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Introduction: The medical use of ionizing radiation contributes the largest amount of man‑made radiation 
exposure and ranks second to natural background radiation. Adhering to the standard radiation protection 
measures minimizes radiation dose to patients, staff, and other public members.
Aim: This study aimed to evaluate radiation protection measures in radiological facilities in the Kano 
metropolis, Nigeria.
Materials and Methods: This was a cross‑sectional study conducted in the Kano metropolis, Nigeria, 
between February 2021 and May 2021. A structured questionnaire was formulated. The measuring tool 
was validated by expert and experienced colleagues. The reliability of the measuring tool was tested using 
a pilot study, and Cronbach’s alpha reliability coefficient was found to be 0.815. A total of 101 respondents 
were recruited. These were the radiographers working in the functional radiological facilities. The obtained 
data were analyzed using SPSS software version 23.0, and P <0.05 was considered statistically significant.
Results: X‑ray room design was sufficient in the majority of radiological facilities 67 (66.7%). Insufficient 
availability of personnel protective devices in 47 (46.9%) respondents was observed.  The majority, 24 (23.9%) 
of the respondents, indicated poor utilization of personnel protective devices. There was insufficient 
registration and records of radiation safety measures 26 (26.0%). Only 48 (47.5%) respondents indicated the 
availability of a QA committee in their facility. Fifty‑two (51.5%) of the respondents reported that they have 
medical physicists/engineers available to provide support within their department, while only 25 (25.7%) had 
radiation safety officers in their facilities. There was a weak negative correlation between lead aprons and lead 
rubber gloves with the level of staff training, respectively (r = −0.254, P = 0.010; r = −0.214, P = 0.031).
Conclusion: There was sufficient X‑ray room design in the Kano metropolis. An insufficient availability of 
personal protective devices, poor utilization, registration, and records of radiation safety measures was 
observed. There were inadequate QA committee and QC test in the majority of the radiological facilities. 
A weak negative correlation was observed between the use of lead aprons and lead rubber gloves with 
the level of staff training.
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INTRODUCTION

The medical use of  ionizing radiation contributes the 
largest amount (>95%) of  man‑made radiation exposure 
and ranks second to natural background radiation.[1,2] 
Studies showed that about 3.6 billion imaging studies per 
year were carried out worldwide, leading to an increase of  
about 70% worldwide collective dose for medical diagnostic 
examinations.[3] A study has shown that about 21% and 10% 
of  the total somatic and genetic effects of  ionizing radiation 
came from medical exposure, with diagnostic radiology 
being the most important contributor.[4] Exposure to 
ionizing radiation has been scientifically proven to cause 
damage to human tissues, like skin burns, skin erythema, 
epilation, cataracts, sterility, and radiation sickness at high 
exposure. It also raises the risk of  cancers, tumors, and 
genetic damage at low exposure.[5]

Radiation protection measures can be described as all 
the activities directed toward minimizing unnecessary 
exposure of  ionizing radiation to patients, personnel, 
other members of  the public, and the environment during 
radiological examinations.[6] As a result of  the deleterious 
effects associated with the use of  ionizing radiation, it is 
important the standard radiation protection principles 
of  justification of  practice, optimization, and dose limit 
are implemented appropriately.[7] Structurally, the X‑ray 
room is designed such that all the occupied regions such 
as walls, doorways, doorframe, ground, ceiling, window 
frames, protective viewing glass, and radiographer’s cubicle 
should be well shielded. Furthermore, the emergency 
switch should be easily located and radiation warning 
signs and alarms should be put in place and properly 
working.[8] The diagnostic X‑ray rooms should be well 
equipped with personnel protective devices such as 
lead aprons, thyroid shields, gonad shields, lead gloves, 
and protective goggles.[9,10] The utilization of  personnel 
protective devices by radiographers is critical; therefore, it is 
necessary to make use of  it effectively and efficiently. Every 
radiographer should have a thermoluminescent dosimeter 
barge while working.[11] Written guidelines for an emergency 
should be put in place. The records of  any notifiable 
accident should be documented, survey meter readings 
and personnel monitoring should also be documented.[8,11] 
All radiological facilities should have effective and efficient 
quality assurance in place.[9]

