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ABSTRACT

AIMS: Training and improving the surgical team’s awareness of radiation protection is necessary to
prevent severe and irreparable damage. Therefore, the purpose of the present study was to compile and
psychometrically evaluate (content and face validity) the educational booklet on the principles of radiation
protection to promote the knowledge and culture of radiation safety of the operating room staff and prevent
injuries.

MATERIALS AND METHODS: The current research is a methodology carried out in Iran University of Medical
Sciences in 2022-2023 in three stages: first, the content of the educational booklet was selected based on
the needs of the target audience, and the related articles and sources were reviewed. Then, the initial draft
of the educational manual was designed and prepared. After that, expert judges in related fields as well as
anesthesia and operating room technologists evaluated the formal and content validity of the manual. The
content validity index at the item level (I-CVI) and the content validity index at the scale level (S-CVI) equal to
or greater than 0.78 and 0.9, respectively, were considered as criteria for validity of the booklet. The binomial
test was used to check the reliability of the content validity index of the items so that the significance level was
0.05 and the expected agreement ratio was 0.8. Data were analyzed using SPSS 26 software.

FINDINGS: In this research, 22 experts in related fields and 22 anesthesia and operating room technologists
with an average work experience of 13.8+4.3 years and 15.6+6.3 years participated, respectively. After
sending and receiving the draft version of the booklet along with its evaluation scale, the specialists and
experts participating in the study were given the minimum values of I-CVI and S-CVI values for the desired
scale items to check the face validity and content of the booklet. According to experts, it was equal to 0.9 and
0.97, respectively. The minimum observed agreement ratio of the binomial test was 0.9, which was more than
the expected agreement ratio (0.8). The values of I-CVI, S-CVI, and agreement ratio between anesthesia and
operating room technologists were all equal to 1.

CONCLUSION: The present educational booklet has an acceptable form and content validity based on the
research findings. Therefore, it can be used as a simple tool to promote radiation safety culture and prevent
radiation damage in operating rooms..
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INTRODUCTION

Health is one of the fundamental rights of all
human beings and one of their essential needs
[1]. One of the problems related to work health
and safety is occupational hazards that can lead
to various work-related diseases, injuries, and
disabilities. Hazard is a general term and refers
to any situation threatening people’s health due
to physical, chemical, biological, or psychological
factors [2]. The hospital is considered the most
dangerous center for providing health-treatment
services in health systems. Among the hospital’s
different departments, the operating room is one
of the most important units where the possibility
of risks is always very high [3]. The operating
room is a closed and isolated environment that
includes many inherent risks for patients and
employees of these places. Among the physical
hazards in operating rooms personnel, we can
mention employees’ occupational exposure and
its potential effects on people’s health [2].
Theeffectsofionizingradiationonbiologicaltissues
are deterministic, random, or combined. The dose
must be significant to produce a definitive effect
that occurs within a few hours to a few months.
These effects include skin damage, cataracts,
cerebrovascular syndrome, organ atrophy,
reduced fertility, and sterility. The accidental effect
results from repeated low doses over long periods,
such as those seen in occupational exposures, and
produces chromosomal damage through direct
or indirect damage (generation of free radicals).
These effects are dose-proportional, but the
magnitude of the response is dose-independent,
and there is no known threshold dose. Therefore,
the key to reducing the risk of cancer and the
accidental effect is to minimize employees’
exposure to radiation [4, 5].

Radiation during surgery is rapidly increasing
for many reasons, including the development of
hybrid operating rooms that use fixed imaging
equipment such as fluoroscopy and computed
tomography [6, 7]. Different surgeries, including
cardiovascular interventional operations, thoracic
surgery, neurosurgery, and general surgeries, can
be performed in the hybrid operating room with
shorter duration and better results [8, 9]. As one
of the first imaging methods used during surgery,
fluoroscopy remains the dominant technique
among physicians. Widespread use of fluoroscopy
exposes the surgeon, the anesthesia team, and
other operating room staff to the harmful effects
of ionizing radiation [4, 10]. During fluoroscopy,
ionizing radiation spreads in all directions, and
evenindoseslowerthan 0.001 rad, it still increases
the risk of cancer [11]. Using this equipment
during surgical operations leads to employees’

occupational exposure and has become a
potential occupational hazard for operating room
employees [12].

