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received scans of multiple locations in a single 

session. Taking these scans of multiple loca-

tions into account, the total number of scans 

was 27,575. Accounting for multiple scan 

types (for example, plain scans and con-

trast-enhanced scans), the total number of 

scans was 37,435. Table 1 and Fig. 1 and 2 

show the data for men and women.

  Fig. 3 and 4 show the CTDIw and DLP dis-

tributions for each scan location. 

  Tables 2 and 3 and Fig. 5 and 6 show the 

Gunma prefecture DRL values, (i.e., CTDIw 

and DLP) calculated from these data along 

with the corresponding EU values. The head 

and face CT scan results contained clear out-

lier values, which were excluded from the 

analysis.

5. Discussion

  The value corresponding with the 75th per-

centile was used as the DRL value, consistent 

Fig. 3　The distribution of CTDIw for each anatomical locations
(The vertical line represents Number of CT examinations, the horizontal line 
represents CTDIw (mGy))
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Fig. 4　The distribution of DLP for each anatomical locations
(The vertical line represents Number of CT examinations, the horizontal line 
represents DLP (mGy・cm))

Table 2　Diagnostic Reference Level (DRL) in Gunma (CTDIw : mGy)

CT examination 25% 75% EU
25% 75%

Excluding outliers

Head 82.1 137.3 60 82.4 115.6

Face 26.9 91.1 35 8.3 50.6

Neck 24.1 39.8 70 - -

Chest 21.7 31.4 30 - -

Up Abdomen 25.0 35.0 35 - -

Lower Abdomen 23.3 37.1 35 - -
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Fig. 5　Diagnostic Reference Level (DRL) in Gunma (● : EU)

Fig. 6　Diagnostic Reference Level (DRL) in Gunma (● : EU)

Table 3　Diagnostic Reference Level (DRL) in Gunma (DLP : mGy・cm)

CT examination 25% 75% EU
25% 75%

Excluding outliers

Head 955.5 1662.3 1050 963.9 1505.9

Face 337.5 926.1 360 345.5 849.8

Neck 292.8 520.9 460 - -

Chest 251.3 475.3 650 - -

Up Abdomen 290.2 529.8 780 - -

Lower Abdomen 304.1 653.2 570 - -

with previous studies in other locations. Ex-

pressed relative to the corresponding EU val-

ues, the Gunma CTDIw and DLP values were 

as follows (respectively): 1.9 and 1.4 for head 

scans, 1.5 and 2.4 for face scans, 0.6 and 1.1 

for neck scans, 1.1 and 0.7 for chest scans, 1.0 

and 0.7 for upper abdomen scans, and 1.1 

and 1.2 for lower abdomen scans.

  While the CTDIw and DLP data for nearly all 

scan types meet the EU DRL standards for 
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nation of an index value purely for the pur-

pose of reducing exposure; however, we be-

lieve that considering both the 25th and 75th 

percentile values is needed to balance expo-

sure reduction and picture quality require-

ments.

6. Conclusion

  We determined the CTDIw and DLP values 

and therefore the DRL for CT scanners in 

Gunma prefecture in 2009. We presented both 

the 25th and 75th percentiles for DRL.

  We found that chest and upper/lower abdo-

men scans were similar to those reported in 

the EU, but values for head and face scans 

ranged from 1.4 to 2.4 times higher. The ef-

fects of survey method, facility differences, 

educational differences, and other factors are 

topics that will require detailed studies in the 

future.
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chest and upper/lower abdomen scans, the 

observed exposures for head and face scans 

were significantly higher than the EU stan- 

dards, ranging between 1.4 and 2.4 times the 

EU values even when clear outliers were ex-

cluded.

  The Japan Association of Radiological Tech-

nologistsʼ 2006 X-ray guidelines for adult CT 

scans3) set a CTDI value of 65 mGy for head 

scans and 20 mGy for abdomen scans (equiv-

alent to 22 mGy for 32-cm diameter acrylic 

phantom). Our results were between 1.6 and 

1.8 times higher than either of these values.

  CT scans with higher patient exposure doses 

usually have better picture quality, so the ex-

cessive values observed for Gunma prefecture 

facilities relative to those of EU facilities does 

not directly imply that these doses are inap-

propriate. They may be necessary to create 

the picture quality demanded.

  Since the EU DRL standards were set in 

1999, they are now over a decade old and 

may not reflect current conditions. However, 

a recent survey of DRL values for CT scans in 

Korea4) found a CTDIw of 62.4 mGy for head 

scans, showing that many scanners have DRL 

values lower than those of the EU.

  Moreover, the large number of unusable re-

sponses we received indicated that we did not 

adequately communicate the purpose of the 

questionnaire or the directions for participa-

tion, so additional, improved survey methods 

will be needed in the future. One factor that 

affected the survey results was the calculation 

methods, which were based on summary sta-

tistics that did not account for individual vari-

ation. While many different patient conditions 

exist in practice, each calculated value was 

obtained from a single scan condition for a 

single scanner and scan location. Estimating 

exposure doses according to each set of pa-

tient conditions will result in more reliable re-

sults in the future.

  Defining the DRL as the 75th percentile val-

ue, as is done overseas, enables the determi-
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1. Background

　On April 30, 2010, Health Policy Publication 

No. 0430, "Concerning the promotion of team 

medicine by means of cooperation and collab-

oration between medical staff" was issued by 

the Ministry of Health, Labour and Welfare. Its 

basic concept is that "In order to provide 

high-quality medical care alongside patients 

and their families that utilizes the expertise of 

specialized medical staff, it is important to re-

fer to the general instructions issued by doc-

tors and others, with the medical staff sharing 

a common objective and information as a 

team, proactively contributing their own spe-

cialist skills while increasing the level of col-

laboration and complementation between 

them." Our role as radiological technologists 

is expanding in terms of taking on tasks in ar-

eas including radiological treatment, tests, and 

management, as well as imaging tests. As spe-

cialists in these tasks, this means that we may 

be able to play increasingly major roles in 

clinical settings. In terms of the proactive utili-

zation of clinical radiological technologists, 

two tasks will be required: assisting with the 

interpretation of diagnostic images and pro-

viding explanations and advice concerning ra-

diological tests.

2.  History of Image Interpretation 
Training by the Saitama Associa-
tion of Radiological Technologists

　The Saitama Association of Radiological 

Technologists has been engaged in image in-

terpretation training and content production 

for more than a decade, and has made these 

widely available to its members through semi-

nars and other means. We have also held 

fi lm-reading contests at the Saitama Radiology 

Conference, initially by setting up an area for 

displaying and interpreting fi lms on mammog-

raphy and upper gastrointestinal scans on a 

fi lm viewer. Ultrasound interpretation using a 

poster format was subsequently added and 

since 2006 the display has also included X-ray 

CT scans. This involves using a laptop com-

puter to manage DICOM images and a viewer 

on a single CD-R using a program developed 

by our group, a standalone program for indi-

vidual computer users and the fi rst to provide 

a monitor-based image interpreting environ-

ment.

　We are also developing a system to certify 

radiological technologists. At present, the 

Saitama Association of Radiological Technolo-

gists offers certifi cation in chest X-rays, upper 

gastrointestinal scans, and X-ray CT scans. 

The system was launched in 1999 with three 

modalities: chest, upper gastrointestinal, and 

mammography. Recent trends mean that it is 

Development and Operation of an Image Inter-
pretation Training System

Hironobu Tomita
Saitama Association of Radiological Technologists
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now possible to take the Common Examina-

tion of the Central Committee on Quality As-

surance of Breast Cancer Screening in regional 

centers, and for this reason the 3 modalities 

now comprise chest, upper gastrointestinal, 

and X-ray CT (added in 2009). The certifica-

tion standards for each modality are listed be-

low. When the scores for tests of interpreta-

tion, notation, and image evaluation (for the 

upper gastrointestinal modality only) differ, 

the lower score is used to decide the certifica-

tion grade. For example, a candidate with a 

score of 95 points for interpretation and 73 

points for notation would be certified as 

Grade B, and a candidate who scored 80 

points for interpretation, 90 for notation, and 

60 for image evaluation would be certified as 

Grade C. 

Certification Standards

Chest

　Grade A: 90 points or above in both sec-

tions (interpretation/notation)

　Grade B: 70–89 points

　Grade C:  69 points or less

X-ray CT

　Grade A: 90 points or above in both sec-

tions (interpretation/notation)

　Grade B: 70–89 points

　Grade C: 69 points or less

Upper gastrointestinal

　Grade A: 90 points or above in all sections 

(interpretation/notation/image 

evaluation)

　Grade B: 75–89 points

　Grade C: 74 points or less

　To qualify for certification, candidates must 

be competent in interpretation as well as in 

notation, and will not be certified if they do 

not score above the requisite standard in both 

areas. This is based on the idea that in addi-

tion to thorough familiarity with the device 

and quality control, interpretation is an essen-

tial skill to determine the quality of clinical 

images in order to provide images that are 

clinically useful. We have already conducted 

seminars and certification tests that are direct-

ly related to clinical tasks. Several clinical ra-

diological technologists take these tests every 

year. Certified radiological technologists are 

issued with an individual certificate of certifi-

cation, and their names and affiliations are 

published (with their permission) on the web-

site of the Saitama Association of Radiological 

Technologists. Please see http://www.sart.jp/

member2005/ for more details.

3.  Development of a new image 
interpretation training system

　In recent years, more hospitals have moved 

to filmless, monitor-based diagnostics, and the 

necessity for a new image interpretation train-

ing system has become apparent. Image inter-

pretation is a skill for which training is most 

widely needed for radiological technologists 

and previous systems that used film viewers 

entailed significant cost and labor in terms of 

handling, preparation, and other tasks. These 

methods also presented major challenges with 

regards to the deterioration of teaching films 

over time and handling. Recent years have 

also seen dramatic advances in the use of 

electronic clinical image data, and it was sug-

gested that developing this system would ena-

ble the use of mammography, upper gastroin-

testinal, CT, and chest X-ray scans. We began 

development jointly with Doctor-NET, a re-

mote diagnostic imaging company, in June 

2012. The basic concept was to develop a sys-

tem that could provide a reading environment 

on a regular monitor and which could be 

used at conferences and other events nation-

wide, with simplification and streamlining of 

content production and operability taken into 

consideration.
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4-1. System Overview

　In light of the above, we developed the sys-

tem illustrated in Fig. 1. Its characteristics can 

be outlined as follows. Image data for inter-

pretation can be uploaded to a cloud-based 

server as raw DICOM data by each workshop 

leader. As long as internet access is available, 

the leader can upload images from anywhere 

in Japan. This improves operating efficiency 

and enables teaching fi les to be managed on-

line. An application virtualization system is 

used to distribute the images to client comput-

ers at conference venues and elsewhere, 

meaning that the DICOM images themselves 

are not downloaded. This reduces the amount 

of bandwidth required, ensuring fast respon-

siveness on any terminal. The recommended 

minimum transmission speed between the 

server and client computers is around 10 

Mbps.

