
Introduction
Given the increasing spread of new nuclear medicine 
methods in the diagnosis of various diseases, the informing 
methods for the protection of patients and personnel have 
been of special importance (1,2). The use of radioactive 
substances has been an important tool in the fields of 
research and diagnosis since about 50 years ago (3). These 
materials were initially used as the markers of metabolic 
pathways in physiological and pathological studies, while 
today they play an important additional role in imaging 
whose fields of use are included in the specific field of 
medical science (4). Protecting patients and radiation 
workers from unnecessary radiation and observing the 
rule of “Minimum Dose Consideration” will reduce the 
dose (leakage) to society and, as a result, will ensure the 
health of society and human generations. The ionization 
radiations are accompanied by definite and possible effects 
(1). The definite effects are a function of the dose delivered 
to the organs and regions of the body that are seen in 
radiation above the threshold dose, and with increasing 

the dose, these effects get more intense (2,3). On the other 
hand, possible effects of radiation may appear as cancer 
in patients or genetic disorders in the next generations 
(2). Moreover, the risk of possible effects increases with 
the increase in the absorption dose of the patient (3,4). 
By applying radiation protection for training patients and 
radiographers, it is possible to prevent the definite effects 
of radiation interruption and reduce its possible effects (4). 
Positron emission tomography (PET) is used to produce 
three-dimensional images of functional processes in the 
body to detect the extent of disease development and the 
progress of treatment (5). In nuclear medicine, a three-
dimensional image is obtained by attaching radioactive 
isotopes to the desired substance or organ and using the 
rays emitted from the tissue which is used in treatment 
methods. This is particularly relevant in PET, due to the 
penetrating 511 Kev γ-rays. Dose constraints should thus 
be set for planning the exposure of individuals. Staff body 
doses of 1-25 µSv/GBq are reported for PET imaging, with 
the largest component related to the injection (6). Radio-
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Abstract
Background: In every nuclear medicine center, there are places where people are exposed to 
more radiation than in other areas. To reduce the radiation exposure of employees and patients 
referring to these centers, it is necessary to observe special precautions to reduce the amount 
of dose received by different people, especially in the case of women of reproductive age. 
This study aimed to educate patients and companions to reduce the harmful effects of ionizing 
radiation.
Methods: In this study, a questionnaire was used as the measurement tool. It contained 
demographic information and questions related to the evaluation of the quality of education, the 
level of awareness of patients and their companions, and also their level of satisfaction with the 
educational facilities of the center. The sample size included 193 patients who had been referred 
to the Gamma Scan department of Farshchian hospital. The data collected were analyzed using 
SPSS 19 software. For validity and reliability, the obtained information was analyzed with the 
help of mean, frequency, and percentage for qualitative variables.
Results: The results of this study showed no significant correlation between knowledge level 
and gender (P = 0.178). However, there was a direct relationship between the two variables of 
knowledge and level of education which is statistically significant (P = 0.001).
Conclusion: Measurements and statistical studies showed that in the nuclear medicine department 
of Farshchian Heart Hospital in Hamedan, the level of awareness of patients regarding radiation 
protection is weak and needs to be improved.
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drugs are few, but most of the treatment methods are done 
using Tc99. Radio-drugs can be in liquid form such as 
Tc99 and 123I or in gaseous form such as 133Xe and 18 Kr 
(7). After the injection, the drug should be left in the body 
for an appropriate period of time, that is, it should not be 
left for a short period of time when the metabolic process 
of the drug is destroyed and the drug is excreted and not 
for a long time when the absorbed dose of the drug is 
increased. The time the drug stays in the body depends 
on its biological half-life and radiological half (6,7). For 
instance, a survey on ionizing radiation and radiation 
protection awareness among radiologic technologists at 
two medical facilities with different specialties and job 
descriptions illustrated the importance of identifying 
needed training items and providing effective training 
and education for both technologists and patients (7). As a 
result, radiographers play a vital role in the application of 
protective measures because they are directly responsible 
for conducting tests, should be aware of the guidelines 
for reducing the radiation dose caused by various tests, 
and should have a proper attitude and performance in 
this field so that they can minimize the risks caused by 
radiations (8,9). As the main purpose of this study was 
to assess patients’ and their companions’ awareness of 
the harmful effects of ionizing radiation, it is necessary 
and unavoidable to protect patients against radiation and 
comply with safety measures. 

