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1. Introduction

Ionizing radiation in the form of X-rays and γ-rays

are short-wave electromagnetic rays that are widely 

used in the health sector. The low-energy photons in 

X-rays and the high-energy photons in γ-rays can alter 

the normal structure of living cells either directly or 

indirectly. The direct mechanism involves the 

disruption of the atomic structure to generate ionized 

compounds and free electrons. The indirect 

mechanism involves the radiolysis of water and the 

formation of free radicals.1-3 

X-rays can scatter and absorb certain materials. X-

rays can discolor film emulsions after chemical 

processing. X-rays have fluorescence, which causes 

certain materials such as calcium fungstat or 

zinculphite to glow (luminescence). X-rays have a   

 

 

 

 

 

 

 

 

 

biological effect. When exposed to the body will cause 

biological changes in the tissue. This biological effect 

can be used in radiotherapy treatment, but if the dose 

of X-rays is too large, it will have a negative effect on 

the body.3,4 

The effect of radiation on human organs depends 

on the number of doses and the area of the radiation 

field received.5 Biological effects that often occur when 

the body receives too much radiation are skin damage, 

hematopoietic disorders, malignancy, gene mutations, 

and chromosomal changes. One example of a 

radiological examination that utilizes the lowest 

possible radiation but does not ignore the effects of 

radiation caused is a panoramic dental examination.6,7 

This examination consists of intraoral and extraoral, 

which is useful for diagnosing abnormalities suffered 

by dental patients. The intraoral technique is an 

irradiation technique carried out on certain parts of 
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A B S T R A C T 

Introduction: The radiation safety protocol is an effort made to create 
conditions so that the dose of ionizing radiation that affects humans and the 
environment does not exceed the specified limit value. This study aimed to 
measure exposure to X-ray radiation on panoramic X-rays at ATRO 

Muhammadiyah Makassar. Methods: This research was conducted at the 
radiology department of ATRO Muhammadiyah Makassar in December 2022. 
The tools and materials that will be used in this research are dental X-ray 
planes, survey meters, and perspex phantom, with a thickness of 10 mm, as a 
substitute for organs in humans. Measurement of the radiation dose exposure 
in dental X-ray examinations was carried out using an exposure factor of 70 kV, 
8 mA at a distance of 1 meter, 2 meters, 3 meters, and 4 meters from various 
directions, namely front, left side, right side, and back with time. Different 
exposure on each object. Results: The highest dose intensity value was found 
at 0.25 seconds with a distance of 1 meter in the forward direction with a dosing 
accuracy of 138.4 (µSv/h). The lowest point is at 0.17 seconds with a distance 
of 3 meters behind with a dosing accuracy of 0.89 (µSv/h) for an officer who is 

in the radiation field during irradiation. Conclusion: The safe distance for a 
radiation officer and the general public who must be in the radiation field to 
assist patients during an examination is 4 meters from the radiation source. 
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the teeth, whereas the extraoral technique is an 

irradiation technique by taking photos of both the 

upper and lower jaw as a whole. The X-ray apparatus 

used is a dental radiography apparatus that produces 

a low radiation dose to obtain the desired dental organ 

image.8     

 Radiation used for any purpose, no matter how 

small, has the potential to be harmful to humans, so 

radiation safety provisions are necessarily noticed. The 

radiation safety protocol is an effort made to create 

conditions so that the dose of ionizing radiation that 

affects humans and the environment does not exceed 

the specified limit value.9 Previous research stated 

that the highest exposure to X-rays was in the top of 

the tube at 0.153 mR/hour, while the highest 

exposure in the X-ray aircraft room was in the 

computed radiography (CR) operator's room at 0.031 

mR/hour.10 This study aimed to measure panoramic 

X-ray radiation exposure at ATRO Muhammadiyah 

Makassar. 

 

2. Methods 

This research was conducted at the radiology 

department of ATRO Muhammadiyah Makassar in 

December 2022. The tools and materials that will be 

used in this research are dental X-ray aircraft 

(specifications for brand MyRay, type RXAC, tube 

voltage 70 kV, tube current 8 mA, focus 0.8 x0.8 mm, 

exposure value 0.09-1.61 seconds), survey meter 

(Specifications for the brand Thermo, model FH 40 G-

L, serial number: 42540/0401), and perspex phantom 

with a thickness of 10 mm as a substitute for organs 

in humans. 

Measurement of the radiation dose exposure in 

dental X-ray examinations was carried out using an 

exposure factor of 70 kV, 8 mA at a distance of 1 meter, 

2 meters, 3 meters, and 4 meters from various 

directions, namely front, left side, right side and back 

with time. Different exposure on each object. 

Measurements were made 5 times from different 

distances and directions using Phantom Perspex. The 

results of measuring radiation dose exposure were 

measured using a survey meter. Research data are 

presented in tables and narratives. 