A study was conducted by El‑Feky et  al.[11] in Tanta 
University Hospital Egypt had shown that 54.4% and 50% 
had insufficient radiation safety measures in diagnostic 
radiology units and radiotherapy units, respectively. 
However, sufficient measures were observed in all nuclear 

medicine units. A prospective study conducted by Joseph 
et al.[8] in Nigeria reported radiation protection measures 
employed by the single hospital studied were good and 
complied with the international standard. However, the 
study was carried out in a single tertiary hospital and with 
only 11 sample sizes in the north‑central region of  Nigeria. 
However, the previous study focused mainly on X‑ray 
room design, which was a subset of  radiation protection 
measures and also a smaller sample size was used. This 
prompted the researchers to include all the components 
of  radiation protection measures and use a larger sample 
size. In standard practice, all radio‑diagnostic facilities must 
adhere to standard radiation protection measures. Kano 
state has more than fifteen functional radiological facilities. 
Despite the large number, to the best of  our knowledge 
of  the researchers, there are no published articles on 
radiation protection measures of  radiological facilities in 
the northwestern part of  | Nigeria. Empirical study has 
shown that the majority of  the radiological facilities in 
the study area do not have standard radiation protection 
measures, which could lead to serious health hazards to the 
staff, patients, and public. The findings of  the study could 
serve as a baseline for making recommendations to the 
relevant authorities and serve as a guide to radiographers 
and management in making proper implementation of  
radiation protection measures. The study aimed to evaluate 
radiation protection measures of  radiological facilities in 
the Kano metropolis, Nigeria.

MATERIALS AND METHODS

This was a cross‑sectional study conducted in Kano 
metropolis, Nigeria, from February 2021 to May 2021. 
The human research and ethics committee of  the Kano 
State Ministry of  Health has approved this study. All 
the radiographers in the Kano metropolis working 
in hospitals with functional X‑ray equipment were 
included. Radiographers working with facilities that use 
only ultrasound, magnetic resonance imaging  (MRI), or 
ultrasound and MRI were excluded. After an intensive 
literature review, a structured questionnaire was formulated. 
The measuring tool was validated by expert and experienced 
colleagues. The reliability of  the measuring tool was 
tested using a pilot study and Cronbach’s alpha reliability 
coefficient was found to be 0.815.

The questionnaire has five sections: Section A: demographic 
information, Section B: design of  diagnostic X‑ray rooms, 
Section C: availability and utilization of  personnel protective 
devices, Section D: register and records of  safety measures, 
and Section E: quality assurance and quality control. 
A consent form was attached to each questionnaire to obtain 
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the consent of  the respondents. One hundred and ten 
questionnaires were distributed to the radiographers working 
in all the hospitals and radio‑diagnostic centers within the 
Kano metropolis. During the 1st week of  data collection, 
data were collected from the respondents working in Federal 
Government Hospitals (FGHs), the 2nd week from those 
working in State Government Hospitals (SGHs), and the 
3rd week from those working with private radio diagnostic 
centers (PRDCs). Both descriptive and inferential statistics 
were employed in the data analysis. Spearman’s correlation 
was used to correlate the conduct with the staff  training. 
The obtained data were analyzed using SPSS software 
version 23.0 (IBM Corporation, Armonk, United States).

RESULTS

One hundred and one questionnaires were returned, 61 
(60%) were from men and 40 (40%) were from women. 
Ages of  the respondents are illustrated in Figure 1. Age 
group 25–29 had the highest frequency, 47 (46.5%), while 
45–49  years had the lowest frequency 1  (1.0%). The 
majority, 81  (80%) of  the respondents had a Bachelor’s 
degree in Radiography, 11 (11%) had a Diploma, and 9 (9%) 
had a Master’s Degree.

