavity（×）
c. The Y-View central axis（solid line）

Fig. 1 Position of point of incidence of the X-ray (root point of the spine of the scapula)
and the point of injection (center of the glenoid cavity) and The Y-View central axis

a. The root point of the spine of the scapula(The scapula spine triangle)(●)
b. Center of the glenoid cavity(✕)
c. The Y-View central axis (solid line)

a b

Root of spine 
of scapula (RS)

Center of the 
glenoid cavity (C)

C RSY‐View central axis

c

(Scapula spine 
triangle)
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original articles

eral border (point E △) to the medial border 

(point C, 〇) (segment E – C ＝ F, white arrow) 

was measured and compared to the distance 

from the lateral posterior border (point D, □) 

to the thickness of the anterior lateral border 

(point E, △) (segment D – E ＝ G, white bro-

ken line arrow).

2-5. Upward and downward rotation on Y-view

　Previous studies have described the use of 

Y-view imaging to obtain a wide view of the 

subacromial joint formed by the acromion and 

humeral head 13) and to shoot the X-ray tangen-

tially to the supraspinatus 11). In other words, 

this represents the coronal alignment of the 

upward and downward rotation of the scapula. 

Aoki et al.8) reported that X-ray incidence par-

allel to the inclination of the supraspinatus was 

used as a surrogate reference for the subacro-

mial inclination to draw an appropriate Y-view 

image, as the subacromial inclination in the 

coronal direction of the body tends to be ob-

scured by subacromial osteophyte formation. 

Therefore, tangential visualization of the su-

praspinatus should be useful for adjusting the 

rotation of the Y-view upwards and down-

medial and lateral borders and the distance be-

tween them were evaluated as indicators of 

tangentiality using the methods described be-

low:

　The Y-view was generated from a 3D CT im-

age and was rotated laterally 90° so that the 

image could be viewed from the front. The 

horizontal line (white broken line) that per-

pendicularly crossed the line between the su-

perior angle (■) and inferior angle (▲) of the 

scapula at the height of the midpoint was de-

fined as the point of intersection on the lateral 

border, and its posterior and anterior borders 

were denoted as points D (□) and E (△), re-

spectively The point of intersection at the mid-

point of the medial border (■ – ▲) was de-

fined as the center of the medial border (C). In 

addition, to evaluate the degree to which the 

medial border of the scapula is more anterior 

to the lateral border and tangential to the ante-

rior surface of the scapula, “tangential condi-

tion” was defined as the overlap of the medial 

border on the anterior half of the thickness of 

the lateral border to measure the distance be-

tween the anterior lateral border and the me-

dial border. The distance from the anterior lat-

Fig.2　Positions of the medial and lateral borders for evaluating tangency in the lateral rotation
 a. Anterior view image of scapula by 3D-CT VR processing
 b. Image viewed from the external direction
 c. Image viewed from the internal direction

Fig. 2 Positions of the medial and lateral borders for evaluating
tangency in the lateral rotation

b

ED

G

c

B

Posterior
direction

Anterior
direction

F

CE D

a

=

=

A

Inferior angle
of scapula

Internal
direction

External
direction

C

Superior angle
of scapula

The superior angle of the scapula (■)
The inferior angle of scapula (▲)

■-▲ (black solid line A)

The anterior border of the lateral border of 
the scapula ( D ,□)

The Medial border of the scapula (C, ○)

The base of the supraspinal fossa (●)

The distance from the lateral anterior border of 
the scapula (E, △) 

●-▲ (black broken line B) 

Between E and C = (F, white arrow)
Between D and E = (G, white broken arrow)

a. Anterior view image of scapula by 3D-CT VR processing
b. Image viewed from the external direction
c. Image viewed from the internal direction

The superior angle of the scapula（■）

The inferior angle of scapula（▲）

The base of the supraspinal fossa（●）

■ -▲（black solid line A）

● -▲（black broken line B）

The Medial border of the scapula（C, ○）

The anterior border of the lateral 
border of the scapula（D, □）

The distance from the lateral 
anterior border of the scapula（E, △）

Between E and C =（F, white arrow）

Between D and E =（G, white broken 
arrow）
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tion, Welch’s t-test was performed with two 

control groups, the Horio method (n = 40) and 

the conventional method (n = 40), excluding 

outliers. To evaluate the consistency of upward 

or downward rotation, outliers were eliminat-

ed using the Smirnov–Grubbs test, and one-

sample t-test with the population mean set to 

0° (n = 40) was performed. The one-sample Kol-

mogorov–Smirnov test was, and the Smirnov–

Grubbs test used to assess normality and ex-

clude outliers, respectively. P < 0.01 was con-

sidered statistically significant.

3. Results

3-1. Assessment of left–right rotation on Y-view

　Fig.4 depicts the distance between the ante-

rior lateral border and the medial border in the 

Y-view measured as measured by the Horio 

method and the conventional method. The dis-

tances were 2.22 ± 2.34 mm and 9.39 ± 3.81 

mm according to the Horio method and the 

conventional method, respectively. No outliers 

were produced by either method, and there 

was a significant difference between them (p < 

0.01).

wards. Using this as a reference, we deter-

mined whether the Y-view generated the Horio 

method also fulfilled the criteria of a Y-view 

image. As depicted in Fig.3, the angle formed 

by the Y-view central axis and the straight seg-

ment of the supraspinatus base was measured 

on an image of the scapula observed frontally 

in a 3D CT Raysum view. The base of the su-

praspinatus was defined as the straight seg-

ment visible in the frontal Raysum view be-

tween the scapular notch (lateral) (〇) and the 

superior angle (medial) (■) indicated by the 

dotted arrow. A rotational correction in the up-

ward direction of the tilt of the straight seg-

ment of the supraspinatus base to the Y-view 

central axis in the upward direction was de-

fined as + (positive), and a rotational correc-

tion in the downward direction was defined as 

a － (negative).

2-6. Statistical analysis

　For consistency evaluation of left–right rota-

Fig.4　 Positions of the medial border with respect 
to the lateral borders of the scapula 
when using the Horio method and the 
conventional method（box plot）

Fig. 4 Positions of the medial border with respect to the
lateral borders of the scapula when using the Horio method
and the conventional method (box plot)
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Fig.3　 Relationship between the setting of the 
base of the supraspinatus fossa and the 
Y-View central axis in the anterior view 
image of the scapula in 3D-CT Raysum 
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Fig. 3 Relationship between the setting of the base of the
supraspinatus fossa and the Y-View central axis in the
anterior view image of the scapula in 3D-CT Raysum display
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method and the conventional method, respec-

tively (Fig.5-A, B). Using the Horio method, 

the medial border overlapped with the thick-

ness of the lateral border in 90.0% (36/40) of 

the scapulae. Of these, the lateral anterior and 

medial borders were visualized completely 

tangentially in four scapulae, whereas they did 

　Fig.5 illustrates the position of the medial 

border relative to the thickness of the lateral 

border in the Y-view as determined by the 

Horio method and the conventional method. 

The thickness of the lateral border as repre-

sented by the D–E distance (●) was 13.88 ± 1.66 

mm and 12 ± 2.13 mm measured by the Horio 

Fig.6　Four scapulae where the medial border did not overlap with the lateral border
The Medial border of the scapula（○）
The anterior border of the lateral border of the scapula（□）
The distance from the lateral anterior border of the scapula（△） 

Fig. 6 Four scapulae where the medial border did not
overlap with the lateral border

The anterior border of the lateral border of the scapula (□)
The Medial border of the scapula (○)

The distance from the lateral anterior border of the scapula(△) 

Fig.5-A　 Positions of medial border with respect to the lateral border of the scapula when 
using the Horio method（scatter diagram）

Fig.5-B　 Positions of the medial border with respect to the lateral border of the scapula using 
the conventional method（scatter diagram）
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to the posterior surface of the medial border in 

all 11 scapulae. In 65.5% scapulae in which the 

medial border overlapped the thickness of the 

lateral border, the medial border was posterior 

to the midpoint of the width of the lateral bor-

der, corresponding to a 75.0% deviation rate 

from the tangential condition of the scapular 

body. In the conventional method, which uses 

a 100° rotation between the straight segment of 

the posterior border of the scapular spine and 

the image reception area as a reference, shows 

that the body is rotated excessively medially to 

the ideal position, i.e., with the anterior surface 

of the scapular body positioned tangentially, 

which would require the rotation angle to be 

greater than 100°. However, a simple correc-

tion to an angle greater than 100° in the con-

ventional method is ineffective in generating a 

good Y-view image (Fig.4), as it results in 

greater spread due to individual anatomical 

differences than the Y-view obtained using the 

Horio method. This shift is inevitable as long 

as the straight segment of the posterior border 

of the scapular spine is used as the reference 

point, resulting in an incomplete Y-view image.

　In contrast, the Horio method distributed the 

distance between the anterior lateral border 

and the medial border in left–right rotation 

more uniformly than the conventional method. 

not overlap in four scapulae. Fig.6 depicts the 

3D CT and Raysum images of the four scapulae 

in which the lateral anterior and medial bor-

ders did not overlap. As illustrated in Fig.6, the 

medial border was anterior to the lateral bor-

der in all four scapulae. As depicted in Fig.5-A, 

in 97.2% (35/36) of the 36 scapulae in which 

the medial border overlapped with the thick-

ness of the lateral border in the Horio method, 

the medial border was closer to the anterior 

border than the midpoint of the width of the 

lateral border, which corresponds to 87.5% 

(35/40) of all cases.

　In contrast, the medial border overlapped 

with the thickness of the lateral border by 

72.5% (29/40) in the conventional method 

(Fig.5-B). There was no scapula in which the 

lateral anterior and medial border could be im-

aged completely tangentially. In the 11 scapu-

lae where they did not overlap, the medial bor-

der was more posterior to the body than the 

lateral border thickness. In the 29 scapulae in 

which the medial border overlapped with the 

thickness of the lateral border, the medial bor-

der was closer to the anterior than the mid-

point of the width of the lateral border in 31.0% 

(9/29); which corresponded to 22.5% (9/40) of 

scapulae.

3-2.  Assessment of superior and inferior rota-

tion on Y-view

　Fig.7 depicts the angles formed by the Y-

view central axis and the base of the supraspi-

natus. Angles ranged from -4° to 3° with the 

mean angle of -0.15° ± 1.55° and a distribution 

peak at 0° (42.5%, 17/40).

4. Discussion

　In this study, the left–right rotation assess-

ment in the Y-view (Fig.5-B) demonstrates that 

the medial and lateral borders of the body of 

the scapula did not overlap in 11 of 40 scapu-

lae imaged using the conventional method and 

that the medial border was shifted posteriorly 

Fig.7　 Angles between the Y-View central axis and 
the base of the supraspinatus fossa

When correction in the upward rotation is needed it is 
assigned as plus.
When correction in the downward rotation is necessary, it 
is assigned as minus.
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method generates a more precise and ideal Y-

view X-ray image than the conventional meth-

od, in which the angle of incidence of X-rays is 

adjusted between 0° and 20°.
　This study has several limitations. First, this 

was a single-center, retrospective study, which 

calls for a multi-center prospective study to in-

crease the level of evidence. Next, no com-

parison was made between the X-ray images 

produced by the Horio and conventional meth-

ods. This would be unethical as it would ex-

pose patients to a higher radiation dose of ra-

diation than is required. Third, for a controlled 

assessment of the scapular angle, it would be 

necessary to control the scapula’s inclination in 

the coronal, sagittal, and horizontal directions, 

which was not possible with the available X-

ray images. Fourth, the images of the scapulae 

in this study were acquired using chest CT, 

which is performed with the arms raised, as 

opposed to the normal seated or standing po-

sition with the arms lowered. However, this 

study evaluated the scapula independently as 

opposed to its relationship with neighboring 

bones such as the humerus or clavicle and 

structures such as muscles; therefore, we con-

sider this irrelevant.

　Further investigation is necessary for future 

studies, such as examining body surface refer-

ences for using the Y-view central axis and 

new body surface indices for each posture. If 

this is possible, it is expected that the patient 

will be able to receive Y-view images that sat-

isfy the imaging conditions even in the hunched 

posture and the supine position.

5. Conclusions

　A simulation using 3D CT images demon-

strated the effectiveness of imaging using the 

central X-ray connecting the two points, the 

scapular spine triangle and the glenoid cavity, 

as shown by Horio as the reference for Y-view 

imaging satisfied the imaging conditions for the 

Y-view more than the conventional method.

Additionally, 90% of the scapulae where the 

medial border overlapped the thickness of the 

lateral border had the overlap in the anterior 

half of the thickness of the lateral border. This 

suggests that the Horio method allows for 

more accurate imaging and better conformance 

to the conditions of Y-view imaging in left–

right rotation than the conventional method. In 

four scapulae, the medial border did not over-

lap with the thickness of the lateral border; 

however, all four met the other condition of 

the Y-view described in radiographic docu-

ments, which is that the body of the scapula is 

separated from the ribs 2, 3, 10-12). Therefore, us-

ing the Horio method, the body of the scapula 

and ribs were found to be separated in all 40 

scapulae examined from 22 patients, suggest-

ing that it is a universally valid method of 

right–left rotation that permits accurate Y-view 

imaging in all patients.

　Next, when evaluating upward and down-

ward rotation in Y-view, the condition of ac-

curate imaging in the Y-view, i.e., the base of 

the supraspinatus 8, 11) was used as a reference. 

As depicted in Fig.7, this resulted in a mean 

angle of -0.15° ± 1.55° between the base of the 

supraspinatus and Y-view central axis; i.e., it 

corresponds well with the base of the supra-

spinatus, indicating good conformance to the 

condition of accurate visualization inn the Y-

view. This suggests that the method proposed 

by Horio method to reference the central X-

rays in a superior Y-view using the scapular 

spine triangle and glenoid cavity is an effective 

method. Furthermore, this study demonstrated 

that the glenoid cavity, as shown by Horio, re-

fers to the cavity’s center. Therefore, aligning 

the angle of incidence of the X-rays to the Y-

view central axis, which connects the scapular 

spine triangle and center of the glenoid cavity, 

adjusts positioning for both left–right as well as 

upward and downward rotation of the scapula, 

serving as a universal reference unaffected by 

the patient’s postural change, scapular move-

ment, or anatomical differences. The Horio 
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of this study was presented at the 32nd Annual 

Conference of the Japan Association of Radio-

logical Technologists (2016, Gifu).
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Introduction

　Cervical radiculopathy is caused by the com-

pression of the cervical nerve at the level of the 

intervertebral foramen due to disc bulging or 

osteophytes in Luschka’s joints or interverte-

bral joints. Cases that develop spinal canal ste-

nosis and lumbar disc herniation in the lumbar 

spine undergo magnetic resonance imaging 

(MRI) to visualize how the nerve roots are 

compressed. However, only a few studies have 

sought to visualize cervical nerve root and 

morphological changes within the interverte-

bral foramen using MRI 1) - 5). Conventional MRI 

imaging methods may have difficulty identify-

ing which nerve root is injured and the respon-

sible lesion 6). The intervertebral foramen is 

anatomically smaller than the lumbar spine 

and is located obliquely to the body axis 5), 7). 

During diagnostic imaging of cervical spondy-

lotic radiculopathy, accurate identification of 

the lesion is important for selecting surgical 

treatment. For this purpose, three-dimensional 

(3D) imaging methods with thin slices and no 

gaps between slices have been considered ad-

vantageous 6). MR Neurography as the MR Im-

aging methods for the cervical nerve, includes 

3D Volume Isotropic Turbo Spin Echo Acquisi-

tion (3D T2 VISTA) sequences 8), and especially 

when the peripheral nerves are needed to vi-

sualize outside the intervertebral foramen, dif-

fusion-weighted imaging and High-Resolution 

3D Volumetric Nerve-Sheath Weighted RARE 

Imaging (3D SHINKEI) have been reported in 

the literature and applied clinically 9) - 13). The 

3D T2 VISTA sequences described above is ba-

sically a T2-weighted imaging method that de-

lineates cerebrospinal fluid (CSF) and adipose 

tissues with a high signal and normal nerve 

roots, degenerated intervertebral discs, and 

yellow ligaments with a low signal 8). However, 

no significant difference in the ability to visual-

ize nerve roots in the intervertebral foramen 

was observed between the aforementioned 

modalities and two-dimensional methods, 

making it difficult to observe the nerve roots in 
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the intervertebral foramen, which are impor-

tant in cervical spondylotic radiculopathy. In 

order to continuously observe a wide area ex-

tending from the spinal cord to the anterior 

and posterior roots, dorsal root ganglia, and 

extravertebral foramen nerve roots, imaging 

methods that suppress the signal from blood 

vessels, CSF, and fatty tissue surrounding the 

nerve root and emphasize the nerve root itself 

are considered effective 10). It has been report-

ed that the 3D T2 Turbo Field Echo (3D T2 TFE) 

sequences is capable of high-signal imaging of 

nerve fibers, and can obtain three-dimensional 

T2-weighted black-blood imaging can be ob-

tained in a short time 13), 14). This method is a 

gradient echo (GRE) method that collects spin 

echo (SE) signals, which require two RF pulses 

to generate. In principle, when the echo time 

(TE) is longer than the repetition time (TR), 

and the longer TR and TE are, the more sensi-

tive to motion and the lower the fluid tissue 

signal can be captured. The current study 

aimed to compare the nerve root imaging per-

formance of the 3D T2 TFE sequences and the 

3D T2 VISTA sequences, which allows for a 

freely reconstructable in a 3D sequence.

1　Methods

1.1　Validation of the 3D T2 TFE sequences

　We performed 3D T2 TFE imaging in 10 

healthy volunteers and verified its ability to vi-

sualize cervical nerve roots in the images. This 

study was approved by the Ethics Committee 

of our hospital, and all volunteers were in-

formed of the purpose of the study and pro-

vided consent (Approval No. 3418). The Achie-

va 1.5-T (Philips Japan Co., Ltd.) and Neuro 

Vascular coil were used as the receiver coil. 

The imaging parameters are shown in Table 1. 

The 3D T2 VISTA sequences was based on pre-

vious studies 8). whereas the 3D T2 TFE se-

quences was based on phantom verification. 

The measurement position was a transverse 

image at the level of the fifth cervical vertebra. 

The region of interest (ROI) was set at 4.0 mm, 

the image was enlarged sufficiently to mini-

mize errors, and the signal intensities of the 

bilateral nerve roots, paraspinal muscles, CSF, 

and left vertebral artery were calculated (Fig.1). 