4-2. Virtualized application

　Fig. 2 shows an outline of the system. This 

is an image forwarding-based application us-

ing an environment based on Windows termi-

nal service (TS) and remote desktop service 

(RDS), with enhanced security, performance, 

extensibility, stability, and flexibility, among 

other advantages. The major advantage of this 

system is that the desktop application and cli-

ent software that earlier had to be installed on 

the client terminal before use, are installed 

and run on the server, with only the applica-

tion's screen images displayed on the desktop 

of the client terminal. The user operates the 

software remotely by using a keyboard and 

mouse. An environment is thus created in 

which the application is completely virtual-

ized, just as if it were being operated on the 

client terminal. This clear separation of the 

environment in which an application is run 

from that in which it is used is a key feature 

of virtualization. It has a range of advantages, 

including enabling the uniform management 

of the client environment, assuring security by 

means of functions such as Secure Socket Lay-

er (SSL) or a Virtual Private Network (VPN), 

eliminating the need for a dedicated thin cli-

ent terminal and guaranteeing ease of opera-

tion to a certain extent, even if network con-

nections are not optimal. Security is extremely 

important for medical images and as data are 

never copied onto a client terminal they can 

be aggregated and protected at a single loca-

tion. The fact that the application is virtualized 

also means that installation and maintenance 

are performed on a single server, enabling in-

stant delivery to the user, reducing the amount 

of management required and dramatically im-

proving the fl exibility and speed of response 

Mammography, upper 
gastrointestinal, chest CT, and plain 
chest X-ray scans 
From the organizer’s computer (at 
home or in a hospital)

Cloud-based server
(Doctor-NET)

Image interpreting set up as desired at the venue (conference, seminar, 

Recommended connection speed at least 
10 Mbps

Uploading of cases
Personal data in DICM data are masked in advance, 
but can also be  masked on the server if necessary

Can be viewed from a PC used 
to configure the settings

As application 

 connection 

As application 
virtualization is used, 
DICM data are not 
forwarded to the 
client terminal, 
reducing the 
restrictions imposed 
by connection speed.

Can also be used over WiFi at the venue

Complete virtualization of 
application 
Client software installed and run on 
the server

Server application
Web application

Server
Application run on server

Client computer terminal

The user uses the server 
software for remote operation

Application virtualization technology

Fig. 1. Fig. 2.
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of information technology.

4-3. Steps to create questions

　Actual case registration can be performed 

by uploading to the server from a personal 

computer, on which the settings have already 

been made. When uploading DICOM data, 

ideally a rewritten version of the patient's per-

sonal information should already have been 

uploaded, but if this is not possible then per-

sonal information can be masked after up-

loading through a simple operation. Fig. 3 

shows the sequence of operations. Large 

numbers of cases can also be uploaded to the 

image server, and packages can easily be cre-

ated or selected for use at conferences, semi-

nars, or other events. Fig. 4 shows the se-

quence of operations for the easy creation of 

questions on interpretation.

5.  Initial use

　The 2012 Kanto Koshinetsu Clinical Radiolo-

gy Conference was held in Ibaraki Prefecture 

on October 6th and 7th, 2012. During the con-

ference, 10 cases each, of chest CTs, plain 

chest X-rays, upper gastrointestinal scans, and 

mammography scans were prepared to allow 

for interpreting experience, and the monitor 

interpreting environment was used for the fi rst 

time. Three devices were set up for viewing 

CT images, 2 for plain chest X-rays, 3 for up-

per gastrointestinal scans, and 2 for mammog-

raphy scans. The participants filled in their 

findings on an answer sheet while viewing 

the images on the image viewer and were 

provided with the correct answers after they 

had finished. The event was very popular, 

with over 70 people participating over the 

2-day period. Photographs taken on the day 

are reproduced below.

Image tag editing tool
Edit the DICOM tags for external data ID or errors in patient data

test to File ＞ Click on Edit Tag (T)

When the screen showing the replacement status shows the 
“Replacement Complete” window, click “OK” to complete the 
replacement.

“Replacement Status” screen showing the replacement in process

Launch editing tool 
Input the value to be changed with the character レ in 
the box to be edited
Click on “Replace”  and click “OK” on the confirmation 
screen.

 
changed

Select the test to be

Creation of image interpretation 
packages

(3) The conference screen will be 
displayed, with the type of scan you 
selected in step (1) added as a new 

package.

(4) Change the name of the 
package.

(2) Right click on the list. 
Select “Add to package” 
from the pop-up menu.

(1) Select the type of 
scan for which you wish 
to create a new package

Fig. 3.

Fig. 4.

Photograph of the answer sheet

Participants engaged in image interpretation
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6.  Questionnaire for participants

　The results of a questionnaire completed on 

the day by participants who attempted the in-

terpretation questions are shown below. As 

shown in Fig. 5, approximately half of the ra-

diological technologists who took part had 

less than 10 years of experience and interest 

was greater among younger technologists than 

that among veterans. As shown in Fig. 6, level 

4 was the most common level of difficulty 

across all the modalities and many partici-

pants expressed the opinion that the ques-

tions were diffi cult.

　As shown in Fig. 7, an evaluation of 3 was 

generally appropriate in most cases and the 

fact that no participant achieved an evaluation 

of 4 or 5 for mammography scans alone can 

be explained by the fact that the internet con-

nection speed was only 8 Mbps, meaning that 

the response time for W.W adjustment and 

Yasuo Nakazawa,  Pres ident  of  the Japan 
Association of Radiological Technologists, also 
had a go at image interpretation!
Right: Koichi Horie, Vice-President of the Saitama 
Association of Radiological Technologists. 
Writing: Yasuo Nakazawa, President of the Japan 
Association of Radiological Technologists

Upper gastrointestinal 
case

Chest X-ray case

Fig. 5. Number of years of experience of technolo-
gists who took part in image interpretation.

Fig. 6. Degree of diffi culty by modality.

Fig. 7. Extent of completion of image interpretation 
viewer by modality (including speed).

9, 24% 

11, 29% 9, 24% 

3, 8% 

3, 8% 
2, 5% 1, 2% 

0 
1 
2 
3 
4 
5 
6 
7 
8 

CT MMG UGI 

1 

2 

3 

4 

5 

 

 

 

9, 24% 

11, 29% 9, 24% 

3, 8% 

3, 8% 
2, 5% 1, 2% 

0 
1 
2 
3 
4 
5 
6 
7 
8 

CT MMG UGI 

1 

2 

3 

4 

5 

 

 

 

0 

1 

2 

3 

4 

5 

6 

7 

CT MMG UGI 

1 
2 
3 
4 
5 

 

 

（year）

Easy

Ordinary

Percentage of 
completion low

Percentage of 
completion high

Ordinary

Diffi cult

Chest X Ray

Chest X Ray

modality

modality

Pe
rs

on

Pe
rs

on



Contribution  ◆  51

Development and Operation of an Image Interpretation Training System

Contribution

zooming in and out was poor. This result cor-

relates with the developer-recommended 

speed of 10 Mbps and would improve with a 

better connection speed.

7.  Conclusion

　In this article, I have described the training 

in image interpretation offered by the Saitama 

Association of Radiological Technologists, its 

development, and its attributes as a new initi-

ative. We intend to make every effort to con-

tribute to further improving the image inter-

pretation skills of clinical radiological technol-

ogists in future. The photograph below shows 

some of the members involved in implement-

ing this new initiative.
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Introduction

　The digitization of X-ray systems and gener-

al imaging devices has led to a shift from in-

tensifying screens and the screen-fi lm system 

(S/F system) to computed radiology (CR), 

fl at-panel detectors (FPDs), and other types of 

digital radiography (DR).

　The imaging conditions of the S/F system 

require that the operator select the sensitive 

material based on the site to be imaged, mak-

ing its sensitivity the decisive factor. However, 

DR obtains accurate density using automatic 

compensation mechanisms. Thus, unlike the 

S/F system, DR has no concept of sensitivity 

as an important factor to match the imaging 

conditions1). As a result, although the X-ray 

imaging conditions are assumed to be based 

on standard doses used in the S/F system, no 

systematic method of setting appropriate im-

aging conditions exists, which makes the de-

termination of imaging standards diffi cult. An 

ICRP report2) has pointed out the problem of 

higher doses being used for DR X-ray imaging 

than those used for the S/F system, and the 

standardization of imaging conditions is being 

attempted.

　Comprehensive evaluations of the S/F sys-

tem based on physics have been carried out 

using the noise equivalent quanta (NEQ)3) 

which is the squared signal-to-noise ratio 

(SNR). Since there is no sensitivity index for 

DR, it has been proposed1) that the detective 

quantum effi ciency (DQE)4), which is the ratio 

of the squared output SNR and the squared 

input SNR, be used.

　DQE is obtained using the ratio of the aver-

age number of photons absorbed per unit 

Fundamental Study of easy decision method for 
Optimization of Exposure Dose in Computed 
radiography.

Yasuo Mochizuki1）   Shinji Abe2）   Toshiaki Adachi3）   Masahiko Monma2）   Kojiro Yamaguchi4）

1）Department of Radiological Technology, Faculty of Health Sciences, Nihon Institute of Medical Science.
2）Department of Radiological Sciences, Ibaraki Prefectural University of Health Sciences
3）Department of Radiology, University of Fukui Hospital
4）Faculty of Radiological Technology, Fujita Health University School of Health Science

Key words:  computed radiography (CR), Wiener spectrum (WS), root mean square (RMS), exposure dose, threshold

【Abstract】
  The optimum dose for a computed radiography system (CR) was estimated from the relationship of the radiation 
dose to the root mean square (RMS) and the Wiener spectrum (WS).
  Samples for analysis of noise characteristics were prepared using a 50.0 mm tough water phantom, as a scattering 
body, fi tted with a 20.0 mm Al fi lter (SID 200 cm, tube voltage 80 kV). The dose level at which the fi lm density in 
the standard screen-fi lm system was 1.0±0.05 was adopted as the criterion dose (23 mGy) and fi ve samples were 
prepared at dose levels of 1/4, 1/2, 1, 2 and 4 fold relative to the criterion dose.
  RMS was calculated from fi ve 256×256 pixel images. WS was determined from the 320 segments yielded by two-
dimensional fast Fourier transformation (2DFFT) of the 256×256 pixel images.
  On the basis of the data on RMS and WS, the optimum dose was determined, with the threshold level defi ned as the 
point of intersection in linear approximation between the low dose range affected by the quantum mottle and the high 
dose range depending on the system noise. As a result, the dose for CR, determined from RMS and WS, was about 
30% lower than the screen-fi lm system criterion dose.



Arts and Sciences  ◆  53

Fundamental Study of easy decision method for Optimization of Exposure Dose in Computed radiography.

Arts and Sciences • the original work

1.  Imaging dose and noise 
characteristics

　NEQ was defined as the output (SNR)2 val-

ue, and DQE was defined as the ratio between 

input and output (SNR)2 values using the fol-

lowing formulas:

　 ( )
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　In these formulas, u is spatial frequency, 

(log10e) is the density conversion coefficient, 

G is the gradient, and q indicates the average 

number of incident photons per unit area. The 

WS of the quantum mottle was provided by 

the following formula8):

　 ( )
n

uMTFGeuWS
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10 )()(log !!
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 (3)

　In this formula, n
—
 indicates the average num-

ber of X-ray photons absorbed per unit area. 

When WS (u) is taken to be granularity, 1/n
—
. to 

be sensitivity, (log10e) G to be contrast, and 

MTF(u) to be sharpness, it can be expressed as

　Granularity = 

　　sensitivity × contrast2 × sharpness2 (4)

　Therefore, the DR X-ray imaging dose can 

be estimated from noise characteristics by 

treating the number of incident photons as an 

index that corresponds to the sensitivity of the 

S/F system.