Materials and Methods
This study was conducted using a questionnaire, following 
ethical principles in the nuclear medicine department 
of Farshchian Hospital in 2022. People from different 
age groups and education levels were evaluated. Among 
193 patients referred to the Gamma Scan department 
of Farshchian medical education center in a certain 
period of time, 118 people were randomly selected. The 
method designed by the research team was such that for 
all patients, there was a break between receiving the drug 
and performing the scan. The best part of the training was 
through slides and images that could be shown on TV. 
These slides were prepared by researchers to increase the 
awareness level of patients.

The measurement tool was a questionnaire containing 
demographic information (e.g., age, gender, and 
educational qualification), questions related to the 
evaluation of the quality of education for patients 
and companions, as well as their satisfaction with 
the department’s educational facilities (Table 1). The 
questionnaire information was generally divided into 
three groups: The initial part of the studies was before the 
scan based on background information, demographics, 
and education level. The second part was related to post-
scanning care, and the important group under study was 
the women who were investigated separately because this 
group is extremely important in terms of pregnancy and 
breastfeeding. Moreover, predetermined questions were 
examined through questions and face-to-face interviews 

with clients. The data were then collected in an Excel 
file. Collected data were analyzed using SPSS version 19 
software and the student’s t-test, and the results were 
presented using the mean, frequency, and percentage.

Results
As seen in Figure 1, the total number of clients is 193, 
of which 118 were randomly selected for this study. The 
number of female clients was about 22%, which was 
higher than that of males. According to Figure 1a, the 
education of most of the people referring to this center 
was diploma or less. As clear in Figure 1b, the majority 
of clients were informed of the protection methods using 
indirect methods such as brochures and posters, showing 
the necessity of using brochures and posters for education. 

Figure 2 presents the diagram of the statistical 
community of women in the reproductive and breast-
feeding ages. According to Figure 2a, only about 30% of 
the mothers were aware of the breastfeeding conditions 
after the scan. Additionally, according to Figure 2b, 
about 42% of women were aware of the conditions of 
pregnancy after the scan. These percentages suggest that 
this statistical population as an important and influential 
group should receive a correct and complete education. 
The accurate description of fertility and breast-feeding 
risks in certain time intervals after the scan can effectively 
reduce the risks such as genetic mutations and diseases 
caused by the possible and definite effects of radiation.

Figure 3 outlines the level of awareness-giving to 
patients. According to Figure 3a, the level of awareness 
of the clients regarding the educational facilities of the 
ward was very low, and about 91% of the clients had little 
information. Based on Figure 3b, the level of satisfaction 
with giving information to patients and companions by 
the staff was about 6%, clearly showing the necessity of 
retraining and upgrading the scientific and skill levels of 
the staff. According to Figure 3c, about 74% of patients 
had little information about the substance used in the 
scan and the duration of its presence in their body, that 
this, figure clearly reveals the necessity of informing 
patients to have a correct understanding of radioactive 
substances. According to Figure 3d, about 60% of the 
clients lacked sufficient information about the diet before 
and after the scan. According to the studies, the diet before 
the scan should be rich in protein and should contain 
small amounts of carbohydrates. They also must avoid 
consuming bloating vegetables such as cabbage, broccoli, 
and spinach. The hydration of the patient six hours before 
the scan can help the fast elimination of the radioactive 

Table 1. Demographic Information of Patients Referred to the Nuclear 
Medicine Center of Farshchian Hospital in Hamedan

Level of Education Gender

Masters and Ph. D Bachelor
Associate 
Degree

Diploma and 
Sub-diploma

Female Male

9 35 21 128 117 76

Total=193
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material by the kidneys (10-26). It should be noted that 
the above information has been effectively conveyed in the 
slides prepared by our research team.

Figure 4 shows the amount of care after the scan. 
According to Figure 4a, the awareness of people about 
the quarantine (isolation) and the lack of interaction 
with their surroundings was about 37%, which can 
expose other family members to radiation. In addition, 
Figure 4b, indicates that the perception of not using public 
transportation was considerably at a low level, and only 
about 36% had an acceptable level of awareness of this 
issue. An important point in using public transportation is 
that the clients receiving radioactive substances would use 
the public transportation system to return to their living 
place that was usually located far from the imaging center 
while other passengers and the drivers can be in danger 

of receiving radiation. According to the “As Low As 
Reasonably Achievable” (ALARA) principle, increasing 
the distance from the patient can effectively reduce the 
radiation exposure of others. It is recommended that a 
service be provided for the return of patients by allocating 
a specific budget. The driver should also apply protection 
or other protection methods such as keeping a distance 
from the case, and care should be taken not to be exposed 
to the risk of radiation. Moreover, Figure 4c illustrates that 
60% of subjects had little knowledge about how to dispose 
of radioactive material from their body. The radiation 
rate depends on the number of Mille Curie of the source, 
distance from the source, the linear attenuation coefficient 
of the material, the thickness of the protective material, 
and the radiation rate constant of the radio-nucleotides. 
Moreover, Figure 4d depicts that the majority of the 
patients lacked sufficient knowledge about returning to 
work after the scan, and according to the surveys, about 
76% of the patients had a low level of awareness of this issue 
and often considered returning to their jobs as necessary 
and unobstructed. Therefore, providing educational 
and informative brochures through secondary message 
system (SMS) and sometimes to low-educated people and 
informing by phone can play a significant role in reducing 
cumulative doses.

