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Abstract
Purpose  This study evaluates the impact of the 2021 revision of Japan’s Ordinance on the Prevention of Ionizing Radiation 
Hazards on radiation protection practices, focusing on the deployment of radiation protection devices and the involvement 
of radiology technologists in Japanese hospitals.
Methods  A two-phase web-based questionnaire survey was conducted among hospitals registered as training facilities with 
the Japanese Radiological Society. The survey included 53 questions covering facility information, radiation worker manage-
ment, training, and working environment.
Results  The use of lens-specific dosimeters significantly increased post-revision (p = 0.005). Protective eyewear availability 
showed minor improvements, particularly in angiographic rooms (p = 0.019). The involvement of radiology technologists 
remained high in angiographic rooms but showed no significant changes in endoscopy and fluoroscopy rooms. Larger hos-
pitals exhibited better compliance with protective measures, though gaps in resource allocation persisted.
Conclusion  The ordinance revision led to significant improvements in dosimeter usage but only minor changes in protective 
eyewear deployment and technologist involvement.

Keywords  Radiation protection · Radiology technologists · Radiation exposure · Dosimeters · Protective devices · Japanese 
hospitals

Introduction

Occupational radiation exposure among medical workers 
has become a significant area of concern due to its potential 
health risks. Medical workers, particularly those who receive 
more than 5 mSv/year, are at the forefront of this issue. The 
management of radiation exposure has long been a critical 

aspect of the healthcare industry, with the increasing use 
of ionizing radiation for diagnostic and therapeutic proce-
dures necessitating stringent safety measures [1, 2]. Notably, 
among Japanese workers exposed to ionizing radiation, those 
exceeding 20 mSv/year are predominantly medical workers 
[3]. In response to evolving safety standards and recommen-
dations from the International Commission on Radiological 
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Protection (ICRP), the Ministry of Health, Labour and Wel-
fare of Japan (MHLW) made significant revisions to the 
Ordinance on the Prevention of Ionizing Radiation Hazards 
in 2021 (MHLW 2021)[4]. Under this revision, the limit for 
the equivalent dose to the lens was reduced from 150 mSv 
per year to 100 mSv over a 5 year period (and not to exceed 
50 mSv in any one year). The revision also includes some 
administrative changes such as the method of measurement, 
calculation of doses, and reporting forms, as well as the 
addition of a storage period for lens doses. Although this 
revision focuses on stricter control of lens doses, it is easy 
to anticipate that it will have an impact on overall radiation 
management in the medical field given the current situation 
in which high-dose radiation workers are concentrated in 
the medical field. These revisions aimed to enhance radia-
tion protection measures and improve radiation management 
practices in hospitals [1]. However, the impact of this revi-
sion on radiation protection in actual medical practice has 
not been thoroughly investigated. Previously, we examined 
changes in the exposure doses of medical workers before 
and after the revision at three university hospitals and found 
that while actual exposure doses did not change significantly 
[5], the management practices did. To explore the effective-
ness of the revised ordinance, we conducted a questionnaire 
survey among hospitals registered as “Training Facilities” 
with the Japanese Radiological Society (JRS). The ques-
tionnaire comprises 53 questions (Appendix) and is broadly 
divided into four parts: (1) basic information about the facil-
ity, (2) management of radiation workers, (3) training, and 
(4) working environment. The scope of the questionnaire 
was too broad to be covered in a single article. In this article, 
we report the results of the working environment section 
of the questionnaire. The aim of this study is to determine 
the current state of the working environment in real-world 
hospital settings, to protect medical workers from radiation 
exposure, and to assess how the revision of the ordinance has 
influenced improvements in the working environment. This 
study is supported by a research grant from MHLW (Clinical 
Research Project for Work-related Diseases, focusing on the 
health impacts of occupational radiation exposure).

Methods

Study design and participants

This study employed a web-based questionnaire survey to 
gather data on radiation management practices among medi-
cal institutions in Japan. The survey was conducted in two 
phases: the first phase from January 17 to February 15, 2021, 
before the ordinance revision became active, and the second 
phase from December 1, 2021, to January 14, 2022, after the 
ordinance revision became active. The list of participating 

training facilities was obtained from the Japanese Radio-
logical Society (JRS) secretariat with approval from the JRS 
executive committee.

Questionnaire design

The questionnaire was meticulously designed to capture 
detailed information on various aspects of radiation man-
agement practices. It included both multiple-choice and 
open-ended questions to gather quantitative and qualitative 
data. The first phase questionnaire consisted of 48 questions. 
Following the data collection in the first phase, the radia-
tion safety committee of JRS reviewed the questionnaire 
and added five additional questions (Q49–53) for the second 
phase based on their recommendations. The questionnaire 
was administered in Japanese. The full list of questions is 
provided in the appendix. This article focuses on the analy-
sis of the deployment of radiation protection/monitoring 
devices and human resources in the working environment. 
As shown, the total number of questions was too large, and 
the scope was too broad to analyze in one article. In this 
article, we analyzed the deployment of devices for radiation 
protection/monitoring and human resources in the working 
environment. Following are the questions evaluated in this 
article (the full list of questions is listed in the supplement). 
Q49–53 was only included in the questionnaire in 2022.