After one-way analysis of variance, the Steel–

Table 1　 3D T2 TFE and 3D T2 VISTA scan parameters 
for volunteer imaging

3D T2 TFE 3D T2 VISTA

TE（msec）

TR（msec）

Flip angle（degree）

TFE（TSE）factor

Startup echoes

Shot interval（msec）

DRIVE

Uniformity

Profile order

Fat sat

Band width［Hz］

Field of view［FOV］（mm）

Rectangular FOV（%）

Matrix［matrix×phase］

Reconstruction matrix

Number of signals averaged

Slice thickness（mm）

Slice

Scan time（min）

5.9

12

35

30

default

439

CLEAR

Centric

ProSet 121

271

180

65.9

174×116

432×432

4

1

50

5.37

150

1200

90

40

0

yes

CLEAR

Sequential

no

315

180

66.6

180×120

432×432

1

1

50

4.40

ProSet: Principle of Selective Excitation Technique

Fig.1　ROI placement for the axial 3D T2 TFE images
The reformatted axial image of the originally acquired 3D 
T2 TFE image shows the locations of the ROIs used for 
measuring the signal intensity of the right nerve root（A）,  
paraspinal muscle（B）, cerebrospinal fluid（C）, left verte-
bral artery（D）, and left nerve root（E）.
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1.3　Statistical evaluation of image evaluation

　The Wilcoxon signed-rank test was used to 

evaluate the nerve root imaging performance 

of the 3D T2 TFE and 3D T2 VISTA sequences 

in 10 volunteers, after which kappa values 

were used to analyze the interobserver agree-

ment. Confidence intervals were set at 95% 

(p < 0.05), and tests for significant differences 

were performed.

2　Results

2.1　Validation of the 3D T2 TFE sequences

　Among the 10 healthy volunteers, signal val-

ues at the level of the fifth cervical vertebra 

were highest in the bilateral nerve roots and 

were significantly higher than were signal val-

ues in fluid tissues such as the left vertebral 

artery and CSF. No significant differences in 

signal values were observed between the left 

and right nerve roots or between the left verte-

bral artery and CSF (Fig.3).

2.2　Image evaluation

　The 3D T2 TFE sequences revealed that bilat-

eral nerve roots had a high signal, whereas 

blood vessels and CSF had a low signal. Mean-

Dwass test was performed for each group to 

determine significant differences. The confi-

dence interval was set at 99% (p < 0.001). Sta-

tistical analysis software JMP Pro®13 (SAS Insti-

tute Inc.) was used 15).

1.2　Imaging evaluation

　A total of 10 healthy volunteers [mean age, 

29.4 years (25–40 years); 7 males and 3 fe-

males] were imaged using the 3D T2 TFE and 

3D T2 VISTA methods and visually evaluated 

for nerve root delineation ability. None of the 

volunteers had symptoms of cervical nerve 

root disease. The imaging parameters are 

shown in Table 1. Two radiologists (with 4 and 

30 years of diagnostic radiology experience) 

independently scored the ability of both meth-

ods to visualize the bilateral first cervical to 

first thoracic nerve roots. The evaluation meth-

od was based on a four-point scale, with a 

score of 3, 2, 1, and 0 indicating that the cervi-

cal nerves from inside the dural sac to outside 

the intervertebral foramen could be clearly ob-

served, were partially obscured but observ-

able, were only partially observable, and were 

not observable, respectively 16) (Fig.2).

Fig.2　Examples of image quality scoring
MR imaging examples of the 4 grades used for qualitative evaluation of the cervical nerve from the intradural to extraforaminal 
regions. The reformatted axial images of the originally acquired 3D T2 TFE image show examples of the following: not visible 
（score 0; A）, partly visible（score 1; B）, visible（score 2; C）, and clearly visible（score 3; D）.
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Fig.3　Signal intensity of various structures in 3D T2 TFE images 

（A）: right nerve root,（B）: paraspinal muscle,（C）: cerebrospinal fluid,（D）: left vertebral artery,（E）: left nerve root

The average signal value from 10 healthy volunteers was highest in the bilateral nerve roots, which was significantly higher 
than the average signal values of the other structures.
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Fig.4　3D T2 TFE and 3D T2 VISTA images

（A）3D T2 TFE and 3D T2 VISTA axial reformatted images at the level of C3. 
（B）3D T2 TFE and 3D T2 VISTA axial reformatted images at the level of C5. 
（C）3D T2 TFE and 3D T2 VISTA oblique sagittal reformatted images.

（A）-（C）Reformatted acquired 3D T2 TFE images demonstrating that the nerve roots and spinal cord have the highest sig-
nal intensity within the thecal sac through the extraforaminal region（white arrow）. The structures surrounding the nerve root, 
such as blood vessels and CSF, are visualized as areas of low signal intensity. Thus, the 3D T2 TFE sequence provides high 
contrast images between the cervical nerve root and surrounding structures. In contrast, the 3D T2 VISTA images show the 
nerve root and spinal cord as having low signal intensity（open arrow）. Moreover, the extradural region of the cervical nerve 
root is not as well visualized as with the 3D T2 TFE sequence.
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3D T2 TFE sequences, the signal intensity in the 

ROI at the level of the fifth cervical vertebra 

was significantly higher than that of the left 

vertebral artery and fluid tissues, such as the 

CSF, with the highest signal values observed at 

the bilateral nerve roots. Yoneyama’s report 

states that to selectively delineate nerves on 

MRI, either enhancing the nerves themselves 

or suppressing the signal of surrounding tis-

sues can be effective 10). Moreover, we were 

able to confirm the difference in signal inten-

sity between cervical nerve roots and sur-

rounding structures with the 3D T2 TFE tech-

nique.

　Visual evaluation by the radiologist revealed 

higher scores at the third to seventh cervical 

vertebra levels and significantly better nerve 

root delineation with the 3D T2 TFE sequences 

than with the 3D T2 VISTA sequences. This 

may have been attributed to the ability of the 

3D T2 TFE sequences to reduce the signal 

around the nerve root, such as CSF, bone, and 

blood vessels, and image the nerve root itself 

with a high signal. In contrast, the 3D T2 VISTA 

sequences delineates the nerve root itself with 

while, the 3D T2 VISTA sequences showed that 

the CSF and adipose tissue had a high signal, 

whereas the nerve roots had a low signal 

(Fig.4). The 3D T2 TFE and 3D T2 VISTA images 

were obtained from 10 volunteer. Two radiolo-

gists evaluated those images according to the 

visual scale and gave high mark on 3D T2 TFE 

images at the level of 3 to 7 cervical spine (Ta-

ble 2).

2.3　Statistical image evaluation

　The results of statistical analysis of nerve root 

delineation performance are shown in Table 2. 

In visual score of nerve root delineation, the 

3D T2 TFE images at the level of the third to 

seventh cervical vertebrae had significantly 

higher. The interobserver agreement using 

kappa values was 0.68 (0.56–0.80) and 0.34 

(0.25–0.52) for the 3D T2 TFE and 3D T2 VISTA 

sequences, respectively, with the 3D T2 TFE 

sequences showing a greater agreement.

3　Discussion

　Among the 10 volunteers imaged using the 

Table 2　Nerve root scores and Wilcoxon signed-rank test results for each of the two readers

Reader 1 p-value Reader 2 p-value

3D T2 TFE 3D T2 VISTA 3D T2 TFE 3D T2 VISTA

right nerve root（mean± SD）
left nerve root（mean± SD）

right nerve root（mean± SD）
left nerve root（mean± SD）

C1
0.7± 0.15
0.7± 0.15

0.1± 0.10
0.1± 0.10

0.015
1.2± 0.15
1.2± 0.15

1.1± 0.10
1.1± 0.10

n.s

C2
1.3± 0.21
1.3± 0.21

2.2± 0.29
2.2± 0.29

n.s
2.4± 0.18
2.6± 0.18

1.6± 0.24
1.7± 0.24

0.009
0.015

C3
2.7± 0.15
2.7± 0.15

2.1± 0.23
2.1± 0.23

0.029
2.3± 0.16
2.2± 0.15

1.8± 0.22
1.6± 0.24

0.038
0.039

C4
2.7± 0.21
2.9± 0.10

1.8± 0.20
1.8± 0.20

0.006
2.6± 0.18
2.3± 0.17

1.9± 0.26
1.8± 0.28

0.03

C5
3.0± 0
3.0± 0

1.8± 0.20
1.9± 0.18

0.004
2.9± 0.10
2.9± 0.10

1.9± 0.26
1.9± 0.30

0.009

C6
3.0± 0
3.0± 0

1.9± 0.18
2.0± 0.21

0.004
0.006

3.0± 0
3.0± 0

1.8± 0.20
1.8± 0.30

0.006

C7
3.0± 0
2.9± 0.10

2.2± 0.25
2.2± 0.25

0.016
0.015

2.9± 0.10
2.8± 0.15

2.0± 0.29
1.9± 0.31

0.009

C8
2.3± 0.26
2.4± 0.34

2.4± 0.34
2.4± 0.27

n.s
1.9± 0.31
2.1± 0.28

2.0± 0.24
1.9± 0.31

n.s

Th1
0.6± 0.22
0.6± 0.22

2.3± 0.26
2.0± 0.26

n.s
1.7± 0.29
1.9± 0.31

1.2± 0.15
1.3± 0.17

n.s

n.s. : not significant
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of cervical radiculopathy is at the level of the 

4th to 7th cervical nerve roots, we believe that 

3D T2 TFE may be useful in most cases for the 

diagnosis of cervical radiculopathy, even if the 

findings of the 8th cervical nerve root or the 1st 

thoracic nerve root are not significantly better 

than the 3D T2 VISTA sequences.

　The 3D T2 TFE sequences displayed a higher 

interobserver agreement rate than did the 3D 

T2 VISTA sequences, perhaps due to its the 

ability to image the nerve roots themselves 

running from the spinal cord into and out of 

the intervertebral foramen with high contrast. 

Conversely, evaluating the entire nerve root 

running from the spinal cord to outside the in-

tervertebral foramen using the 3D T2 VISTA se-

quences proves quite difficult, which may have 

reduced the interobserver agreement rate 18), 19).

　One limitation of this study is that our study 

population comprised healthy volunteers and 

not on patients with cervical spine disease. Fu-

ture studies will be needed to examine wheth-

er nerve root symptoms coincide with the ste-

nosis site in patients with clinical symptoms.

4　Conclusion

　The 3D T2 TFE sequences and the 3D T2 VIS-

TA sequences, which allows for a freely recon-

structable 3D sequence for cervical nerve root 

delineation, were examined for their ability to 

delineate nerve roots. Our findings showed 

that the 3D T2 TFE sequences was able to de-

lineate nerve roots by presenting them as a sig-

nificantly higher signal compared to the sur-

rounding structures. Moreover, the 3D T2 TFE 

sequences was significantly more effective at 

the level of the third to seventh cervical verte-

brae, from within the spinal canal to outside 

the intervertebral foramen, than was the 3D T2 

VISTA sequences while showing with a high 

interobserver agreement rate. We believe that 

this method will be widely used as a standard 

imaging technique for nerve root evaluation 

during cervical spine MRI in the near future.

a low signal. Therefore, while T2 contrast be-

tween the CSF and nerve root allows us to ob-

serve the nerve root run in the spinal canal 

where CSF exists, the contrast decreases out-

side the spinal canal where the CSF signal dis-

appears, and the visibility of the nerve root 

becomes poor, making it difficult to adequately 

follow the run of the nerve root. However, out-

side the spinal canal, where the CSF signal is 

lost, the contrast is reduced, leading to the pre-

sumption that the nerve roots could not be ad-

equately followed due to poor visibility 8). Pre-

vious studies have shown that diagnostic imag-

ing of cervical spondylotic nerve root disease 

requires high-resolution imaging using the 3D 

method with thin slices and no gaps between 

slices 6). This study’s investigation of 3D T2 TFE 

sequences has demonstrated the ability to re-

construct images in any cross-section and pro-

duce high-contrast imaging of the spinal cord. 

As a result, there is potential for improved de-

piction of nerve root compression in cervical 

spondylotic nerve root disease, specifically for 

nerve roots outside the intervertebral foramen.

　The 3D T2 TFE sequences was not superior 

to the 3D T2 VISTA sequences for the eighth 

cervical vertebra and first thoracic vertebra 

nerve root. This may have been due to the in-

fluence of magnetic susceptibility caused by 

the lungs, phase dispersion caused by respira-

tion and body movement, and signal degrada-

tion caused by coil geometry. The T2 TFE se-

quences used in the current study is a GRE 

method that collects SE signals, and gradient 

spoiling is performed immediately after RF to 

reduce the signal of the FID component 17). 

Moreover, although the multi-shot method cuts 

off the steady state once and collects data, al-

lowing for further reduction in the signal of 

flowing tissues, such as the CSF and blood ves-

sels, the effects of body movement and respi-

ration are reflected sensitively, for which we 

assume the absence of a significant difference 

at the level of the eighth cervical vertebra or 

first thoracic vertebra. Since the preferred site 
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1. Introduction

　The diagnostic reference levels (DRLs) that 

were first introduced in June 2015 specified 

that the incident surface dose to the frontal 

chest was 0.3 mGy. Subsequently, the DRLs 

were revised in July 2020 (DRLs 2020), and a 

new item for the frontal surface of the chest at 

the time of medical examination was added 

separately from the frontal surface of the chest 

and set at 0.2 mGy.

　Our institution conducts both facility and trav-

eling medical checkups, and more than 340,000 

individual underwent chest imaging in 2019. 

The large number of people who undergo chest 

imaging has resulted in a large population ef-

fective dose. Thus, we keenly felt the need to 

manage the dose in examinees during health 

examinations. We then attempted to manage 

the dose of the examinees in the chest imaging, 

including the optimization by DRLs 2020.

　In the past, lung field phantoms (standard 

body shape) were usually taken in using a 

phototimer in all chest imaging equipment. 

The values of the examinee’s exposure dose 

under those imaging conditions were posted in 

each imaging room. However, estimating the 

radiation doses of many examinees with differ-

ent body shapes is difficult; therefore, a cus-

tom-made dosimeter was installed in one of 

the chest radiography rooms. We evaluated the 

characteristics of the dosimeter, confirmed that 

it can measure doses with high accuracy, ana-

lyzed the measured data, and developed a sim-

ple method for estimating the chest doses of 

each examinee.

2. Materials and methods

2.1　 Overview of the custom-made dosimeter 

for chest radiography

　A dosimeter for chest radiography was devel-

oped because a custom-made dosimeter has 

comparable performance to commercially avail-

able dosimeters 1) and can be manufactured in-

expensively (less than 100,000 yen).

Dosimetry with a custom-made chest radiography 
dosimeter and radiation dose management from 
the analysis results
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【Abstract】
　Chest radiographs in medical examinations usually involve many examinees of different body types. In this study, a 
method for estimating the exposure dose for each examinee was determined.
　First, we made our own radiation dosimeter for chest radiography of the examinee, installed it in one of the chest 
radiography rooms, confirmed that it could measure with high accuracy, and analyzed the measurement data.
　The measured data showed, that the exposure dose correlated well with the weight of the examinee. Therefore, the 
relationship between the weight of the examinee and his/her exposure dose can be applied for the exposure dose 
management of the examinee, even in other chest imaging rooms.
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2.1.1　Ionization chamber

　Considering the size of the front face of the 

movable aperture, the ionization chamber 2) is 

square, with 180 × 180 mm in external dimen-

sion and 146 × 146 mm in internal dimension.  

The frame was made by cutting out a 4-mm 

thick brass plate. The electrodes were of paral-

lel-plate type and consisted of two layers: cur-

rent-collecting and high-voltage electrodes. 

The walls were made of two layers of 100-μm-

thick polyester film stretched over the frame at 

4-mm intervals. The collector electrode was 

formed on the upper layer and the high-volt-

age electrode on the lower layer, using 15-μm-

thick aluminum (household aluminum foil, 

99.4% purity) and bonded together. The area 

of the collector electrodes was 20 × 20 mm, 

and that of the high-voltage electrodes was 30 

× 30 mm.

　Fig.1 shows an illustration of the cross section 

of an ionization chamber, and Fig.2 shows the 

actual appearance of the ionization chamber.

2.1.2　Amplifier

　The amplifier was the same in principle as 

commonly used amplifiers; however, a Model 

AD549KH (Analog Devices) was used as the 

direct current amplifier. The ionizing charge at 

the time of X-ray irradiation was charged to a 

capacitor of 0.016 μF, and the amount of 

charge was converted to the absorbed dose at 

the skin surface of the examinee (20 cm from 

the top of the imaging plate) and displayed.

　The indicated value was obtained by calibrat-

ing the custom-made ionization chamber do-

simeter (Roueiken type) 3) with Accu Dose+10X6 

(Radcal Corporation), measuring the dose  

(μC/kg) at the target position, and multiplying 

the backscatter coefficient and absorbed dose 

conversion factor to obtain the incident surface 

absorbed dose. To achieve this value, the ad-

justment resistor shown in Fig.3 was used to 

display the value in mGy.

　A DC voltage of 200 V was applied to the 

high-voltage electrode using a high-voltage 

module (Bellnix Co., Ltd.). 

Fig.1　 Illustration of the cross section of an 
ionization chamber

Fig.2　Actual appearance of the ionization chamber

Fig.3　 Principle of the measuring circuit of an 
amplifier

Fig.4　Actual appearance of the amplifier
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made dosimeter for chest radiography were 

measured at a tube voltage of 120 kV in the 

same arrangement as for the measurement of　 

the beam quality characteristics. The dose rate 

is defined as the dose rate at the incident plane 

of the skin.

2.3　 Clinical application of the custom-made 

dosimeter for chest radiography 

2.3.1　 Dosimetry by chest radiography dosime-

ters in health examinations

　A schematic diagram of the arrangement is 

shown in Fig.5. The incident surface dose was 

measured at a chest thickness of 20 cm from 

the imaging top plate using an ionization 

chamber in front of the movable aperture and 

is indicated in units of absorbed dose (mGy).

　This dosimeter for chest imaging is used in 

daily health checkups, and the absorbed dose 

values are currently recorded manually.

2.3.2　 Analysis of exposure doses in medical ex-

aminations 

　The frequency of absorbed doses during 

medical examinations is shown in Fig.6. The 

male-female total and female mode are 0.18 

mGy., while the mode for males was 0.22 mGy, 

which is approximately 22% higher. The me-

dian and mean for males and females com-

bined are 0.23 and 0.25 mGy, respectively.

　The relationship between the absorbed dose 

at the incident surface location and height, 

weight, abdominal circumference, and body 

mass index (BMI) was determined for the com-

bined male and female data.

　The correlation coefficient between absorbed 

dose and height was 0.3671, with correlation 

coefficients of 0.8349 for weight, 0.7882 for ab-

dominal circumference, and 0.8386 for BMI. 

The correlation was weak for height but strong 

for BMI, weight, and abdominal circumference. 

Particularly, the correlation coefficients be-

tween BMI and weight wear close to 1.0, indi-

cating a strong correlation.

　However, since BMI is calculated through the 

　Fig.3 shows the principle for measuring the 

circuit of an amplifier, and Fig.4 shows the ac-

tual appearance of the amplifier.

2.2　 Characterization of the custom-made do-

simeter for chest radiography

　The following equipment and materials were 

used to characterize the custom-made dosime-

ter for chest radiography: high-voltage X-ray 

equipment, HITACHI DHF-153H4R (Radnext) 

(total filtration 2.5 mm Al); and digital photog-

raphy equipment, FUJI FILM DR-ID1200 (CAL-

NEO Smart).

　Dose ratios were obtained using the custom-

made ionization chamber dosimeter (Roueiken 

type) 3) as a reference dosimeter.

2.2.1　Beam quality characteristics 

　The radiation quality characteristics of the 

custom-made dosimeter for chest radiography 

were measured at 80, 100, 120, and 130 kV 

tube voltages. The irradiation field was 43 × 

43 cm on the imaging tabletop. The ionization 

chamber of the chest radiography dosimeter 

was mounted in front of the movable aperture, 

and the custom-made ionization chamber do-

simeter (Roueiken type) 3) was simultaneously 

measured at 179 cm, 20 cm away from the tho-

racic imaging tabletop.