2. Experimental Methods

2-1 Experiment plan and sample preparation

　The experiment plan for WS measurement 

according to radiation quality8) standards es-

tablished by the Bureau of Radiological Health 

(BRH) and sample preparations for ROC anal-

ysis is shown in Fig. 1. The X-ray generator 

used was a KXO-80G (Toshiba Medical Sys-

tems Corporation) and the CR used was a Re-

area for the purpose of forming an image on 

the DR device and the number of incident 

photons, which reveals photon detection effi-

ciency. In an ideal imaging system in which 

all the incident photons are used for image 

formation, DQE would be 1. Thus, the noise 

characteristics directly affected by an imaging 

dose according to the NEQ denominator may 

be useful as a factor for determining DR imag-

ing conditions. However, there are no studies 

one the investigation of a method for deter-

mining the imaging dose according to the root 

mean square (RMS) and Wiener spectrum 

(WS), which are used as indices to evaluate 

the incident dose and noise characteristics.

　The authors have proposed an estimator to 

determine the imaging dose that estimates the 

threshold from the relationship between the 

visual evaluation method, known as the image 

quality figure (IQF)5,6), and the CR exposure 

dose (hereafter referred to as imaging dose)7). 

However, it has been difficult to prepare spec-

imens for visual evaluation and analyze exper-

imental observations.

　The present study focuses on the relation-

ship between imaging dose and noise, and re-

ports on our investigation into a simple meth-

od for determining the CR imaging dose with 

the threshold level for the optimum dose for 

X-ray images with a good balance between 

image quality and dose. This balance point is 

defined as the point of intersection in linear 

approximation between the low dose range 

affected by the quantum mottle and the high 

dose range that depends on the system noise. 

We also performed visual evaluations of the 

S/F system and CR image quality by calculat-

ing the detection ability of the area under the 

curve (AUC) of the receiver operating charac-

teristics (ROCs) using the S/F system and CR 

hard copies (film) created according to the S/

F system imaging dose standards using acrylic 

bead signals.
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was 90 s, and the development temperature 

was 33.5 °C.

　Using the criterion dose as a reference 

point, we created five samples with imaging 

times of approximately 1/4 (6 µGy), 1/2 (12 µ
Gy), 1 (23 µGy), 2-fold (47 µGy), and 4-fold 

(95 µGy). Doses were the average of these 

five. Two types of samples were used: those 

with a standard pixel size (ST: 0.175 mm) and 

those with a high-quality pixel size (HQ: 

0.0875 mm). We created five images for each 

of the pixel sizes and for each of the samples 

by using the same imaging conditions. This 

yielded a total of 50 DICOM image samples 

with noise measurements.

2-2 Measurements of noise characteristics

2-2-1 Measurements of RMS granularity

　Noise measurements (DICOM images) were 

conducted using the free image processing 

software Image J. The calculation range of 

RMS granularity we used set the region at the 

center of the display screen that was 256×256 

pixels as the region of interest (ROI). The 50 

ST and HQ images in this range were calculat-

ed using Image J to derive RMS granularity. 

The RMS calculation formula we used is 

shown below:
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　In this formula, n is the number of data 

items, PVij is the pixel value, and, P
—
V is aver-

age pixel value.

2-2-2 WS measurements

　WS measurements were conducted using 

two-dimensional fast Fourier transformations 

(hereinafter referred to as 2DFFT)9) which 

were in accordance with International Electro-

technical Commission (IEC) standards, on uni-

formly irradiated DICOM images. We set the 

calculation range of 2DFFT to one segment 

(hereinafter referred to as SEG) of the 256×
256 pixel image within the ROI. Trend correc-

tion for this region was set to calculate two-di-

gius Model 170 (Konica Minolta Inc.). The dis-

tance (source-to-image distance: SID) between 

the focus and the stimulable phosphor plate 

(hereinafter referred to as plate) was 200 cm. 

Tough water manufactured by Kyoto Kagaku 

Co., Ltd. was used as a scattering body (350 × 

350 × 50 mm) and was set above the plate, 

and the measurement samples were imaged. 

Digital imaging and communication in medi-

cine (DICOM) specification output images 

were output as straight line gradients without 

frequency processing or other types of pro-

cessing.

　The standard dose was determined using an 

SRO 250/SRG (Konica Minolta Inc.) fitted with 

a 20.0 mm Al filter on the X-ray tube side on 

the S/F system sensitive material. It was the 

surface dose (air kerma) for an X-ray tube 

voltage of 80 kV, an X-ray tube current of 100 

mA, and an imaging time of 0.140 s obtained 

for a film density of 1.0±0.05 as measured by 

a diffusion densitometer (Konica Minolta Inc.).

　We obtained an average value of 23 µGy 

(0.69µC/kg) from 5 irradiations of the incident 

dose on the surface of the tough water as 

measured using the NERO™ mAx Model 8000 

(VICTOREEN). This surface dose was used as 

the standard (criterion) imaging dose. The au-

tomatic developer used was the Konica Minol-

ta SRX-503, the development processing time 

Cassette
Tough water

SID:200㎝

5.0㎝

Aｌ Filter

X-ray tube

(20 ㎜)

Chamber

Fig. 1　 Experimental layout of noise measure-
ments using tough water.
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quency, which is determined by the reciprocal 

of the product of the number of data items 

and pixel size, and the imaging dose.

2-4  Creation of samples and observation 

method for ROC analysis

2-4-1 Creation of samples for ROC analysis

　Samples for use in ROC analysis were creat-

ed in the same way as the WS samples. A sin-

gle sheet of film was divided into 30 parts by 

punching 30 holes in a 20×35 [mm] grid pat-

tern on a copper plate measuring 254×305 

[mm] and 0.1 [mm] thick7). Acrylic beads ⏀ 2.0 

mm were placed randomly in 15 of the 30 

holes. Data from 15 beads with signals and 15 

beads without signals for each sheet of film 

were then collected.

　ST and HQ observation samples for the S/F 

system and CR totaled 120 data items for 60 

beads with signals and 60 beads without sig-

nals. The placement of the beads was then 

changed for each of the 4 sheets of film for a 

total of 12 sheets of film providing data. The 

standard SRO250/SRG was used to obtain data 

from the S/F system. Hardcopy (film) CR im-

ages used for ROC analysis were processed as 

follows. The DICOM standard default window 

width (2047) and window level (4096) pixel 

values were selected on the Regius Model 170, 

and the linear gradient of LIN-01 was selected 

from the lookup table without performing fre-

quency processing. A film density of 1.00±
0.05 was output for all actual size ST (0.175 

mm) and HQ (0.0875 mm) images by using 

the dry imager DRY-PRO 752 (Konica Minolta 

Inc.).

2-4-2  Observation experiment for ROC analysis

　Observations were carried out by six stu-

dents who had been trained to read observa-

tion samples. 

　Regarding the data obtained from the exper-

iment, rules have been established for pub-

lishing the results and using the results as a 

resource for educational material, and the 

consent of the observers have been obtained.

mensional quadratic-approximation images 

according to the Legendre polynomial and 

corrected for the amount subtracted from the 

original image. The input/output characteris-

tics of these images, which are indicated in 

the formula below, were then calculated in 

the log system (CR) using 2DFFT.
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　In this formula, ΔxΔ y indicates pixel size, 

Nx Ny is the number of data items set within 

the ROI, M is the number of segments, DFT 2D 

is the two-dimensional discrete Fourier trans-

form, and Δ PV is the variation component of 

the pixel values.

　WS values used in our assessment were the 

average of 64 SEG for each sample, with a to-

tal of 320 SEG from five samples additionally 

averaged. Frequency bins were calculated us-

ing 14 sequences (excluding those above the 

axis of WS spatial frequency [u, v] on the 

two-dimensional distribution), with bin width 

calculated at approximately 0.114 cycle/mm 

for ST and at approximately 0.229 cycle/mm 

for HQ. Digital WSΔE/E in formula (6) was cal-

culated by linearizing the exposure conver-

sion using G2・(log10e)
2 in the denominator on 

the right side of the equation in the exposure 

conversion and calculating the dimension of 

the X-ray quantum. Thus, NEQ (u) and DQE 

(u) for the digital system were calculated in 

formulas (1) and (2) with the conversion coef-

ficient (log10e)
2・G2 in the numerator on the 

right side of the equation removed.

2-3 Estimation of imaging dose using WS

　It has been reported that the noise charac-

teristics in the S/F system correspond to the 

WS value of the 0.1–0.5 cycles/mm low spatial 

frequency range in terms of visual assess-

ment8,10). Thus, we estimated the threshold for 

the optimization of the imaging dose from the 

average WS value at the minimum spatial fre-
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analysis of variance performed using the DBM 

method included the following variance com-

ponents: inter-system (T), inter-observer (R), 

inter-sample (C), system-observer (TR), sys-

tem-sample (TC), observer-sample (RC), sys-

tem-observer-sample (TRC), and total (Total).

　Two-tailed paired t-tests were used to rate 

the statistically signifi cant difference between 

two groups (S/F system and ST or HQ, and ST 

and HQ), in order to ensure that redundancy 

did not affect the results.

3. Measurement results

3-1 RMS granularity and imaging dose

　We calculated RMS for the approximately 

6,600 pixels set as the ROI of the 256×256 

pixel images for each sample. The average 

RMS value for the approximately 33,000 pixels 

of the five samples was obtained using RMS 

calculations. The results are shown in Fig. 2. 

The RMS value for ST and HQ images sharply 

decreased as dose increased in the low-dose 

region, but gradual decreases were observed 

at high doses near the criterion dose of 23 µ
Gy.

3-2 WS and imaging dose

　Fig. 3 and 4 show the results for the hori-

zontal (scan) and vertical WS calculated for a 

total of 320 SEG from both ST and HQ images 

　As points of note prior to the actual obser-

vation, we requested the observers that when 

viewing from the direct viewing angle, they 

should not compare the hole under observa-

tion with any of the other 29 holes in the sam-

ple, and especially not the 8 to the top, bot-

tom, left, and right in the immediate vicinity 

of the hole under observation. The observa-

tion distance and duration were freely deter-

mined by the observers themselves. They ob-

served the samples in order without any par-

ticular restrictions. Considering the influence 

of the learning curve effect, we presented the 

samples in a different order for each observer 

and took into consideration the order effect. 

Ratings for certainty were given using the con-

tinuous certainty factor method with 50 points 

set as the maximum.

　Film images were read in the following en-

vironment: viewing screen was placed so that 

it would not be influenced by outside light. 

We measured the light in a room with normal-

ly used lighting by using a luminance meter 

(Konica Minolta Inc., LS-100), and obtained an 

approximate value of 57 cd/m2. The bright-

ness of the viewing screen (Moriyama, for 

X-ray use: CH5K) front panel was measured to 

be approximately 2,600 cd/m2.

2-4-3 Rating AUC average values

　Rating of the average values for the detec-

tion ability of ROC analysis (AUC) was per-

formed as follows. Standard deviation was cal-

culated from the variance between the observ-

ers using the paired t-test on both sides to de-

termine the difference in the average values. 

Then, we used the Jackknife method to assess 

the standard deviation of the estimator be-

cause this method removes the influence of 

variance that occurs between observers and 

between samples from overall error variance.

　Jackknife rating was performed with LABM-

RMC11) (DBM method: D.D. Dorfman, K Ber-

baum, University of Iowa, C.E. Metz, Universi-

ty of Chicago) using the continuous certainty 

factor method. Rating results according to the 

0.00
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4.00
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8.00

10.00

0 20 40 60 80 100

Exposure Dose [μGy]

R
M

S

HQ

ST

Threshold Value

Fig. 2　 Relationship between the root mean square 
(RMS) and exposure dose using Regius 
170.
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is shown in Fig. 5. WS values increased as 

dose increased, as was seen with RMS values, 

but gradual decreases were observed at doses 

higher than the criterion dose of 23 µGy.