Q2: Type of hospital
1. University Hospital / 2. General Hospital / 3. Specialty 

Hospital (e.g., Cardiovascular Center) /4. Others.
Q3: Number of beds
1. 600 or more/ 2. 400 to less than 600 / 3. 200 to less 

than 400 / 4. 50 to less than 200 / 5. Less than 50
Q39: Are you using radiation measurement devices spe-

cifically for the lens worn inside radiation protective glasses 
for exposure management?

1. Not using → Please answer Q40, then proceed to Q41. 
/ 2. Using → Proceed to Q41. (Q40: Free answer for condi-
tions under which lens-specific dosimeters are used.)

Q41: Are radiation protective glasses available in all 
X-ray rooms where vascular IVR is performed?

1. Sufficiently available / 2. Mostly available /3. Signifi-
cantly insufficient/ 4. Not available at all / 5. Not applicable

Q42: Are radiation protective glasses available in endos-
copy rooms where X-ray equipment is installed?

1. Sufficiently available / 2. Available but not sufficient 
/ 3. Not available at all/ 4. Not applicable/ Q43: Are radia-
tion-protective glasses provided in general X-ray fluoroscopy 
rooms? 

(1–4: Same options as Q43)
Q44: Are radiation protective glasses provided in operat-

ing rooms?
(1–4: Same options as Q43)



119Japanese Journal of Radiology (2025) 43:117–128	

Q45: The approximate rate of involvement of radiology 
technologists in vascular IVR.

1. 100% /2. More than 90% / 3. More than 80% / 4. More 
than 60%/ 5. More than 40% / 6. More than 20% / 7. Less 
than 20% / 8. Not applicable

Q46: The approximate rate of involvement of radiology 
technologists in endoscopic room using X-ray (e.g., ERCP).

(1–8: Same options as Q45)
Q47: The approximate rate of involvement of radiology 

technologists in the endoscopic room using a nonvascular 
IVR fluoroscopy room.

(1–8: Same options as Q45)
Q48: The approximate rate of involvement of radiology 

technologists in the operation room using X-ray fluoroscopy.
(1–8: Same options as Q45)
Q49: Who bears the cost of purchasing radiation protec-

tive glasses? (multiple answers allowed)
1. Hospital/Facility / 2. Department/Division / 3. Indi-

vidual user / 4. Not using
Q50: Are ceiling-mounted protective shields installed in 

all X-ray rooms where vascular IVR is performed?
1. All installed / 2. Mostly installed / 3. Partially installed 

/4. Not installed at all/ 5. Not applicable
Q51: Are radiation protective drapes for X-ray equip-

ment available in endoscopy rooms where X-ray equipment 
is installed?

1. Available / 2. Not available / 3. Not applicable
Q52: Do you display radiation dose distribution maps 

inside or outside of X-ray rooms where vascular IVR is 
performed?

1. Yes / 2. No / 3. Not applicable
Q53: Do you display the protective effects of ceiling-

mounted radiation shields and protective clothing inside or 
outside the X-ray room?

1. Yes / 2. No / 3. Not applicable

Data analysis

The collected data were meticulously analyzed to compare 
before and after the ordinance revision. The relationship 
between hospital size (bed number) and each answer was 
also analyzed. Due to the pronounced departure of the data 
from a normal distribution, all analyses utilized non-para-
metric methods. For inferential statistics, the Mann–Whitney 
U test was used to compare radiation management practices 
between two independent groups (before and after the ordi-
nance revision). The Pearson’s chi-square test was employed 
to examine relationships between categorical variables, such 
as the type of hospital and compliance with radiation man-
agement practices. Statistical analyses were performed using 
JMP Pro 17. A p value of less than 0.05 was considered 
statistically significant for all tests.

Ethical considerations

The study was conducted in accordance with ethical guide-
lines and received approval from the ethics committee of 
the Nagasaki University Graduate School of Biomedical 
Sciences (No. 20082802). Participation was voluntary, and 
the confidentiality and anonymity of the participants were 
maintained throughout the study.

Results

Basic information

In the first phase, URLs to answer questionnaires were 
sent to 895 hospitals for which the JRS office provided 
a list, with a response rate of 37.5% (336 hospitals). In 
the second phase, URLs to answer questionnaires were 
sent to 774 hospitals, with a response rate of 30.9% (239 
hospitals). Despite the slight decrease in the response rate 
in the second phase, the study gathered comprehensive 
data from a significant number of institutions, providing 
a robust basis for analysis. There was a slight decrease 
in the percentage of general hospitals and the percent-
age of hospitals with 600–400 beds after the revision, 
although it does not reach statistical significance (for the 
type of hospital: p = 0.494, for the size of the hospital: 
p = 0.056). Table 1 provides an overview of the participat-
ing institutions categorized by type and number of beds. 
The majority of respondents were from general hospitals, 
with university hospitals and specific centers made up the 
rest. This distribution remained relatively consistent across 
both phases of the survey.

Table 1   Type of institute and bed number

FY2020 (before) FY2021 (after)

n (%) n (%)

Type of institute
 University hospital 53 15.80 45 18.80
 General hospital 247 73.50 166 69.50
 Specific center 15 4.50 8 3.40
 Others 21 6.30 20 8.40

Bed number
 Over 600 91 27.10 73 30.50
 600–400 127 37.80 70 29.30
 400–200 104 31.00 76 31.80
 200–50 13 3.90 20 8.40
 Less than 50 1 0.30 0 0.00
Sum 336 239
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Use of lens‑specific dosimeter

One of the most significant improvements observed post-
revision was the increased use of lens-specific dosimeters 
(p value = 0.005) (Fig. 1). Prior to the revision, only a small 
percentage of facilities used these dosimeters, but their 
usage significantly increased afterward. More than half of 
the facilities use lens-specific dosimeters after the revision, 
indicating a positive effect of the ordinance revision towards 
better management of radiation monitoring of the lens.