Figure 5 shows additional information before and 
after scanning. Figure 5a indicates the level of awareness 
of patients about the limitations of CT and magnetic 
resonance imaging (MRI) after receiving the radioactive 
substance. According to Figure 5a, it can be said that the 
level of awareness of patients in this field of examination 
is extremely low (about 3%). Figure 5b, illustrates the level 
of awareness of the patients on the presence of prosthetics, 
batteries, and heart stents in their bodies and the effect 
of nuclear scanning on these materials. According to 
this figure, about 96% had little knowledge in this field. 
Artificial limbs are called technical orthopedics limbs or 
prosthetics, which are used for treatment or beauty. In 
general, the presence of a prosthesis did not affect the 
result of the scan, nor was it destroyed by the nuclear 
scan. It should also be noted that prostheses, batteries, 
and cardiac stents have made extensive progress and have 

Figure 1. Demographic Information Related to Patients in the PET Scan Department. (a) Education level; (b) Receiving scan training method. Note. PET: Positron 
emission tomography

Figure 2. Women of Reproductive Age and Breastfeeding. (a): Level of 
Awareness of Breastfeeding a Child after Radiopharmaceutical Injection; 
(b): Level of Awareness of Pregnancy Conditions after Scanning

Figure1. Demographic information related to patients of the PET scan department. 
(a) Education of Level. (b) Methods of receiving scan training.
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Figure 3. Diagrams Related to How to Inform Patients. (a): Level of clients’ awareness of the department’s educational facilities regarding the necessary 
preparation for imaging and post-scanning care; (b): Level of satisfaction with the way personnel are trained for the steps before and after the scan; (c): Awareness 
of the substance used in the scan and the time it remains in the body; (d): Awareness of food restrictions before and after the scan

Figure 4. Post-scan Care. (a): Awareness of quarantine conditions and non-interaction with other people until the complete removal of radioactive materials; 
(b): Awareness of the restriction on using public transport after scanning; (c): Awareness of how to remove radioactive waste from the body; (d): Awareness of 
returning to work after scanning.

Figure 3. Diagrams related to how to inform patients. A: The level of awareness of the department's 
educational facilities about the necessary preparation for imaging and post-scanning care. B: The 
level of satisfaction with the way personnel are trained for the steps before and after the scan. A: 
The level of awareness of the substance used in the scan and how long it remains in their body. D: 
level of awareness about food restrictions before and after the scan 
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been adapted to industrial techniques since 1960.

Discussion
The results of this study showed that about 42% of 
women were aware of the conditions of pregnancy after 
the scan. These percentages indicate that this group, as an 
important and influential group, should receive correct 
and complete training. Accurately explaining the risks 
of fertility and breastfeeding in specific time intervals 
after scanning can effectively reduce risks such as genetic 
mutations and diseases caused by certain and possible 
effects of radiation. Furthermore, the level of knowledge 
of clients about educational facilities is extremely low, 
and 91% of clients had little information. This case clearly 
reflects the necessity of informing the patient about the 
correct understanding of the radioactive substance. In 
addition, 60% of people had little knowledge about how to 
dispose of radioactive material from their bodies. During 
the investigations carried out in this study, one of the 
concerns of the patients was the presence of prosthetics, 
batteries, and cardiac stents in their bodies and the effect 
of nuclear scanning on these materials; moreover, about 
90% of patients had little knowledge of this issue.