Based on the studies conducted, the knowledge of
the operating room staff in the field of radiation
protection principlesis notsufficientand desirable,
which leads to unnecessary radiation exposure of
the staff and its irreparable consequences [13-15],
which can be prevented with proper and sufficient
training [15]. Also, the International Atomic
Energy Agency (IAEA) mentions thatitis necessary
to teach the principles of radiation protection
to optimize the dose received by employees
and patients while maintaining diagnostic and
therapeutic requirements [16]. In our country,
printed educational  materials, including
educational booklets, are used as a standard
self-learning method for continuous training of
graduates of medical professions. Because they
contain short, concise, and conceptual information
about a specific subject and are prepared for a
specific target group, they are considered suitable
tools for improving knowledge awareness and
service delivery [17]. Considering the above
and the absence of any educational unit in the
field of radiation protection in the curriculum of
anesthesia and operating room technologists,
the present study aims to create an educational
strategy in the form of designing and updating the
educational booklet on radiation protection in the
operating room in order to promote awareness
and protection anesthesiology and operating
room staff were trained to prevent irreparable
radiation damage.

MATERIALS & METHODS

The current research is a methodological study
carried out in three stages to prepare and update
the educational booklet on the principles of
radiation protection in the operating room.
An integrated review of the subject from the
point of view of anesthesia and operating room
technologists and a review of texts, compilation of
educational materials in the form of a booklet, and
assessment of the validity of the form and content
of the booklet by experts and target audiences.
The first and second stages were conducted from
December 2022 to April 2023, and the third stage
was conducted from May to August 2023 at Iran
University of Medical Sciences.

In the first stage, during a focus group discussion,
20 people from anesthesia and operating room
technologists interested in the subject were asked
to state their concerns regarding the harmful
effects of ionizing radiation and their educational
needs. Identifying these topics formed the basis
for searching texts from the beginning of January
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December to the beginning of February 2023.
Texts were searched in PubMed, Web of Science,
Scopus, and Google Scholar search engines with
the keywords “radiation protection,” “intelligence,”
“operating room,” and “operating room risks” and
their English equivalents. Two hundred thirty-two
articles were extracted, and after reading their
abstract and full text, 34 articles were selected for
editing the content due to having the most relevant
content with the desired educational booklet.
Searches were also made in the books, guidelines,
and radiation protection protocols of the Ministry
of Health and the International Atomic Energy
Agency, and related materials were included in the
compilation of the content.

In the second stage, after studying the materials,
analyzing and extracting information, a draft
version of the educational booklet based on the
structure proposed by Hoffman and Worrall for
written health education materials and also the
three recommended aspects for preparing printed
training materials in the field of health including
language, image and page layout/design was
prepared. In order to create the images and outline
of the booklet, the opinions of a graphic designer
hired by the research team were used.

In the third stage, the draft version of the booklet
was presented to 22 expert judges to check the
validity of its appearance and content. In order
to determine the sample size, judges like other
similar studies [18-20] from the formula n=Za2. p
(1-p)/e2 was used. The determined values were:
aZ (confidence level) = 95%, P (proportion of
inter-judge agreement) = 85%, and e (accepted
expected difference) = 15%. The inclusion criteria
for expert referees include having expertise in
the field of health-related to radiation sciences or
anesthesia/operating room and at least five years
of professional experience (clinical, teaching,
and research), having a master’s degree: Ph.D. or
specialization, and willingness to participate in
the study. The judges were selected through a non-
random snowball method. Qualified specialists
were invited to participate in the study while
explaining the objectives and the research method
through an electronic address (email) or in person
[17]. After agreeing to cooperate, they received
a written consent form, a printed copy of the
booklet in PDF format, and a 17-part evaluation
scale (Table 1). This scale was based on Hoffman
and Worrall’'s recommendations for preparing
writing health education tools in six areas:
content, language, organization, page layout,
images, and persuasion. A four-point Likert scale
(strongly disagree, disagree, agree, strongly agree)
was used for each item. In addition, the judges can
consider considerations in each evaluated area if
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necessary. The expert judges were requested to
complete the 17-part evaluation scale within three
weeks while studying the content and analysis
of the booklet and provide their opinions and
recommendations to improve the booklet in the
specified section. After receiving the completed
scales, the recommendations of expert judges
were applied. In order to check the face validity
and content of the booklet from the point of view
of the target audience, based on the sample above
size formula, 22 anesthesia and operating room
technologists were selected as the following
judges using the accessible method. The entry
criteria of these judges included having at least
a bachelor’s degree, at least one year of work
experience, and willingness to participate in the
study. After identifying the referees based on the
entry criteria, giving consent to cooperate in the
study, completing the consent form, and the 17-
part scale similar to the group of expert referees
were considered. Ultimately, the recommended
items were applied to complete or modify the
booklet.