Availability of protective eyewear

In angiographic room

We analyzed the availability of protective eyewear in four 
specific conditions: the angiographic room involved in IVR, 
the endoscopy room using X-ray, the fluoroscopy room, 
which was not involved in IVR procedures, and the oper-
ating room using X-ray. In the angiographic room which 

is shown in Table 2, there was a slight but significant dif-
ference between before and after the revision of the ordi-
nance (p = 0.019). This difference was due to an increase 
in the ratio of facilities responding, “About enough” and 
a decrease in the ratio of facilities responding, “Not quite 
enough”. When we analyzed the change in each group of 
hospital size, only the group of hospitals with 400–200 beds 
showed a significant difference between before and after the 
revision (p = 0.0383). There was no relationship between the 
answer and hospital type.

In the endoscopy room

In the endoscopy room using X-ray, there was an equivocal 
tendency of improvement, although it did not reach a statisti-
cally significant difference (p = 0.058). In hospitals with over 
600, 600–400, and 400–200 beds, the number of institutions 
that answered “Not at all” decreased slightly after the revi-
sion. However, a statistical analysis comparing the before 
and after results in each group of hospital size showed no 
significant differences (Table 3).

In the fluoroscopy room

In the fluoroscopy room, which was not involved in IVR 
procedures, there was no significant difference between the 
periods before and after the revision (p = 0.300). No group 
of hospital size showed a significant difference between the 
periods before and after the revision (Table 3).

In the operating room

In the operating room using X-ray, there was an equivo-
cal tendency of improvement, although it did not reach a Fig. 1   Usage of lens-specific dosimeter

Table 2   Availability of protective eyewear in angiographic room

Hospital size Enough (row %) About enough (row %) Not quite 
enough (row 
%)

Not at all (row %) Total

Angiographic room Before Over 600 40 (43.9%) 41 (45.1%) 10 (10.9%) 0 (0.0%) 91
600–400 54 (42.6%) 54 (42.6%) 17 (13.4%) 2 (1.6%) 127
400–200 37 (35.6%) 42 (40.4%) 23 (22.1%) 2 (1.9%) 104
200–50 4 (30.8%) 4 (30.8%) 3 (23.1%) 2 (15.4%) 13
Less 50 1 (100.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 1
Total 136 (40.5%) 141 (41.9%) 53 (15.8%) 6 (1.8%) 336

After Over 600 31 (42.5%) 39 (53.4%) 3 (4.1%) 0 (0.0%) 73
600–400 32 (45.8%) 31 (44.3%) 7 (10.0%) 0 (0.0%) 70
400–200 23 (31.6%) 43 (58.9%) 6 (8.2%) 1 (1.4%) 73
200–50 23 (31.6%) 5 (33.3%) 4 (26.7%) 0 (0.0%) 15
Less 50 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0
Total 92 (39.9%) 118 (51.1%) 20 (8.7%) 1 (0.4%) 231
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statistically significant difference overall (p = 0.058). Sta-
tistical analysis comparing the results before and after the 
revision in each group of hospital size revealed that only 
hospitals with over 600 beds showed a significant difference 
(p = 0.016). This group demonstrated a decreased ratio of 
institutions answering, “Not at all” and an increased ratio 
of those answering “Enough” (Table 3).

In summary, regarding the deployment of eye protective 
equipment, there was some significant but minor improve-
ment found between before and after the revision. Although 
some association with hospital size was observed for this 
improvement, the relationship between hospital size and 

improvement was not clear due to the small degree of 
improvement itself.

Involvement of radiology technologists in radiology 
working environments

We analyzed the involvement of radiology technologists in 
procedures across the angiographic room involved in IVR, 
the endoscopy room using X-ray, the fluoroscopy room, 
which was not involved in IVR procedures, and the operat-
ing room using X-ray.

Table 3   Availability of protective eyewear in Endoscopic, fluoroscopic and operation room

Hospital size Enough (Row %) About enough (Row %) Not at all (Row %) Total

Endoscopic room Before Over 600 37 (40.7%) 43 (47.3%) 11 (12.1%) 91
600–400 63 (49.6%) 55 (43.3%) 9 (7.1%) 127
400–200 40 (38.5%) 50 (48.1%) 14 (13.5%) 104
200–50 2 (15.4%) 6 (46.2%) 5 (38.5%) 13
Less 50 0 (0.0%) 1 (100.0%) 0 (0.0%) 1
Total 142 (42.3%) 155 (46.1%) 39 (11.6%) 336

After Over 600 28 (39.4%) 39 (54.9%) 4 (5.6%) 71
600–400 35 (57.4%) 23 (37.7%) 3 (4.9%) 61
400–200 31 (46.3%) 32 (47.8%) 4 (5.9%) 67
200–50 5 (33.3%) 9 (60.0%) 1 (6.7%) 15
Less 50 0 (0.0%) 0 (0.0%) 0 (0.0%) 0
Total 99 (46.3%) 103 (48.1%) 12 (5.6%) 214