Fifty‑eight respondents  (57%) work in FGH, 29  (29%) 
within SGH, and 14 (14%) within PRDC. Most (47 [47%]) 
respondents had between 0 and 4 years of  work experience, 
while only one (1%) had ≥20 years [Figure 2].

Table 1 describes the responses on the design features of  
the diagnostic X‑ray room. Most respondents indicated 
that there is an appropriate X‑ray room design in all the 
hospitals and radio‑diagnostic centers.

Table  2 shows the responses of  the respondents on 
the availability of  personnel protective devices. Most 
respondents indicated poor availability of  personnel 
protective devices.

Table  3 shows the responses for the respondents on 
the utilization of  personnel protective devices. Most 
respondents indicated poor utilization of  personnel 
protective devices.

Table  4 shows the responses of  the respondents on 
training and recording of  radiation protection safety. Most 
respondents indicated that there was poor registration and 
recording of  radiation protection practices.

Table 5 highlights the responses of  the respondents on 
quality assurance and quality control processes. Most 
respondents indicated that there is poor availability of  
quality assurance and poor implementation of  quality 
control.

Table  6 shows the correlation of  radiation protection 
measures with staff  training. There was a weak negative 
correlation between lead aprons and lead rubber gloves 
with the level of  staff  training respectively (r = −0.254, 
P = 0.010; r = −0.214, P = 0.031).

DISCUSSION

A total of  101 respondents participated in the study, with 
male respondents having the higher percentage. This was 
similar to the findings of  a study conducted by Sharma 
et  al.[6] that reported a higher proportion of  33  (66%) 
males and 17  (34%) females. Findings from our study, 
as shown in Figure 1, were similar to the findings of  the 
study conducted by El‑Feky et al.[11] who reported that the 
majority of  the respondents were between the age range 
of  20 and 29 years. Figure 2 shows that the majority of  the 
respondents had a Bachelor’s degree in radiography and 
respondents work in an FGH.

The findings of  this study, as shown in Table 1, revealed 
that most radiation safety measures and protection in 
diagnostic X‑ray rooms strictly adhered to IAEA standards 
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and guidelines. However, PRDCs have more radiation safety 
measures, followed by FGHs and then SGHs, as shown 
in Table 1. This is contrary to the findings of  the studies 
conducted by El‑Feky et al.,[11] Eze et al.,[12] Mohamed,[13] and 
Eze et al.,[9] who reported inadequate radiation protection 

safety measures in most of  the X‑ray facilities. Furthermore, 
this study found poorly functioning audible warning devices 
and alarms in the majority of  FGHs and SGHs; however, 
adequate equipment was reported in the PRDCs [Table 1]. 
This is in line with what was reported by El‑Feky et al.,[11] 

Table 1: Design of diagnostic X‑ray rooms
Questions Compliance, frequency (%)

FGH SGH PRDC

Does the X‑ray room area in your institution is at least 24 m2? 43 (74.1) 24 (82.8) 11 (78.6)
Do the windows inside the X‑ray room is at least 1.6 m from the floor level? 47 (81.0) 23 (79.3) 11 (78.3)
Do the walls, doorframe, ground, ceiling, and window frame of the X‑ray room shielded at it should be? 51 (87.9) 26 (89.7) 13 (92.9)
Do the protective viewing glass and radiographer’s cubicle well shielded at it should be? 51 (87.9) 21 (72.4) 13 (92.9)
Does the emergency switch easily locate? 37 (63.8) 17 (58.6) 9 (64.3)
Does the radiation warning/caution sign put in place and written in the local language? 49 (84.5) 17 (58.6) 11 (78.6)
Are automatically energized audible warning devices and alarms present and properly working? 17 (29.3) 7 (24.1) 11 (78.6)
Does a copy of the ionizing radiation standard been posted and easily located by the workers? 23 (39.7) 6 (20.7) 8 (57.1)
Is the main beam of X‑ray normally directed away from the doors, the control? 43 (74.1) 17 (58.6) 14 (100)
Is the darkroom centrally placed within the department? 31 (53.4) 18 (62.1) 6 (42.9)