For the quantitative content validity analysis, the
content validity index at the section level and the
content validity index at the scale level were used.
CVI-I was the percentage of judges who “agreed”
or “strongly agreed” with each section, and S-CVI/
Ave was the average of all I-CVIs. The minimum
acceptable value for these two indicators was
0.78 and 0.9, respectively. Also, like other similar
studies, a binomial test with a significance level of
0.05 was used to check the statistical reliability of
[-CVIs.

Ethical Permissions: This study was approved
by the Iran University of Medicine and Health
Services ethics committee with the IR code of
ethics. IUMS. REC.1402.262 approved. All ethical
principles and standards, including respect for the
rights and dignity of people and honesty in the
research process, were observed in this study.
Statistical analysis: All data were analyzed using
SPSS 26 software. The significance level was
considered 0.05 in all tests.

FINDINGS

The content of the booklet is organized into
main chapters, including an introduction to the
hybrid operating room, radiation physics and
biology, basic principles of radiation protection,
radiographic and fluoroscopy equipment used in
operating rooms, individual dosimetry, radiation
safety culture in the operating room, and radiation
safety warning signs. In order to quantitatively
check the face validity and content of the
educational booklet, six people with a doctorate
in medical physics, five anesthesiologists, five
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experts in the field of radiology and radiation
sciences, two doctors in medical education, three
senior experts in intelligence and one senior
expert in the operating room with 7-26 years
of work experience participated in the study
as experts. The percentage of expert judges’

evaluation scale, the observed agreement ratio in
the binomial test, the expected agreement ratio
(test ratio) in the binomial test, the significance
level in the binomial test, the value of I-CVIs and
the value of (S -CVI/Ave) for the participating
professionals was shown in Table 1.

agreement for the 17 sections used in the manual

Table 1) The percentage of judges’ agreement about the items of the educational booklet

Section Items NO. (%) OoP TP P I-CVI
1. The purpose of the booklet is clearly stated in the text.

2. The text of the booklet is comprehensive. 22(100) 1 0.8 0.007 1

1. Content 3. The text of the booklet meets the needs of the target 22(100) 1 0.8 0.007 1

' audience. 22(100) 1 0.8 0.007 1

4. The content of the booklet is appropriate to the culture of 22(100) 1 0.8 0.007 1

the target audience.

2. Language 1. The text has an understandable language. 22(100) 1 0.8 0.007 1

- Languag 2. The text is completely readable. 22(100) 1 08 0.007 1

1. The text has a logical sequence. 22(100) 1 0.8 0.007 1

3. Organization 2. Titles and subtitles are used appropriately. 22(100) 1 0.8 0.007 1
3. Sentences and paragraphs are short enough. 20(90.9) 0.9 0.8 0.154 091
1. The selected font size and type is suitable. 20(90.9) 0.9 0.8 0.154 091

4. Page layout 2. The text and context have a good contrast. 22(100) 1 0.8 0.007 1
3. The number and size of the booklet pages are appropriate. 20(90.9) 0.9 0.8 0.154 091

1. Images help to understand the content. 22(100) 1 0.8 0.007 1

5. Pictures 2. The images are easy to understand. 22(100) 1 0.8 0.007 1

3. The number of images is sufficient to cover the content. 22(100) 1 0.8 0.007 1
1. The text of the booklet encourages the target audience to 09 08 0.154 091

6. Persuasion continue reading. 20(90.9)
: 2. The text of the booklet is related to the experiences of the 20(90.9)
. 0.9 0.8 0.154 091
target audience.