Fluoroscopic room Before Over 600 26 (28.6%) 54 (59.3%) 11 (12.1%) 91
600–400 43 (33.9%) 68 (53.5%) 16 (12.6%) 127
400–200 31 (29.8%) 52 (50.0%) 21 (20.2%) 104
200–50 1 (7.7%) 9 (69.2%) 3 (23.1%) 13
Less 50 0 (0.0%) 1 (100.0%) 0 (0.0%) 1
Total 101 (30.1%) 184 (54.8%) 51 (15.2%) 336

After Over 600 26 (35.6%) 44 (60.3%) 3 (4.1%) 73
600–400 33 (47.1%) 29 (41.4%) 8 (11.4%) 70
400–200 19 (26.0%) 43 (58.9%) 11 (15.1%) 73
200–50 5 (27.8%) 7 (38.9%) 6 (33.3%) 18
Less 50 0 (0.0%) 0 (0.0%) 0 (0.0%) 0
Total 83 (35.5%) 123 (52.6%) 28 (11.9%) 234

Operation room Before Over 600 13 (14.3%) 44 (48.4%) 34 (37.4%) 91
600–400 21 (16.5%) 64 (50.4%) 42 (33.1%) 127
400–200 17 (16.4%) 40 (38.5%) 47 (45.2%) 104
200–50 1 (7.7%) 6 (46.2%) 6 (46.2%) 13
Less 50 0 (0.0%) 1 (100.0%) 0 (0.0%) 1
Total 52 (15.5%) 155 (46.1%) 129 (38.4%) 336

After Over 600 18 (25.0%) 41 (56.9%) 13 (18.1%) 72
600–400 19 (27.1%) 28 (40.0%) 23 (32.9%) 70
400–200 12 (16.00%) 31 (41.3%) 32 (42.7%) 75
200–50 5 (27.78%) 5 (27.8%) 8 (44.4%) 18
Less 50 0 (0.0%) 0 (0.0%) 0 (0.0%) 0
Total 54 (22.9%) 105 (44.7%) 76 (32.3%) 235
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In angiographic room

There was no significant difference in the involvement of 
radiology technologists before and after the revision of the 
ordinance (p = 0.236). When we analyzed the same data in 
relation to the size of the hospitals, we found a significant 
relationship between hospital size only before the revision. 
This trend is due to the fact that the percentage of “100%” 
was slightly lower among hospitals with more than 600 beds 
and those with less than 200 beds than among other hospi-
tals. However, the majority of facilities other than those with 
less than 200 beds responded “100%”. In the survey after the 
revision, most facilities responded “100%”, so the relation-
ship with the number of beds has completely disappeared 
(p = 0.956) (Table 4).

In the endoscopy room

In the endoscopy room, there was no significant difference in 
the involvement of radiology technologists between before 
and after the revision of the ordinance (p = 0.712). About 
half of the hospitals reported “100%” involvement, while 
approximately 30% reported “less than 30%” involvement, 
indicating a binary pattern of distribution. Although there is 
no significant difference between the pre- and post-revision 
periods, an intriguing pattern was observed when analyzing 
the data based on hospital size. Larger hospitals tend to have 
a lower rate of involvement of radiology technologists. This 
trend is consistent in both pre- (p = 0.021) and post-revision 
periods (p = 0.003), with no observed change or improve-
ment (Fig. 2) (Table 4).

In the fluoroscopy room

In the fluoroscopy room, there was no significant difference 
in the involvement of radiology technologists between before 
and after the revision of the ordinance (p = 0.640). About 
half of the hospitals reported “100%” involvement, with 
the remaining responses distributed relatively evenly across 
“over 90%” to “less than 20%”. A similar pattern observed 
in the endoscopy room was also observed in the fluoros-
copy room, where larger hospitals tend to have a smaller 
percentage of “100%” involvement of radiology technolo-
gists. This pattern is consistent both before and after the 
revision, although it does not reach statistical significance as 
found in the endoscopy room (p = 0.484 for before, p = 0.376 
for after) (Table 4).

In the operating room

In the operating room, there was no significant difference in 
the involvement of radiology technologists between before 
and after the revision of the ordinance (p = 0.946). About 

half of the hospitals reported “100%” involvement, with 
the remaining responses distributed relatively evenly across 
“over 90%” to “less than 20%”. No significant relationship 
was found between the involvement of radiology technolo-
gists and hospital size in the operating room. Regardless of 
hospital size, about half of the facilities reported “less than 
20%” involvement. This indicates that the involvement of 
radiology technologists in operating rooms where X-rays 
are used is generally low, independent of hospital size or the 
revision status (p = 0.552 and p = 0.590 for before and after, 
respectively) (Table 4).

In summary, regarding the involvement of radiology 
technologists, the tendency was clearly different from the 
tendency of deployment of eye protective equipment. When 
analyzing the relationship between this pattern and the size 
of the facilities, no significant changes were found between 
the pre- and post-revision periods. However, an interesting 
relationship between size and involvement of radiology tech-
nologists was noted in the endoscopy room, which indicates 
that large hospitals may have some problems in the man-
agement of radiology protection, which is common and not 
improved after the revision.

Questions which performed only after revision

From Q49 to 53 was only performed in the survey after 
revision.