FGH – Federal Government hospital, SGH – State Government hospital, PRDC – Private radio‑diagnostic center

Table 2: Availability of personnel protective devices
Questions Compliance, frequency (%)

FGH SGH PRDC

Do you have a lead apron in your institution? 53 (91.4) 18 (16.2) 14 (100)
Do you have lead rubber gloves in your institution? 14 (24.1) 5 (17.2) 6 (42.9)
Do you have thyroid and gonadal shields in your institution? 14 (24.1) 4 (13.8) 8 (57.1)
Do you have protective goggles in your institution? 12 (20.7) 5 (17.2) 7 (50.0)
Do you have a personnel protective dosimeter? 49 (84.5) 19 (65.5) 9 (64.3)

FGH – Federal Government hospital, SGH – State government hospital, PRDC – Private radio‑diagnostic center

Table 3: Utilization of personnel protective devices
Questions Compliance, frequency (%)

FGN SGH PRDC

Do you use lead apron when justified and appropriate? 31 (53.4) 11 (37.9) 7 (50.0)
Do you use lead rubber gloves when justified and appropriate? 10 (17.2) 3 (10.3) 5 (35.7)
Do you use thyroid and gonadal shield when justified and appropriate? 11 (19.0) 2 (6.9) 6 (42.9)
Do you use protective goggles when justified and appropriate? 14 (24.1) 5 (17.2) 2 (14.3)
Do you use dosimeter when justified and appropriate? 5 (8.6) 4 (13.8) 5 (35.7)

FGH – Federal Government hospital, SGH – State Government hospital, PRDC – Private radio‑diagnostic center

Table 5: Quality assurance and quality control
Questions Compliance, frequency (%)

FGH SGH PRDC

Do you have quality assurance in your institution? 31 (53.4) 8 (27.6) 9 (64.3)
Do you have a medical physicist/medical engineer in your institution? 34 (58.6) 9 (31.0) 9 (64.3)
Do you have a radiation safety officer in your institution? 18 (31.0) 2 (6.9) 6 (42.9)

FGH – Federal Government hospital, SGH – State Government hospital, PRDC – Private radio‑diagnostic center

Table 4: Registers and records of safety measures
Questions Compliance, frequency (%)

FGH SGH PRDC

Do you have written a guideline for an emergency? 15 (25.9) 9 (31.0) 7 (50.0)
Do you have a record of any notifiable accidents? 11 (19.0) 2 (6.9) 3 (21.4)
Do you keep the records of survey meter readings? 14 (24.1) 5 (17.2) 5 (35.7)
Do you have a record of your personnel monitoring record? 12 (20.7) 5 (17.2) 5 (35.7)
Have you undergone a medical examination on your initial appointment? 33 (56.9) 10 (34.5) 10 (71.4)
Have you ever undergone medical examination when exposure levels 
indicated by the personnel monitoring device is sufficiently high?

10 (17.2) 3 (10.3) 3 (21.4)

Have you undergone additional training courses on radiation protection? 14 (24.1) 6 (20.7) 2 (14.3)

FGH – Federal Government hospital, SGH – State Government hospital, PRDC – Private radio‑diagnostic center
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El‑Hady et  al.,[14] Mohamed,[13] Tamijidi,[15] and Rahimi 
et al.,[16] who also indicated that most X‑ray facilities did 
not have functioning audible warning devices and alarms. 
However, this is contrary to the studies conducted by 
Farzaneh et al.,[17] and Rostamzadeh et al.[18] who reported 
that this was not a problem in their study centers. Radiation 
devices and alarms remain a key component of  radiation 
protection measures as they indicate when the X‑ray room 
is active; therefore, their lack may contribute to unnecessary 
exposure to the staff  and those visiting the department. 
Furthermore, this study revealed that a copy of  the ionizing 
radiation safety standards was not posted in the majority of  
FGHs and SGHs; however, it was present in the majority 
of  PRDCs, as shown in Table 1. This was similar to studies 
conducted by El‑Feky et al.[11] and Mohamed[13] who also 
reported that ionizing radiation standards were not always 
available. However, this is contrary to what was reported 
by Abdellah et al.[19] who found that a copy of  the ionizing 
radiation safety standard was posted and easily understood 
in most studied hospitals. The IAEA recommends that 
each radiological facility should have a copy of  the ionizing 
radiation safety standards clearly visible and accessible.