3-3 ROC analysis and AUC

　A comparison of ROC curves for samples 

imaged at the criterion dose of 23 µGy using 

the S/F system SRO250/SRG and the CR ST 

and HQ is shown in Fig. 6. Our rating of the 

statistically signifi cant difference between the 

systems using the paired t-test on both sides 

and the Jackknife method indicated that there 

were no signifi cant differences. No signifi cant 

differences were observed for any of the vari-

ance items in the Jackknife analysis-of-vari-

ance table for ST and HQ images of CR (Table 

using the 2DFFT method. Since the WS values 

were linearized according to the frequency 

bins and each sample was indicated as an av-

erage of its 64 SEG, variance in all spatial fre-

quency regions was small and gradual.

　Horizontal and vertical WS values for the 

minimum spatial frequency regions were 

equivalent. In high-frequency regions, hori-

zontal WS values tended to be slightly lower 

owing to the CR property for sharpness to de-

crease because of the fact that it scans data 

using laser light. Moreover, horizontal HQ 

spiked when in the vicinity of the Nyquist fre-

quency, possibly owing to the low-pass fi lter.

　The relationship between WS values in the 

low-spatial-frequency region (ST: 0.114 cycle/

mm, HQ: 0.229 cycles/mm) and imaging dose 
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Fig. 4　 Result of vertical Wiener spectrum calcu-
lated by two dimension fast Fourier trans-
form method by Regius 170.
(a) standard (ST), (b) high quality (HQ)
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1).

　In the analysis-of-variance table, the degree 

of freedom used to calculate the F-distribution 

ratio was derived by calculating (c - 1) and (r 

- 1). The asterisk (*) indicates corrections 

made to the degree of freedom by using the 

Satterthwaite approximation for denominator 

synthesis.
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　In this formula, MSTR is the modality-observ-

er variance component, MSTC is the observ-

er-sample variance component, MSTRC is the 

modality-observer-sample variance compo-

nent, C is the number of samples, and r is the 

number of observers. The double asterisk (**) 

indicates that rating was not performed for 

observer-sample (RC) when the sample dis-

persion was large.

4. Discussion

　The present study investigated the relation-

ship between imaging dose and noise charac-

teristics as well as a simple method for deter-

mining imaging conditions for optimal CR im-

aging dose.

　Noise characteristics were indicated by RMS 

and WS measurements. Aoki et al12) integrated 

WS (u) in the spatial frequency region and 

calculated RMS granularity from its square 

root. They reported that their comparison of 

this RMS granularity with graininess assessed 

using the paired comparison method indicat-

ed that there was good correlation at relatively 

low spatial frequency regions around the spa-

tial frequency of 1.0 cycle/mm. The BRH re-

port8) indicated that since there was good cor-

respondence to visual assessments, granularity 

characteristics in the S/F system are indicated 

by WS values at 0.1 cycle/mm.

　RMS values calculated for standard dose DI-

COM images using Image J were 3.31 for ST 

Fig. 6　 Comparison of  ROC analysis by screen-
film systems and computed radiography 
for the same dose.
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and 3.79 for HQ. We calculated the area of 

the vertical WS (u) spatial frequency region, in 

which sharpness is not affected by laser scan-

ning, using the trapezoidal rule and the Simp-

sonʼs rule. The RMS granularity obtained by 

the square root of that value were similar for 

both methods, at 3.24 for ST and 3.62 for HQ. 

We believe this was due to the fact that no in-

tegral error occurred in either method since 

the WS (u) spectral variation was small. RMS 

values obtained when WS (u) was integrated 

were slightly lower. We assume this difference 

was due to the fact that the WS (u) integration 

range was limited. Thus, in the present study, 

RMS and WS can both be used to evaluate 

noise characteristics.

　RMS values and WS values for ST and HQ 

improved as imaging dose increased (Fig. 2, 

5). We believe this was due to improvements 

in granularity caused by the fact that quantum 

mottle is in inverse proportion to imaging 

dose, which led to improved noise. However, 

we observed gradual decreases (improvement) 

at doses higher than the criterion dose of 23 µ
Gy. We believe that this was due to the fact 

that while quantum noise is predominant in 

the low dose range, system noise becomes 

more prominent in the high dose range as the 

dose increases.

　It has been previously pointed out that DR 

imaging doses are higher in comparison to S/

F system imaging doses2). Ogawa et al13). com-

pared WS values in the standard S/F system 

and CR using an indirect FPD that calculated 

overall WS. Their results indicated that since 

doses with the same WS value as the S/F sys-

tem are 1.3 to 1.5 fold in CR and 1.3 fold in 

FPD, in actual clinical practice, they are set at 

approximately 1.3 fold the CR and FPD imag-

ing conditions in the S/F system. This result is 

in accordance with the ICRP report2) that 

points out the increased exposure used in DR 

imaging. However, since doses that are the 

same as those used in the S/F system are esti-

Table 1　 Statistically significant (SIG) testing of AUC value using the Two tailed paired t-test and Jackknife 
method for Screen-Film system and computed radiography in standard dose.

Jackknife method paired t-test

Combination
(Modality) Source

Source
Sums

of
Squares

Degree of
freedom

Mean
Squares F Ratios Prob Decision p value

Film and ST

TOT
T
C
R
TC
TR
RC
TRC

228.0506
0.0646
20.424
1.4345

21.7887
1.2715

97.1407
85.9267

1439
1

119
5

119
5

595
595

0.0646
0.1716
0.2869
0.1831
0.2543
0.1633
0.1444

＊
1.0513
1.7573
1.2679
1.7609
＊＊

＊
0.35

0.1197
0.0405
0.1189
＊＊

SIG. 0.2774

Film and HQ

TOT
T
C
R
TC
TR
RC
TRC

241.1264
0.0146

22.4566
1.1185

22.5742
1.2931

94.2005
99.4689

1439
1

119
5

119
5

595
595

0.0146
0.1887
0.2237
0.1897
0.2586
0.1583
0.1672

＊
1.192

1.4129
1.1347
1.547
＊＊

＊
0.0984
0.2176
0.1753
0.1733
＊＊

0.5781

ST and HQ

TOT
T
C
R
TC
TR
RC
TRC

228.3223
0.0178

21.0527
0.8897

21.7308
0.5273

94.2972
89.8068

1439
1

119
5

119
5

595
595

0.0178
0.1769
0.1779
0.1826
0.1055
0.1585
0.1509

0.0974
1.1163
1.1227
1.2099
0.6988
＊＊

0.7556
0.2075
0.347

0.0807
0.6245
＊＊

0.4450

Film with SRO250/SRG System
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mated7) to be in the region in which system 

noise is predominant, we believe they play no 

role in the improved detection ability of visual 

assessment.

　In general, DR imaging is performed under 

the same imaging conditions as the S/F sys-

tem. In the present study, when the dose ob-

tained at a density of 1.0±0.05 in the S/F sys-

tem was used as the BRH radiation quality 

standard, the imaging dose was approximately 

23 µGy. At this dose, the results of ROC anal-

ysis of S/F system and hard copy (film) imag-

es of ST and HQ of CR made using the signals 

of ⏀ 2.0 mm acrylic beads indicated that the 

AUC for detection ability resembled a curve 

when at nearly the same value, that there was 

no statistically significant difference in rating, 

and that standard S/F system images and CR 

images were equivalent (Fig. 6, Table 1).

　The authors determined that the threshold7) 

that does not contribute to improvement in 

image quality even when the exposure is in-

creased was at the border between the high 

dose region in which system noise is predom-

inant and the low dose region in which quan-

tum noise is predominant, and that the opti-

mum imaging dose is this threshold value that 

takes into consideration a balance between 

dose and image quality. The AUC for ST and 

HQ hard copy images that was performed 

concurrently showed no statistically significant 

differences with the S/F system standard doses 

even at 1/2 dose. When one considers that 

this 50% value is near the border of detecta-

bility, it is possible to consider that the 30% 

lower threshold estimated using IQF is the im-

aging dose that can be efficiently judged as 

the balance between noise characteristics and 

image quality, which are dependent upon the 

dose. As a result, unlike previous physical as-

sessment reports, detectability in visual assess-

ments also indicates that the dose can be re-

duced by 30% lower than the S/F system im-

aging dose that was set to be the standard.

　In the present study, we determined from 

the relationship between the RMS and WS val-

ues to the imaging dose that the point of in-

tersection in linear approximation of the low 

exposure region that is influenced by quan-

tum mottle and the high exposure region that 

is dependent upon system noise was 17 µGy. 

By defining this point of intersection as the 

threshold value of the optimization of imaging 

dose, we calculated 26% from 17 (µGy)/23 (µ
Gy), which was nearly the same result as the 

30% we calculated using IQF7). Consequently, 

the threshold estimated from RMS and WS val-

ues and imaging dose can reduce imaging 

dose by 30%, which suggests that it can be 

used as a parameter for the optimization of 

imaging dose.

　IQF and AUC signal data obtained using 

Burger phantoms and acrylic beads were in a 

low spatial frequency region8, 10) with a high 

degree of correlation with visual characteris-

tics due to the phantom diameter. DQE (u), 

which is used to assess digital systems, is not 

affected by contrast and spatial frequency 

characteristics because it is determined by the 

ratio of fluctuation between the average num-

ber of X-ray photons (n
—
) absorbed per unit 

area when using CR and FPD devices and the 

number of incident photons (q: dose). Thus, 

we were able to logically verify that the CR 

X-ray imaging conditions based on film output 

(hard copy) standards can allow the radiation 

dose to be lowered to around 70% of the im-

aging conditions used in the S/F system by 

using the threshold that is estimated from RMS 

values, WS values for the low spatial frequen-

cy region, and imaging dose.

　Our investigation of the relationship be-

tween noise characteristics and imaging dose 

in CR and our measurements of RMS and WS 

noise allowed us to simply create samples and 

perform analysis and estimate imaging dose 

with equal capacity, in comparison to IQF and 

AUC that are visual assessment methods. The 

fact that we were able to simply calculate RMS 

values using the free image processing soft-
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ware Image J is a particular advantage of our 

method. In the future, we would like to inves-

tigate the usefulness of optimizing imaging 

dose via our method using human equivalent 

phantoms and establish that our method is a 

simple way of determining clinically practical 

X-ray imaging dose conditions that is in ac-

cordance with the Medical Exposure Guide-

lines 200614) that are recommended by this 

journal.