Who bears the cost of purchasing radiation protective 
glasses? (Q49: multiple answers allowed) (Table 5)

We analyzed the relationship between hospital size and 
the payer of protective eyewear. We could not find any sig-
nificant relationship between hospital size and institutions 
that answered, “Paid by Hospital/University” (p = 0.264) or 
“Paid by Department” (p = 0.234). Only the institutions that 
answered “Paid by Individual” showed a threshold relation-
ship with hospital size (p = 0.049).

Usage of ceiling‑mounted protective shields in vascular IVR 
room (Q50, Table 6)

A significant majority have ceiling-mounted protec-
tive shields installed, with variation across hospital sizes 
(p = 0.002). More than 75% of institute uses ceiling-mounted 
shields except for small hospital with 200–50 bed.

Usage of radiation protective drapes in endoscopy room 
(Q51, Table 7)

Most respondents reported having protective drapes, espe-
cially in larger hospitals, with statistically significant differ-
ences across hospital sizes (p = 0.001). This indicates that the 
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Table 4   Involvement of radiology technologists in radiology working environments

Group 100% Over 90% Over 80% Over 60% Over 40% Over 20% Less 20% Total

Angio rad tech
 Before
  Over 600 79 (86.8%) 7 (7.7%) 5 (5.5%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 91
  600–400 115 (90.6%) 4 (3.2%) 2 (1.6%) 2 (1.6%) 2 (1.6%) 0 (0.0%) 2 (1.6%) 127
  400–200 97 (93.3%) 1 (0.9%) 0 (0.0%) 1 (0.9%) 0 (0.0%) 1 (0.9%) 4 (3.9%) 104
  200–50 9 (69.2%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 4 (30.8%) 13
  Less 50 1 (100.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 1
  Total 301 (89.6%) 12 (3.6%) 7 (2.1%) 3 (0.9%) 2 (0.6%) 1 (0.3%) 10 (2.9%) 336

 After
  Over 600 65 (89.0%) 6 (8.2%) 1 (1.4%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 1 (1.4%) 73
  600–400 62 (88.6%) 5 (7.1%) 1 (1.4%) 0 (0.0%) 1 (1.4%) 0 (0.0%) 1 (1.4%) 70
  400–200 68 (93.2%) 3 (4.1%) 1 (1.4%) 0 (0.0%) 0 (0.0%) 1 (1.4%) 0 (0.0%) 73
  200–50 14 (93.3%) 1 (6.7%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 15
  Less 50 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0
  Total 209 (90.5%) 15 (6.5%) 3 (1.3%) 0 (0.0%) 1 (0.4%) 1 (0.4%) 2 (0.9%) 231

Fluoro rad tech
 Before
  Over 600 35 (38.5%) 23 (25.3%) 13 (14.3%) 7 (7.7%) 5 (5.5%) 1 (1.1%) 7 (7.7%) 91
  600–400 61 (48.0%) 27 (21.3%) 12 (9.5%) 7 (5.5%) 6 (4.7%) 7 (5.5%) 7 (5.5%) 127
  400–200 57 (54.8%) 13 (12.5%) 12 (11.5%) 3 (2.9%) 6 (5.8%) 3 (2.9%) 10 (9.6%) 104
  200–50 8 (61.5%) 2 (15.4%) 0 (0.0%) 0 (0.0%) 1 (7.7%) 0 (0.0%) 2 (15.4%) 13
  Less 50 0 (0.0%) 1 (100.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 1
  Total 161 (47.9%) 66 (19.6%) 37 (11.0%) 17 (5.1%) 18 (5.4%) 11 (3.3%) 26 (7.7%) 336

 After
  Over 600 25 (34.3%) 18 (24.7%) 9 (12.3%) 6 (8.2%) 4 (5.5%) 2 (2.7%) 9 (12.3%) 73
  600–400 29 (41.4%) 19 (27.1%) 9 (12.9%) 4 (5.7%) 3 (4.3%) 0 (0.0%) 6 (8.6%) 70
  400–200 44 (58.7%) 14 (18.7%) 9 (12.0%) 2 (2.7%) 1 (1.3%) 1 (1.3%) 4 (5.3%) 75
  200–50 12 (70.6%) 2 (11.8%) 1 (5.9%) 1 (5.9%) 0 (0.0%) 0 (0.0%) 1 (5.9%) 17
  Less 50 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0
  Total 110 (46.8%) 53 (22.6%) 28 (11.9%) 13 (5.5%) 8 (3.4%) 3 (1.3%) 20 (8.5%) 235

Group 1 Over 90% Over 80% Over 60% Over 40% Over 20% Less 20% Total

Endoscope rad tech
 Before
  Over 600 26 (28.6%) 12 (13.2%) 6 (6.6%) 2 (2.2%) 4 (4.4%) 6 (6.6%) 35 (38.5%) 91
  600–400 53 (41.8%) 14 (11.0%) 6 (4.7%) 4 (3.2%) 5 (3.9%) 1 (0.8%) 44 (34.7%) 127
  400–200 67 (64.4%) 5 (4.8%) 2 (1.9%) 3 (2.9%) 4 (3.9%) 2 (1.9%) 21 (20.2%) 104
  200–50 9 (69.2%) 2 (15.4%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 2 (15.4%) 13
  Less 50 1 (100.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 1
  Total 156 (46.4%) 33 (9.8%) 14 (4.2%) 9 (2.7%) 13 (3.9%) 9 (2.7%) 102 (30.7%) 336