S-CVI/Ave (I-CVI mean)+t 0.97

NO: percentage of agreement; Observed Proportion: the proportion of agreement observed in the binomial test; Test Proportion:
expected agreement ratio (test ratio) in binomial test; P: significance level in binomial test; I-CVI: content validity at scale level; S-CVI:

average content validity at the level of items

In 12 sections, all expert judges chose the option
“agree” or “strongly agree” (100% agreement and
[-CVI=1). They also had 90% agreement in five
sectors (I-CVI=0.9). The average of I-CVIs (S-CVI/
Ave) was equal to 0.97, which indicated the validity
of the suitable and desirable content of the booklet
at the scale level. The minimum agreement ratio
observed in the binomial test for expert judges
was calculated as 0.9, which was higher than the
minimum expected agreement ratio (test ratio)
(0.8). The significance level of the five sections was
more significant than 0.05, which indicated that
the agreement ratio obtained in these sections
was not significantly different from the expected
agreement ratio (test ratio).

On the other hand, the significance level of the
twelve sectionswaslessthan 0.05,sotheagreement
ratio obtained in these sections was significantly
different from the expected agreement ratio (test
ratio). According to Table 1, the ratios were higher
than the expected agreement ratio of 0.8. The
results of the binomial test showed that the results
were not due to chance with 95% confidence. Also,
the research team approved all the expert judges’
recommendations after being applied (Table 2).

Table 2) Improvement suggestions of the participating
experts for the training manual

Aspects Corrective recommendations
Providing explanations about scientific terms and abbre-
viations in the field of radiation protection principles
content Adding content about “Radiography and fluoroscopy

“equipment in the operating room
“Providing explanations about “radiation biology

Providing brief explanations about “biological effects
Language of radiation during fluoroscopy in the operating room”
“before “basic principles of radiation protection

Insert “Doses” in table format
organiza- Explaining the “ALARA principle” before the basic princi-
tion ples of protection (time, distance, protection) because of
its importance

Layout Increase font size from 11 to 14

Removing some images such as the X-ray tube image and

Pictur . .
ctures adding a clearer and more understandable image

In order to measure the formal validity and
content of the booklet from the point of view of
the target audience, the booklet was modified and
approved by expert judges for 22 people from
intelligence and operating room staff, including ten
anesthesia technologists and ten operating room
technologists and one intelligence technologist
with a master’s degree in anatomy and one
operating room technologists with a master’s
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degree in physiology was presented. Their working
experience was 6-29 years (Mean=15.6+6.3). This
group of judges chose “agree” or “strongly agree”
in all sections, thus achieving 100% agreement,
[-CVI and S-CVI/Ave, and an observed agreement
ratio of one for all sections. In the end, the final
approved version of the educational booklet titled
“Guidelines for Protection against Radiation; Our
Commitment to Improve the Health of Operating
Room Employees” was prepared on 45 pages with
a cut-out and in color.

DISCUSSION

The purpose of the present study was to compile
and psychometrically evaluate (content and
face validity) the educational booklet on the
principles of radiation protection. The judges’
evaluation showed that the educational booklet
entitled “Guidelines for radiation protection; our
commitment to improving the health of operating
room staff” had acceptable content and form
validity. In the education and construction of
health resources, paying attention to the needs of
the target audience and their culture is one of the
important steps [21, 22]. Research shows that user
knowledge and questions should be considered in
developing educational technologies [23] because
this can increase their credibility and acceptance
by the target community [24]. The participation
of experts in the present study may have different
knowledge, interests, and needs compared to the
one who compiles the educational resources. It is
essential in creating an educational booklet, and it
made it possible to design and compile a booklet
with scientific content that meets the needs.
Reberte and colleagues also believe that the
participation of readers in the first phase of
designing the booklet provides the possibility of
making a booklet that fits their needs, along with
simple words and understandable images, and
also causes people to actively participate in their
problems and solve their problems [25].

The results of the standardization process showed
a high level of agreement among the judges
(S-CVIAVE> 0.80). This means they considered the
content, organization, language, layout and design,
images, and persuasion suitable for the target
audience. Other studies on developing health
education manuals also showed similar results
about CVI [20, 26]. The standardization process
provides the target audience with sufficient, clear,
and understandable content [27]. The design of
new educational technologies in various health
fields shows that the use of CVI and the formal
assessment of judges and target audiences allows
the development of high-quality educational
materials [26, 28]. Therefore, in addition to
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evaluating the content indicated by the CVI
calculation, the suggestions and recommendations
of the judges and members of the target audience
were also applied.