This study showed that lead rubber aprons were present 
in the majority of  the X‑ray room, as indicated in Table 2. 
The PRDCs had greater availability of  lead rubber aprons, 
followed by FGHs and then SGHs. This is in line with the 
studies conducted by El‑Feky et al.[11] and Salama et al.[20] 
who found that most hospitals had access to lead rubber 
aprons. However, this is contrary to the findings of  the 
studies conducted by Eze et al.[12] and Bhatt et al.[21] who 
reported poor availability of  lead aprons. Furthermore, the 
findings of  this study, as shown in Table 2, revealed that 
there was poor availability of  lead rubber gloves, thyroid 
and gonadal shields, and protective goggles in the majority 
of  FGHs and SGHs. However, PRDCs indicated sufficient 
availability of  thyroid, gonadal shields, and protective 
goggles. This was supported by the study conducted by 
El‑Feky et al.[11] who also reported insufficient availability of  
lead rubber gloves, thyroid/gonadal shields, and protective 

goggles. The use of  protective goggles, thyroid, and gonad 
shields reduces the radiation dose to the eyes, thyroid, and 
gonads by 70%–98% based on various studies.[22] This study 
found that the majority of  the respondents had personal 
dosimeters, as shown in Table 2. However, the FGHs had 
greater availability of  personnel dosimeters, followed by 
SGHs, and then PRDCs. These findings were in line with 
the study conducted by Eze et  al.,[12] who reported that 
62% of  the private and only 20% of  the public X‑ray units 
provided personal dosimeters. On the contrary, there was 
poor availability of  personal dosimeters in the majority of  
the health‑care facilities reported in the previous studies 
conducted by Bhatt et al.[21] and Mohamed.[13]

Our study, as shown in Table 3, revealed poor utilization 
of  all personal protective devices in the majority of  the 
hospitals. However, respondents in the FGHs and PRDCs 
used lead rubber aprons only, as shown in Table 3. This is 
in agreement with the study conducted by El‑Feky et al.,[11] 
who reported that only 48  (37.9%) used lead rubber 
aprons. This disagrees with the studies conducted by 
Salama et al.,[20] Ahmed et al.,[23] Rahman et al.,[24] and Luntsi 
et al.,[25] who reported that the majority of  radiation health 
workers wear lead rubber aprons. Furthermore, this study 
showed insufficient use of  lead rubber gloves, thyroid/
gonadal shields, and protective goggles during radiographic 
examination by the majority of  the respondents. This 
was similar to the study conducted by Salama et al.[20] who 
found that only 37% used lead glasses and 42% used 
thyroid shields. Furthermore, El‑Feky et al.[11] reported that 
only 41 (33.9%) used thyroid shields and 33 (27.3%) used 
protective goggles, while none of  the participants used 
lead rubber gloves and gonadal shields. Another study 
conducted by Ahmed et al.[23] revealed that only 22.7% used 
lead gloves, 25% used gonadal shield and 36% used the 
gonadal shield. Insufficient utilization of  these protective 
devices might be a result of  poor availability of  the 
devices or the attitudes’ of  the respondents. Furthermore, 
the current study found that very few respondents used 
personnel dosimeters during working hours. This is in 
accordance with the study conducted by El‑Feky et al.[11] 
reported that a small proportion of  the participants used 
personal dosimeters during working hours. The use of  
personal dosimeters during working hours is mandatory. 
The poor utilization of  personal dosimeters may be a result 
of  insufficient availability or due to the attitudes’ of  the 
respondents.