 After
  Over 600 19 (27.1%) 5 (7.1%) 3 (4.3%) 3 (4.3%) 1 (1.4%) 3 (4.3%) 36 (51.4%) 70
  600–400 30 (44.8%) 7 (10.5%) 1 (1.5%) 1 (1.5%) 2 (2.3%) 3 (4.5%) 23 (34.3%) 67
  400–200 47 (62.7%) 5 (6.7%) 5 (6.67%) 1 (1.3%) 2 (2.7%) 3 (4.0%) 12 (16.0%) 75
  200–50 11 (73.3%) 1 (6.7%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 2 (13.3%) 1 (6.7%) 15
  Less 50 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0
  Total 107 (47.1%) 18 (7.9%) 9 (3.9%) 5 (2.2%) 5 (2.2%) 11 (4.9%) 72 (31.7%) 227

Ope rad tech
 Before
  Over 600 11 (12.1%) 8 (8.8%) 7 (7.7%) 7 (7.7%) 8 (8.8%) 7 (7.69%) 43 (47.25%) 91



124	 Japanese Journal of Radiology (2025) 43:117–128

workers working in smaller hospitals especially bed size below 
200 tend to poorly protected compared to large hospitals.

Display of radiation dose distribution diagrams 
inside or outside IVR room (Q52, Table 7)

More than half of the larger hospitals use dose maps, but 
there is a significant variation with smaller hospitals less 

likely to use them (p = 0.004). This suggests that larger 
hospitals are more likely to use dose distribution diagrams. 
However, even among large hospitals, more than a quarter 
of the facilities do not use it.

Table 4   (continued)

Group 1 Over 90% Over 80% Over 60% Over 40% Over 20% Less 20% Total

  600–400 24 (18.9%) 8 (6.3%) 9 (7.1%) 6 (4.7%) 8 (6.3%) 13 (10.24%) 59 (46.46%) 127
  400–200 18 (17.3%) 13 (12.5%) 6 (5.8%) 6 (5.8%) 7 (6.7%) 5 (4.81%) 49 (47.12%) 104
  200–50 6 (46.2%) 2 (15.4%) 0 (0.0%) 0 (0.0%) 1 (7.7%) 0 (0.00%) 4 (30.77%) 13
  Less 50 1 (100.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.00%) 0 (0.00%) 1
  Total 60 (17.9%) 31 (9.2%) 22 (6.6%) 19 (5.8%) 24 (7.1%) 25 (7.44%) 155 (46.1%) 336

 After
  Over 600 9 (12.5%) 6 (8.3%) 5 (6.9%) 5 (6.9%) 8 (11.1%) 7 (9.7%) 32 (44.4%) 72
  600–400 13 (19.1%) 4 (5.9%) 4 (5.9%) 5 (7.4%) 5 (7.4%) 6 (8.8%) 31 (45.6%) 68
  400–200 21 (28.4%) 5 (6.8%) 3 (4.1%) 4 (5.4%) 3 (4.1%) 5 (6.8%) 33 (44.6%) 74
  200–50 6 (35.3%) 3 (17.7%) 0 (0.0%) 0 (0.0%) 1 (5.9%) 0 (0.0%) 7 (41.2%) 17
  Less 50 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0
  Total 49 (21.2%) 18 (7.8%) 12 (5.2%) 14 (6.1%) 17 (7.4%) 18 (7.8%) 103 (44.6%) 231

Fig. 2   Radiology technologist’s involvement

Table 5   Distribution of 
responsibility for purchasing 
radiation protective glasses by 
hospital size

This question accepts multiple answer, thus sum of the number in all cells exceeds total number

Hospital size Payed by hospital/
university

Payed by 
department

Payed by individual Not using protec-
tive eyewear

Total

Over 600 64 (87.7%) 4 (5.5%) 30 (41.1%) 0 (0.0%) 73
600–400 60 (85.7%) 2 (2.9%) 27 (38.6%) 0 (0.0%) 70
400–200 65 (85.5%) 0 (0.0%) 23 (30.3%) 0 (0.0%) 76
200–50 14 (70.0%) 1 (5.0%) 2 (10.0%) 1 (5.0%) 20
Less 50 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0
Total 203 7 82 1 239
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Display showing the protective effects of ceiling‑mounted 
radiation shields and protective clothing 
inside or outside the X‑ray room (Q53, Table 7)

Only about 28% of respondents use such diagrams, with sig-
nificant differences across hospital sizes (p = 0.003), indi-
cating that although larger hospitals tended to have these 
displays, it was still clear that the use of such displays are 
poor, with less than half of the hospitals using the displays.

These findings highlight significant variations in the 
implementation and utilization of radiology protection meas-
ures across hospitals of different sizes, with larger hospitals 
generally providing more resources and protections.

Discussion

Our comprehensive study provides significant insights into 
the impact of the revised Ordinance on the Prevention of 
Ionizing Radiation Hazards on radiation protection practices 
in Japanese hospitals. This article focuses on the deployment 
of equipment such as lens-specific dosimeters, protective 
eyewear, and the involvement of radiology technologists. 
Major findings from our survey can be summarized as fol-
lows: (1) clear improvement in the usage of lens-specific 
dosimeters after the revision; (2) minor improvement in the 
deployment of protective eyewear; and (3) no improvement 
in human resource deployment, with some clear relation-
ships with hospital size. Our study evaluates the real-world 
effects of these regulatory changes on the deployment of 
protective devices and the involvement of radiology tech-
nologists in various hospital environments.