2.2.2　Dose-rate characteristics 

　The dose rate characteristics of the custom-

Fig.5　Schematic diagram of the layout



Arts and Sciences  ◆  25

Dosimetry with a custom-made chest radiography dosimeter and radiation dose management from the analysis results

original articles

2.4　 Dose control in other chest radiography 

rooms

　The doses were measured using the custom-

made dosimeter for chest radiography. The ab-

sorbed doses for the 1,273 male and female 

participants were statistically processed to pro-

duce box-and-whisker diagrams 4) as shown in 

Fig.8.

　The lower part of the box had a 25th percen-

tile tile value of 0.19 mGy. The upper part of 

the box has a 75th percentile tile value of 0.29 

mGy. The median is 0.23 mGy, and the mean 

is 0.25 mGy. The lower “whiskers” are 0.12 

mGy, and the upper “whiskers” are 0.43 mGy.

　Therefore, the dose frequency is shown in 

Fig.9, using the dose frequency calculated by 

excluding the outliers in Fig.8 from the afore-

mentioned dose frequency in Fig.6.

　Fig.9 shows a median value of 0.23 mGy and 

formula weight in kg / (height in m)2, weight is 

easier to use; thus, weight was used for dose 

control in the other chest radiography rooms. 

Fig.7 shows the relationship between body 

weight and absorbed dose.

Fig.8　The box-and-whisker diagram

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

Fig.6　Frequency of the absorbed dose
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3. Results

3.1　 Overview of the custom-made dosimeter 

for chest radiography

　The electrode in the center was covered with 

aluminum foil, which blocked the light-illumi-

nated field. However, the area around it was 

made of polyester film; hence, taking pictures 

without any difficulty in positioning is possi-

ble.

3.2　 Characterization of the custom-made do-

simeter for chest radiography

3.2.1　Beam quality characteristics results

　The measurement results at 80 to 130 kV are 

shown in Fig.10. The beam quality depen-

dence is in the range +8% to -5%. Since chest 

imaging is almost exclusively performed at 120 

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

3.2.2　Dose rate characteristic results

　The results of measurements at dose rates 

from 144 to 300 (µC/kg)/s are shown in Fig. 

11. The dose rate dependence is within -3%.

　In chest imaging, dose control is possible 

with minimal dose quality or dose rate depen-

dence.

3.3　 Clinical application of the custom-made 

dosimeter for chest radiography

　Since the correlation coefficient between the 

mean value of 0.24 mGy.

　The difference between the median and 

mean values was small, and dose control was 

performed by assuming a normal distribution.

　For dose control in the other chest radiogra-

phy rooms, a lung field phantom (PBU-SS-2.  

Kyoto Scientific) was used under clinical condi-

tions with a phototimer. The irradiation dose 

(μC/kg) under those imaging conditions was 

measured using the custom-made ionization 

chamber dosimeter (Roueiken type) 3) and mul-

tiplied by the backscatter coefficient and ab-

sorbed dose conversion coefficient to obtain the 

absorbed dose (mGy) at the incident surface 

position for 25 chest imaging rooms (vehicle-

mounted: 22 rooms, facility-mounted: 3 rooms) 

(computed radiography [CR]: 2 rooms, flat panel 

detector [FPD]: 23 rooms). The absorbed doses 

ranged from 0.13 to 0.23 mGy.

Fig.10　 Beam quality dependence of an ionization 
chamber

Fig.9　Frequency of the absorbed dose

Fig.11　 Dose rate dependence of an ionization 
chamber
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value is represented as μ and standard devia-

tion as σ, 68.27% of the values are included in 

the μ ± σ range. Therefore, the absorbed dose 

calculated by the regression equation is repre-

sented by one line in the middle and the σ 

range (± 34%) by two lines. Fig.12 shows an 

example of the dose notation in another chest 

radiography room (absorbed dose: 0.15 mGy, 

vehicle-mounted type: FPD).

　An example of a posting board in another 

chest radiography room (absorbed dose: 0.15 

mGy, vehicle-mounted type: FPD) is shown in 

Fig.13. The notice was mounted next to the 

radiation room such that the radiation dose can 

be estimated based on body weight.

　Examples of dose notations and postings for 

0.15 mGy are shown here, but similar dose no-

tations were used for all 25 chest radiography 

rooms with absorbed doses between 0.13 and 

0.23 mGy, and postings were installed.

　In addition, there were initially three rooms 

(0.23, 0.27, and 0.21 mGy) with equipment that 

exceeded the DRLs 2020 examination chest 

frontal incident surface dose of 0.2 mGy. The 

lung field phantoms were taken under reduced 

imaging conditions, and the images were eval-

absorbed dose and body weight for 1,273 male 

and female participants, whose data were tak-

en with the custom-made dosimeter for chest 

radiography, showed a strong correlation, body 

weight was used to control doses in other chest 

radiography rooms.

3.4　 Dose control in other chest radiography 

rooms

　The regression equation between body weight 

and absorbed dose (y = 0.0049x - 0.061) in Fig. 

7 was used for dose control in the other chest 

imaging rooms.

　In the normal distribution, when the mean 

Fig.13　 Postings for radiation dose control

Fig.12　 Relationship between the body weight and 
absorbed dose
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　The characteristics of the system were also 

confirmed to maintain sufficient accuracy, and 

the radiation dose during chest imaging was 

measured in a clinical setting. By analyzing 

and statistically processing the measurement 

results, a bulletin board was posted in each 

chest imaging room to enable the estimation of 

the dose from the weight of the examinee in 

the other chest imaging rooms. This enabled 

us to confirm the estimated doses of the exam-

inees and establish a system to appropriately 

respond to inquiries from examinees regarding 

radiation exposure by providing them with the 

estimated doses and a separately prepared 

medical exposure Q&A (radiation exposure 

and effects on the human body, etc.).
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of the Japanese Association of Radiological 

Technologists and conducted a full exchange 

of views with the facility manager (director). 

The study was then conducted based on the 

stipulation of the “Privacy Policy” of the facili-

ty’s website such as the use of anonymous data 

uated by one doctor and six radiologists. Two 

rooms (0.27 mGy to 0.23 mGy and 0.21 mGy to 

0.19 mGy) were able to reduce the dose.

　Two rooms (0.23 mGy: two rooms) had 

equipment that exceeded 0.2 mGy of the DRLs 

2020 examination chest frontal incident surface 

dose; however, all were vehicle-mounted and 

had been installed for 16 years, and the digital 

imaging equipment was CR equipment.

4. Considerations

　In medical examinations, chest radiography 

requires the imaging of many examinees in a 

short period of time, and there is often insuffi-

cient time to consider individual exposure dos-

es. Although installing dosimeters in all chest 

radiography equipment is desirable, it is diffi-

cult to do so in terms of cost and time. We also 

compared the results of computer software cal-

culations and showed that they wear 10-20% 

lower.

　Therefore, we used a simple method to esti-

mate the absorbed dose at the incident surface 

location based on the body weight, which is 

strongly correlated with the absorbed dose of 

the examinee. A strong correlation between 

BMI and incident surface dose on chest radiog-

raphy was observed 5). It has also been report-

ed that there was a strong correlation between 

BMI and incident surface dose in gastric radi-

ography 6).

　We also found similar results regarding the 

strong correlation with BMI and a similarly 

strong correlation with body weight; therefore, 

we decided to use the participant’s weight for 

easier management.

5. Conclusion

　A custom-made dosimeter for chest radiogra-

phy was fabricated to control the exposure 

doses during chest radiography in health ex-

aminations in which many examinees wear ex-

amined.
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1. Introduction

　In April 2020, a ministerial ordinance partial-

ly amending the Ordinance for Enforcement of 

the Medical Care Act went into effect (Ordi-

nance of the Ministry of Health, Labor and Wel-

fare, (MHLW), No. 21 of 2019)1). This ordinance 

indicated that the medical facility administrator 

is responsible for the safety management sys-

tem related to radiological treatment, and re-

quired to establish guidelines, provide staff 

training, and control and record patient doses. 

To date, radiation control to reduce radiation 

doses to the general public and workers has 

implied the use of radiation protection stan-

dards in facilities and structures and dose limits 

for those entering them in accordance with the 

Medical Service Act and related laws/ordinanc-

es. In contrast, the medical exposure to pa-

tients has not been controlled through dose 

limits even if X-ray examinations are performed 

at the lowest possible dose according to the 

International Commission on Radiological Pro-

tection (ICRP) “as low as reasonably achieva-

ble” principle 2). These trends in radiation pro-

tection are based on the research of the United 

Nations Scientific Committee on the Effects of 

Atomic Radiation (UNSCEAR), the ICRP’s rec-

ommendations on radiation protection, and the 

International Atomic Energy Agency (IAEA)’s 
guidelines. In particular, the IAEA compiled 

these recommendations into safety principles, 

requirements, and guidelines, which have 

been incorporated into the legal systems of 

various countries 3). This has enabled us to im-

plement radiation control in accordance with 
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international standards. The revision follows 

the same trend, and in April 2017, the MHLW 

launched the “Study Group on the Proper Man-

agement of Medical Radiation” and after eight 

meetings, the ministerial ordinance was re-

vised4). However, there is little information on 

this revision of the ministerial ordinance, just 

an introduction to dose management software 5) 

and a preface by Yonekura 6). Fortunately, the 

minutes of the study meeting are available as 

text data on the MHLW website.

　Content analysis using text data has been 

long applied in research 7, 8). Further, the wide-

spread use of analysis software, such as KH-

coder3 9), has allowed quantitative text data 

analysis. For instance, in sociology, Watabe’s 
case study of hierarchical cluster analysis 10) and 

Kuwahata’s case study of co-occurrence net-

work analysis 11) used KHcoder3 and data from 

the proceedings of the Diet. In the field of radi-

ology, Tokushige et al. reported a quantitative 

analysis of a questionnaire survey of medical 

radiology technician training schools 12).

　This study aimed to clarify the process lead-

ing to the establishment of patient dose records 

and safety management systems by text ana-

lyzing the minutes of the review meeting using 

KHcoder3. 

2. Materials and Methods

　A KHcoder3 Windows version including 

ChaSen (WinCha 2000 R2), MySQL 5.6, Perl 

5.14, R 3.1, and ggplot2 2.1 13) was used for 

analysis. 

2.1　Preprocessing of text data

　The minutes (.docx) of the 1st through 8th 

meetings of the “Study Group on the Proper 

Management of Medical Radiation” were down-

loaded from the MHLW website. At the begin-

ning of each meeting, the secretary introduces 

the attendees; then, the chairperson gives their 

opening statement, followed by the explana-

tion of materials by the secretary, and a ques-

tion-and-answer (Q&A) session. Only the 

agenda items related to this proper manage-

ment were subjected to text mining. Text data 

was created in Excel format (.xlsx).

　The agenda is marked by the speaker, fol-

lowed by what was said. The first line of the 

Excel worksheet had a header including 

<Text>, <Part>, and <Chapter>, and the agen-

da item was entered on the second line. The 

actual proceedings were entered in <Text>, the 

numbers in <Part>, the secretary’s explanation 

as “1,” and the Q&A as “2” in <Chapter>; the 

Chair’s greeting was omitted. As the second 

agenda item was just a title change, it was ex-

cluded from this analysis. Next, a KHcoder3 

project was registered and <preprocessing> 

was performed to check the text data. 

　As both “Diagnostic Reference Levels (DRL)” 
and “diagnostic reference level” were found in 

the minutes, to detect them as a single term, we 

specified both in <Select Terms> and performed 

<Preprocessing> and <Execute Preprocessing>. 

Then, the program z1_edit_words3.pm (https://

github.com/ko-ichi-h/khcoder/issues/101), 

which absorbs the two terms, was installed in 

the Plugin_jp folder and <plugin> and <distor-

tion of notation> were executed. 

　This way, we obtained the number of sen-

tences and paragraphs to be analyzed, the ex-

tracted words, and their frequency.

2.2　Cluster analysis

　Cluster analysis was performed to confirm 

the pattern of occurrence of the extracted 

words and phrases. KHcoder3 uses a <Hierar-

chical Cluster Analysis> as default, but to con-

sider the location information of words with 

small number of occurrences 14), a csv data file 

was created using <export> and <“extracted 

words x context vector” table>. For the extrac-

tion, the minimum number of occurrences was 

set to 55 (default value), csv data was output, 

R was initiated to read the csv data, and hierar-

chical cluster analysis was performed using the 

hclust function. The distance between clusters 
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relationship between these words and meeting 

number. Texts of the 3rd, 4th, and 5th meetings 

containing “record” were extracted from the 

text data of the minutes and a correspondence 

analysis (<tool>, <extracted word>, <corre-

spondence analysis>) was performed setting 

the minimum number of occurrences to 5 (de-

fault value). Similarly, texts from the 6th, 7th, 

and 8th meetings containing “responsibility” 
were extracted and analyzed for correspon-

dence.

3. Results

3.1　Preprocessing and cluster analysis

　After preprocessing, there were 1,890 sen-

tences, 907 paragraphs, and 76,829 total ex-

tracted words (e.g., medical: 587 occurrences, 

radiation: 478). Figure 1 shows the results of 

the cluster analysis. Words found near each 

other in a sentence formed a hierarchy. As the 

number of clusters can be determined arbitrari-

ly, to avoid that the keywords “record,” “train-

ing,” and “responsibility” of the revised ministe-

rial ordinance were all clustered together, we 

defined 10 clusters with a height of 2.68 (see 

Table 1). The number of extracted words were 

6, 18, 6, 9, 15, 5, 3, 7, 2, and 4 for Clusters 1–10, 

respectively (Fig.1).

3.2　 Bubble plots for meeting number and each 

cluster

　Table 2 shows a cross table of which meet-

ings the Clusters containing the words created 

by the coding rules appeared in. χ2 represents 

the χ2 test result, with p<0.05 indicating the 

threshold for significance. Figure 2 shows the 

percentage of each cluster in each meeting 

based on this cross-tabulation table. The per-

centage of occurrence was calculated by divid-

ing the frequency in each meeting number by 

the total number of occurrences (e.g., 51/252 

for Cluster 1) and is shown as the square size. 

The colors represent standardized residuals: 

Pearson rsd (√mean × (frequency - mean)/

was specified as ward.D2. 

2.3　 Bubble plots for meeting number and each 

cluster

　Coding rules were developed to check the 

frequency of occurrence of the extracted words 

in each cluster of the meeting numbers. The 

words extracted in each cluster specified in the 

text data (.txt) are shown in Table 1. Finally, a 

bubble plot of meeting numbers and clusters 

was created based on the cross-tabulation ta-

ble (<Tools>, <Coding>, and <Cross-tabulation 

table>).

2.4　 Correspondence analysis of the charac-

teristic words “record” and “responsibility”
　In terms of proper management, the key 

points of the revision of the ministerial ordi-

nance are the recording of patient doses and 

the establishment of a safety management sys-

tem. In 3.1, “record” is included in Cluster 1 

and “responsibility” in Cluster 10. In 3.2, Clus-

ter 1 appeared at high frequency in the 3rd, 

4th, and 5th times, and Cluster 10 in the 6th, 

7th, and 8th times. Therefore, a correspon-

dence analysis was conducted to confirm the 

Table 1　 Coding rules

Cluster Words

1 examination, CT, dose, record, exposure, 
appropriate

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

3 concrete, correspondence, case, protection, 
standard, define

4 future, study, discussion, administrative, teacher, 
opinion, page, documents, explanation

5

optimum, justifiable, training, implementation, 
partial, basic, consider, at this time, form, 
viewpoint, each, regulation, do, radiation, 
medical treatment

6 facilities, hospital, equipment, medical, 
institutions

7 treatment, devices, irradiation

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

9 doctor, technologist

10 responsibility, system, management, safety
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and 7th meetings for Cluster 5. Cluster 3 ap-

peared predominantly in the 7th meeting, al-

though not so often, and showed large stan-

dardized residuals. Cluster 4 and 6 were mod-

erately frequent but tended to appear in the 

6th and 7th meetings. Cluster 7 and 8 did not 

occur often, but had large first standardized re-

siduals. Cluster 9 and 10 did not occur very 

often, but showed large standardized residuals 

for the 6th, 7th, and 8th meetings.

mean value), indicating the meeting in which 

the cluster appears more (or less) often, with 

warmer colors indicating more frequent ap-

pearance. The mean value corresponds to the 

number of current entries relative to the total 

number of sentences.

　Cluster 1 appeared frequently in the 3rd, 4th, 

and 5th meetings, showing large standardized 

residuals. Clusters 2 and 5 often appeared in all 

meetings; standardized residuals were positive 

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

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

Meeting 
Number

Cluster
n

1 2 3 4 5 6 7 8 9 10

1 51 149 81 108 143 104 51 95 5 63 252

3 59 93 33 39 60 46 13 9 3 5 106

4 63 79 24 51 68 47 9 12 3 28  99

5 90 115 35 52 97 56 16 9 4 24 146

6 34 89 30 66 99 70 10 26 20 59 123

7 43 68 46 56 78 46 10 18 16 33  93

8 17 47 19 37 60 31 4 30 15 37  88

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

χ2 128.95 52.66 26.43 22.97 39.25 15.34 22.73 82.52 61.41 75.61  

p<0.05 6.94E-30 3.97E-13 2.74E-07 1.65E-06 3.73E-10 9.00E-05 1.86E-06 1.05E-19 4.63E-15 3.45E-18

Fig.1　Cluster analysis

Fig. 1 Custer analysis 
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monly appeared. From the beginning, there 

were characteristic words such as “Japan,” 
“IAEA,” and “difficult” in the 3rd meeting, “hos-

pital,” “on-site,” and “burden” in the 4th meet-

ing, and “EU,” “appropriate,” and “training” in 

the 5th meeting. Several words followed a lin-

ear distribution between the third “IAEA” to the 

fourth “hospital,” the fourth to the fifth “train-

ing,” and the third “IAEA” to the fifth “training.”
　Figure 4 shows the results of the correspon-

dence analysis of the feature word “responsi-

bility.” The number of target words was 43. 

The total number of words was 2,176 for the 

6th, 982 for the 7th, and 1,285 for the 8th meet-

ing. The correspondence analysis showed that 

the cumulative contribution of components 1 

and 2 was 100% in a 3×43 cross-tabulation ta-

ble. The 6th and 7th meetings were located to 

the left side of the x-axis.

　“Responsibility,” “management,” “record,” 
and “system” were distributed around the ori-

gin (0, 0). From there, there were characteristic 

words such as “hospital” and “occupation” in 

the 6th, “explanation” and “consider” in the 7th, 

and “regulation” and “pertaining to” in the 8th 

meeting. There were clusters of “technologist,” 
“doctor,” “dental,” “justifiable,” and “qualifica-

3.3　 Correspondence analysis of the feature 

terms “record” and “responsibility”
　Figure 3 shows the results of the correspon-

dence analysis for the feature word “record.” 
The number of target words was 73. The total 

number of words was 1,870 in the 3rd, 1,934 in 

the 4th, and 1,944 in the 5th meeting. Corre-

spondence analysis is based on a 3×73 cross-

tabulation table, with the proportion of occur-

rences (profile) between each word or meeting 

number determined by χ2 distance 15). The x-

axis (component 1) represents the first dimen-

sion result of the word or conference number, 

and the y-axis (component 2) represents the 

second dimension result of the word or confer-

ence number, simultaneously distributed in a 

scatter plot. The values (0.2777, 61.33%) on the 

axes are contribution rates; the cumulative 

contribution rate of components 1 and 2 was 

100%.