5. Conclusions

　Since systematic and appropriate exposure 

guidelines for DR imaging have not yet been 

established, it is difficult to set the proper im-

aging conditions. In the present study, we 

used CR to investigate the optimization of 

X-ray imaging performed using WS values and 

imaging dose, which wre well matched to 

visual assessments. Our results suggested that 

in these fundamental experiments CR imaging 

dose can be lowered to about 70% of the radi-

ation dose based on the ratio between the 

standard imaging dose in the S/F system and 

the WS value of CR. We also obtained a simi-

lar result from the relationship between RMS 

value and imaging dose. Noise measurements 

using RMS and WS were easier to test and 

analyze than the visual assessment method of 

IQF and AUC, which indicates that our meth-

od is useful as a systematic method of deter-

mining X-ray imaging conditions for digital 

images.
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Introduction

　On January 11, 1999, a medical accident oc-

curred in a university hospital, in which a pa-

tient scheduled to undergo a heart surgery 

was mixed up with another patient scheduled 

to undergo a lung surgery. The mistake was 

not noticed until the patients were transferred 

to the intensive care unit (ICU) after the sur-

geries, which subsequently led to a serious 

social problem1) 2). Owing to this medical acci-

dent, a paternalistic social community of med-

ical care gradually transformed into pa-

tient-centered team medicine, in which pa-

tients are considered as partners3). Subse-

quently, in the Medical Safety Measure Con-

ference conducted in April 2002, the Ministry 

of Health, Labor and Welfare prescribed 

“Comprehensive Measures for the Promotion 

of Medical Safety,” and requested all hospitals 

and clinics with beds to have clear safety 

management guidelines, in-hospital systems to 

report accidents and other such events, a safe-

ty management committee, and implement 

staff training for safety management4). These 

guidelines required all parties concerned, in-

cluding the government, to make aggressive 

efforts to enhance the safety and reliability of 

medical care, because medical safety meas-

ures had not been important issues in medical 

policy.

　Moreover, in order to secure medical safety 
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【Abstract】
  We conducted a national survey of the actual conditions of intervention by radiological technologists to examine 
request slips from physicians and dentists and query doubtful points as a safety measure in radiological examinations 
and treatment. As a result, it was found that radiological technologists do perform the activities of examining request 
slips from physicians and dentists to query points that are unclear or in doubt in many facilities. At the same time, 
it was learned that these activities are not reviewed or recorded as queries. On the other hand, it was clearly shown 
that since the role that radiological technologists play by querying doubtful points can prevent the wrong examination 
or treatment from being performed or administered, this intervention contributes to ensuring medical safety and the 
efficacy of examinations and therapy. These results were suggested that queries by radiological technologists are 
necessary and important activities from the standpoint of ensuring medical safety.
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and provide anxiety-free and safe medical 

care, an institution was constituted in October 

2004 to ensure that national and university 

hospitals that offer advanced treatment report 

medical accidents5). Such incidents are to be 

reported to the Center for Medical Accident 

Prevention, Japan Council for Quality Health 

Care. The council currently has 1,373 medical 

facilities as members (March 2014). As a neu-

tral third party organization, the Center for 

Medical Accident Prevention assembles the in-

formation related to medical accidents and 

other such incidents, and presents the tabula-

tion/analysis results as a report. This report is 

available to all stakeholders in the society, in-

cluding medical facilities, citizens, and admin-

istrative organizations, to promote information 

sharing. In addition, the Ministry of Health, 

Labor and Welfare has enforced the revised 

Medical Service Law since April 2007, making 

it mandatory to have a medical safety man-

agement system, drug safety management sys-

tem, management system for prevention of in-

fections, and medical equipment safety man-

agement system.

　Although the condition of medical safety 

has developed as discussed above, the actual 

condition of examination of requests for radi-

ologic examination/therapy by physicians/

dentists working in hospitals and clinics, in 

radiological technologistsʼ service, and clarifi-

cation of doubts related to the same, is un-

clear. Therefore, as a first step in this direc-

tion, we conducted a nationwide question-

naire survey of hospitals/clinics on querying 

doubtful points by radiological technologists 

regarding the radiologic examination/therapy 

requests issued by physicians/dentists. This 

was done by examining “Factual Survey of 

Utilization of Medication History and Actual 

Conditions of Prescription Queries6)” report 

published by the Japan Pharmaceutical Asso-

ciation, Prescription Queries of Pharmacists7), 

and Prescription Queries Q&A for Patients8).

1. Methods

1-1.  Definition of terms

　No studies have been conducted on the ac-

tual condition of examination of request slips 

or clarification of doubts related to the same, 

with reference to radiological technologistsʼ 
services, since the establishment of the Act on 

Medical Radiology Technicians in 1951. There-

fore, to help the participating radiological 

technologists answer the items in the ques-

tionnaire by ensuring a common understand-

ing of the terms, we defined “request slip”, 
“examination of a request slip”, “querying 

doubtful points”, and “change/addition/dele-

tion of examination/treatment” by referring to 

the “Factual Survey of Utilization of Medica-

tion History and Actual Conditions of Prescrip-

tion Queries6)”, Prescription Queries of Phar-

macists7), and Prescription Queries Q&A for 

Patients8) reports.

　A “request slip” refers to a slip in which spe-

cific instructions have been provided by a 

physician or dentist, regarding the exposure 

of the human body to radiation (regardless of 

whether it is on paper or in an electronic 

form).

　A “Examination of a request slip” refers to 

the confirmation by a radiological technologist 

as to whether a request slip prepared by a 

physician or dentist to conduct imaging exam-

ination or radiation therapy (examination/

treatment hereinafter) is appropriate regarding 

the following items (excluding the examina-

tion of the purpose of examination/treatment): 

the side, method, range, position, equipment/

auxiliary tools, interactions, duplication, fre-

quency (too many/too less), burden on hu-

man body(radiation exposure/labor), contrast 

medium, drug allergy, adverse drug reactions, 

pregnant/lactating women, etc. With reference 

to interactions, the purpose of the examina-

tion is to collect information on doubtful 

points that may arise due to the interaction in 

the same examination/treatment, as well as 
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between the examination and other examina-

tion/treatment, food and drink, etc., querying 

doubtful points arising from the examination 

order of upper gastrointestinal radiologic ex-

amination and abdominal plain radiography, 

interference between thyroid gland examina-

tion and examination using iodine contrast 

medium in the nuclear scanning, and food 

and drink before examination.

　A “querying doubtful points” refers to the 

asking for clarification of the “doubtful point,” 
if any, in a request slip prepared by the radio-

logical technologist, addressed to the physi-

cian/dentist who prepared the original request 

slip.

　A “Change/addition/deletion of examina-

tion/treatment” refers to change, addition, or 

deletion of the instruction details as a result of 

the clarification of a “doubtful point” by a ra-

diological technologist, through inquiry with 

the physician/dentist, after examination of a 

request slip (irrespective of who made the 

change, addition, and deletion).

1-2.  Survey method

　In total, 1,129 facilities participated in this 

nationwide questionnaire survey, including 

hospitals/clinics selected randomly. The sur-

vey period was from December 1, 2012 to 

February 14, 2013. The self-administered 

questionnaire was mailed to the participants, 

and completed questionnaires were received 

by mail.

1-3.  Details of the questionnaire

　The questionnaire comprised three parts. 

Part 1 included definition of the terms, Part 2 

included items related to general points re-

garding the hospital, and Part 3 was the factu-

al survey on the examination and querying of 

doubtful points on request slips. The major 

contents have been presented below:

1)  Status of the examination and querying of 

doubtful points on request slips.

2)  Status of statistical collection, review, and 

recording of the examination and querying 

doubtful points on request slips.

3)  Trends in querying doubtful points.

4)  Whether near-miss events are reported as 

medical safety cases.

5)  Detailed contributions of the radiological 

technologist through querying doubtful 

points.

1-4.  Ethical considerations

　Before implementation of this questionnaire 

survey, the Graduate School of Nursing and 

Rehabilitation Sciences adjudged that the sur-

vey would require no approval by the ethics 

review board. The institutional data obtained 

from this questionnaire were used only in this 

survey. In addition, the identity of the facilities 

has been protected while expressing the re-

sults.

2. Results

2-1.  Response rate

　In all, 647 facilities responded, including 81 

governmental facilities (governed by the Min-

istry of Health, Labor and Welfare, National 

Hospital Organization, Japan Labor Health 

and Welfare Organization, etc.), 137 public fa-

cilities (prefectures, municipalities, a part of 

partnerships, etc.), 72 communal facilities 

(e.g., Japan Red Cross, Social Welfare Organi-

zation Saiseikai Imperial Gift Foundation, 

Hokkaido Shakaijigyo, Kouseiren, etc.), 22 so-

cial insurance-associated groups (e.g., All Ja-

pan Federation of Social Insurance Associa-

tions, Employeesʼ Pension Welfare Corpora-

tion, Shipmen ʼs Social Insurance Society, 

Health Insurance Societies, etc.), 275 medical 

corporations, and 60 other facilities. The over-

all response rate was 57.3%. In terms of the 

number of radiological technologists belong-

ing to those facilities, we found that most of 

the facilities, specifically, 358 facilities had 1 

to 9 technologists, followed by 130 facilities 

that had 10 to 19 technologists, and 74 facili-

ties had 20 to 29 technologists.
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2-2. Response to questions

2-2-1.   Status of examinations and querying of 

doubtful points on request slips

  The answers “Radiological technologists ex-

amine request slips and query points that are 

unclear or in doubt”, “Radiological technolo-

gists neither examine request slips nor query 

points that are unclear or in doubt”, and “Ra-

diological technologists do not examine re-

quest slips” accounted for 85.5% (550 facili-

ties), 5.1% (33 facilities), and 4.4% of the re-

sponses, respectively (Fig. 1). The category 

“Others” included responses such as, “the radi-

ological technologist performs examinations/

querying of doubtful points only when related 

to general radiography”, “we have no clear 

system”, “these are only performed personally 

and no efforts are made by our organization”, 
and “the receptionist in charge of reservation 

performs the prescription queries”.

2-2-2.   Status of statistical collection, review, 

and recording of examinations and que-

rying of doubtful points on request slips

　The answers “the radiological technologist 

examines request slips and the review and re-

cord statistics of prescription queries by con-

sidering any doubtful points” and “the radio-

logical technologist does not perform this” ac-

counted for 5.4% (31 facilities) and 94.6% (539 

facilities) of the responses, respectively (Fig. 

2). Querying doubtful points were 963 queries 

a. 550（85.5%）

b. 15（2.3%）
c. 28（4.4%）
d. 7（1.1%）

e. 33（5.1%） f. 10（1.6%）

no:
539（94.6%）

yes: 31（5.4%）
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Fig.1  Do radiological technologists examine 
request slips and query points that are 
unclear or in doubt?
Valid response: 643 facilities (57.0%)

a. Radiological technologists examine request slips and 
query points that are unclear or in doubt.

b. Radiological technologists examine request slips but 
do not query points that are unclear or in doubt.

c. Radiological technologists do not examine request 
slips.

d. Radiological technologists do not query points that are 
unclear or in doubt.

e. Radiological technologists neither examine request 
slips nor query points that are unclear or in doubt.

f. Other

Fig.2  Do radiological technologists survey and 
record statistics on queries made regarding 
“doubtful points” discovered by radiological 
technologists who have examined request 
slips?

 Valid response: 570 facilities (50.5%)

Fig.3  Number of queries made on doubtful points 
per month.

 * Pertains to the 31 facilities that survey and 
  record statistics
Valid response: 31 facilities

Total number of queries: 963 (queries/month)
Mean value: 31.1 (queries/month)
Median value: 10 (queries/month)
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(b) Number of queries where an assumption has 
been made that the result intended by the 
physician or dentist was not obtained.
Valid response: 89 facilities

Total number of queries: 543 (queries/month)
Mean value: 6.1 (queries/month)
Median value: 2.3 (queries/month)

(a) Number of queries where an assumption has 
been made that the patient’s physician/
dentist might damage his/her health.
Valid response: 96 facilities

Total number of queries: 651 (queries/month)
Mean value: 6.8 (queries/month)
Median value: 3 (queries/month)

per month in the 31 facilities. An average was 

31.1 queries per facilities (Fig. 3). The number 

of queries in which the instructions were 

changed, added, or deleted as a result of pre-

scription queries was the highest for the ex-

amination/treatment side (44.9%, 257 queries), 

followed by 15.7% (90 queries) for the exami-

nation/treatment site, and 9.4% (54 queries) 

for examination/treatment position (Table 1). 