Deployment of lens‑specific dosimeters

One of the most noteworthy outcomes of the ordinance 
revision is the increased utilization of lens-specific dosim-
eters. Before the revision, the use of these dosimeters 
was limited, but post-revision, over half of the surveyed 
facilities adopted these protective devices. The ordinance, 
revised in 2021 by the Ministry of Health, Labour and 
Welfare (MHLW) of Japan [4], was intended to elevate 
safety standards and enhance the management of radiation 
exposure, particularly in medical settings. Since one of the 
goals of this revision was to conform to the ICRP’s low-
ering of lens dose limits, it is natural that improvements 
regarding lens dose limits should occur. There was a clear 
trend of increased usage of personal dosimeters for head 
and neck observed recent 10 years [6]. Our present finding 
indicates that the trend of estimation of lens dose moving 
forward to more precise measurements.

According to a study on the dosimetry of occupational 
eye lens dose using a novel direct eye dosimeter during 
interventional radiology procedures, the use of specialized 
dosimeters allows for more accurate measurement of eye 
radiation dose, which is crucial for compliance with new 
safety standards [7]. Additionally, a review of the basis and 
impact of ICRP recommendations highlights the impor-
tance of adhering to revised dose limits to protect medical 
workers’ eye lenses [8]. Our findings which showed clear 
improvement of the usage of lens-specific dosimeter may 
reflect a change in hospital behavior with respect to strict 
adherence to revised lens dose limits.

Table 6   Usage of ceiling-
mounted protective shields in 
vascular IVR rooms by hospital 
size

Hospital size All equipped 
(count, row %)

Mostly equipped 
(count, row %)

Partially equipped 
(count, row %)

Not equipped 
(count, row %)

Total

Over 600 56 (76.7%) 13 (17.8%) 4 (5.5%) 0 (0.0%) 73
600–400 58 (82.9%) 5 (7.1%) 6 (8.6%) 1 (1.4%) 70
400–200 55 (76.4%) 6 (8.3%) 9 (12.5%) 2 (2.8%) 72
200–50 7 (50.0%) 1 (7.1%) 3 (21.4%) 3 (21.4%) 14
Less 50 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0
Total 176 25 22 6 229

Table 7   Q51, Q52 and Q53 Hospital size Yes (Q51) Total (Q51) Yes (Q52) Total (Q52) Yes (Q53) Total (Q53)

Over 600 59 (85.5%) 69 45 (61.6%) 73 31 (42.5%) 73
600–400 43 (65.2%) 66 34 (49.3%) 69 19 (27.9%) 68
400–200 43 (63.2%) 68 21 (28.8%) 73 12 (16.0%) 75
200–50 6 (42.9%) 14 4 (26.7%) 15 3 (18.8%) 16
Less 50 0 (0.0%) 0 0 (0.0%) 0 0 (0.0%) 0
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Deployment of protective devices

On the other hand, the improvement in the use of protective 
eyewear was not as clear as the improvement in the use of 
lens-specific dosimeters. Only in the angiography room did 
the improvement reach significance. In the endoscopy room 
and the operating room, there was a trend toward improve-
ment after the revision, although it did not reach statistical 
significance. It is difficult to explain why the clear improve-
ment seen with the lens-specific dosimeters was not seen 
with protective eyewear. We speculate that cost and who 
pays for the protective eyewear may influence its low usage. 
The survey was conducted during the COVID-19 pandemic. 
Since protective eyewear is in direct contact with the skin, 
shared use might be avoided from an infection control per-
spective. Therefore, survey after revision, a question of ask-
ing who bears the burden of purchasing protective eyewear 
was added. However, we could not find any relationship 
between the payer and the usage of protective eyewear in 
any of the angiographic, endoscopy, fluoroscopy and opera-
tion rooms.

The physical burden associated with the use of heavy pro-
tective eyewear may be a factor in the lack of improvement 
in the use of the protective eyewear found in the present 
survey. A review on minimizing radiation exposure during 
endoscopic retrograde cholangiopancreatography (ERCP) 
highlights that adequate protection for medical personnel 
requires various protective devices, including protective eye-
wear [9]. Additionally, the effectiveness of the equipment 
without physical burden (Zero Gravity radiation protection 
system) during endovascular aneurysm repair (EVAR) pro-
cedures shows that innovative protective devices can offer 
significant advantages, although user experience and ergo-
nomic factors also play a crucial role [10]. Improvements 
and innovations in more worker-friendly protective equip-
ment should be necessary to promote the use of protective 
equipment in hospitals.

Involvement of radiology technologists

The involvement of radiology technologists in radiology pro-
cedures varied across different hospital settings and showed 
mixed results post-revision. In angiographic rooms, a slight 
but statistically significant improvement was noted, particu-
larly in hospitals with 200–400 beds. However, the overall 
involvement remained high (100%) in most hospitals both 
before and after the revision, indicating that the ordinance 
had a limited additional impact in this already well-managed 
area.

In endoscopy rooms, no significant improvements were 
observed, and larger hospitals continued to report lower 
technologist involvement rates. This persistent trend sug-
gests systemic issues within larger hospitals that may hinder 

the effective management and allocation of technologists to 
endoscopic procedures. We believe this should be one of the 
most important radiation safety findings in our survey. In 
the other study which we conducted on occupational radia-
tion dose in three university hospitals, we found that nurses 
working in the endoscopy room had significantly higher 
radiation doses compared to other workplaces such as the 
radiology department and ER/ICU [5]. There is no direct 
evidence to link these findings. However, it is natural to 
assume that the low involvement of radiology technologists 
correlates with the high radiation dose of nurses working in 
the endoscopy room.