　The origin (0, 0) represents the coordinates 

of the average profile; the closer to the origin, 

the more evenly distributed the words in every 

meeting. “Dose,” “exposure,” “medical,” “irradi-

ation,” and etc., are some of these words. The 

feature word (the one appearing only once) 

appears on a straight line from the origin to the 

meeting number mark and outside of that 

mark. The 4th and 5th meetings appear on the 

right side of the x-axis, and many words com-

Fig.2　Bubble plot of meeting numbers and clusters

Fig.3　Correspondence analysis: record
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mined 10 clusters according to the key words 

of the revised ministerial ordinance. This meth-

od is common in cluster analysis 16). If the dis-

tance (Height = 2.68) increases, the clusters are 

aggregated to 6 and each cluster contains more 

words, while if the distance decreases, the 

number of words in each cluster is extremely 

small. Although the analysis results may change 

depending on clustering rules, consideration 

was given to the keywords in the ministerial 

ordinance revision.

　Cluster 1 includes “dose,” “record,” and “ex-

posure” and Cluster 2 includes “DRL;” Clusters 

1 and 2 contain the key terms of the revision of 

the ministerial ordinance. They appeared in 

the 3rd, 4th, and 5th meetings, suggesting that 

patient dose control was conducted using DRL 

and that discussions were held on recording. 

Cluster 3 includes “protection” and “standard,” 
Cluster 9 includes “doctor” and “ technologist,” 
and Cluster 10 includes “responsibility” and 

“system,” suggesting that the discussions on the 

person responsible for the safety management 

system took place in the 6th–8th meetings. 

Clusters 4–6 include words such as “page,” 
“documents,” “basic,” “consider,” “medical,” and 

“institutions,” mentioned when the secretary 

explained the meeting, as well as words for 

medical facilities and equipment central to the 

meeting agenda, which generally appeared in 

all meetings. Clusters 7 and 8 were the first in 

which radiation-related laws such as the Law 

Concerning Regulation of Radioactive Isotopes 

were explained. Since this meeting included 

non-experts in radiation, the first half of the 

meeting served to explain trends in radiation 

control and the second to discuss how to de-

velop a control system.

4.2　 Correspondence analysis of “record” and 

“responsibility”
　Although most text mining methods analyze 

and evaluate the subject matter of a text using 

the number of frequently occurring words as 

an indicator, we believe that it is difficult to 

tion” in the 6th and 8th meetings, and of “poli-

cy,” “guideline,” and “establishment” in the 7th 

and 8th meetings. Some words were linearly 

distributed between “hospital” in the 6th and “ 
consider” in the 7th, but not between the 7th 

and 8th, nor between the 6th and 8th.

4. Discussion

　The revision of the ministerial ordinance 

made it mandatory for the first time to record 

patient doses and required the establishment 

of a dose control system. We were asked for 

public comment two years prior to the an-

nouncement of the revision of the ministerial 

ordinance (from January 9, 2019 to February 7, 

2019), and in March 2019, we received a notice 

from the Director General (Medical Policy Bul-

letin No. 0312 No. 7). Therefore, text mining of 

the minutes of these proceedings was conduct-

ed to analyze the content.

4.1　 Relationship between cluster analysis and 

meeting number

　In cluster analysis, the words are clustered 

according to their close positions of occur-

rence. This time, we have subjectively deter-

Fig.4　Correspondence analysis: responsibility
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raphy dose index and dose length product for 

X-ray CT systems 20), and the reference air ker-

ma rate, integrated reference air kerma, and 

integrated area dose at the patient entrance ref-

erence point are displayed on IVR systems 21). 

The information is centrally managed by dose 

management software via the DICOM Radia-

tion Dose Structured Report. However, clinical 

sites are struggling due to the lack of test pro-

tocol names, etc. 22). Therefore, it is important 

to standardize the medical information to fa-

cilitate dose control and to easily obtain repre-

sentative Japanese values in each examination 

site. The 5th meeting included “training.” It was 

stated by the secretary that this can be prop-

erly managed to justify and optimize radiation 

protection by “training” and “record” of doses 

to radiation practitioners. 

　Based on the above, from the 3rd to the 5th 

meetings, proper management of radiological 

practice was agreed to be carried out through 

dose recording and training.

4.2.2　Feature word “responsibility”
　There was “occupation” in the 6th meeting. 

The responsible person can be a doctor, den-

tist, or radiology technologist who can irradiate 

the human body (i.e., can press a button on a 

radiation device) but who is not responsible 

for the need of radiological treatment, but can 

be a radiology technician because he/she es-

tablishes guidelines and systems. An “explana-

tion” was provided at the 7th meeting. Despite 

the opinion that nurses could provide explana-

tions to patients to lower the burden on physi-

cians, it was determined that medical treatment 

and explanation belong together, as required 

by the World Health Organization, the IAEA 23), 

and others 24, 25). The 8th meeting, held in re-

sponse to public comments, referred to “regu-

lations.” It was noted that there were many 

comments regarding the regulations for safety 

managers. The secretary proposed that a radio-

logical technologist can be a safety manager 

only when the system is justified by a doctor or 

capture the background of the subject matter. 

The advantage of KHcoder3 is that the analyst 

can extract and analyze words independently. 

Through the cluster analysis described above, 

the author chose “record” from Cluster 1 to fo-

cus on patient dose records and “responsibili-

ty” from Cluster 10 to focus on the exclusive 

responsibility for the safety management sys-

tem. 

4.2.1　Feature word “record”
　One of the major points of the revision of the 

ministerial ordinance is the recording of pa-

tient doses. The target equipment are CT, IVR, 

SPECT, and PET, which have high exposure 

doses. To manage patient doses easily, man-

agement software use has become widespread 

in clinical practice 17). 

　The 3rd meeting was the “IAEA.” According 

to the minutes, international trends were intro-

duced at the 3rd meeting. In the report, during 

UNSCEAR’s global survey 18), Japan is struggling 

to collect dose data. On the other hand, at the 

IAEA, it was introduced that doses are man-

aged by patient IDs through the smart card 

project 19). The goal of the government is to 

establish a system to record and track medical 

exposure history (smart card project), as is be-

ing worked on by the IAEA, with the goal of 

reducing medical exposure. The company ex-

pressed its ambition to make good use of its 

my number card for this history tracking. There 

was a “burden” in the 4th meeting. This was a 

concern about the “on-site” “burden” of con-

ducting “record.” They also asked for opinions 

on how to make the “record” data easier to get 

out. Thus, better performance of medical 

equipment and equipment capable of record-

ing patient dose information in the radiology 

information system, irradiation and electronic 

medical records might decrease the burden on 

the site of treatment allowing implementation. 

Since 2000, the International Electrotechnical 

Commission has been displaying radiation dos-

es on equipment, including computed tomog-
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plained the relevant laws and regulations, the 

3rd, 4th, and 5th meetings discussed the neces-

sity of dose records and the subjects of training 

in the safety management system, and the 6th, 

7th, and 8th meetings discussed the guidelines 

for the safety management system, including 

regulations on the responsible person, records, 

training, etc. 

　The present text mining analysis of the min-

utes of the “Study Group on the Proper Man-

agement of Medical Radiation” revealed the 

establishment of patient dose control and safe-

ty management systems based on international 

trends to properly manage justification and op-

timization in radiological practice.

dentist and can give instructions to the radio-

logical technologist. The role of the responsi-

ble person is the justification of radiological 

inspections but the establishment of a safety 

management system, including the formulation 

of guidelines and the implementation of train-

ing. 

　Accordingly, the 6th–8th meetings served to 

discuss the selection of the responsible person 

and the establishment of a management system.

Conclusion

　In the “Study Group on the Proper Manage-

ment of Medical Radiation” the 1st meeting ex-
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r ad iography ,  computed rad iography , 

magnetic resonance imaging, angiography, 

ultrasonography, nuclear medicine, and 

radiotherapy. The Department of Radiation 

Technology Science at our university attracts 

more than 100 students from all over Japan 

every year. Therefore, because it is impossible 

to provide clinical training in a hospital near 

the university for all the students, we ask 

students to conduct their clinical practice at 

their local hospital. In the past, clinical training 

centered on the tour type has been conducted. 

However, in recent years, participatory clinical 

training has begun to be adopted to help 

students acquire more clinical skills2). At this 

point in their training, students do not yet have 

a radiological technologist license; therefore, 

they are not allowed to irradiate patients, 

although they have acquired other clinical 

skills through clinical training (e.g., patient 

treatment, image analysis processing, and 

understanding of examination content).

　As part of our clinical training grade 

Introduction

　Univers i ty  t ra in ing for  rad io log ica l 

technologists in Japan follows a four-year 

curriculum. In those four years, students 

acquire the specialized knowledge necessary 

for practicing as a radiological technologist. 

In addition to classroom lectures, university 

education involves clinical skills training to 

prepare radiological technologists to work 

at a hospital. X-ray photography education, 

moreover, is continuously advancing, and thus 

clinical training education is indispensable 

for the production of aspiring radiological 

technologists1). At our university, clinical 

training is provided in the first half of the 

fourth year; during this training phase, students 

are taught by radiological technologists 

working in hospitals. The clinical training is 

conducted in a general hospital, and our aim 

is for students to acquire the clinical skills for 

the modality in which a given radiological 

technologist practitioner is engaged: general 

Student issues based on the results of clinical 
training of radiological technologists
MUTO Hiroe，NAKAYA Koji，MATSUURA Kanae

Department of Radiological Technology, Faculty of Health Science, Suzuka University of Medical Science

Note: This paper is secondary publication, the first paper was published in the JART, vol. 69 no. 842: 16-23, 2022.

Key words:  Clinical training education,  radiological technologist,  student assignments,  COVID-19 

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

instructors engaged in student guidance are 

asked to rate the grade evaluations created 

by our university. On the basis of the grade 

evaluations provided by the clinical instructors, 

the credits for clinical training are approved or 

rejected. However, we realized the potential 

usefulness for clinical training development 

(and thus for s tudents) of ident i fying 

potentially problematic issues from among the 

grade evaluation data. Therefore, the purpose 

of this study was to analyze the past 3 years’ 
grade evaluations for clinical training at our 

institution in Japan and to identify problems in 

clinical training education for students.

Materials and Methods

Targets

　A total of 325 participants comprised: 100 

students (69 male, 31 female) who underwent 

their fourth-year university clinical training 

in 2019; 108 students (61 male, 47 female) 

who underwent their fourth-year university 

clinical training in 2020; and 117 students 

(69 male, 48 female) who underwent their 

fourth-year university clinical training in 2021. 

The prescribed duration for clinical training 

set by our university is 57 days (training 

time per day is 8 hours). However, in 2020 

and 2021, the clinical training period for 

some students was shortened owing to the 

response of the local hospital in which they 

were training to the effects of coronavirus 

disease 2019 (COVID-19) infection. This study 

was approved by our University’s Conflict 

of Interest Management Committee and its 

Clinical Research Ethics Review Committee.

Grade evaluations for clinical training

　Table 1 shows the items that comprise the 

clinical training evaluation for our university. 

The main items used for evaluation are as 

follows: item 1 evaluates the acquisition 

of basic practical radiological technologist 

skills; item 2 evaluates the development of 

knowledge about and analytical ability for 

operating the hospital radiation department; 

item 3 evaluates the ability to respond 

appropriately to patients; and item 4 evaluates 

the development of responsibil i ty and 

awareness as a member of the medical team. 

To assess the topics covered in the main 

items in more detail, seven sub-items were 

set for each main item, as shown in Table 

1. After clinical training is completed, the 

clinical training instructor evaluates all the 

sub-items for each student on a 4-point scale 

(1 point: inferior, 2 points: standard, 3 points: 

good, 4 points: excellence).　From FY2019 to 

FY2021 the clinical training evaluations were 

conducted using the same method described 

above. The setting and evaluation method for 

these clinical training evaluation items were 

created by the university’s clinical training 

instructor and have been used for 3 years 

to evaluate the university’s clinical training 

program.

Comparison of clinical training evaluation 

scores (comparison of sub-items)

　The sub-item scores (average value±
standard deviation (SD)) for the clinical 

training evaluation for all students (total 

students from 2019 to 2021) were calculated. 

The score for each sub-item (average value

±SD) was calculated for each year, and a 

comparison was made to see if there were 

differences in each sub-item score in each 

year.

Comparison of clinical training evaluation 

scores (comparison of main items)

　The average values±SDs of the main items 

were calculated from the average sub-item 

values for all students, and the overall scores 

for each main item were compared. The 

average values±SDs of the main items for 

each year were calculated from the average 

value of the sub-items for each year, and 
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the overall scores for the main items were 

compared to identify differences.

Statistical analysis

　The Kruskal -Wal l i s  tes t  o f  one-way 

ANOVA was used to test for significance. 

The significance level was set to p <0.05. 

The P-value used a two-sided test. When a 

significant difference was observed between 

groups, the p-value-corrected Dann-Bonferroni 

test was used to determine which group 

differed significantly. Again, the significance 

level was p<0.05. We used Statistical Package 

for the Social Sciences (SPSS), version 26.0 

(SPSS Inc., Chicago, IL, USA) for these 

analyses.

Results

Comparison of clinical training evaluation 

scores (comparison of sub-items)

　Figure 1 shows the results of the clinical 

training evaluation scores for each sub-item for 

all students (total students from 2019 to 2021). 

The scores for each sub-item were as follows: 

1-1 was 3.13±0.62, 1-2 was 3.23±0.60, 1-3 

was 3.15±0.60, 1-4 was 3.23±0.59, 1-5 was 

3.07±0.53, 1-6 was 3.05±0.53, 1-7 was 3.04

±0.57, 2-1 was 3.55±0.54, 2-2 was 3.68±
0.50, 2-3 was 3.67±0.47, 2-4 was 3.44±0.55, 

Table 1　Main and sub-items for clinical training evaluation

Items for grade evaluation in clinical training

Main item 1: Acquire basic practical skills as a radiological technologist 
Sub-item 1-1. You can work on pre-learning and take part in practical training. 
Sub-item 1-2. You can record what you experienced in training in the report and use it in future training. 
Sub-item 1-3. You can clarify your own tasks from daily reports and study to gain knowledge that you lack.
Sub-item 1-4. You can work on the tasks you have been instructed to do and give feedback on the next day’s training. 
Sub-item 1-5.  You know the structure and installation of the hospital that considers patient safety (including infection 

prevention and accident prevention) and comfort, and you can explain these in the report.
Sub-item 1-6.  You understand the structure and installation of hospitals with staff safety (including infection prevention 

and accident prevention) and comfort in mind, and you can write down their characteristics in a report. 
Sub-item 1-7.  You can correlate and analyze the knowledge and theory learned in the classroom with the experience and 

situations in clinical practice.
Main item 2: Develop knowledge about and analytical skills for the operation of the hospital radiation department 

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

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

Main item 3: Learn how to respond appropriately to patients
Sub-item 3-1. Your appearance is suitable for medical personnel, and you can perform clinical training.
Sub-item 3-2. You can greet patients, staff, and leaders, etc.
Sub-item 3-3. You use polite language, such as using honorifics, when talking to patients. 
Sub-item 3-4. You give an honorific title to your surname when you call a patient.
Sub-item 3-5. You try to read the patient's emotions in their facial expressions and wording.
Sub-item 3-6. You can respond to the patient with a clear and easy-to-hear voice.
Sub-item 3-7. You can flexibly adapt to children and elderly patients.

Main item 4: Develop responsibility and awareness as a member of the medical team
Sub-item 4-1. You are not late for clinical training.
Sub-item 4-2. You can keep the time you have promised to your teacher or clinical practice leader. 
Sub-item 4-3.  You reveal your whereabouts to the clinical practice leader and act (i.e., do not take a break without 

permission).
Sub-item 4-4. You can meet deadlines for submitting clinical training reports and other assignments. 
Sub-item 4-5. You strive to improve what has been noted by clinical practice leaders and teachers.
Sub-item 4-6. You take care of your own health.
Sub-item 4-7. If you have any questions, you ask or consult with the medical team leader. 
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2-5 was 3.23±0.54, 2-6 was 3.12±0.54, 2-7 

was 2.80±0.52, 3-1 was 3.69±0.48, 3-2 was 

3.57±0.54, 3-3 was 3.47±0.55, 3-4 was 3.44

±0.54, 3-5 was 3.12±0.60, 3-6 was 3.19±
0.64, 3-7 was 3.04±0.59, 4-1 was 3.79±0.41, 

4-2 was 3.72±0.46, 4-3 was 3.68±0.50, 4-4 

was 3.57±0.55, 4-5 was 3.39±0.58, 4-6 was 

3.56±0.55, and 4-7 was 3.29±0.61.

　Figure 2 shows a graph comparing each 

sub-item of the clinical training evaluation 

classified in 2019–2021. The Kruskal-Wallis test 

revealed significant differences between the 

years for the sub-items 2-4, 3-2, 3-5, 4-2, 4-5, 

4-6, and 4-7 (sub-items 3-2, 3-5, 4-2, and 4-5 

were p<0.05, and sub-items 2-4, 4-6, and 4-7 

were p<0.01). The results of 

the Dann-Bonferroni test were 

as follows: p <0.05 was seen 

between 2020 and 2021 in 3-2, 

between 2020 and 2021 in 3-5, 

between 2019 and 2020 in 4-2, 

between 2020 and 2021 in 4-5, 

between 2019 and 2020 in 4-6, 

and between 2020 and 2021 

in 4-6. We observed p <0.01 

between 2019 and 2020 in 2-4, 

between 2020 and 2021 in 2-4, 

and between 2020 and 2021 in 

4-7.

Comparison of clinical training 

evaluation scores (comparison 

of main items)

　Figure 3 shows the scores for 

each of the main items for all 

students; they were: 3.13±0.08 

for 1, 3.35±0.32 for 2, 3.36

±0.25 for 3, and 3.57±0.18 

for 4. The Kruskal-Wallis test 

showed a significant difference 

between groups (p<0.05). The 

Dann-Bonferroni test showed a 

significant difference between 

main items 1 and 4 (p<0.01).

　Figure 4 shows a graph 

comparing each main item in the clinical 

training evaluation classified in 2019–2021. 

Scores for main item 1 were: 3.11±0.08 in 

2019, 3.17±0.07 in 2020, and 3.11±0.11 in 

2021. Scores for main item 2 were: 3.30±0.32 

in 2019, 3.41±0.33 in 2020, and 3.36±0.32 in 

2021. Scores for main item 3 were: 3.35±0.22 

in 2019, 3.44±0.25 in 2020, and 3.29±0.26 in 

2021. Finally, scores for main item 4 were: 3.54

±0.26 in 2019, 3.65±0.17 in 2020, and 3.52±
0.21 in 2021. The Kruskal-Wallis test showed 

no significant difference between the years in 

any of the major items (n.s.).
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FIGURE 1. Scores for sub-items in the clinical training evaluations for all students (total students from 2019 to 
2021). The horizontal black line indicates the average score of 3 points (good). 
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Figure 1　 Scores for sub-items in the clinical training evaluations 
for all students (total students from 2019 to 2021). The 
horizontal black line indicates the average score of 3 points 
(good).  
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FIGURE 2. Scores for sub-items in the clinical training evaluations for each year. The Kruskal-Wallis test was used to test for 
significant differences between other groups. The significance level was set to P <0.05. When a significant difference was found, the 
P-value-corrected Dann-Bonferroni test was used to determine which group differed significantly.
*P <0.05, **P <0.01.