The monthly number of queries in which a 

health hazard for the patient (exposure to un-

necessary radiation, unnecessary drug admin-

istration, etc.) was speculated to have oc-

curred if the examination/treatment was con-

ducted according to the instruction before the 

change was 651 in 96 facilities, with an aver-

age of about 6.8 queries per facilities (Fig. 4a). 

In addition, the monthly number of queries in 

which it was speculated that the physicianʼs/
dentistʼs intended result would not have been 

（institutions）

（cases）
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Fig. 4  Hypothetical effect as if this had been performed as before the change.
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Content of change, addition, elimination
Total 

number of 
queries 

Number of 
queries

Percentage 
(%)

[1] Side examined/treated (left/right/upper/lower/both, etc.)

573

257 44.9
[2] Method of examination/treatment 26 4.5
[3] Site of examination/treatment 90 15.7
[4] Scope of examination/treatment 18 3.1
[5] Position of examination/treatment 54 9.4
[6] Examination/treatment devices and tools 38 6.6
[7] Examination/treatment interactions 12 2.1
[8] Redundancy of examination/treatment 14 2.4
[9] Number of examinations/treatments (too many/too few) 9 1.6
[10] Burden of examinations/treatments (vocalization, respiration, weighting, po-

sition, drugs, other) 3 0.5

[11] Contrast medium 28 4.9
[12] From drug allergies 2 0.3
[13] From adverse effect or suspicion thereof. 14 2.4
[14] Pregnant/nursing women 2 0.3
[15] Others (safety confi rmation in MRI, violation of rule, patient ID) 6 1.0

Table 1  Number of cases per month in which the instructions are changed, added, or eliminated as a result of 
queries.

*  Pertains to the 31 facilities that survey and record statistics
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obtained was 543 in 89 facilities, with an aver-

age of about 6.1 queries per facilities (Fig. 

4b).

2-2-3.   Inclination to query doubtful points

　Analysis of the trends leading to a query of 

doubtful points revealed that most participants 

responded “prescription queries tend to go to 

specific persons among those who issue re-

quest slips”, 246 facilities, followed by “pre-

scription queries tend to go to specifi c depart-

ments”, 222 facilities (Fig. 5). The category 

“Others” included responses such as “there are 

more prescription queries when physicians re-

quest for something that is not their specialty”, 
“copy and paste is frequently used due to the 

electronic medical record system”, “the request 

slips are illegible”, and “conversation with the 

patient leads to a query of doubtful points in 

some queries”.
2-2-4.   Whether near-miss events are reported 

as medical safety issues

　“Near-miss events are reported as medical 

safety issues, to an appropriate institutional 

section” accounted for 80.2% (465 facilities) of 

the responses, whereas “not reported” ac-

counted for 19.8% (115 facilities) (Fig. 6).

2-2-5.   Detailed contributions of radiological 

technologists through prescription que-

ries

　When looking at the contributions of radio-

logical technologists through prescription que-

ries, the response “I successfully prevented a 

wrong examination/treatment” was most often 

cited (536 facilities), followed by “I successful-

ly ensured safety” (403 facilities), and “I suc-

cessfully secured effi cacy of the examination/

treatment” (377 facilities) (Fig. 7). The catego-

ry “Others” included responses such as “I 
could contribute to construction of a confi-

dential relationship with patients and other 

professionals such as physicians and nurses”, 
“I could develop trust in the hospital/medical 

facilities”, “a radiogram interpretation helps ef-

fective radiography”, “safety of medical prac-

tices has improved”, “I could reduce a sense 

Fig. 6  Are “near misses” and other cases involving 
medical safety issues reported to the 
appropriate department of the facility?
Valid response: 580 facilities (51.4%)

no:
115（19.8%）

yes:
465（80.2%）

Fig. 5  Inclination to query doubtful points.
 Valid response: 647 facilities (57.3%) (mul-

tiple choices allowed)
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a. The more request slips there 
are, the more queries are 
made.

b. T h e re  i s  a  b i a s  t o w a rd 
specifi c departments.

c. T h e re  i s  a  b i a s  t o w a rd 
specific issuers of request 
slips.

d. There is a relationship to how 
busy the person who issued 
the request slip is.

e. There is a bias depending 
on the timing of request slip 
issuance.

f. No par t icu lar  t rends are 
observed.

Fig. 7  Contribution made by the intervention of 
radiological technologists who query 
doubtful points.
Valid response: 647 facilities (57.3%) 
(multiple choices allowed)
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a. It was possible to ensure 
safety.

b. It was possible to ensure 
the effi cacy of examinations 
and treatments.

c. It was possible to improve 
patientʼs QOL.

d. It was possible to prevent 
the  wrong examinat ion 
or treatment from being 
performed or administered.

e. It was possible to curtail 
medical expenses.
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of uneasiness in the patients”, and “I could 

perform the required examination without de-

lay”.

3. Discussion

3-1.   Querying doubtful points as an examina-

tion procedure

　Radiological technologists perform absolute 

medical practices, as prescribed in the Medical 

Practitionersʼ Act. The Article 17 states, “One 

may not perform medical practices unless be-

ing a medical practitioner.” Therefore, the re-

quest slips received from physicians/dentists, 

for radiologic examination/treatment, should 

be confirmed as an absolute examination pro-

cedure. Such procedures in other medical 

professions include prescription queries by 

pharmacists. The Pharmacists Law, Article 24 

stipulates, “When there is any doubtful point 

in a prescription, pharmacist may not prepare 

a medicine with this unless he/she confirms 

the doubtful point by inquiring with the phy-

sician, dentist, or veterinarian who has deliv-

ered the prescription”. If absolute confirma-

tion procedures by radiological technologists 

can be legally stipulated as in the Pharmacists 

Law, opinions such as “the radiological tech-

nologist performs examinations/prescription 

queries only when related to general radiogra-

phy”, “we have no clear system”, “these are 

only performed personally and no efforts are 

made by our organization”, “the receptionist in 

charge of reservation performs prescription 

queries” found in this questionnaire survey 

may be improved. We also consider that it can 

eliminate radiation exposure by unnecessary 

radiography that occurs due to absence of 

querying doubtful points.

3-2.   Status of examinations and querying 

doubtful points on request slips

　In 85.5% of the facilities that provided valid 

responses, radiological technologists per-

formed examinations and querying doubtful 

points on request slips. However, it was re-

vealed that 94.6% of the facilities do not re-

view and record them as querying doubtful 

points. In addition, judging from the fact that 

examinations/querying doubtful points are 

done only for general radiography, and opin-

ions such as “there is no clear system,” facili-

ties in which the radiology department makes 

efforts in examinations and querying doubtful 

points on request slips systematically may be 

very few in number. However, given the fact 

that 80.2% of the facilities report querying 

doubtful points as near-miss events to the ap-

propriate institutional section, specialized sec-

tions such as medical safety office may be en-

gaged in the recording/analysis. Radiological 

technologists perform absolute medical prac-

tices prescribed in the Medical Practitionersʼ 
Act, Article 17 as “One may not perform medi-

cal practices unless being medical practition-

er”. Therefore, the querying doubtful points 

procedure needs to be transformed into a rou-

tine procedure as a part of medical safety op-

erations in radiology departments. In addition, 

a medical safety office supervising the facili-

ties and radiation department should ensure 

implementation of the querying doubtful 

points procedure.

3-3.   Status of statistical collection, review, and 

recording of examinations and querying 

doubtful points on request slips

　The monthly number of querying doubtful 

points in the 31 facilities that reviewed and 

recorded the querying doubtful points were 

963 queries. Among them, the instructions 

were changed, added, or deleted in 573 que-

ries (59.5%), indicating that physicians/dentists 

considered that their request contents needed 

to be changed in response to the querying 

doubtful points raised by radiological technol-

ogists. This not only indicates the usefulness 

of querying doubtful points, but is also likely 

to contribute to promotion of team medicine 

practiced with mutual understanding with 

physicians/dentists, and sharing of patient in-

formation, as well as to improve the quality of 
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medical safety. Regarding the breakdown of 

prescription queries, the side of examination/

treatment (left/right/upper/lower/both) was 

most frequently queried (257 queries/month). 

It is acceptable to interpret that these are for-

mal querying doubtful points, such as inquiry 

of imperfect writing. Although such ambigui-

ties may not arise if the requesting physician/

dentist is careful, querying doubtful points by 

radiological technologists are likely to help 

prevention of medical accidents. On the other 

hand, it is acceptable to interpret that query-

ing doubtful points for method, site, range, 

position, interactions, contrast medium, drug 

reaction or its possibility, etc., include ele-

ments requiring expertise of imaging and ther-

apeutic radiology. Regarding the influence in 

the case of practicing examination/treatment 

according to the instruction before change, in 

other words, queries in which no querying 

doubtful points is raised, was observed in 651 

queries/96 facilities. The number of queries in 

which it was speculated that a health hazard 

would have occurred for the patients or that 

the physician ʼs/dentist ʼs intended results 

would not have been obtained was found in 

543 queries/89 facilities. This indicates that 

practice of querying doubtful points is likely 

to bring about a very high advantage to pa-

tients and medical facilities.

3-4.   Trends in querying doubtful points

　Regarding the trend leading to querying 

doubtful points, queries tended to go to spe-

cific persons among those who issued request 

slips, and specific departments. As for specific 

physicians/dentists, a likely cause is that no 

systematic medical safety education is imple-

mented. However, it is necessary to construct 

a system in which even the specific physi-

cians/dentists are unlikely to make errors. For 

that purpose, the errors made by the specific 

physicians/dentists need to be analyzed in de-

tail. As for the specific departments, we con-

sider that the cause may be the busyness of 

the outpatient/inpatient services and requests 

for examination based on specificity of the 

departments (erroneous writing of left/right/

upper/lower/both, etc., erroneous writing of 

examination site). We consider that care 

should be taken to prevent erroneous writing 

of left and right/upper and lower (the letters 

in both pairs look alike in the Chinese charac-

ter). It is necessary to construct a system in 

which these letters are expressed in Katakana, 

like “hidari/migi/ue/shita” instead of using 

Chinese characters for “left/right/upper/low-

er,” as well as to avoid writing alongside the 

hidari and migi examination sites in the slip.

3-5.   Detailed contributions of radiological 

technologists through prescription que-

ries

　When looking at contributions of radiologi-

cal technologists through querying doubtful 

points, it was found that querying doubtful 

points led to prevention of wrong examina-

tions/treatments, security of safety, and securi-

ty of efficacy of examinations/treatments. 

Therefore, the querying doubtful points pro-

cedure for radiologic examination/treatment 

by radiological technologists are likely to be 

an effective means to improve quality of med-

ical safety. In addition, responses such as “I 
could contribute to building a confidential re-

lationship with patients and other profession-

als such as physicians and nurses,” and “I 
could develop trust in the hospital/medical fa-

cilities” were frequently answered as other 

contributions, which are likely to lead to con-

struction of a confidential relationship as team 

medicine and mutual understanding/confi-

dence with medical professionals.