A study on the difference in the level of patient treatment 
safety analyzed by the years of experience of radiology tech-
nologists found that more experienced technologists tend to 
be more concerned about patient safety, which may influ-
ence compliance with radiation protection standards [11]. 
Additionally, a survey on radiation training and protection 
practices among US therapeutic endoscopists revealed that 
formal training in fluoroscopy and radiation protection is 
not widely emphasized, indicating a need for improved 
education and training [12]. Considering these facts, it is 
crucial to involve radiology technologists in every work-
ing place which uses X-ray, including the endoscopy room. 
Involvement of radiology technologists in radiation protec-
tion practices is vital to reducing radiation doses, not only 
for radiology technologists themselves but also for all occu-
pations. However, the requirement for years of experience 
may discourage younger technologists from active partici-
pation. This issue highlights the lack of an established and 
comprehensive radiation protection education system for 
young radiology technologists. Considering that the radia-
tion doses of radiologists as a group were higher than those 
of other occupational groups, the establishment of a sys-
tem to educate and train young technologists as a group, 
for example through activities at academic societies, is 
essential. Addressing this educational gap could encourage 
more young technologists to engage in radiation safety prac-
tices, ultimately enhancing overall compliance and safety 
standards.

Cost and resource allocation

The financial burden of implementing radiation protective 
measures reveals notable differences across hospital sizes. 
Data shows a significant relationship (p = 0.049) between 
hospital size and the incidence of “pay private,” where indi-
viduals cover the cost of protective equipment themselves. 
Contrary to initial assumptions, the ratio of “pay private” 
instances is larger in larger hospitals compared to smaller 
hospitals. However, in Q50–53 which asked usage of pro-
tective devices such as ceiling-mounted shields, protective 
drapes, dose distribution diagrams and diagrams showing 
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protective effects, there is a clear tendency that the large the 
hospital size, better the usage of such device/information. It 
may indicate better cost/resource support in larger hospitals.

A radiation safety audit in a high-volume nuclear medi-
cine department highlighted that adequate radiation protec-
tion measures and resource allocation are essential even in 
high-throughput environments [13]. Furthermore, a study on 
occupational radiation exposure among medical personnel in 
university and general hospitals in Japan revealed that work-
ers in general hospitals experience slightly higher radiation 
doses compared to those in university hospitals, emphasiz-
ing the need for better resource allocation and protective 
measures in general hospitals [1]. The resource disparities 
between larger and smaller hospitals underscore the neces-
sity for targeted support to ensure uniform compliance with 
radiation safety standards. Addressing these disparities is 
crucial for achieving comprehensive radiation protection for 
medical workers across all hospital sizes. Future research 
should focus on developing strategies to enhance radiation 
safety in smaller hospitals and evaluate the long-term effects 
of the revised ordinance on occupational radiation exposure 
and health outcomes among medical workers.

It is of interest to note that the majority of hospitals 
answered they are using physical protection measures such 
as ceiling-mounted shields, and protective drapes, but less 
answered usage of providing educational information such 
as dose distribution diagrams and diagrams showing protec-
tive effects. A questionnaire survey on radiation protection 
education in hospitals underscores the importance of ongo-
ing educational programs to raise awareness and improve 
radiation protection practices [3, 14]. It is of interest that 
the level of knowledge in radiation protection may be not 
satisfactory in hospitals and the level of experience and 
education can affect the attitude of medical professionals 
[14]. Providing information and education requires human 
effort but is less costly than providing physical measures. 
Our results suggest that there is still much room for improve-
ment in providing information and education and that this 
could significantly improve radiation management of radiol-
ogy working environment in hospitals.

This study has several limitations. First, this study was 
conducted as a questionnaire survey using web-based meth-
ods. It is not free from the bias such as non-response and 
selection bias. There is no statistically significant difference 
in the distribution of hospital size and type between the sur-
veys before and after revision. However, minor differences 
such as non-response from hospitals less than 50 bed after 
revision, slightly decreased ratio of hospitals between 600 
and 400 bed size, decreased response rate on the survey after 
revision. Second, the survey was conducted separately twice 
before and after revision. Thus, analysis of direct change in 
each hospital was not performed. Thirdly, the response rate 
is not as high as approximately 30%. Therefore, it is not 

certain that the results of the survey accurately reflect real-
ity. Fourth, a notable limitation of this study is the response 
rate and the number of facilities that participated in both the 
pre- and post-revision surveys. Only 120 facilities, which 
account for roughly one-third of the total responses before 
the revision and about half of the responses after the revi-
sion, provided data for both periods. This discrepancy raises 
concerns about the representativeness and consistency of 
the responses. It is possible that the differences observed 
between the pre- and post-revision periods may be influ-
enced by the varying composition of the responding facili-
ties. Despite these non-negligible limitations, the survey 
presented in this study should provide valuable information 
for future management of radiation in healthcare facilities 
and provide useful information for improvement.

Conclusion

This study highlights the importance of ongoing efforts to 
advance radiation safety in medical settings. The findings 
provide a foundation for further policy enhancements and 
strategic resource allocation to improve radiation protection 
practices nationwide.
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