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Abstract
Objectives: The purpose of this narrative review is to 
describe effective efforts in radiation protection to limit 
scattered radiation exposure in terms of room analysis 
and to find out the difference in the effect of retaining wall 
thickness in limiting the scatter radiation dose.
Reviews: Scattered radiation is part of radiation that 
deviates from the radiation source. Scattered radiation is 
primary radiation that passes through an object, then is 
refracted so that it becomes scattering. Excessive exposure 
to scattered radiation may produce a detrimental effect on 
the human body. Efforts can be made to limit exposure to 
scattered radiation.
PubMed, Science Direct, and Google Scholar are databases 
used to search literature. The keywords used for literature 
searching are X-rays, radiation protection, scattered 
radiation, radiology installation, radiation leakage, wall 
thickness, radiation shield and space analysis combined 
using the Boolean operator (AND). The total references 
used are 35.
Conclusion: Setting the distance and voltage of the 
radiation source is more effective in limiting radiation dose 
exposure and the thickness of the radiation barrier wall can 
limit the dose rate of the scattered radiation, the thicker 
the wall, the smaller the rate of radiation exposure passing 
through the wall.
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Introduction
Investigations with ionizing radiation are often done 

in the medical field to diagnose diseases whose results 
are shown on radiographs. Ionizing radiation used in the 
medical field consists of X-rays, gamma rays, or other 
ionizing radiation [1]. X-rays are electromagnetic waves 
that have shorter wavelengths of 10-8 m to 10-11 m, but 
have greater energy [1,2].

Radiographic examination needs to pay attention 
to the duration and amount of radiation dose received 
by the patient because it can cause negative effects if 
excessive [3]. The greater the radiation received, the 
greater the negative impact. According to Akhadi (2000), 
the farther the radiation worker is from the radiation 
source, the smaller the dose that will be received, and 
vice versa [4]. According to the Regulation of the Head 
of BAPETEN number 4 of 2013 regarding radiation 
protection and safety in the use of nuclear power, 
radiation workers may not receive doses exceeding 50 
mSv in one year and the average annual radiation dose 
for a five year period may not exceed 20 mSv, while for 
members society should not exceed 1 mSv per year [5].

X-ray radiation can produce scattering (scattering) 
when it passes through an object or tissue [6]. The 
amount of scattered radiation can be influenced by the 
area and intensity of the incident beam at the scattered, 
the quality of the radiation, and the scattering angle [7].

The radiation source in the form of an X-ray machine 
has been designed in such a way and various radiation 
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literature search and selection chart is shown in Figure 
1.

Discussions

Radiation protection efforts to limit exposure to 
scattered radiation in terms of room analysis

X-rays are widely used in the health sector, one of 
which is in radiodiagnostics. The use of X-rays must 
comply with the principles of radiation protection and 
reception of radiation doses that have been regulated 
by international standards, namely by the International 
Atomic Energy Agency (IAEA) and BAPETEN. According 
to BAPETEN PERKA Number 4 of 2013, radiation workers 
may not receive radiation doses exceeding 50 mSv per 
year and the average per year should not be more than 
20 mSv, while the general public should not be more 
than 1 mSv per year [9].

X-ray radiation is not only beneficial in the health 
sector, it can also have a detrimental effect on society 
and the surrounding environment if it is excessive. 
The greater the dose of scattered radiation received, 
the greater the negative impact of radiation that can 
be received. Therefore, it is necessary to control the 
negative effects by paying attention to and applying 
radiation protection. The basic principles of radiation 
protection are distance, shielding and time [4]. Several 
things must be considered before the installation of 
an X-ray aircraft room, including the location of the 
building, the location and design of the room, as well 
as the thickness of the walls and door shields and glass 
[10].

Based on a number of studies, radiation protection 
efforts to limit scatter radiation exposure in terms of 
space analysis can be carried out in various ways as 
summarized in Table 1.

Table 1 shows that a number of health facilities carry 
out radiation protection efforts with various efforts, 
including setting distance, voltage, height of radiation 
source, thickness of radiation shield, position of 
radiation source, and installation of radiation warning 
signs. The research was carried out using various types 
of X-ray machines such as CT-Scan, dental panoramic, 
and several types of X-ray machines which are used for 
general medical and dental examinations. In addition, 
several other tools are used, such as a survey meter 
which is used to measure the radiation dose rate, a 
meter to measure distance, and a phantom head which 
is used as a patient substitute. From several research 
results reviewed, most researchers focus more on 
setting the distance and voltage of the radiation source.

Based on the above discussion, it can be concluded 
that there are many protective measures that can be 
taken to limit exposure to scattered radiation doses. 
Taking into account the distance and the magnitude 
of the voltage can have a major effect on the rate of 

protection efforts have been carried out so that it is safe 
to use for medical purposes. However, the opportunity 
for exposure to scattered radiation for radiation 
workers, especially radiographers and members of the 
public still exists [8]. According to the International 
Commission on Radiological Protection (ICRP), one of 
the radiation protection efforts is to reduce the dose 
received by radiation workers by applying the basic 
principles of radiation protection, namely distance 
regulation, shielding, and exposure time [4].

Several previous studies discussed the relationship 
between radiation exposure dose and the measurement 
distance from the radiation source and the role of 
shielding, namely the effect of radiation barrier wall 
thickness on the dose received by radiation workers. 
Therefore, the authors would like to further discuss how 
effective the radiation protection efforts are to limit 
the scatter radiation in terms of room analysis and the 
difference in the effect of the thickness of the retaining 
wall in limiting the scatter radiation dose.