The findings of  the present study, as shown in Table 4, 
showed poor documentation of  training and records. 
Table 4 indicates insufficient written guidelines plan for 
emergencies in most FGHs and SGHs. However, it was 

Table 6: Correlation of radiation protection measures with 
staff training
Radiation protection practices Correlates

r ρ
Do you use lead apron when justified and appropriate? −0.254* 0.010
Do you use lead rubber gloves when justified and 
appropriate?

−0.214* 0.031

Do you use thyroid and gonadal shield when justified 
and appropriate?

−0.179 0.074

Do you use protective goggles when justified and 
appropriate?

−0.080 0.426

Do you use dosimeter when justified and appropriate? −0.108 0.284

r – Correlation coefficient, ρ – Statistical significance
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sufficient in most PRDCs. This was in accordance with 
the study conducted by El‑Feky et al.[11] who found poorly 
written guidelines plan for emergencies. The current study 
revealed poor records of  notifiable accidents in most 
facilities. On the contrary, El‑Feky et al.[11] indicated available 
records of  notifiable accidents. Furthermore, the current 
study illustrated that there were poor records of  survey 
meter readings, personnel monitoring, and training records 
in most facilities [Table 4]. However, medical exam records 
on initial appointments were adequate among respondents 
working with FGH and radio‑diagnostic centers. This 
agreed with the findings of  the studies conducted by Eze 
et al.,[12] and El‑Feky et al.[11] that reported very poor records 
keeping in most of  the facilitates. However, this is contrary 
to the findings of  the study conducted by Mohamed,[13] 
who noticed better records for recording personal and 
environmental monitoring by the hospitals.

The findings of  this study, as shown in Table 5, indicated 
poor availability of  quality assurance committees in the 
majority of  the SGHs. However, it was sufficient in FGHs 
and PRDCs [Table 5]. This agreed with the findings of  the 
previous study conducted by Sidi et al.,[26] who found a lack 
of  quality assurance programs for radiological equipment 
in most centers. The possible reason for the agreement 
between the two studies might be both studies were 
conducted in the same state. The lack of  QA programs 
may be a result of  a poor attitude toward preventive 
maintenance culture. The current study [Table 5] revealed 
that FGHs and PRDCs had medical physicists/medical 
engineers in their facilities. However, it was insufficient 
in the SGHs. Medical physicists or medical engineers are 
the ones responsible for taking corrective maintenance of  
radiological equipment while preventive maintenance is 

within the limit of  radiographers. Furthermore, as shown 
in Table 5, poor availability of  radiation safety officers was 
experienced in the majority of  radiology departments with 
SGHs being the least. This is similar to the study conducted 
by Sidi et  al.,[26] which found that none of  the facilities 
surveyed has a radiation safety officer. Ideally, a quality 
assurance program should be led by a radiation safety 
officer or quality assurance program officer. The findings 
of  the present study, as shown in Figure 3, indicated that 
the majority of  the respondents chose the beam alignment 
test, darkroom lighting efficiency test, and tube warm‑up 
and air calibration only as quality control tests, followed 
by tube warm‑up and air calibration only. Sidi et  al.[26] 
reported that 13 (68%) of  the respondents indicated that, 
beam alignment and collimation test, darkroom lightening 
efficiency test, and film screen contact were the only 
quality‑control tests being conducted on their equipment. 
The findings of  the current study, as shown in Table 6, 
showed a weak negative correlation between lead aprons 
and lead rubber gloves with the level of  staff  training. 
None of  the previous studies correlate radiation protection 
practice with the level of  staff  training.

CONCLUSION

Most radiological facilities  (FGHs, SGHs and PRDCs) 
within the Kano metropolis had sufficient diagnostic 
X‑room design. However, insufficient personal protective 
devices and poor utilization of  these personal protective 
devices, insufficient training and records, and poor‑quality 
assurance programs were observed. A  weak negative 
correlation was observed between lead aprons and lead 
rubber gloves with the level of  staff  training.
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Figure 3: Illustrates the routine quality assurance tests undertaken within the different study centers. FGH – Federal government hospital, 
SGH – State government hospital, PRDC – Private radio‑diagnostic center
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