One of the recommendations in the language
field was to explain scientific abbreviations in the
field of radiation protection. In this regard, it is
mentioned that the development of educational
materials requires that technical and scientific
information be presented with simple and
straightforward writing along with short and
objective messages to facilitate the reading and
understanding of the ideas sent to the audience
[29]. In line with the recommendations, some
images were removed, and more relevant and
creative images were included. Studies show that
using images and related visual resources helps to
understand complex concepts, facilitates the study
process, and makes printed educational materials
more attractive [29, 30].

The study of Mohsenitakalouet al. titled
Preparation and Adaptation of a educational
booklet to Improve the Occupation Performance
of the primary caregivers of People with multiple
sclerosis [20], Oliveira et al’s study under the title
preparation and Adaptation of an educational
booklet on the topic of healthy eating for
pregnant women [26], The study by Silva et al,,
titled the construction and psychometrics of the
preoperative manual and patient safety [19], as
well as the study by Ximenes et al,, titled the design
and psychometrics of the educational manual for
the prevention of falls in hospitals [18] are studies
that are titled design and construction educational
booklets that have been made in different health
fields and generally had a similar process to the
present research.

Based on the knowledge and searches carried
out by the researchers of the present study, a
study has yet to be conducted on the design and
psychometrics of training manuals for operating
room staff. However, in other health fields, studies
have been conducted on the effectiveness of
training manuals in improving people’s awareness
and health. For example, Bester et al’s study
investigating the effectiveness of educational
brochures as an activity that reduces the risk
of rare and important accidents and collateral
damage to healthcare workers shows that
distributing educational brochures can be an
effective strategy in reducing risk and awareness
of important accidents. [31]. Hanani et al,, in their
study to determine the effect of using the manual
of principles of laparoscopic surgery in improving
the awareness of operating room technology
students, found that using the educational manual
has improved students’ awareness in the core
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areas of laparoscopic surgery [32].

In a 2023 study by Housni on radiation protection
in the operating room and the need for training,
more than a third of participants were unaware
of the ionizing nature of X-rays. Also, they
acknowledged the lack of a comprehensive
guideline and references for radiation protection
in the operating room [13]. According to a study
conducted by Jaberiin 2021, educational and
management measures regarding radiation
protection protocols are necessary to increase
the clinical ability of nurses and operating room
surgeons exposed to radiation [33]. In a study
conducted by Khalilin 2021 to investigate
nurses> knowledge of radiation protection, it was
determined that operating room nurses need to
gain the necessary knowledge of radiation physics
and the principles of radiation use. Therefore,
they recommend training for all nurses who work
with or are exposed to radiation [34]. In a study
conducted in Turkey in 2015 by Tok to investigate
the attitude and knowledge of urology operating
room staff regarding ionizing radiation, it has
been determined that operating room staff who
are exposed to radiation need more knowledge
of ionizing radiation. Therefore, they need to take
the necessary protective measures, and only 2.8%
of employees who are not trained in the field of
radiation protection apply protective measures
[35].

The limitations of this research include non-
random sampling and demanding access to
anesthesia and operating room technologists
to determine the validity of the booklet. It is
suggested that directional studies be carried out to
check the effectiveness of this educational booklet
in the operating rooms of military hospitals all
over the country.

CONCLUSION

The current legalized booklet with short and
conceptual content on radiation protection
principles for operating rooms personnel can be
a valuable and practical tool in health education.
It will improve the knowledge and culture of
radiation safety in the operating room staff and, as
aresult, increase the safety of employees working
in these places.

Clinical & Practical Tips in POLICE
MEDICINE: This  revised booklet is a
comprehensive, simple, and practical resource for
improving operating room staff’s knowledge and
safety culture. The treatment staff of the military
and police in the operating rooms can use this
booklet as a comprehensive and, at the same time,
simple resource with understandable language

to promote awareness and protect themselves
against the potentially harmful effects of ionizing
radiation.
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