4. Conclusion

　This factual survey revealed that radiological 

technologists performed examinations and 

querying doubtful points on request slips in 

many facilities. However, it was also found 

that this operation is not reviewed and record-

ed as prescription queries. On the other hand, 
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with regard to the role of radiological technol-

ogists through prescription queries, it was 

clarified that radiological technologists con-

tribute to ensuring medical safety as well as 

efficacy of examinations/treatments, because 

consequently wrong examinations/treatments 

are prevented successfully. From the above, 

querying doubtful points by radiological tech-

nologists are indicated to be a required and 

important operation in ensuring medical safe-

ty.
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Activities of medical radiologists at a central di-
saster base hospital following a major earthquake

Toshiki Tateishi
Radiology Department, Sendai Medical Center, National Hospital Organization (independent administrative institution)

【Abstract】
  We experienced the Great East Japan Earthquake on Friday, March 11, 2011. After the disaster, our workplace, the 
National Hospital Organizationʼs Sendai Medical Center, served as a disaster base hospital and a secondary medical 
institution to treat those affected by the nuclear power disaster. This article reports on the activities of medical 
radiologists at a disaster base hospital in an area struck by multiple major disasters. Our experiences led us to consider 
the importance of disaster prevention training, reflect on how institutions should cooperate with each other to 
complete their radiology duties, and suggest ways of providing support to the affected communities.

1. Introduction

  On March 11, 2011, a magnitude 9.0 earth-

quake—the largest ever recorded in Japan—
occurred off the Sanriku Coast. This one natu-

ral disaster caused multiple major disasters, 

including another earthquake, a tsunami, and 

a nuclear accident. Three prefectures of the 

Tohoku region—Iwate, Miyagi, and Fukushi-

ma—were the hardest hit. Medical care in 

these prefectures had to be administered with 

no prospect of lifelines being restored. Addi-

tionally, this earthquake disaster caused major 

damage to power-generation facilities. All of 

Japan experienced power shortages, so sched-

uled blackouts were conducted throughout 

the Kanto region. This placed restrictions on 

medical care and led to a variety of problems. 

  The authorʼs workplace, Sendai Medical 

Center of the National Hospital Organization, 

is one of 15 hospitals that form a network of 

advanced comprehensive medical care cen-

tered around the National Center for Global 

Health and Medicine, which is part of the Jap-

anese Ministry of Health, Labour and Welfareʼs 
medical policy network. It is centrally located 

in the city of Sendai, which is about 2 km 

northeast of JR Sendai Station. This center 

consists of 26 medical departments and 698 

beds. The hospital addresses several areas of 

policy medicine, including cancer, heart dis-

ease, cerebrovascular disorders, pediatric and 

parental medicine, designated (intractable) 

diseases, AIDS, and emergency medicine. It 

serves as a central disaster base hospital for 

14 institutions in Miyagi Prefecture. After the 

earthquake, our hospital contributed greatly 

to the disaster medical care efforts by offering 

our facilities to the Disaster Medical Assistance 

Teams (DMATs) 1) so that they could complete 

their relief activities.

  The Miyagi prefectural government has high 

disaster awareness due to its experiences with 

past earthquakes off the Sanriku Coast, and it 

conducts large-scale disaster drills. Moreover, 

the activities of the Miyagi Association of Ra-

diological Technologists include consultations 

on radiation exposure and lecture courses. 

Various activities have been organized in re-

sponse to this earthquake disaster, as well. 

For more information on the content of these 

activities, please visit the associationʼs website 

(http://www.radtech-miyagi.or.jp/).

  While a variety of general articles about the 

earthquake disaster has been published in 

journals and elsewhere, few reports take the 
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perspective of the disaster victims. Such re-

ports are sometimes seen as merely present-

ing academic data, which can be offensive to 

people from areas affected by the disaster. In 

addition, although radiologists performed 

emergency radiation surveys, their activities 

were unfortunately not given much mass me-

dia attention.

  Here, we report on the activities of medical 

radiologists at Sendai Medical Center, a disas-

ter base hospital, during the Great East Japan 

Earthquake. The account is slightly chronolog-

ically jumbled, but please refer to the attached 

fi gures.

2. Damage to the Hospital

  At about 2:46 p.m. on Friday, March 11, 

2011, Sendaiʼs Miyagino Ward was hit by an 

earthquake with an intensity of 6-upper on 

the Japanese seismic scale. The hospital lost 

electricity and switched to emergency power 

sources. We obtained only a very small 

amount of information about the extent of the 

sustained damage from the disaster response 

headquarters. Later, we learned that Sendai 

Thermal Power Station, operated by Tohoku 

Electric Power Co., and other power plants 

had come to a halt, causing blackouts over a 

wide area. We began providing medical care, 

not knowing what the future would bring. As 

for the hospitalʼs lifelines, electricity and gas 

lines were cut, and while there was still water 

available from the city of Sendai, the hospitalʼ
s aboveground and elevated water tanks were 

damaged (Fig. 1), and this had a major effect 

on our care structures in the subsequent days. 

Emergency power was supplied using a mu-

nicipal gas power generation system when the 

power got cut off by the earthquake until it 

was restored at 11:45 p.m. on Sunday, March 

13. The gas supply was also cut off when the 

disaster struck, so we subsisted for 4 days on 

what remained in the pipes. If the electricity 

coming from the Tohoku Electric Power had 

been delayed, it would have placed further 

restrictions on the medical care we were able 

to provide. It took until March 28 for the mu-

nicipal gas supply to return to normal.

3. The Hospitalʼs Initial Response

  After the earthquake hit, a disaster response 

headquarters was established, according to 

the hospitalʼs manual, in a third-floor recep-

tion room. There were 606 hospitalized pa-

tients at the time, but none of the inpatients 

nor any staff suffered major injuries. Parts of 

the hospital were damaged, but not to the ex-

tent that they had to be evacuated. Seven sur-

geries were being performed at the time the 

disaster struck, and all of them were halted 

immediately. A triage post was set up at the 

front entrance, and a system was implement-

ed with which to accept all cases brought in 

by emergency transport. Our hospital became 

a DMAT gathering base for Miyagi Prefecture, 

and at 6:55 p.m. on March 11, the fi rst team 

arrived from Yamagata Prefectural Central 

Hospital. By 9 p.m. that evening, four teams 

had arrived. From that point until the triage 

post closed 6 days later, we received support 

from 111 teams from around Japan. Medical 

radiologists were part of these teams, and 

they served to coordinate team operations. 

During breaks, these radiologists would visit 

Fig. 1. Lifelines after the earthquake

Lifelines
Electricity

Stopped when the earthquake hit. Restored 
at 11:45 p.m. on March 13 (Sunday).

Heating
The part heated by municipal gas was not 
functional. The only available means of 
heating was hot water circulation using a 
boiler.

Municipal gas
Remaining gas in the pipes lasted until 
March 14, and then we were without it until 
March 30.

Water
Major damage to in-house and municipal 
water supplies.
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the radiology department to offer words of 

encouragement and bring snacks. Remember-

ing those times still brings warmth to our 

hearts. We received much helpful advice—es-

pecially after the explosions at the Fukushima 

nuclear plant. Emergency medical care con-

sisted of triage that was performed on 705 

people (63 red, 223 yellow, 406 green, 3 

black) in the 6 days immediately following the 

disaster (March 11-16).

4.  The Radiology Departmentʼs 
Initial Response

  The earthquake knocked things over and 

cracked some walls in the radiology depart-

ment, but there was little major damage (Fig. 

2). We in the radiology department also re-

sponded to the situation according to the 

manual by surveying the damage in each ex-

amination room and recording our observa-

tions on checklists, which were then submit-

ted to the disaster response headquarters.

  Electricity supplied via emergency power 

enabled us to perform simple radiographies in 

the emergency imaging room (Fig. 3) and take 

images using a portable device with a charged 

battery. CT, MRI, and angiography equipment 

was unusable, as it was not hooked up to 

emergency power. When the disaster hit, our 

hospital was mainly using film. We had 

enough stock for about 1 week, but it was un-

certain where our next supply would come 

from, so we avoided developing fi lm as much 

as possible and made diagnoses based on 

what we saw on the monitors. Although the 

ordering system was usable in some parts of 

the hospital, imaging orders were made on 

handwritten slips. Patient ID numbers were 

assigned based on the device used and order 

number corresponding to that date. For exam-

ple, the first CT01 order on March 11 was 

numbered CT01031101.

Fig. 4 shows the number of imaging orders 

starting from when the earthquake occurred. 

Fig. 5 shows the number of people radio-

graphed categorized by time. Power outages 

after the earthquake made it impossible to 

search for survivors at night, which is evident 

in the smaller number of imaging orders after 

7 p.m. on the day of the earthquake. Search 

operations resumed during the daylight hours 

of the following day and made much pro-

gress, leading to an increase in the subse-

quent number of orders. Fig. 6 shows the 

number of people imaged by body part, and 

Fig. 7 shows the proportions. As the days 

passed, the numbers of chest and abdominal 

exams outpaced the bone exams. This trend 

appears to differ from what occurred after the 

Great Hanshin Awaji Earthquake2）.

  After the earthquake, the radiology depart-

Fig. 2. State of damage after the earthquake

血管撮影室

血管撮影室

CT室CT室CT room

Angiography room

Angiography room

CT room

Fig. 3. Emergency imaging room during the disaster

救急外来Emergency outpatient care
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ment staff confi rmed their work assignments. 

Then, they returned home in shifts to check 

for damage and ensure their family members 

were safe before coming back to the hospital. 

Since we anticipated a large number of in-

jured people being brought to the hospital, 

we had 3 shifts on the night of the 11th only 

and 4 shifts during the day and at night on 

the 12th and 13th, and for 3 days. Starting on 

the 14th, we employed the same 3-shift duty 

system according to which nurses work. After 

that, the shift system returned to normal. Most 

of the staff worked while cleaning up from 

the disaster, shopping for necessary food-

stuffs, and taking care of other personal mat-

ters. Thankfully, many young, single staff 

members worked hard, but responding to the 

disaster for so long took its toll (Fig. 8). Such 

was the state of things at our hospital, which 

has a relatively large staff. At facilities with 

fewer employees, it must have been much 

more diffi cult.

Fig. 4. Number of imaging orders after the earth-
quake (by day)
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Fig. 6. Number of imaging orders after the earth-
quake (by body part)
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Table: Chronological summary of the radiology department’s response to the Great East Japan Earthquake

Date (day) Time Content

Mar 11 (Fri) 14:46 ・The Great East Japan Earthquake occurs, causing power outages. The hospital switches 
to in-house power sources.

・Response based on Sendai Medical Centerʼs disaster response care manual.
・Immediately after the earthquake, patient safety is assessed, and evacuations are 

performed, if necessary.
15:15 ・Damage to each examination room is surveyed based on a checklist.
15:30 ・Results are reported to the disaster response headquarters in the reception room.

・Equipment usable on in-house electricity: general imaging device (1 unit) in the 
emergency imaging room, a portable device (1 unit), and imaging devices in the operating 
theater.

16:00 ・Personnel assignments are made based on an anticipated large number of injured people 
being brought to the hospital.
　　　　11th (Fri) night: 3 shifts
　　　　12th (Sat) day and night: 4 shifts
　　　　13th (Sun) day and night: 4 shifts
・Necessary items (film, etc.) checked
・Radiation exposure records were dealt with using a disaster X-ray exposure record 

(handwritten).
・Retort pouch food provided by the hospital (beef rice bowl, curry).

Mar 12 (Sat) 8:30 Meeting
・A limited number of devices were re-inspected in order to reduce risk. However, due to 

the power outage we could not check whether they were operational.
・Device manufacturers could not be contacted by telephone for an extended period.
・Staff circumstances were surveyed. Many were unable to return home due to damage at 

their homes or lack of transportation. Some could not even confirm whether their families 
were safe.