Fig. 2

Figure 2　 Scores for sub-items in the clinical training evaluations 
for each year. The Kruskal-Wallis test was used to test 
for significant differences between other groups. The 
significance level was set to P<0.05. When a significant 
difference was found, the P-value-corrected Dann-
Bonferroni test was used to determine which group differed 
significantly. 
*P<0.05, **P<0.01.
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Discussion

　The purpose of this study was to analyze 

the grade evaluations for clinical training for 

the past three years at our institution and to 

identify problems in clinical training education 

for students. For students who aim to become 

medical professionals, clinical training 

education can give them the necessary skills 

for clinical practice. Therefore, this research 

attempts to identify and highlight problematic 

issues in students’ clinical training to inform 

and facilitate the further development and 

improvement of clinical training education.

　First, the method used for clinical training 

evaluation will be mentioned. The Likert scale 

is used for the clinical training evaluation 

of this study. In order to easily evaluate the 

comparison of clinical training evaluation 

items and the comparison of each year, the 

analysis was performed by quantifying the 

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

in four stages without using the median. This is 

because the absence of an intermediate value 

makes it possible to remarkably evaluate the 

quality of each item of students and facilitate 

future student guidance.

　The first notable outcome from this study is 

the consistently satisfactory average scores for 

the clinical training results among all students 

across all 3 years. The average score for most 

of the sub-items was 3.0 or higher, which 

indicates that students were able to perform 

clinical training well in the areas and topics 

covered by the evaluation items. Only sub-

item 2-7 had an average score of less than 

3. This item addresses medical fees. Clinical 

training instructors mainly provide information 

and direction about how to handle medical 

devices and how to communicate with patients 

during clinical work. While some clinical 

training instructors also inform students about 

medical fees, most do not. Additionally, even 

in university classes, there are no official 

lectures that explain medical fees for each 

type of medical examination. This can help 

explain why these students’ understanding of 

this item was the poorest, and the associated 

scores the lowest. However, when a student 

becomes a radiological technologist and works 

at a hospital, knowledge about medical fees 

is always essential. Patients often ask medical 

staff about the cost of their tests. Therefore, it 

is necessary to introduce classes to improve 

students’ knowledge about medical fees.

　The second outcome to underscore is the 

higher grades observed for some of the sub-

items in 2020 compared with other years. 

Furthermore, no differences were observed in 

the average scores for the sub-items in 2019 

and 2021. In 2020 and 2021, students’ clinical 

training underwent changes influenced by the 

COVID-19 pandemic. Recent clinical training 

education has shifted to address COVID-19 

infections3). More specifically, the clinical 

training curriculum was unexpectedly changed 

in some cases, and/or the clinical training 

period shortened, to prevent students from 

contracting COVID-19, and to protect students’ 
mental health4，5). Moreover, students whose 

clinical training period was shortened were 

also expected to study independently when 

they were not engaged in clinical training. 

Thus, although many facilities were forced to 

change some aspects of their clinical training 

teaching methods, some of the evaluation 

items were scored the same or better than 

before the changes were enacted. Currently, 

to improve clinical training, workshops are 

also held to further educate clinical training 

instructors. Some reports indicate that clinical 

training instructors have low participation 

rates in these workshops6), despite bearing 

all the responsibility for their students during 

the clinical training period1). In addition, the 

quality of the instructor’s teaching ability has 

a substantial impact on student learning6-9). 

Therefore, in Japan, to improve the leadership 

skills of clinical training instructors who train 

radiological technologists, the number of 

facilities participating in these workshop is 

increasing. Furthermore, university faculty 

members continue to work well with students 

and hospital-based clinical training instructors 

to improve clinical training. Therefore, even 

during the period of restricted clinical training 

owing to COVID-19, the students were able to 

receive high-quality clinical training education. 

The reasons why we were able to carry out 

sufficient clinical training even with COVID-19 

disasters are ‶sufficient guidance on infection 

control in pre-education of clinical training", 
‶thoroughness not to go out unnecessarily", 
‶students will be on standby at home from 

2 weeks before the start of clinical training", 
and ‶Students and clinical training instructors 

and faculty members will be in close contact", 
etc. In addition, the students themselves kept 

a high awareness of infection prevention, and 

they wanted to acquire clinical techniques, 

so we think that they were successful in the 
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clinical training during the prevalence of 

COVID-19.

　Here, we will describe the attendance 

of student education guidance in order to 

improve the leadership of clinical training 

instructors. On September 30, 2021, the 

Ministry of Health, Labor and Welfare of 

Japan revised the guidelines for guidance 

at radiological technologist training centers. 

As part of the amendment, it is stated that 

hospitals that conduct clinical training should 

have radiological technologists who have 

completed the radiological training instructor 

training course10). Improving the leadership of 

clinical training instructors is a very important 

item, and we hope that this revision will lead 

to the further development of clinical training 

education.

　A comparison of the main items for all grades 

showed that the acquisition of basic practical 

abilities as a radiological technologist was 

the lowest scoring item. This main item was, 

moreover, considerably lower than the item 

that addresses fostering responsibility and 

awareness as a member of the medical team; 

its content deals mainly with sub-items that 

evaluate the technological knowledge required 

to complete a report. The clinical training 

instructor requires students to write their own 

thoughts in their own words in their reports, 

including their experiences and activities on 

a given day of clinical training. However, 

some students find it difficult to express in 

their own words what they were involved in 

during medical examinations on the day. Such 

students rather describe the contents of the 

textbook as if it were their report. Therefore, 

we would like to offer proper guidance on 

how to write a report through pre-education in 

clinical training.

　In our comparison of main items in the 

clinical training evaluations for each student 

cohort, we used the same evaluations for 

each year. While some sub-items differed 

considerably across cohorts, a comprehensive 

assessment of the main items indicated there 

were no differences in evaluations across 

cohorts.

　On the basis of the foregoing analyses, we 

noted that students lacked knowledge about 

medical fees and that some students could 

not write reports well. To improve these 

aspects in future, we would like to enhance 

the relevant instructions in pre-education 

courses and in-person clinical training. Clinical 

training education is necessary for preparing 

students to play active roles as radiological 

technologists. We want students to be at 

the forefront of the medical field when they 

become radiological technologists and engage 

in clinical work. Thus, the problems identified 

in this research can facilitate improvements 

in those areas to produce higher quality 

radiological technologists.

　One limitation of this study is that the 

clinical training evaluation we analyzed was 

only a four-stage evaluation (i.e., 1 point: 

inferior, 2 points: standard, 3 points: good, 

4 points: excellent). If the evaluation stages 

were extended, differences may appear in 

other items. Therefore, in the future, we 

would like to review the scoring criteria for 

evaluations. A further limitation is the absence 

of evaluation for each modality in the clinical 

training evaluation we studied; rather, it is 

an evaluation of the entire clinical training 

process. Importantly, students have likes and 

dislikes and various weaknesses in different 

modalities. Therefore, a separate assessment 

should be conducted for each modality’s 
clinical training evaluation. Additionally, 

reports indicate that remote lectures have 

been adopted in various school settings in 

response to the spread of COVID-19, and that 

they have had a positive educational effect 

for students11-14). Furthermore, education that 

incorporates e-learning into existing lessons 

has been shown to be effective5，15，16). The 

e-learning system is not introduced in this 

research. we would like to create an e-learning 
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program for distance learners whose clinical 

training has been interrupted or shortened 

because of COVID-19. Finally, another study 

reported on the creation and effective use of a 

video recording of a radiological technologist’s 
work for student education17). We wish to 

contribute to the further development of 

clinical training education by incorporating the 

trials of those previous reports.

Conclusion

　The findings from our analysis of the grade 

evaluations for clinical training for the past 

three years at our institution show that some 

students’ knowledge about medical fees was 

weak and their reports poorly written. It 

is, therefore, essential to improve students’ 
knowledge and skills in the areas in which 

they are weakest by including a pre-education 

phase for clinical training and by enhancing 

the future development of clinical training 

education.
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【Abstract】
Purpose :  Electrical muscle stimulation (EMS) delivers a low-intensity stimulus to the nerves in the muscle to cause 
muscle contraction, and can result in a cosmetic effect. In this study, we measured volume changes of facial muscles 
before and after using EMS facial equipment via magnetic resonance imaging, and investigated the effects of EMS 
facial equipment on facial muscles.
Methods: Eight sessions of facial treatment were performed on healthy volunteers using EMS facial equipment. 
T2-weighted images were acquired before and after using the EMS facial equipment, and volume changes in the 
buccinator and masseter muscles before and after using EMS facial equipment were measured from the images. 
Results :  The use of EMS facial equipment caused a decrease in masseter muscle volume in magnetic resonance 
images. 
Conclusion :  The results suggested that the use of EMS facial equipment had a clear effect on facial muscles, and that 
a facial treatment effect could be obtained even with short-term use.
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ing purposes, providing a facial treatment that 

stimulates facial muscles and promotes facial 

muscle movement8). It contracts the muscles 

of the face and gives a slimming effect on the 

face.

　In the current study, we examined the ef-

fects of EMS on facial muscles. Many people 

regularly perform EMS on their face, reporting 

beneficial effects on their appearance9). How-

ever, the extent to which EMS affects facial 

muscles is currently unclear. There are no re-

ports quantifying the effects of EMS as a facial 

treatment. Therefore, we sought to clarify the 

effect of EMS by using the volume change of 

facial muscles. Imaging of facial muscles can 

be taken by computed tomography (CT) and 

magnetic resonance imaging (MRI), etc. MRI 

has better contrast resolution than CT10). Mus-

cles with a small area can be evaluated more 

accurately from MR images. Therefore, we 

thought that the facial treatment effect of EMS 

1．Introduction

　Human skin shows the effects of aging over 

time1). Many women use cosmetics and medi-

cines to prevent skin aging and rejuvenate the 

skin1, 2). In recent years, the market for beauty 

appliances has grown rapidly and demand is 

increasing3). In addition, many beauty salons 

offer treatments that attempt to prevent skin 

aging using beauty equipment. In recent years, 

beauty appliances and esthetic salons have 

developed and utilized facial equipment us-

ing electrical muscle stimulation (EMS). EMS 

involves the application of a low-intensity 

electrical stimulus to the nerves in the muscle, 

causing contraction of the muscle4-6) resulting 

in a cosmetic effect. EMS is also used as an ex-

ercise device for muscle training in the sports 

industry6). Furthermore, it has been reported 

that EMS is effective for dieting7). Facial EMS is 

now widely used for skin anti-aging and diet-
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could be evaluated if the muscles were acti-

vated by EMS and the degree of muscle con-

traction could be captured by MR images. In 

addition, there is T2 -weighted imaging (T2WI) 

in the MR sequence. It has been reported that 

this sequence is anatomically easy to see and 

provides good contrast11). Therefore, we would 

like to adopt T2WI for the MR sequence that 

images facial muscles. In the current study, 

we measured changes in the volume of fa-

cial muscles before and after using EMS facial 

equipment via T2WI of MRI, and investigated 

the effects of EMS facial equipment on facial 

muscles.

2．Materials and Methods

2-1.　Subjects

　The subjects were 10 healthy women, aged 

21 to 22 years (mean 21.7±0.5 years), who 

volunteered to take part. This study was car-

ried out with the approval of the Ethics Com-

mittee of Suzuka University of Medical Scienc-

es.

2-2.　Use of EMS facial equipment

　PEARL FACE ESTHE Sonic EX (ITO CO., 

LTD., Saitama, Japan) was used as the EMS 

facial equipment. The method of using the 

EMS facial equipment is shown in Fig.1. When 

using the EMS facial equipment, pearly sonic 

gel (Mikimoto Pharmaceutical CO., LTD., Mie, 

Japan) was applied to the tip of the probe. The 

electromagnetic waves of EMS used medium 

frequencies that affect muscles. Electromag-

netic wave output was performed at 13 out of 

40 stages. EMS facial equipment was used for 

20 minutes per person, and was used twice a 

Fig.1　 How to use electrical muscle stimulation facial equipment. 
Instructions provided by Mikimoto Pharmaceutical CO., LTD.
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week. In total, subjects underwent eight treat-

ment sessions from September 2020 to Oc-

tober 2020. Subjects practiced using the EMS 

facial equipment, and, after securing an envi-

ronment in which to do so, operated the EMS 

facial equipment themselves.

2-3.　 Acquisition of magnetic resonance imag-

ing

　MRI was performed before the use of the 

EMS facial equipment and within 2 to 3 days 

after the last day of use. An ECHELON 1.5T 

scanner (Hitachi, Ltd., Ibaraki, Japan) was used 

as the MRI device. A head coil was used as 

the receiving coil. T2WI was used as the imag-

ing sequence, and the imaging conditions for 

the T2WI are shown in Table 1. The imaging 

cross-section was set so that a cross-section 

perpendicular to the long axis of the cheek 

could be obtained.

2-4.　 Comparison of facial muscle volume 

before and after using EMS facial equip-

ment

　The muscles used for volume measurement 

were the buccinator muscle, which is involved 

in facial expression, and the masseter muscle, 

which is involved in jaw movement and mas-

tication. The masseter muscle is used to open 

and close the mouth and is also an important 

muscle for facial expression12, 13). Also, these 

muscles are the parts where the EMS probe is 

in close contact, and it was the subject of eval-

uation. For measuring the volume of both mus-

cles, the region of interest (ROI) tool attached 

to the workstation of the MR device was used. 

MR images were acquired by 2-demensional 

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

was surrounded by both muscles in all slice 

cross-sections where both muscles were de-

picted (Fig.2). Add up the muscle areas of all 

cross sections, and the volumes of both left 

and right muscles were measured. Volumes 

of the buccinator and masseter muscles were 

compared before and after the use of the EMS 

facial equipment. The ROI was set by a radio-

logical technologist with 10 years of experi-

ence in MRI work.

2-5.　Statistical analysis

　Wilcoxon signed-rank test was used for sta-

tistical analysis of volume changes in the buc-

cinator and masseter muscles before and after 

use of the EMS facial equipment. Statistical 

significance was defined as a P-value < 0.05. 

Fig.2　 Buccinator and masseter muscles region of 
interest settings

Table 1　 Imaging conditions for T2-weighted images

Parameters

TR (ms) 3,000

TE (ms) 84

FOV (mm) 200

Matrix 320 × 320

FA 90

IR Pulse off

Thickness (mm) 3

Interval 3

Multi slice 40

E. Factor 12

NSA 2

Bandwidth (Hz/pixel) 147.5
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We analyzed using Statistical Package for the 

Social Sciences (SPSS), version 26.0 (SPSS Inc., 

Chicago, IL, USA) for statistical analysis.

3．Results

3-1.　Volume change of buccinator muscle

　Fig.3 shows the volume of the right bucci-

nator muscle before and after using the EMS 

facial equipment. The volume of the right 

buccinator muscle before and after using the 

EMS facial equipment was 1.15±0.43 cm3 and 

1.03±0.27 cm3, respectively. There was no 

significant difference in the volume of the right 

buccinator muscle before and after using the 

EMS facial device (P = 0.508). Fig.4 shows the 

volume of the left buccinator muscle before 

and after using the EMS facial equipment. The 

left buccinator muscle volumes before and af-

ter using the EMS facial equipment were 1.04

±0.45 cm3 and 0.88±0.36 cm3, respectively. 

There was no significant difference in the 

volume of the left buccinator muscle before 

and after using the EMS facial equipment (P = 

Fig.3　 Volume of the right buccinator muscle before and after using electrical 
muscle stimulation facial equipment

Fig.4　 Volume of the left buccinator muscle before and after using electrical 
muscle stimulation facial equipment
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0.059).

3-2.　Volume change of masseter muscle

　Fig.5 shows the volume of the right masseter 

muscle before and after using the EMS facial 

equipment. The volume of the right masseter 

muscle before and after using the EMS facial 

equipment was 19.70±5.86 cm3 and 18.13±
4.73 cm3, respectively. There was a significant 

decrease in the volume of the right masseter 

muscle after the use of the EMS facial device 

compared with before (P < 0.05). Fig.6 shows 

the volume of the left masseter muscle before 

and after using the EMS facial equipment. The 

left masseter muscle volume before and after 

using the EMS facial equipment was 20.44±
6.26 cm3 and 19.06±6.04 cm3, respectively. 

There was a significant decrease in the volume 

of the left masseter muscle after the use of the 

EMS facial device compared with before (P < 

0.05).

Fig.5　 Volume of the right masseter muscle before and after using electrical 
muscle stimulation facial equipment

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

　We measured the volume change of facial 

muscles from T2WI of MRI before and after 

using the EMS facial equipment, and examined 

the effects of the EMS facial equipment on the 

facial muscles. 

　In the current study, the buccinator and mas-

seter muscles were targeted to induce changes 

in the volume of facial muscles. The buccinator 

and masseter muscles were selected because 

they provided suitable contact with EMS facial 

equipment, and it was relatively easy to set an 

effective ROI than other muscles in the MRI 

images. Regarding the buccinator muscle, there 

were no changes in the volume of the left and 

right buccinator muscles following the use of 

EMS facial equipment. This finding may have 

occurred for several reasons. First, the volume 

of the buccinator muscle is small, and no sig-

nificant volume change was observed. Further-

more, the EMS facial equipment was used by 

the subjects themselves. Using the EMS facial 

equipment took exactly 20 minutes. Howev-

er, because the procedure was performed by 

the subjects themselves, there were individual 

differences in the effects, and some subjects 

did not exhibit an effect on the buccinator 

muscle, which has a small volume. In addition, 

there may have been limited reproducibility, 

because the ROI for measuring volume was 

set manually. However, the average volume 

decreased after using the EMS facial equip-

ment. Thus, the results suggest that a signifi-

cant decrease in volume may be obtained by 

continuing to use the EMS facial equipment. 

In contrast, there was a marked effect of the 

EMS facial equipment on the masseter muscle, 

with the volume of the left and right masseter 

muscles significantly decreasing after using the 

EMS facial equipment. The masseter muscle 

has a larger volume than the buccinator mus-

cle and came into contact with the EMS facial 

equipment more often. Therefore, the masse-

ter muscle volume was significantly reduced, 

even though the equipment was controlled by 

the subjects themselves. However, there were 

cases in which the volume of the masseter 

muscles after EMS did not decrease. As with 

the buccinator muscle, the cause of the cases 

where the volume reduction was not obtained 

after EMS was that the subjects themselves 

used EMS. Therefore, it is considered that there 

were cases in which the probe could not stim-

ulate the muscles well and the facial treatment 

effect could not be obtained. In the future, 

we would like to implement it after sufficient 

training on how to use the probe. Thus, only 

the masseter muscle gained volume reduction 

after using EMS. The muscle that most closely 

adheres to the skin and the largest of the facial 

muscles is the masseter muscle. The reduction 

in masseter volume after using EMS makes the 

face slimmer. Therefore, it is considered that 

the use of EMS provided a facial treatment 

effect. In addition, the loss of muscle volume 

after EMS is not a loss of muscle mass itself. As 

mentioned in the introduction, EMS promotes 

muscle movement and contracts muscles. Mus-

cle activation also has the benefit of enriching 

facial expressions. Therefore, although the 

muscle volume is reduced, there is no health 

problem in using EMS and it can be used for 

beauty.