 

3. Results and Discussion 

In dental X-ray examination, there are several 

influencing factors, namely voltage (kV), current (mA), 

and exposure time (s). In examining panoramic photos 

using X-rays, the voltage and current cannot be 

adjusted as can be done with other radiographic 

equipment. In dental X-rays, the factors that play an 

important role in determining the radiation dose 

exposure are exposure time, distance to the X-ray 

radiation, and direction.11-13 

At the first inspection, given an exposure time of 

0.13 seconds with the same distance and time and the 

same direction different carried out 5 (five) times 

irradiation obtained variations in exposure to different 

radiation doses (Table 1). At a distance of 1 meter, an 

exposure of 45.3-84.94 (μSv/h) is obtained, while at a 

distance of 2 meters, an exposure of 11.4-29.51 

(μSv/h) is obtained, while at a distance of 3 meters, no 

radiation dose exposure is found. 

 

Table 1. Results of measurements of dental X-ray radiation exposure at 0.13 seconds. 

Time (seconds) 
Distance 

(meters) 
Direction Exposure (μSv/h) 

0,13 

1 

Front 84.94 

Left side 75.4 

Right side 61.84 

Back 45.3 

2 

Front 29.51 

Left side 18.06 

Right side 12.3 

Back 11.4 

3 

 

Front 0 

Left side 0 

Right side 0 

Back 0 

In the second examination, an exposure time of 

0.17 seconds was given with the same distance and 

time and in different directions. These were carried out 

5 (five) times with variations in exposure to different 
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radiation doses (Table 2). At a distance of 1 meter, the 

exposure is 61.3-102.11 (μSv/h). At a distance of 2 

meters, the exposure is 14.3 (μSv/h) to 31.27 (μSv/h) 

at a distance of 3 meters. The exposure is 0, 89 (μSv/h) 

to 1.56 (μSv/h), while at a distance of 4 meters, no 

radiation dose exposure was found. 

 

Table 2. Results of measurements of dental X-ray radiation exposure at 0.17 seconds. 

Time (seconds) 
Distance 

(meters) 
Direction Exposure (μSv/h) 

0,17 

1 

Front 102.11 

Left side 80.9 

Right side 72.3 

Back 61.3 

2 

Front 31.2 

Left side 21.17 

Right side 19.2 

Back 14.3 

3 

Front 1.56 

Left side 1.49 

Right side 1.32 

Back 0.89 

4 

Front 0 

Left side 0 

Right side 0 

Back 0 

 

In the third examination, an exposure time of 0.21 

seconds was given with the same distance and time 

and in different directions, carried out 5 times (Table 

3). At a distance of 1 meter, the exposure is 74.3-

114.14 (μSv/h). At a distance of 2 meters, the 

exposure is 15.4-51.5 (μSv/h). At a distance of 3 

meters, the exposure is 1.03-1.90 (μSv/h). While at a 

distance of 4 meters, there is no longer any exposure 

to radiation doses. 

 

 
Table 3. Results of measurements of dental X-ray radiation exposure at 0.21 seconds. 

 

Time (seconds) 
Distance 

(meters) 
Direction Exposure (μSv/h) 

0.21 

1 

Front 114.14 

Left side 99.3 

Right side 89.3 

Back 74.03 

2 

Front 51.5 

Left side 27.02 

Right side 17.02 

Back 15.4 

3 

Front 1.9 

Left side 1.86 

Right side 1.75 

Back 1.03 

4 

 

Front 0 

Left side 0 

Right side 0 

Back 0 
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In the fourth examination, an exposure time of 0.25 

seconds was given with the same distance and time 

and in different directions, which were carried out 5 

times (Table 4). At a distance of 1 meter, the exposure 

is 91.98-138.4 (μSv/h). At a distance of 2 meters, the 

exposure is 15.96-68 (μSv/h), and at a distance of 3 

meters, the exposure is 1.14-2.82 (μSv/h). 

 

Table 4. Results of measuring dental X-ray radiation exposure at 0.25 seconds. 

Time (seconds) Distance (meters) Direction Exposure (μSv/h) 

0,25 

1 

Front 138.4 

Left side 112.6 

Right side 108.4 

Back 91.98 

2 

Front 68 

Left side 28.1 

Right side 22.6 

Back 15.96 

3 

Front 2.82 

Left side 2.69 

Right side 2.50 

Back 1.14 

4 

Front 0 

Left side 0 

Right side 0 

Back 0 

 

The highest dose intensity value was found at 0.25 

seconds with a distance of 1 meter in the forward 

direction with a dosing accuracy of 138.4 (µSv/h). The 

lowest point is at 0.17 seconds with a distance of 3 

meters behind with a dosing accuracy of 0.89 (µSv/h) 

for an officer who is in the radiation field during 

irradiation. 

Time is one of the factors that influence the amount 

of radiation exposure received by a person, both the 

officer and the patient. Preventing this can be avoided 

by reducing the time at the radiation source by using 

personal protective equipment (PPE) when carrying 

out tasks in the radiation field. Radiation officers who 

are in the radiation field will receive a radiation dose 

that is proportional to the length of time the officer is 

in the radiation field. 

Table 5. Radiation exposure in the environment around the source. 