・Imaging was performed in the general imaging room using the portable device.
・Support was provided by the radiology department staffʼs family members in the form of 

prepared food.
15:36 ・A hydrogen explosion occurs at Reactor No. 1 at the Fukushima Daiichi nuclear power plant.
19:00 ・Now having the nuclear disaster to consider, our response was based on a flowchart 

guiding medical care for secondary radiation exposure and early-stage radiation exposure 
in a nuclear disaster response manual.

・Measurements of atmospheric dose rates begin (indoors and outdoors).
・Retort pouch food provided by the hospital (beef rice bowl, curry).

Mar 13 (Sun) 8:30 Meeting
・Personnel assignments made for the following 3 days.
　　　　14th (Mon) day and night: 3 shifts
　　　　15th (Tue) day and night: 3 shifts
　　　　16th (Wed) day and night: 3 shifts
・Established the agenda for the person in charge of acute radiation exposure screenings.
・Support provided by radiology department staff and their families in the form of prepared 

food.
・Some staff had to evacuate their homes with their families due to severed lifelines and 

took refuge in the hospital.
23:45 ・100 V power source restored

Mar 14 (Mon) 3:00 ・200 V power source restored
4:30 ・Use of X-ray CT device begins (1 of 2 devices)
8:30 Meeting

・Use of the general device begins
・The staff cafeteria is opened to the public and meal service begins (porridge, etc.). This 

continues until April 5.
・Scheduled radiographs are halted, and only emergency exams are performed.
・We prepare to serve as a secondary medical institution for the nuclear power disaster 

(administrative officials are included in this process).
・Preparation for acute radiation exposure screenings (Tyvek protective gear, etc.)
・Start of acute radiation exposure screenings.

11:01 ・A hydrogen explosion occurs at Reactor No. 3 at the Fukushima Daiichi nuclear power 
plant.

Mar 15 (Tue) 6:14 ・Another hydrogen explosion occurs at Reactor No. 2 at the Fukushima Daiichi nuclear 
power plant.
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8:30 Meeting
・Use of the DSA device begins.
・Use of the X-ray television device begins.
・A lack of film is anticipated, so orders are sent directly to manufacturers, and not 

SPD(Supply Processing & Distribution).
・Food is provided (rice balls)

9:00 ・Maximum 11,930.0 (μ Sv/h) measured at the front gate of the Fukushima Daiichi nuclear 
power plant.

9:38 ・Fire breaks out at the No. 4 reactor at the Fukushima Daiichi nuclear power plant. 
Mar 16 (Wed) 8:00 ・Vapor is emitted from the No. 3 reactor at the Fukushima Daiichi nuclear power plant.

8:30 Meeting
・Use of an MRI device begins (1 of 3 devices)
・Food is provided (sliced bread)
・Personnel assignments are set for the following 5 days.
　　　　17th (Thu): regular day shift, 2 staff at night
　　　　18th (Fri): regular day shift, 2 staff at night
　　　　19th (Sat): regular day shift, 2 staff at night
　　　　20th (Sun): regular day shift, 2 staff at night
　　　　21st (Mon): regular day shift, 2 staff at night

Mar 17 (Thu) 7:30 ・Soil sampling begins inside the hospital grounds and measurements are made of the 
surface contamination density of the parking lot asphalt.

・Whole-body counter measurements begin.
Mar 22 (Tue) 8:30 Meeting

・Regular day and night shifts begin this week.
・Certificates are issued in response to requests from individuals who have requested 

radiation exposure measurements.
・131I is detected in a sandbox at a nursery school. Play in sandboxes was temporarily 

prohibited.
・A supply of radioisotopes is reestablished, and isotope exams begin.
* All devices are usable, starting today.

Mar 24 (Thu) 8:30 Meeting
・Miyagi Prefecture (nuclear safety section: 022-211-2606) requests we continue acute 

radiation exposure screenings for the time being.
・An individual is assigned the responsibility of ensuring that the acute radiation exposure 

screenings are carried out for the next 2 weeks.
Apr 14 (Thu) 16:00 ・The measurement of 131I in nursery school sandboxes goes below the detection limit.

5. Responding to Acute Radiation 
　Exposure

  Our hospitalʼs acute radiation exposure man-

ual is based on a hypothetical accident occur-

ring at the Onagawa nuclear plant, which is 

operated by Tohoku Electric Power, and we 

trained and exchanged information with the 

company. Miyagi Prefecture also allocates 

funds in its budget to respond to acute radia-

tion exposure. However, this earthquake dis-

aster involved hydrogen explosions at the 

Fukushima Daiichi nuclear plant. Our hospital 

was active in providing care as a secondary 

medical institution for the nuclear disaster. We 

Fig. 8. Exhausted staff members getting some rest

Exhausted staff members
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cooperated with the Miyagi prefectural nucle-

ar safety offi ce, and our response was based 

on a fl owchart showing medical care practices 

for secondary and early-stage radiation expo-

sure in a nuclear disaster response manual. 

This manual can be found on the website of 

the Tohoku branch of the National Hospital 

Organization of Radiological Technologists 

(http://www.nhort.jp/tohoku/saigai/manu.

html) (in Japanese).

  In addition, we took environmental meas-

urements. From March 13 to May 8, we per-

formed surface contamination screenings on 

141 people and measured internal radiation 

exposure in 36 people (Fig. 9). However, as 

described above, earthquake damage to the 

hospitalʼs water tanks prevented us from using 

water freely. Fortunately, no patients required 

decontamination. During this time, we were 

unable to contact other radiation research fa-

cilities, so we tried to work with other medi-

cal institutions in the prefecture. In the future, 

some kind of national contact mechanism 

should be created. Furthermore, we offered to 

aid in the process of performing surveys were 

made, despite the lack of staff in the areas hit 

by the disaster.

  We believe there is an urgent need for poli-

cies that govern responses to nuclear power 

accidents. Moreover, the administration and 

nuclear power-related companies should be 

required to budget for and cooperate on the 

maintenance, regular inspection, and repair of 

survey meters. The disaster-hit areas have in-

suffi cient resources, so it is also necessary to 

build cooperative strategies with neighboring 

prefectures.

6. The Importance of Training

  Our hospital performed regular training in-

volving the entire facility, as well as adminis-

trative institutions, on disaster medical care 

and response to acute radiation exposure. Our 

disaster response was immediate because it 

occurred during the daytime shift. When I was 

transferred to this hospital five years ago, I 

was surprised at both the quality and amount 

of training conducted, which even involved 

actual helicopters. This training proved very 

helpful in preparing me to face this disaster. 

Other institutions no doubt have conducted 

trainings and prepared manuals, but it is im-

portant that all staff members be informed of 

these endeavors. Employing risk-reduction 

methods and troubleshooting is also a valua-

ble disaster-readiness strategy. Furthermore, 

manuals should be available in both electron-

ic and paper format, and they should be 

stored in several separate areas. When a dis-

aster hits, it might not be possible to gain ac-

cess to some manuals (Fig. 10).

7. Issues in Disaster Medicine

  When a disaster strikes a large area, medical 

institutions in affected areas where lifelines 

have been cut may not be fully prepared to 

provide medical care for large numbers of se-

verely injured patients. In these situations, it 

may be necessary to transport patients outside 

the affected area and perform radical treat-

ments. Imaging diagnostics performed as part 

of primary surveys based on the Japan Ad-

vanced Trauma Evaluation and Care guide-

Fig. 9. Surveying patients brought by emergency 
transport

Surveys of transported patients
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but many other types of medical devices need 

to be inspected before they are utilized. In 

less populated areas, it might also be diffi cult 

to secure repair personnel. In this earthquake 

disaster, it was diffi cult for our hospital to se-

cure repair personnel, even though we are lo-

cated in Sendai where many companies have 

support centers. Nevertheless, many corporate 

vendors we had longstanding working rela-

tionships with provided aid. This showed us 

how vital personal connections are, and it un-

derscored the importance of considering every 

available support system when choosing 

which devices to obtain and use in less-popu-

lated areas.

  Securing power sources has become an im-

portant issue since most equipment has been 

digitized in recent years. When scheduled 

blackouts were announced after the earth-

quake, medical institutions rushed to reduce 

electricity usage and secure power through in-

house generation. Staff should understand 

roughly how much power a single device re-

quires and how much power would be re-

quired to operate a minimum system. It is es-

sential to ensure that systems can run on only 

the electricity supplied from in-house power 

generation.

  After the earthquake, we experienced prob-

lems such as supply delays due to a lack of 

resources and to repair personnel who were 

unable to come because of lack of fuel. A 

June 5, 2012, article in The Yomiuri Shimbun 

newspaper that was part of a series on hospi-

tals described problems with insufficient in-

ventory, even at disaster base hospitals 

(Fig. 10). We had enough stock for 3 days, 

but after this earthquake it took about a week 

until a certain amount of necessary supplies 

could be reestablished. Hospitals of our size 

should probably stock enough excess material 

to last about 1 week.

  Moreover, the most important thing to re-

member in disaster situations that last for ex-

tended periods is that the staff members are 

lines require a portable device for chest and 

pelvic radiographs. Medical institutions in dis-

aster areas should have the necessary equip-

ment to enable them to perform such surveys. 

In this earthquake disaster, however, since it 

took a long time to bring the patients experi-

encing hemorrhagic shock from distant areas 

to the hospital, we acutely felt the importance 

of having operational CT and angiography 

equipment. If power sources will allow, it 

would be best to have at least one CT or an-

giography device available that can run on 

emergency power.

  As for communication networks, telephones 

and email were almost completely non-func-

tional, so communication between disaster 

base hospitals was conducted using MCA 

wireless networks. The earthquake severely 

damaged the landline and network infrastruc-

ture. Networks fell as communications struc-

tures were destroyed and fuel and batteries 

for in-house power generation were exhaust-

ed. Medical institutions had enough staff after 

this earthquake hit because it occurred during 

regular working hours. If it had struck outside 

regular working hours, obtaining sufficient 

staff would have been a major problem. Thus, 

developing an adequate contact system is an 

issue that needs to be addressed.

  In addition, not only radiology equipment 

Fig. 10. Factors of concern at the time of a di-
saster. It may be impossible to access a 
manual after a disaster.

Preparing for a 
disaster

Not in a condition to 
search for a manual ! Yomiuri Shimbun newspaper 

article from June 5, 2012
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ation of person-to-person networks is also im-

portant so that help can be provided in times 

of trouble. We should also consider the best 

course of action for medical radiologists to 

take during such disasters and how to best 

support their efforts.
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also disaster victims. The people of Tohoku 

are known for their stoicism and rarely com-

plained. Still, the longer the people were 

faced with the severe damage and the longer 

they had to protect their families, the more 

psychologically taxing it became. Care efforts 

should also be focused on these individuals.

  I have heard that associations of physicians, 

pharmacists, nurses, laboratory technicians, 

and others established personnel and support 

systems after the Great Hanshin Awaji Earth-

quake. The Japan Association of Radiological 

Technologists and the National Hospital Or-

ganization should take the lead in organizing 

such initiatives within our community. 

8. In Conclusion

  Unanticipated problems arise whenever nat-

ural disasters hit. Nonetheless, disaster re-

sponse training during normal times is essen-

tial to minimize the detrimental effects of 

these unexpected disasters. Moreover, the cre-
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