　In this study, the EMS facial equipment was 

used only eight times in total. The volume of 

the masseter muscle was reduced with this 

relatively small number of uses, suggesting 

that this EMS facial equipment may be suitable 

for use as a cosmetic device, inducing facial 

treatment effects in a relatively short period 

of time. However, when use of the EMS facial 

equipment is discontinued, muscle contraction 

is likely to return to its original state, leading 

to the disappearance of the facial treatment 

effect. Thus, it is likely to be necessary to use 

the EMS facial equipment on a regular basis to 

continue the facial treatment effect. Important-

ly, some facial muscle rollers, cosmetics, and 

pharmaceuticals have been reported to affect 
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facial expression. One previous study reported 

that the use of facial muscle roller devices must 

consider the facial muscles, and that training is 

required for safe use12). In addition, rough skin 

and other side effects are induced by some 

cosmetics and pharmaceuticals. Because the 

EMS facial equipment does not have a risk of 

these negative effects, facial treatment effects 

can be obtained efficiently.

　Overall, the current results revealed that the 

EMS facial treatment device induced a facial 

treatment effect in a relatively short period of 

time. We describe future research topics be-

low. The number of subjects in this study is 

10 cases. Since the number of cases is small 

in this study, we would like to increase the 

number of cases and obtain credible data 

when conducting further research. In addition, 

the volume data used this time is the one that 

sets the ROI for one person. Originally, it is 

appropriate to evaluate with a few people and 

perform calculation of intra-class correlation 

coefficient. However, it was too difficult to set 

the ROI for muscles, so the ROI setting was for 

one person. We would like to create a manual 

for muscle ROI setting and build a system that 

can be evaluated by multiple people. In addi-

tion, there is also fat in the muscle. EMS may 

also be given the ability to burn fat. Therefore, 

we would like to pursue a method that can 

evaluate facial treatment from the viewpoint of 

fat using short TI inversion recovery images. 

The current study targeted young women in 

their twenties. In the future, we plan to evalu-

ate whether the treatment effect varies across 

age groups. In addition, we plan to investigate 

changes in the thickness of facial muscles 

using an ultrasonic device, and to measure 

changes in muscle hardness using shear wave 

elastography. At the end, in this study, one 

EMS device is used for evaluation. However, 

other manufacturers are also developing de-

vices with EMS function. Since the principle of 

EMS effect is the same even if the device is dif-

ferent and the treatment procedure is different, 

it is considered that the same facial treatment 

effect can be obtained. It is also necessary to 

examine the effects of facial treatments on var-

ious devices.

5．Conclusion

　The use of EMS facial equipment induced a 

decrease in masseter muscle volume measured 

using T2WI of MRI. Therefore, it was suggested 

that the use of EMS facial equipment promotes 

the movement of facial muscles, reduces mus-

cle mass, and has the effect of slimming the 

face. In addition, a facial treatment effect could 

be obtained even with short-term use.
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Introduction

　Recently, in the field of radiographic images, 

the clinical application of Artificial Intelligence 

(AI) has been rapidly growing, and many of 

them are reported in papers. Typical examples 

are the detection of brain haemorrhage by 

head CT scans 1), the detection of unruptured 

aneurysms on the MRA 2), applications of noise 

reduction technologies 3), or reconstruction 

technologies 4) on Computed Tomography (CT) 

or Magnetic resonance imaging (MRI). As we 

have shown, AI technology is used in many 

ways. In 2019, the software, which allows us to 

detect a cerebral aneurysm on Magnetic reso-

nance angiography (MRA), received regulatory 

approval for the first time in Japan. Turning to 

the field of nuclear medicine, it is reported that 

an attempt to make images of CT scans from 

Positron computed tomography (PET) images 

and to use them for attenuation correction 5). 

Iizuka and others classified dementia disease 

from Three-dimensional stereotactic surface 

projection (3D-SSP) 6) images made from cere-

bral blood flow Single photon emission com-

puted tomography (SPECT) with deep learning 

(DL), then they reported the scientific validity 

from the perspective of visualizations of the 

specific hypovolemic regions 7). We, our group, 

have been attempting the classification of de-

mentia disease by our original deep learning 

model with 3D-SSP images made from cerebral 

blood flow SPECT images 8). Moreover, with an 

application of the notion of simulation training 

data stated by Uwabe 9), we have verified and 

reported the classification of dementia dis-

ease 12, 13) by well-recognised AlexNet (A.N) 10) 

and GoogLeNet (G.N) 11). This time, we as-

sessed the results of identification accuracy cal-

culations by O.N from data groups which are 

the same as the reports from by A.N and G.N. 

Additionally, using Gradient-weighted Class 

Activation Mapping (Grad-CAM) 14) ; one of 

technologies for visualizing Convolutional neu-
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ral network (CNN), we compared O.N with 

G.N and A.N to clarify their differences by 

Grad-CAM heat map images.

1. Methods

1-1　Used Models (A.N, G.N, O.N)

　O.N is composed of 4 layers of CNN and 3 

layers of Pooling. We showed detailed settings 

in Fig.1. We utilised Matlab 2019b (Mathworks 

Company), Deep learning toolbox, Image Pro-

cessing Toolbox, Computer vision toolbox, 

and Parallel computing toolbox in the analysis. 

We also described the details of G.N and A.N 

as comparison objects in References 10, 11).

1-2　Making image data

　The images we utilised in the analysis are 

3D-SSP Z-score maps gained from N-Isopro-

pyl-p-[123I] Iodoamphetamine (123I-IMP) 167 

MBq cerebral blood flow test. Moreover, we 

also utilised Discovery NM/CT 670pro, 3D-OS-

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

age reconstruction, Dual energy window meth-

ods, CT based Attenuation correction methods. 

For 3D-SSP analysis, we utilised the Normal 

Database of Shimane University. We showed 

the standard output images from 3D-SSP in 

Fig.2 (C). They were images of a human brain 

taken from eight different directions: the ante-

rior surface, the posterior surface, the left lat-

eral surface, the right lateral surface, the left 

medial surface, and the right medial surface. 

The original sizes were 890 × 660 pixels. How-

ever, we adjusted the sizes for 224 × 224 pixels 

in order to assess with G.N and A.N. (Supple-

mentary information: the size- 224 × 224 pix-

els is the same size for A.N. The size for G.N is 

227 × 227 pixels.) Then in order to avoid loss 

of detection accuracy by image reduction in 

the hypovolemic regions (Z-score description 

regions) as targets, we chose the images from 

4 different directions (the left and right lateral-

medial surface sides) from the images from 8 

directions as shown in Fig.2 (D). Why we chose 

these images is it is important to discern the 

(A)

(B) Image input layer(1) Convolution 2Dlayer(6)
Input Size [224,224,3] Channels 16

Convolution 2Dlayer(2) Batch normalization layer(7)(11)(15)
Filter Size [3,3] Convolution 2Dlayer(10)
Channels 8 Channels 32
Stride [1,1] Convolution 2Dlayer(14)
Padding zero padding Channels 64

WeightsInitializer Xavier Full connected layer(17)
Batch normalization layer(3)(7) InputSize 50176

ReLU layer(4)(8)(12)(16) OutputSize 3

Max pooling 2Dlayer(5)(9)(13) Bias [-0.04;-0.02;0.06]

PoolSize [2,2] WeightsInitializer Xavier
Stride [2,2]

Fig.1　Configuration diagram and parameters of the original model．
It comprises 4 convolution layers and 3 pooling layers.（A: Configuration diagram created with deep network designer in 
matlab.）
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using the Voxel-based analysis-stereotactic ex-

traction estimation (vbSEE) 16) Level3 after con-

version to Montreal neurological institute 

(MNI) brain coordinates using SPM8. The neu-

rological VOI regions were utilised, including 

the angular gyrus, superior parietal lobule, in-

ferior parietal lobule and superior marginal gy-

rus, which are located in the left and right pa-

rietal lobule regions, plus six regions of the 

posterior cingulate gyrus and precuneus in AD, 

and the superior occipital, middle and inferior 

occipital gyri, which are located in the occipital 

lobe region, plus the wedge, which is the pri-

mary visual cortex, and the cuneus in DLB. 

Masked images were generated by multiplying 

the base image with masked data in which the 

counts in each mask were progressively re-

duced to 35%, 30%, 25% and 20%, to generate 

various patterns of dementia SPECT data. We 

set the threshold value of the Z-score (Fig.2 (C) 

typical hypovolemic regions for Alzheimer’s 
disease (AD) or Dementia with Lewy bodies 

(DLB). Moreover, we regenerated all these im-

ages to ensure that they are placed on the 

same coordinates. To analyse, we need three 

data groups: Training, Validation and Test. 

About Training, we utilise 3D-SS images made 

from the simulation data of SPECT imitating 

the specific hypovolemic of AD, DLB as well as 

the report from Uwabe 8). The SPECT data used 

as the basis for the simulation data were 123I-

IMP healthy data collected in 2013 for the Nor-

mal database (28 subjects (15 males: 67.7 ± 6.2 

years, 13 females: 68.1 ± 5.7 years)), which 

were transformed into Montreal neurological 

institute (MNI) brain coordinates using statisti-

cal parametric mapping 8 (SPM8) 15). The re-

sults of this study were used to determine the 

neurological volume of interest (VOI) in the 

brain, and the neurological VOI was estimated 

(D)

(C)

(E) (F) (G)

(H) (I)

a b

c d

R.Lat L.Lat

R.Med L.Med

Fig.2　AD and DLB simulation images and the NC image used for the training.
（C）Original image of 3D-SSP, （D）AD simulation data created from C（⇒：-35%）, （E）Simulation image of AD（⇒：-20%）, 
（F）Simulation image of AD（Changed reference region from GLB to THL）, （G）Simulation image of AD（Changed Z-score 
threshold）, （H）Simulation image of DLB, （I）NC image.
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lated that diagnosis by Diagnostic Radiologist 

is correct, we assessed it in the 4 sections; Ac-

curacy (the rate of the correct data), Precision 

(the rate of true positive in the total positives), 

Recall (that shows sensitivity and statistical 

power), and F-measure (that means overall in-

dicate value.) If we calculate them by these 

factors: True Positive (TP), False Positive (FP), 

False Negative (FN), and True Negative (TN), 

they are Accuracy = TP + TN/Total, Precision = 

TP/TP + FP, Recall = TP/TP + FN, F-measure = 

2 × (Precision × Recall)/(Precision + Recall). 

We assessed each indicator value by mean val-

ue of 20 times’ trials and standard deviation. 

Subsequently, we also visually assessed how 

the hypovolemic regions determined the clas-

sifications, by heat map images made by Grad-

CAM. Furthermore, we conducted this research 

after gaining the approval from Ethics Commit-

tee at Shimane University, Faculty of Medicine.

2. Results

　Fig.3 is a candlestick chart that shows Recall 

by pathological types in G.N and A.N from the 

already submitted reports 10, 11) with added the 

results of O.N. From Fig.3 and Table 1, the re-

sults of AD’s recall are O.N (0.83 ± 0.09) ＞ 

G.N (0.82 ± 0.12) ＞ A.N (0.52 ± 0.12), the re-

sults of DLB’s are O.N (0.85 ± 0.05) ＞ A.N 

(0.74 ± 0.09) ＞ G.N (0.42 ± 0.12), in the case 

of NC, they are O.N (0.86 ± 0.06) ＞ G.N 

(0.78 ± 0.08) ＞ A.N (0.76 ± 0.06). In the case 

of AD, there are no significant differences be-

tween G.N and O.N. However, others show a 

great value of O.N with significant differences, 

additionally, in the sections of Training and 

Validation of O.N, many index values were 1.0. 

Fig.4 shows the data that are Grad-CAM heat 

map images of A.N and G.N quoted from Ref-

erences 11) and their images are added with the 

results of O.N. There are differences between 

the size of regions or the shape of the distribu-

tion that is “heat-mapped” by each analysis 

model. In each model of AD (J, K, L), bilateral 

②) from the Z-score map of each hypovolemia 

gained from these 3D-SSP analyses. Then, we 

made a simulated Z-score map of each 341 

cases of AD, and DLB to make normalised site 

setting (whole brain: GLB, thalamus: THL, 

pons: PNS, cerebellum: CBL③) and the setting 

of threshold value we have stated before vari-

able in each image. About (D) (①), we reduced 

35% of the count of a specific hypovolemic re-

gion of AD, and additionally, made it by ex-

tracting 4 directions. For (E), we reduced 20% 

of counts for a specific hypovolemic region. In 

the case of (F), a reference area was changed 

from GLB to THL. Moreover, (G) shows a case 

of each Training in which its threshold value 

setting of (E) was changed. In that way we 

have written, we multiplied simulated Training 

of AD, and DLB to 341 cases from the 28 cases 

of healthy ones. Now we must mention that 

we excluded the reference area which hardly 

detected AD, and DLB even though they were 

seen by Diagnostic Radiologist with more than 

20 years of experiences who were good at di-

agnosing dementia disease. We showed the 

detailed data breakdowns in the references 10). 

Fig.2 (H) shows one case of DLB, and ( I ) shows 

one case of Training of N.C. For the Test, we 

chose 20 cases with each disease: AD, DLB, 

and NC which were diagnosed by Diagnostic 

Radiologist from patients’ Z-score maps made 

from patients’ data who were taken 123I-IMP ce-

rebral blood flow SPECT. Additionally, we ad-

opted 2 images which were best seen from 

normalised sites. Finally, we adopted 40 cases. 

Patients’ background; diagnosed with AD, Age 

(y) ; 72.3 ± 3.8, M/F; 15/5, DLB 80.5 ± 7.3, 

M/F; 10/10, NC 67.8 ± 15.4, M/F; 6/14. For Val-

idation, we utilised 28 cases by fixation analy-

sis. In these 28 cases; a reference area is GLB 

set from Training of AD, DLB, NC, a lower 

threshold limit setting is 1.0, and an upper 

threshold limit setting is 5.0.

1-3　Evaluation & Assessment

　For diagnosis with AD, DLB, or NC, postu-
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3. Consideration

　First, we will state some things for the simu-

lated training data of O.N; Accuracy of Training 

in Table 1 is all types of disease 1.0 and it con-

sists of the different images pattern (different 

feature images) from AD and DLB. Further-

more, seen from the results of Validation, we 

can state it can precisely classify the disease by 

3D-SSP images if these images are typical pat-

terns of them. As we stated, we determined 

that these training data groups were appropri-

ate for this research. From AD’s heat map in 

Fig.4 (J, K, L), in A.N and G.N, the regions 

whose Z-scores are high are correctly cap-

tured. However, there are some cases which 

are not correctly classified; the cases which the 

heat map was widely spread (J) and extended 

into the occipital lobe which the specific hypo-

volemic regions for DLB like R.Med. Or the 

cases that parietal lobe was weakly heat-

mapped like L.Lat (K). Given these cases, we 

could assume that the two conditions in order 

to correctly classify; Z-score description areas 

are limited to the specific areas of AD and DLB. 

Furthermore, Z-scores are high. To classify the 

given diseases properly, these two conditions 

must be fulfilled. If we take a look at the oc-

cipital lobe of DLB in Fig.4 (M, N, O), in O.N, 

A.N, and G.N, they were strongly heat-mapped 

posterior cingulate gyrus, precuneus, temporal 

regions, and parietal lobe were heat-mapped. 

In the models of DLB (M, N, O), bilateral tem-

poralis and occipital lobe were heat-mapped. 

Lastly, in the case of NC (P, Q, R), non-hypovo-

lemic regions were.

Data type Evaluation
method AD DLB NC Accuracy

Test

Recall 0.83 ± 0.09 0.85 ± 0.05 0.86 ± 0.06

0.84 ± 0.02Precision 0.84 ± 0.05 0.83 ± 0.06 0.87 ± 0.06

F- measure 0.83 ± 0.04 0.83 ± 0.04 0.86 ± 0.03

Training

Recall 1.00 1.00 1.00

1.00Precision 1.00 1.00 1.00

F- measure 1.00 1.00 1.00

Validation

Recall 1.00 1.00 0.98 ± 0.02

0.99 ± 0.01Precision 0.98 ± 0.02 1.00 1.00

F- measure 0.99 ± 0.01 1.00 1.00

Table 1

Table 1　 Recall， Precision， and F-measure in O.N analysis method were calculated separately 
for AD， DLB， and NC．

Fig.3　 The graph shows the recall in each model 
by disease type． 

In the AD group, G.N and O.N showed high values, 
and there was no significant difference in them. In the 
DLB group, O.N showed the highest value, which 
was significantly different from those of G.N and A.N．
Additionally, O.N was high in NC, and it differed from A.N 
and G.N．
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model whose classifications differ from the di-

agnosis by Diagnostic Radiologist. (S) is the 

case DLB was classified as AD by A.N. Heat 

map extended to the occipital lobe (⇨) which 

is the hypovolemic region of DLB. That made 

the classification wrong. Then we researched 

the images of AD Training in A.N, there were 

images which were heat-mapped in Z-score 

lower than the hypovolemic regions shown in 

(M). In order to distinguish it from DLB, we 

need to reconsider the addition of the training 

data which are with the feature of AD and low 

Z-score exists in the occipital lobe. (U) is the 

case in which DLB was classified as AD by 

G.N, the occipital lobe is weakly heat-mapped, 

and the cingulate gyrus regions were strongly 

captured. (V) shows one of the cases of DLB 

Training in G.N. As well as in Fig.4 (N), it was 

widely heat-mapped with the occipital lobe of 

in R.Med, additionally, they were weakly done 

in L.Med. For these facts, we can assume that 

the “High” and “Low” of the Z-score are recog-

nised as one of the features as well as (K) L.Lat. 

Also, in (N) of G.N, the left and right occipital 

lobes were captured as one large region. So 

that made the centre of the heat map not lo-

cated in the images. We can also see some 

other cases which have the same tendencies 

that we stated, so we couldn’t carry out the 

feature detections that were limited in the re-

gions of Z-score by the transfer learning whose 

configuration conditions were not changed for 

the analysis model. For NC in Fig.4 (P, Q, R), 

they didn’t have any specific hypovolemic re-

gions, so we can determine these images are 

the ones in which the entire images are heat-

mapped, and we cannot find the feature re-

gions. Fig.5 (S, U, X) shows the images of each 

Fig.4　 Heat map of A.N, G.N, and O.N analysis images classified as AD, DLB, and NC by matching with the 
radiologist’s reading results． 

Heat map of images classified as（J）AD, （M）DLB, and（P）NC by A.N. Heat map of images in which the same image is 
classified as（K）AD,（N）DLB, and（Q）NC by G.N. Heat map of images in which the same image is classified as（L）AD,
（O）DLB, and（R）NC by O.N. （⇒）indicates a heat map region that correctly recognizes the specific blood flow reduction 
region in AD and DLB, and NC heat map region without blood flow reduction.
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Batch Normalization, we can keep the changes 

in the internal variable distribution small and 

reflect the learning results to the estimated re-

sults more precisely. In the case we have given 

in this research: a small variation in character-

istics of training data, the number of classifica-

tions is small, less geometrical differences as 

the whole images, what difference are only Z-

score’s distribution geometry and Z-score itself, 

we could classify by simple models like O.N. 