No Position Distance from source (meters) Exposure (μSv/h)) 

1 Officer room 4 0 

2 Ultrasound room 6 0 

3 Patient waiting room 4 0 

 

 

Based on radiation exposure data in the room 

around the X-rays, the radiology room design is 

declared safe (Table 5). A room design that basically 

uses gypsum and concrete as a divider between the 

radiology room and the room surrounding coated with 

Pb with a thickness of 2 mm in accordance with the 

provisions of the International Commission for 

Radiological Protection (ICRP) radiation protection 

program. 

Safe working conditions must follow the radiation 

protection principles set by the ICRP in the use of 

nuclear engineering in various fields of activity. 

Radiation protection refers to three basic, namely 

justification or justification, optimization, and 

limitation of dose acceptance.14 To meet basic in this 

optimization, three basic philosophies of radiation 

protection were introduced, namely setting the time 

when in a radiation area, setting a safe distance to 

radiation sources, and using radiation shields.15 The 

basis of radiation protection refers to setting time and 

distance, which is a very simple way to suppress 

radiation exposure while carrying out duties, and both 
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can be carried out by every officer, even if only with 

simple radiation protection facilities. 

 

4. Conclusion 

The highest dose intensity value was found at 0.25 

seconds with a distance of 1 meter in the forward 

direction with a dosing accuracy of 138.4 (µSv/h). The 

lowest point is at 0.17 with a distance of 3 meters 

behind with a dosing accuracy of 0.89 (µSv/h) for an 

officer who is in the radiation field during irradiation. 

The safe distance for a radiation officer and the general 

public who must be in the radiation field to assist 

patients during an examination is 4 meters from the 

radiation source. 

 

5. References 

1. Mitchell EL, Furey P. Prevention of radiation 

injury from medical imaging. J Vasc Surg. 2011; 

53(1 Suppl): 22-7.  

2. Tsapaki V, Balter S, Cousins C, Holmberg O, 

Miller DL, Miranda P, et al. The International 

Atomic Energy Agency action plan on radiation 

protection of patients and staff in interventional 

procedures: Achieving change in practice. Phys 

Med. 2018; 52: 56-64. 

3. Frane N, Megas A, Stapleton E, Ganz M, 

Bitterman AD. Radiation exposure in 

orthopaedics. JBJS Rev. 2020; 8(1): e0060. 

4. Hayda RA, Hsu RY, DePasse JM, Gil JA. 

Radiation exposure and health risks for 

orthopaedic surgeons. J Am Acad Orthop Surg. 

2018; 26(8): 268-77.  

5. Faggioni L, Paolicchi F, Bastiani L, Guido D, 

Caramelia D. Awareness of radiation protection 

and dose levels among medical students, 

radiography students and radiology residents at 

an academic hospital: Results of a 

comprehensive survey. Eur J Radiol. 2017; 86: 

135-42. 

6. Pakravan AH, Aghamiri SMR, Bamdadian T, 

Gholami M, Moshfeghi M. Dosimetry of 

occupational radiation around panoramic x-

rays apparatus. J Biomed Phys Eng. 2019; 9(5): 

525-32. 

7. Gavala S, Donta C, Tsiklakis K, Boziari A, 

Kamenopoulou V, Stamatakis HC. Radiation 

dose reduction in direct digital panoramic 

radiography. Eur J Radiol. 2009; 71: 42–8.  

8. Zielinski JM, Garner MJ, Krewski D, Ashmore 

JP, Band PR, Fair ME, et al. Decreases in 

occupational exposure to ionizing radiation 

among Canadian dental workers. J Can Dent 

Assoc. 2005; 71: 29–33. 

9. Cho BH. Diagnostic performance of dental 

students in identifying mandibular condyle 

fractures by panoramic radiography and the 

usefulness of reference images. Imaging Sci 

Dent. 2011; 41: 53–7. 

10.Cho BH. Diagnostic performance of dental 

students in identifying mandibular condyle 

fractures by panoramic radiography and the 

usefulness of reference images. Imaging Sci 

Dent. 2011; 41: 53–7. 

11.Jose A, Kumar AS, Govindarajan KN, Devanand 

B, Elango N. Assessment of adult diagnostic 

reference levels for panoramic radiography in 

Tamil Nadu region. J Med Phys. 2019; 44(4): 

292-7. 

12.Hujoel P, Hollender L, Bollen AM, Young JD, 

McGee M, Grosso A. Head-and-neck organ 

doses from an episode of orthodontic care. Am 

J Orthod Dentofacial Orthop. 2008; 133: 210–

7. 

13.Lee JS, Kim YH, Yoon SJ, Kang BC. Reference 

dose levels for dental panoramic radiography in 

Gwangju, South Korea. Radiat Prot Dosimetry. 

2010; 142: 184–90 

14.International Atomic Energy Agency. Diagnostic 

reference levels (DRLs) in medical imaging. 

2018.  

15.Shin HS, Nam KC, Park H, Choi HU, Kim HY, 

Park CS. Effective doses from panoramic 

radiography and CBCT (cone beam CT) using 

dose area product (DAP) in dentistry. 

Dentomaxillofac Radiol. 2014; 43(5): 20130439.  