In 2011, a descriptive-analytical study was conducted by 
Chaparian et al (1) aiming at the assessment of the level 
of awareness, attitude, and performance of radiologists 
working in radiology departments of Yazd province. In 
this study, the measuring instrument was a questionnaire 
containing 38 questions, which was completed by 
112 radiologists working in radiology centers. This 
questionnaire contained demographic information and 
questions related to the level of attitude and performance 

of radiologists. It was analyzed using SPSS 19 software 
through non-parametric and Spear-man correlation 
coefficient tests. The findings indicated a significant and 
inverse relationship between the age and work experience 
of radiation workers and their level of awareness. In 
addition, there was a statistically significant difference in 
their level of knowledge according to their educational 
qualifications (degrees). The results of this study revealed 
that with the increase in the age and work experience and 
also the decrease in the degree of radiographers, their 
level of knowledge in this research topic has decreased. To 
solve this problem, it is better to hold retraining courses 
containing new protection instructions. Compared 
with the research conducted on 170 patients, the level 
of awareness of the patients was evaluated by the 
research method, similarly with the help of demographic 
information and the use of SPSS 19 software. Likewise, 
there was a significant relationship between the level of 
education of patients and radiographers. Considering the 
low satisfaction of the patients with the training of the 
personnel, similarly, there is a need for retraining courses 
for the personnel of Farchian Heart Center.

In the study conducted by Nordous (11), a pet scan 
was briefly explained, and the possible risks for pregnant 
women and young children were investigated. It was 
reported that pregnant women and women who breastfeed 
their infants should consider the pet scan as a risk for 
their infants, every woman should inform her doctor of 
her pregnancy before performing the scan, and the people 
who have had a pet scan should avoid pregnant women, 
infants, and young children in the early hours after doing 
a pet scan and keep a distance. Similarly, in the conducted 
study, women of reproductive age and breastfeeding did 
not have enough information about the required care after 
receiving the radioactive substance. Moreover, according 
to the investigation, the patient’s presence in public 
centers is limited until about 24 hours after receiving the 
radioactive substance because the patient may expose 
children and pregnant women to serious risk. As found 
in this study, patients did not have enough information 
about this protective method.

Regarding the limitations of computed tomography 
(CT) and magnetic resonance imaging (MRI), two issues 
need to be considered: First, the patient performs a nuclear 
scan and then returns for CT and MRI. In this case, 
there is no problem in terms of imaging, but the patient 
attending these centers may be involved or have contact 
with pregnant women or children under 5 years of age, so 
it is better to postpone this imaging until 24 hours later 
when the radioactive substance is completely eliminated 
from the body. Second, if the patient has a CT scan with 
oral contrast 24-48 hours before the nuclear scan, 48 hours 
must pass after the CT scan, but there are no restrictions 
for MRI. Moreover, some patients referred to the nuclear 
scan department in the following days can also have blood 
and urine tests. From a medical point of view, this scan 
does not affect other tests, but it is better to postpone other 

Figure 5. Additional Information after and before Scanning. (a): Awareness 
of the Limitations of MRI, CT Scan, and Checkup Immediately after 
Receiving the Radiopharmaceuticals; (b): The level of awareness about the 
presence of cardiac battery prosthesis and stent in the body on the imaging 
process. 
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tests for some time later because the radioactive material 
is still present in the body (blood and urine). Performing 
such tests should be postponed until after the scan. Over 
time, it will be removed from the body completely, and 
the people present in the laboratory, especially pregnant 
women, children under 5 years old, and laboratory 
personnel will not be at risk of radiation exposure.

The correlation between the two variables of knowledge 
and gender was investigated. The rate of correlation was 
0.138, indicating a weak correlation between these two 
variables. In addition, there was a direct relationship 
between the two variables of awareness and education 
level with moderate intensity (0.597). This relationship 
is statistically significant (P = 0.001), so according to the 
results, the higher the level of education, the higher the 
level of knowledge. Based on the obtained results, the 
correlation rate between these two variables was moderate 
(0.474). Furthermore, the statistical analyses indicated 
a negative relationship between the two variables of 
knowledge and education level with a moderate intensity 
(-0.495), which is statistically significant (P = 0.001). 
Therefore, according to the results, the higher the age of 
people, the lower the level of knowledge.

Conclusion
According to the studies and the obtained figures, the 
patients who were referred to the Nuclear Medicine 
Department of Farshchian Educational and Therapeutic 
Hospital of Hamedan province did not have enough 
knowledge about the protective methods before and 
after the scan. To increase the level of the awareness of 
the clients we need to improve the level of awareness of 
the personnel in a useful and scientific way by holding 
retraining courses taught by university faculty members. 
New educational methods, including the use of educational 
slides that can be displayed for patients given the limited 
information obtained, are of great importance. Therefore, 
by taking advantage of the department’s own facilities 
and improving the scientific level of the personnel, it is 
possible to improve the radiation protection of patients. 
Increasing the awareness of patients can lead to the 
reduction of the cumulative dose (leakage) of people in 
society because these people are constantly in contact 
with family members, and in many cases, they affect other 
members of society through using public transportation.
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