However, if we enrich the training data and 

utilise parameters that it appropriates for each 

model, the results can differ. 

4. Conclusion

　By using deep learning, we tried the classifi-

cations of dementia disease by aspects from 

blood flow SPECT and 3D-SSP images. The 

Training data we use were 341 data made from 

simulations. Cases are each 40 data with AD, 

DLB, and no abnormality. We utilised 4 layers 

of CNN and O.N with 3 layers of Pooling layers 

R.Lat and L.Lat as one of the features. For this, 

we need to add the data on which one side of 

the Z-score (not bilateral symmetry) is low for 

Training. (X) is the case in which AD was clas-

sified as DLB by O.N; blood flow was strongly 

reduced in the cingulate gyrus. Diagnostic Ra-

diologist could recognise that was because of 

the effects of a high Z-score. However, O.N 

could not. (Y) shows one of the cases of AD 

Training of O.N. O.N can recognise slight Z-

score and differences in position. So, we as-

sume that we can correspond to it by the addi-

tion of training data like (X). 

　Generally speaking, given models which 

have deep layered like G.N have a lot of pa-

rameters for learning objectives, we need to 

verify it with an increase in the numbers of 

training data. A.N has one more convolutional 

layer compared to O.N. Each convolutional 

layer has many channels, so we need to give a 

lot of data for it as well as G.N. Also, we uti-

lised Local Response Normalization for a nor-

malisation process. However, in O.N, by use of 

Fig.5　Heat map of images in which the radiologist’s reading results and classification results did not match．
（S）In A.N，AD was erroneously classified as DLB. （U）In G.N，DLB was erroneously classified as AD. （X）In O.N，DLB was 
erroneously classified as AD. （⇒）indicates the heat map area that caused the erroneous classification of AD and DLB. （T）AD 
in A.N （V）DLB in G.N（Y）AD in O.N, heat map area of each train data.
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sifications and the same kinds of images, D.L 

with a　fewer layers are available for use. 

However, we need to prepare a lot of training 

data and compare it with each model.
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as analysis models. We could classify these dis-

eases with more than 80% of accuracy against 

the diagnosis by Diagnostic Radiologist. It 

showed a better result than the transfer learn-

ings of A.N and G.N that we previously re-

ported. Compared to the visualizations of fea-

ture areas by Grad-CAM, O.N took more con-

fined specific hypovolemic areas than A.N and 

G.N. In this case with a fewer number of clas-



Arts and Sciences  ◆  63

Arts and Sciences
material

Introduction and Purpose

　The partial revision of the Regulations for the 

Prevention of Ionizing Radiation Hazards in 

the Industrial Safety and Health Act was imple-

mented from April 1, 2021. What emphasized 

here is to reduce the equivalent dose limit for 

the lens of the eye. The main points of the re-

vised ministerial ordinance are (1) 3 mm dose 

equivalent dose of the lens equivalent dose 

was added to the conventional measurement 

of the 1 cm dose equivalent and the 70-mi-

crometer dose for the measurement of the dose 

by external exposure, (2) the equivalent dose 

limit to the lens of the eye for medical staff and 

etc. engaged in work dealing with radiation 

was lowered to 50 mSv from 150 mSv per year, 

100 mSv dose limit for each period divided 

into five-year periods was also added starting 

from April 1, 2021. 

　According to the Kunugita Document 3 of 

the Ministry of Health, Labour and Welfare’s 
2nd “Study Group on Lens Exposure Limit,” 
medical professionals are the most common 

category of radiation workers who are subject 

to exceeding the dose limit with the revised 

dose limit values. Among the 511,499 radiation 

workers in the 2017 fiscal year, except for 

atomic, decontaminations and reactor decom-

missioning workers, the annual equivalent lens 
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【Abstract】
　The Ministry of Health, Labour and Welfare revised the “Regulation on Prevention of Ionizing Radiation Hazards,” 
which was established based on the Industrial Safety and Health Act, and implemented from April 1, 2021, with 
particular emphasis on the reduction of the equivalent dose limits for eye lens exposure. A study group was formed 
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dose for most of them was less than 20 mSv 

limit, but 2,236 were exposed to more than 20 

mSv limit per year. Of the 364,740 medical staff 

employed in general healthcare in fiscal 2017, 

2,221 were exposed more than 20 mSv equiva-

lent dose to the lens of the eye, this number 

comprised 0.6% of the total 1).  (369 medical 

staff in general healthcare exceeded 50 mSv, 

0.1% of the total). More than 99% exceeding 20 

mSv are medical professionals, therefore the 

medical field is the most concerned to consider 

reducing of the equivalent dose limit for lens 

of the eye mandated by the revision of the law. 

In the Kunugita Document 5, the physicians 

exposed to more than 20 mSv to lens of eye 

are cardiologists, gastroenterologists/gastroen-

terological surgeons, radiologists, and orthope-

dic surgeons in the order of exposure dose 

from higher to lower, and for physicians those 

exposed to 50 mSv or more were gastroenter-

ologists, orthopedists, neurosurgeons, and car-

diologists as well 2). Furthermore, in Kunugita 

Document 4 of the 6th Study Group on Lens 

Exposure, there are some cases where appro-

priate dosimetry was not performed 3).  In ear-

lier literature, Meguro et al. pointed out that 

fluoroscopy doses in Interventional Radiology 

(IVR) are left to the determination and discre-

tion of the physician, and it is not easy to eval-

uate excess exposure 4) in the study of the ne-

cessity of Ministerial Ordinance Guidelines for 

the Revision of the Enforcement of Regulations 

of the Medical Law to be enacted in 2020. After 

the implementation of the revised ministerial 

ordinance, it is expected that radiation expo-

sure management for physicians who comply 

with the dose limits will become more difficult 

than before the implementation of the revised 

ordinance. 

　The purpose of this study was to clarify the 

current problems of medical institutions by in-

vestigating the number of physicians who are 

exposed to excess dose limit for lens of eye in 

accordance with the revised ministerial ordi-

nance, the accurate exposure measurement 

status of physician personal dosimeters, the 

use of X-ray protective equipment of physi-

cians involved in eye lens exposure reduction, 

the use and availability of X-ray protective 

glasses, the management status for the occupa-

tional exposure as well the patient exposure 

from the actual situation of radiation exposure 

management at hospitals nationwide. 

1．Methodology

1-1　【Investigation】
　We conducted a questionnaire survey by 

sending a survey request on eye lens exposure 

doses and exposure management of physicians 

involved in IVR by e-mail and obtaining re-

sponses through Google Form as the target of 

total of 308 medical institutions, covering 217 

medical institutions to which members of the 

Japan Society of Radiation and Public Safety 

belong (excluding 12 Red Cross hospitals em-

ploying members of the Japan Society of Ra-

diation and Public Safety) and 91 national Red 

Cross hospitals. The period was from October 

1, 2020 to January 31, 2021.

　The survey consisted of the facility name, the 

name and e-mail address of the respondents, 

the total annual eye lens exposure dose of 

physicians recorded at each medical institution 

for the one year of FY2019 and the total eye 

lens exposure dose in the period FY2015 to 

FY2019, the measures of personal dosimeters, 

the use/availability of lens dosimeters, the sta-

tus of use of X-ray protective equipment, the 

number and use of X-ray protective glasses, 

and the arrangements at hospitals to manage 

patient and operator exposure. 

1-2　Ethical Considerations

　In September 2020, this research was ap-

proved as clinical research after an ethics re-

view by the Clinical Research Ethics Review 

Committee of Musashino Red Cross Hospital 

(approval number: Musashi So. 698).
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gastroenterological surgeons, and orthopedic 

surgeons mainly performing IVR in X-ray fluo-

roscopy room. 

　The survey results showed that the number 

of medical institutions and physicians em-

ployed as cardiologists was 459 at 58 medical 

institutions, 131 diagnostic radiologists at 47 

institutions, and 184 neurosurgeons at 49 med-

ical institutions. There were 456 gastroenterol-

ogists at 61 medical institutions, 388 gastroen-

terological surgeons at 59 medical institutions 

and 364 orthopedic surgeons at 58 medical in-

stitutions (Fig.2).

　For surveys of the classification of physicians 

by department, the ratio (%) is shown using 

the number of medical institutions with the 

number of physicians as the denominator. For 

other questions unrelated to the classification 

of physicians by department, the ratios (%) are 

shown using the 74 of the valid facility re-

sponses as the denominator.

 

2-1-4　 Percentage of full-time physicians at facil-

ities by department

　Figure 3 shows the ratio of physicians em-

ployed in each department at the responding 

facilities.

2-2　【Lens exposure】
　Table 1 shows the results of a survey of the 

number of physicians who exceed the dose 

2．Results

2-1　【Basic Information】
2-1-1　Response rate and respondents

　The response rate was 24% (74/308) from 74 

facilities in Japan. The response rate was 17% 

(37/217) from facilities with members of the 

Japan Society of Radiation and Public Safety, 

and the response rate of Red Cross hospital 

facilities was 41% (37/91). There were 74 re-

spondents, all radiological technologists: gen-

eral managers and chief technicians 26% 

(19/74), section managers 24% (18/74), assis-

tant managers 27% (20/74), and not in man-

agement position 23% (17/74).

2-1-2　 Number of beds in the responding facili-

ties

　The numbers of beds in the responding fa-

cilities were as follows: 600 beds or more (24%, 

18/74), 300~599 beds (47%, 35/74), 100~299 

beds (16%, 12/74), and fewer than 100 beds 

(12%, 9/74) (Fig.1).

2-1-3　 Survey of the number of physicians by 

department in the medical institutions

　Physicians by department were classified 

into the following six departments with eye 

lens exposure dose based on previous litera-

ture 2): cardiologists, radiologists, and neurosur-

geons performing IVR; gastroenterologists, 

Number of beds 

≥600
300-599
100-299
<100

n=74
18

24%

35
47%

12
16%

9
12%

Fig.1　 Number of beds in participating medical  
institutions

Number of physicians

Cardiologists
Radiologists
Neurosurgeons
Gastroenterologists
Gastrointestinal surgeons
Orthopedic surgeons

n=1982
459
23%

131
7%

184
9%

456
23%

388
20%

364
18%

Fig.2　 Number of physicians by specialty at  
participating medical institutions
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ables accurate exposure evaluation. Table 2 

shows the results of surveys on the measure-

ment status of non-uniform exposures, the ac-

tual use of personal dosimeters and the mea-

surement positions of personal dosimeters.

2-3-1　 Survey of the distribution of personal do-

simeters to physicians by department at 

each medical institution (response to 

non-uniform exposures)

　Table 2 shows the results of the distribution 

of personal dosimeters to physicians by de-

partment. The distribution of personal dosim-

eters was surveyed by dividing the facilities 

into the following three categories: facilities 

that distribute two dosimeters that can measure 

non-uniform exposures, one for the head and 

neck and the other for the chest and abdomen, 

facilities that distribute only one dosimeter that 

limit when the equivalent dose limit of expo-

sure was reduced. 

2-2-1　Table 1 shows the number of physi-

cians exposed to equivalent eye lens exposure 

dose of 20 mSv or more in FY2019, and total 

eye lens eye exposure dose of 100 mSv or 

more in the 5 years from FY2015 to FY2019.

　According to the results, 9% of cardiologists, 

3% of gastroenterologists and 2% of radiologists 

had exposed more than 20 mSv equivalent eye 

lens exposure dose for one year. In addition, 

8% of cardiologists, 3% of gastroenterologists, 

and 2% of diagnostic radiologists had been  

exposed to high rates of total lens of the eye 

exposure more than 100 mSv of over 5 years.

2-3　【Management for personal dosimeters】
　Appropriate use of personal dosimeters en-

Cardiologists

n=74

Radiologists

n=74

Neurosurgeons

n=74

Gastroenterologists

n=74

Gastrointestinal surgeons

Number of hospital employees
not hospital employees

n=74

Orthopedic surgeons

n=74

58
78%

16
22%

47
64%

27
36%

49
66%

25
34%

61
82%

13
18%

59
80%

15
20%

58
78%

16
22%

Fig.3　 Percentage of medical institution specialists

Table 1　Exposure to eye lens of physicians 

Total number 
of physicians Cardiologists Radiologists Neurosurgeons Gastroenterologists Gastrointestinal 

surgeons
Orthopedic 
surgeons

（n=1982） （n=459） （n=131） （n=184） （n=456） （n=388） （n=364）
≥ 20 mSv within 
one year 69 （3.5） 43 （9.4） 3 （2.3） 0 （0.0） 14 （3.1） 5 （1.3） 4 （1.1）

≥ 100 mSv  in a 
5-year period 57 （2.9） 37 （8.1） 3 （2.3） 1 （0.5） 14 （3.1） 2 （0.5） 0 （0.0）

Unit：Number of physicians （%）
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by dividing each department into three catego-

ries depending of the ratio of the number of 

physicians during the IVR treatment and ex-

amination: more than 80% of physicians wears 

personal dosimeters, from 50% or more to less 

than 80% wears and less than 50% wears.

　These results suggest that personal dosime-

ters are not worn in the working environment 

where they should be worn. The percentages 

of physicians wearing personal dosimeters by 

each department are as follows: diagnostic ra-

diologists (> 90%), gastroenterologists (36%), 

orthopedic surgeons (45%), gastroenterologists 

(53%), neurosurgeons (61%) and cardiologists 

(68%). These showed that the measured radia-

tion values with personal dosimeters were in-

accurate and underestimated.

2-3-3　 Survey of the mounting position of per-

sonal dosimeters for the head and neck 

for physicians by department

　Table 2 shows the results of a survey of the 

mounting position of the personal head and 

neck dosimeters for physicians by department. 

Physicians were classified into three catego-

cannot measure non-uniform exposures and 

facilities that do not distribute dosimeters.

　When non-uniform exposures could not be 

measured, accurate measurement of eye lens 

exposure would be impossible. Based on this, 

when the results are summarized by physician 

and department, about 10% of facilities are un-

able to measure non-uniform exposures about 

cardiologists, diagnostic radiologists, neurosur-

geons and gastroenterologists. Approximately 

30% of facilities with only one distribution ar-

rangement and those without distribution were 

unable to measure non-uniform exposures. It 

was shown that the proportion of physicians 

who performed procedures in the X-ray fluo-

roscopy room was higher in facilities where 

non-uniform exposures could not be mea-

sured. 

2-3-2　 Survey on the actual use of personal do-

simeters by physician and department 

(actual usage of personal dosimeters) 

　Table 2 shows the results of a survey on the 

use of personal dosimeters by physicians in 

each department. The survey was conducted 

Table 2　Use of personal dosimeters

Cardiologists Radiologists Neurosurgeons Gastroenterologists Gastrointestinal 
surgeons

Orthopedic 
surgeons

Number of physicians （n=459） （n=131） （n=184） （n=456） （n=388） （n=364）
Number of medical 
institutions

（n=58） （n=47） （n=49） （n=61） （n=59） （n=58）

Dosimetry use of uneven exposure in medical institutions

Personal dosimeter  
measure in 2 places 53（91） 42（89） 44（90） 55（90） 37（63） 41（71）

Personal dosimeter  
measure in 1 place 4（7） 5（11） 4（8） 5（8） 14（24） 14（24）

No personal 
dosimeter 1（2） 0（0） 1（2） 1（2） 8（14） 3（5）

Unit：Number of medical institutions （%）

Percentage of dosimetry performed by physicians using personal dosimeters

≥ 80% used 311（68） 118（90） 113（61） 241（53） 141（36） 163（45）
≥ 50 ‒ < 80% used 35（7） 2（2） 15（8） 68（15） 30（8） 48（13）
< 50% used 63（14） 3（2） 47（26） 110（24） 146（38） 100（27）
unknown 50（11） 8（6） 9（5） 37（8） 71（18） 53（15）

Percentage of accurate dosimetry by physicians

accurate 
measurements 374（82） 121（92） 128（70） 283（62） 180（46） 201（55）

wrong measurements 11（2） 0（0） 4（2） 25（6） 37（10） 26（7）
unknown 74（16） 10（8） 52（28） 148（32） 171（44） 137（38）

Unit：Number of physicians （%）
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2-4　【X-ray protection】
　The use of X-ray shielding plates, protective 

cloth and X-ray protective glasses is important 

for reducing the eye lens exposure dose. Fig.5 

shows the results of a survey on the use of X-

ray protection in each facility.

2-4-1　 Survey on the use of ceiling shielding 

plates in angiography rooms for different 

clinical procedures

　To reduce the exposure to physicians, we sur-

veyed the use of ceiling shielding plates used in 

angiography rooms for the following five pro-

cedures: transcatheter arterial chemoemboliza-

tion of hepatic artery (TACE), percutaneous 

coronary intervention (PCI), peripheral angio-

plasty (endovascular treatment: EVT), catheter 

ries: physicians wearing head and neck dosim-

eters in the correct position, physicians wear-

ing the dosimeters in the wrong positions, and 

physicians with the position unknown.

　The percentages of physicians wearing per-

sonal dosimeters in the wrong positions by 

each department are as follows: gastroentero-

logical surgeons (10%), orthopedic surgeons 

(7%), gastroenterologists (6%), neurosurgeons 

(2%), cardiologists (2%), and radiologists (0%). 

This shows that the physicians who perform 

the procedures in the X-ray fluoroscopy room 

often make mistakes in the mounting position 

of the dosimeters.

2-3-4　 Survey of the wrong measurement posi-

tions of personal dosimeters for the head 

and neck (measurement positions of per-

sonal dosimeters)

　A survey of the wrong measurement posi-

tions of personal dosimeters for the head and 

neck was conducted. The total number of re-

sponses was 19 cases. The most common posi-

tion was the chest pocket inside the X-ray pro-

tective clothing (47%, 9/19), followed by out-

side on the chest of the X-ray protective cloth-

ing (21%, 4/19), outside on the back of the X-

ray protective clothing (16%, 3/19), on the 

back of the headpiece of the hat (5%, 1/19), 

reversed wearing from head and neck to chest 

and abdomen and vice versa (5%, 

1/19), and wearing for chest and 

abdomen but not on the head-neck 

(5%, 1 /19).

2-3-5　 Survey on the use of special 

eye lens dosimeters

　A survey of the use of special eye 

lens dosimeters was conducted.

　Nine percent (7 of 74) of facilities 

used special eye lens dosimeters 

and 91% (67/74) did not (Fig.4). At 

present, many facilities do not use 

special eye lens dosimeters.

Lens personal dosimeter

In use
Not in use

n=747
9%

67
91%

Fig.4　 Use of dosimeters for the eye lens exposure 
at participating medical institutions
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Fig.5　Usage of X-ray protective equipment
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during ERCP (treatment and contrast examina-

tion). The survey results are shown in Fig.5. 

The use of X-ray protective cloths during ERCP 

was classified into four frequencies: used in 

more than 80% of procedures in all treatments 

and contrast examinations, 50% to 80%, below 

50%, and zero X-ray protective cloths. About 

half (47%) of facilities with ERCP have X-ray 

protection for physicians, but 40% of facilities 

do not offer X-ray protection measures for 

physicians because they have no X-ray protec-

tive cloths. When we compared the facilities 

that did not have X-ray protective cloths with 

the facilities where the gastroenterologists 

were exposed to 100 mSv or more, 43% (3/7 

facilities) were the same facilities.

2-4-3　 Survey about the availability of X-ray pro-

tective glasses in each radiological rooms 

of respective facilities

　To reduce the eye lens exposure to physi-

cians, we surveyed the availability of X-ray 

protective glasses in the imaging facility. The 

number of X-ray protective glasses for physi-

cians managed by hospitals was the number of 

glasses shared with other professions and 

glasses purchased by individuals. Table 3 

shows the results of the survey on the avail-

ability of X-ray protective glasses in the angi-

ography rooms and X-ray fluoroscopy rooms. 

The average number of X-ray protective glass-

es per section was 5 for angiography and 2 for 

X-ray fluoroscopy rooms. There were more X-

ray protective glasses in the angiography 

myocardial ablation (radiofrequency catheter 

ablation: ABL i.e. shortened form of RFCA), and 

cerebrovascular treatment (cerebral aneurysm 

coil embolization, arteriovenous malformation 

embolization etc.). The survey results are shown 

in Fig.5. The use of ceiling shielding plates was 

divided into four frequencies: used in more 

than 80% of procedures in all treatments, used 

in 50% to 80% of procedures in all treatments, 

used in below 50% of procedures in all treat-

ments, and shielded by another shielding meth-

od such as a shielding box.

　The procedures where the use of ceiling 

shielding plates was below 50% were as fol-

lows: EVT (23%), TACE (16%), and PCI (7%). 

When we compared the facilities in which the 

cardiologists were exposed to 100 mSv or more 

with the facilities where the ceiling shielding 

plates use in PCI, EVT, and ABL was 50% to 

80% and below 50%, 33% (4/12 facilities) were 

the same facilities. Similarly, we compared the 

facilities where the diagnostic radiologists were 

exposed to 100 mSv or more with the facilities 

where the ceiling shielding plates use in TACE 

was 50% to 80% and below 50%, and 33% (1 of 

3 facilities) was the same facilities.

2-4-2　 Investigation of the use of X-ray protective 

cloths when performing endoscopic retro-

grade cholangiopancreatography (ERCP) 

including crushing gallstones endoscopi-

cally and lithotripsy

　To reduce the exposure to physicians, we 

surveyed the use of X-ray protective cloths 

Table 3　Availability of X-ray protective glasses in institutions

Number of X-ray protective glasses Number of rooms Number of glasses per room

Angiography room 288 62 5

X-ray fluoroscopy room 120 72 2

Table 4　Wearing rate of X-ray protective glasses by specialty

Cardiologists Radiologists Neurosurgeons Gastroenterologists Gastrointestinal surgeons Orthopedic surgeons

≥ 80 40（70） 29（64） 26（55） 18（29） 2（4） 4（7）
≥ 50 ‒ < 80 14（25） 9（20） 12（26） 23（38） 13（24） 14（26）
< 50 3（5） 7（16） 9（19） 20（33） 38（72） 36（67）

Unit：Number of medical institutions （%）
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3/74), and using protective cloths and shield-

ing plates (3%, 2/74).

2-5　【 Radiation exposure management at  

medical institutions】
　To control patient and operator radiation ex-

posure in medical institutions, each medical in-

stitution needs to take the initiative in exposure 

control. For this reason, we surveyed the status 

of the establishment of committees to control 

patient and operator exposure in hospitals.

2-5-1　 Survey of management status to control 

patient and operator exposure

　We surveyed if the participating institutions 

have established the management system in 

the hospital structure (in charge of dose man-

agement, manual availability, protection edu-

cation, etc.) such as institutional committees to 

control patient and operator exposure includ-

ing the eye lens exposure. The survey results 

showed that 68% of facilities (50/74) had such 

management arrangements, and 32% (24/74) 

had no such arrangements (Fig.6).　

3．Discussion

　Reduction of exposure to the equivalent 

dose limit for the lens of the eye of medical 

staff was mandated by the revision of the Reg-

ulations for the Prevention of Ionizing Radia-

rooms than X-ray fluoroscopy rooms.

2-4-4　 Survey on the Wear of X-ray protective 

glasses by clinical department

　The X-ray protective glasses can reduce the 

eye lens exposure of physicians. Table 4 shows 

the results of a survey of facilities where it was 

possible to respond to the use of X-ray protec-

tive glasses worn by physicians of the respec-

tive departments. The use of X-ray protective 

glasses was classified into three categories: X-

ray protective glasses are used in more than 

80% of procedures (glasses are used in more 

than 80% of treatments and examinations), 

more than 50% and less than 80% of procedures 

(glasses are used in more than 50% and less 

than 80% of treatments and examinations), and 

less than 50% of procedures (glasses are used in 

less than 50% of treatments and examinations).

　The percentages of physicians wearing X-ray 

protective glasses by clinical department are as 

follows: cardiologists (70%), diagnostic radiol-

ogists (64%), neurosurgeons (55%), gastroen-

terologists (29%), gastroenterological surgeons 

(4%), and orthopedic surgeons (7%). Com-

pared to physicians who worked in angiogra-

phy facilities, physicians who worked X-ray 

fluoroscopy rooms less wear the X-ray protec-

tive glasses.

2-4-5　 Survey of reasons for physicians not 

wearing X-ray protective glasses by clini-

cal department

　The reasons for not wearing X-ray protective 

glasses were that the glasses made it difficult to 

see the screen during the procedure (53%, 

39/74 facilities), they caused trouble due to the 

two layered glasses (35%, 26/74), fogging of 

X-ray protective glasses (26%, 19/74), unneces-

sity for X-ray protective glasses (26%, 19/74), 

the glasses were heavy (23%, 17/74), distorted 

vision due to wearing the glasses (15%, 11/74), 

the eye lens exposure dose is less than 20 mSv 

per year (11%, 8/74), headache when using the 

glasses (5% 4/74), absence of glasses (4%, 

Construction of management system

Consolidated
Not consolidated

n=74

50
68%

24
32%

Fig.6　 Status of committees established to manage 
exposure at medical institutions
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tion Hazards in the Industrial Safety and Health 

Act. To respond to this revision, we surveyed 

the following issues about physicians: agenda 

of those who exceed the dose limit for lens 

exposure, status of accurate measurement of 

personal dosimetries, the use of X-ray protec-

tive equipment, the use and availability of X-

ray protective glasses, and management ar-

rangements to control patient and operator 

exposures in medical institutions.

3-1　【Eye lens exposure】
　The results of this survey showed that the 

proportion of physicians exceeding the dose 

limit is higher than in a previous study 2). The 

problems that exposure to the eye lens of phy-

sicians exceeds the dose limit will be discussed 

for each clinical department. The highest per-

centage of physicians exposed to more than 20 

mSv in a year and more than 100 mSv for a 

5-year total for eye lenses is cardiologists. 

When we compared the facilities where the 

physicians were exposed to 100 mSv or more 

in 5 years with the facilities where the physi-

cians were exposedz to 20 mSv or more in one 

year, all (n=12) cardiologists, four of seven gas-

troenterologists, one of three diagnostic radi-

ologists, and one of two gastroenterological 

surgeons were in the same facilities. This sug-

gests that they are constantly exposed to radia-

tion at these same facilities. 

　There are 43 physicians of 17 facilities ex-

ceeding 20 mSv per year. Despite the fact that 

the more than 80% facilities used ceiling shield-

ing plates for radiation protection during PCI, 

EVT, and ABL procedures, the increase in the 

number of PCI and EVT procedures for chron-

ic occlusions which require longer durations of 

fluoroscopy and more frequent imaging could 

be the reasons for the higher eye lens expo-

sure doses to physicians. The most effective 

way to reduce the exposure to physicians is to 

reduce fluoroscopy and radiography doses 

from angiography equipment. As shown in the 

“2020 Report on Reference Doses from Equip-

ment in FY2020” by the Japan Accreditation 

Organization for Radiological Technologists 

Specializing in Angiography and Interventions 

(as of April 11, 2021), there are variations in 

doses at medical facilities nationwide 5) .

　For the future, the standardization of the flu-

oroscopy and imaging doses of angiography 

equipment would be expected in Japan. Physi-

cians who were subject to the second most ra-

diation exposures to eye lenses were gastroen-

terologists. In this present survey, the number 

of physicians exposed to 20 mSv or more per 

year was 14 at 10 facilities. The results of the 

survey showed that more than 80% of the fa-

cilities used X-ray protective cloths for radia-

tion protection during ERCP. The reason for 

the high eye lens exposure to physicians may 

be because it is difficult to perform puncture 

procedures such as PTCD when using X-ray 

protective cloths. The same approach to this 

issue as described above can be applied to the 

reduction of radiation exposure. The reduc-

tions of fluoroscopy and radiography doses 

from X-ray monitoring equipment can still con-

tribute to the reduction of the exposure to the 

eye lenses of physicians.

　Two reasons may explain why diagnostic ra-

diologists and neurosurgeons, who perform 

endovascular treatment in the same way as car-

diologists, are less likely to exceed the eye lens 

exposure dose limit than cardiologists. One 

reason may be the difference in the number of 

treatments. The other reason may be that the 

distance between the surgeon and the X-ray 

source tube changes depending on differences 

in techniques. For example, in neurovascular 

treatment, exposure to the surgeon is reduced 

because the surgeon can stand at a greater dis-

tance from the X-ray tube than in PCI. The dif-

ferences in the percentage exceeding the dose 

limit of gastroenterologists, gastrointestinal sur-

geons, and orthopedic surgeons could be due 

to the differences in the number of procedures 

performed and the number of patients treated. 
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sures, if the eye lens exposure dose is not ac-

curately measured to determine whether it is 

high or low, the overall exposure may be sig-

nificantly underestimated. The results of the 

present study showed that the use of personal 

dosimeters varied widely among physicians in 

different clinical departments. Among diagnos-

tic radiologists who mainly perform endovas-

cular treatment, 90% were able to accurately 

measure exposure by using personal dosime-

ters. However, cardiologists and neurosur-

geons reported less accurate measurements at 

68% and 61%. Furthermore, the measurement 

accuracies of gastroenterologists, orthopedic 

surgeons, and gastroenterological surgeons 

performing procedures in the X-ray fluorosco-

py room were only 53%, 45%, and 36%. These 

results suggest that physicians except for diag-

nostic radiologists greatly underestimate the 

eye lens exposure doses. To improve on this 

situation, information of the necessity of radia-

tion dosimetry should be provided by profes-

sional societies, providing education and guid-

ance on individual dosimetry at medical insti-

tutions. Further, government agencies may 

need to provide administrative guidance by 

conducting secret surveys without publicizing 

the results. In addition, according to the report 

by Kunugita Document 7 of the 2nd Study 

Group on Lens Exposure, all physicians wore 

personal dosimeters when the radiological 

technologists “encouraged” physicians to wear 

personal dosimeters 7). This suggests that ef-

forts by radiological technologists in clinical 

settings can also lead to improvement of wear-

ing dosimetry.

3-2-3　 Incorrect position of head and neck do-

simeters

　There were commonly reported errors in the 

placement of the head and neck dosimeters by 

gastroenterological surgeons, orthopedic sur-

geons, and gastroenterologists, who mainly 

perform procedures in X-ray fluoroscopy 

room. It may be necessary to provide educa-

3-2　【Management of personal dosimeters】
　If exposure is not accurately measured, the 

evaluation of dose limits will be inaccurate. 

This makes it impossible to evaluate the influ-

ence of radiation exposure on radiation work-

ers. For this reason, exposure measurements 

are very important to protect the health of phy-

sicians. This section discusses the status of 

measurements of non-uniform exposures and 

the use of personal dosimeters in different clin-

ical department.

3-2-1　Measurement of uneven exposure

　The measurement of non-uniform exposure 

to physicians is clearly stated in the “2021 Re-

vised Guidelines on Radiation Exposure in Car-

diovascular Care (as of April 11, 2021) 6) by the 

Japanese Circulation Society. Descriptions for 

non-uniform exposures control are in the rec-

ommended class I, Evidence Level A of the 

guidelines. Based on the results of the survey in 

this study, for cardiologists, diagnostic radiolo-

gists, neurosurgeons, and gastroenterologists, 

approximately 10% of facilities underestimated 

the eye lens exposure doses of physicians be-

cause the accurate non-uniform exposures were 

not measured in those facilities. For gastroen-

terological surgeons and orthopedic surgeons, 

37% and 29% of those facilities underestimated 

the eye lens exposure doses. The distribution of 

individual dosimeters among institutions may 

differ because the cost of measurement equip-

ment is borne by the hospitals. To reduce this 

difference among facilities, it is necessary for 

Japanese administrative agencies to provide 

medical institutions with auditing guidance on 

non-uniform exposures measurements and to 

offer subsidies for radiation dosimetry.

3-2-2　Use of personal dosimeters

　The most important aspect for the eye lens 

exposure to physicians is to promote exposure 

reduction measures so that the eye lens expo-

sure dose does not exceed the dose limit. 

When introducing exposure reduction mea-



Arts and Sciences  ◆  73

Research on eye lens exposure doses and exposure management for physicians involved in Interventional Radiology

 material

academic societies is important to create a 

workplace culture of high protection aware-

ness. Another factor for the low use of these 

protective tools is the interference between the 

ceiling shielding plates and the C-arm or vas-

cular puncture route of angiography devices, 

which may interfere with the procedure, result-

ing in the absence of the shielding plates use. 

Further studies are needed to increase the 

awareness of the need for protection among 

physicians and to develop shielding plates that 

will not interfere with the procedures.

3-3-2　X-ray protective glasses

　It is well known that X-ray protective glasses 

can reduce the eye lens exposure to physi-

cians. Problems based on this survey show that 

the availability of X-ray protective glasses and 

use of the X-ray protective glasses differs great-

ly from angiography room to X-ray fluorosco-

py room. 

　Angiography rooms have more protective 

glasses and a higher percentage of physicians 

wearing X-ray protective glasses. Clearly, phy-

sicians who perform procedures in angiogra-

phy rooms have a higher awareness of expo-

sure protection. This may be because many 

academic societies provide information on ra-

diation protection during endovascular treat-

ment. Many educational lectures on radiation 

protection for physicians are held at related 

conferences such as the Japanese Circulation 

Society, the Japanese Association of Cardiovas-

cular Intervention and Therapeutics, the Japan 

Radiological Society, Japanese Society of Inter-

ventional Radiology, and the Japanese Society 

for Neuroendovascular Therapy.

　There were also many presentations on ra-

diation protection by radiological technolo-

gists, offering opportunities to share informa-

tion on radiation protection issues with physi-

cians. From here on, it is desirable for the rel-

evant academic societies involved in medical 

treatment using X-ray fluoroscopy rooms to 

publish guidelines on radiation exposure pro-

tion and guidance on personal dosimetry to 

solve this problem.

3-2-4　 Introduction of special eye lens dosime-

ters

　Only 9% (7/74) of the facilities used eye lens 

dosimeters. Currently, many facilities measure 

eye lens exposure doses using two dosimeters 

to measure non-uniform exposures. The dose 

values do not take into account the use of X-ray 

protective glasses. Even if these dose values ex-

ceed 20 mSv per year, it will result in overesti-

mated dose values if X-ray protective glasses 

are used. Therefore, it would be more econom-

ical to limit the use of eye lens dosimeters to 

physicians subject to 20 mSv or more annual 

lens equivalent dose in the current non-uniform 

exposure measurements. It would be realistic 

way to minimize the management costs.

3-3　【X-ray protection】
　It is widely known that the effective use of X-

ray protective equipment enables reductions in 

the exposure to the eye lenses of physicians, but 

such equipment is not fully used. Here, we dis-

cuss various types of X-ray protective equipment.

3-3-1　 Use of ceiling shielding plates and X-ray 

protective cloths

　The results showed that at facilities where 

ceiling shielding plates are not commonly used 

during endovascular treatment, physicians are 

at the risk of exceeding the eye lens exposure 

dose limits, although the number of such fa-

cilities is small. The reason for the low use of 

ceiling shielding plates and X-ray protective 

cloths may be the presence of physicians with 

low awareness of the importance of protection 

against radiation exposure to the physicians. 

To improve this situation, it is necessary to cre-

ate a workplace culture that increases the num-

ber of physicians with a high awareness of ra-

diation protection. Providing radiation protec-

tion education and guidance in clinical settings 

as well as educational support from related 
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Welfare started a project to support the intro-

duction of an occupational health and safety 

management arrangement for radiation expo-

sure as their commissioned project. We expect 

the government to provide continual support 

in the future.

4．Conclusions

　The findings of this survey showed that there 

are many physicians who do not accurately 

measure the radiation exposures to their eye 

lens and there are also many facilities with in-

adequate protection equipment for physicians 

to protect against radiation exposure. To im-

prove the radiation exposure control for radia-

tion workers, it is recommended that occupa-

tional health and safety management arrange-

ments should be introduced and that hospitals 

need to comprehensively manage radiation 

exposure for radiation workers. Hospital ad-

ministrators, medical radiation safety manag-

ers, industrial physicians, clinical physicians, 

nurses, and radiological technologists must 

work as a team to protect the health of radia-

tion workers. In the hospitals that have difficul-

ties in ensuring the proper use of personal do-

simeters and X-ray shielding plates, it is impor-

tant for radiological technologists to take the 

initiative to improve the workplace environ-

ment.
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cedures and issues. Many of the reasons for 

not wearing X-ray protective glasses are relat-

ed to the performance with X-ray protective 

glasses, such as difficulties with seeing the 

screen during procedures, inconvenience of 

wearing overglasses, fogging of X-ray protec-

tive glasses, not feeling of the necessities for 

X-ray protective glasses, heavy X-ray protec-

tive glasses, and distortion of vision due to 

wearing X-ray protective glasses. These are in 

agreement with the opinion of physicians 8) re-

ported in the Kunugita Document 2 of the 5th 

Study Group on Lens Exposure, and the devel-

opment of X-ray protective glasses that are 

lightweight, have good visibility, and do not 

fog up is desirable.

3-4　【 Radiation exposure management ar-

rangements at medical institutions】
　The Kunugita Document 4 of the 3rd Study 

Group on Lens Exposure stated that adminis-

trative staff of hospitals need to establish oc-

cupational health management arrangements 

where health managers and industrial physi-

cians play central roles to promote occupation-

al health measures. The document also report-

ed that it is necessary to manage the workplace 

environment, workers, and their health com-

prehensively with a proper understanding of 

occupational health activities through occupa-

tional health education 9). It is reported that ra-

diation protection is effectively managed by an 

occupational health and safety management 

system with clear control methods to achieve 

the goals. To introduce such occupational 

health and safety management arrangements, 

every medical institution needs to have a com-

mittee to control radiation exposure. In this 

survey, only 68% of the medical institutions 

had established a committee to control radia-

tion exposure. It is recommended that every 

medical institution should introduce radiation 

exposure control system for radiation workers 

by utilizing such management arrangements. 

In 2020, the Ministry of Health, Labour and 
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