Methods and Result Review
Literature was obtained by searching using several 

databases, including Google Scholar, PubMed, and 
Science Direct. Literature search using appropriate 
keywords in the MeSH search include X-Rays, Radiation 
Protection, Scattered Radiation, Radiology, while 
keywords that are not included in the MeSH browser 
search include Radiation Leakage, Radiology Installation, 
Radiology Installation, wall thickness, radiation shield 
and Space Analysis. These keywords are entered into the 
database by the Boolean method using the AND element 
to narrow the search. Literature search was also carried 
out based on inclusion and exclusion criteria. Inclusion 
criteria include articles containing the topics discussed, 
articles in Indonesian and English, articles published in 
2016-2021, articles that can be accessed in full text, 
research articles and case reports. The exclusion criteria 
include articles that only contain abstracts, articles that 
include literature reviews.

Literature search is done by entering keywords in 
the database so that some literature is obtained. A total 
of 611 literatures were obtained from Google Scholar, 
36 literatures from PubMed, and 298 literatures from 
Science Direct. The literature was selected based on the 
inclusion criteria, namely year. A total of 460 literatures 
were obtained from Google Scholar, 11 literatures from 
PubMed, and 71 literatures from Science Direct. All of 
these articles were further selected based on the title, 
abstract, inclusion criteria and exclusion criteria so 
that 32 literatures were obtained. Of the 32 literatures 
obtained, 16 literatures are used as a discussion and 
the rest are used as references in other chapters, such 
as introduction and literature review. There are an 
additional 3 literatures, namely one journal and two 
textbooks so that a total of 35 literatures are used. The 
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Additional literature (n = 3)

Total literature (n = 35)

Figure 1: Literature search and selection chart.

Table 1: Radiation protection efforts to limit exposure to scattered radiation are viewed from the analysis point of view of the room.

Researcher Protection 
Effort

Source 
Radiation

Proof 
Effectiveness 
Protection

Conclusion

Arizal, et al., 
2017 [9]

Distance and 
voltage source 
radiation

Aircraft 
Medical mobile 
X-ray general

Radiation dose 
value is affected 
by distance, 
voltage

The results of the largest radiation dose rate on 
wall A with a voltage of 60 kV and a distance of 160 
cm. This can be caused by high voltage and close 
proximity to the radiation source.

Rahmayani, et 
al., 2020 [1]

Distance, 
position, tension, 
and thickness 
shield.

Aircraft 
Medical X- 
Rays general

The radiation 
dose value 
is influenced 
by distance, 
direction and 
stress, as well as 
wall thickness.

The largest radiation dose is on the right side of the 
plane with a distance of 1 m and a voltage of 60 kV. 
Radiation retaining walls absorb radiation doses very 
well so that the dose rate is not detectable outside 
the room.

Tulfala & 
Kasman , 2020 
[4]

Distance and 
altitude with 
analysis contour 
isodose

Aircraft 
TOSHIBA

brand X-ray 
model E7242X 
SN 14A927

medicine 
general

Increasing 
altitude and 
distance can 
reduce the rate 
of radiation dose 
exposure

At an altitude of 1,613 m, the radiation dose rate 
is smaller than the height of 1,113 m and radiation 
officers will be safer if they are at a distance of more 
than 3 meters from the radiation source.
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Astuti, et al., 
2018 [2]

Distance, 
position and 
voltage

CT scan The further 
distance and 
position will 
reduce the 
radiation dose

The largest radiation dose on the front side is 1.43 
nSv/h with a voltage of 135 kV and a distance of 0 
m.

Putri and

Sudiyono, 2018 
[18]

Distance and

restraint radiation

CT Scan Distance and 
radiation barrier 
can affect 
the absorbed 
radiation dose

The highest radiation leakage is at point A, which is 
a glass made of lead in the operator's room at 29.5 
Sv/hour.

Rochmayanti D, 
et al., 2018

[19]

Effectiveness 
Wall retaining 
and installation 
signs warning 
radiation

Aircraft 
Medical X- 
Rays general

The greater the 
effectiveness of 
the retaining wall, 
the smaller the 
leakage

Radiation danger 
signs make 
people more 
careful

The effectiveness of the entire retaining wall is 
99%, but there is one retainer which results in 91%, 
namely the Pb glass frame at the Mental Hospital 
(RSJ).

Radiation danger signs installed include radiation 
danger signs/logos, red lights during X-ray 
examinations and radiation warnings for pregnant 
women.

Hasmawati, et 
al., 2016 [20]

Distance altitude, 
position, tension

Aircraft 
Medical X- 
Rays general

The radiation 
dose value is 
influenced by 
distance, position 
and voltage.

The largest radiation dose rate is on the left side of 
the aircraft, which is 3600 Sv/h

Ancila C & 
Hidayanto E, 
2016 [11]

Distance Dental 
Panoramic

The farther the 
distance from the 
radiation source, 
the smaller 
the measured 
radiation dose

Radiation exposure in the operator's office is 0.583 
mR/h or 5.83 Sv/h.

X-ray radiation was not detected in the employee 
corridor during exposure.

Radiation exposure in the waiting room is 0.24 mR/h 
or 2.4 Sv/h

Sutejo R & 
Daryati S, 2016 
[13]

Design room and 
thickness Wall 
shield

Aircraft 
panoramic 
medical tooth

The thicker 
or denser the 
radiation shield 
structure, the less 
radiation that can 
pass through the 
screen

The walls are made of red brick with ceramic 
thickness of 30 cm in accordance with the provisions 
of PERMENKES.No.1014.MENKES/SK/XI/2008 
regarding the requirements for examination rooms.

Anugrah NA, et 
al., 2018

Distance and 
voltage

Medical 
Barracuda 
X-ray 
multimeter 
general

The radiation 
dose value is 
influenced by 
distance and 
voltage.

The point/safe distance from the radiation source by 
a radiation officer and the general public is 5 m from 
the radiation source.

Table 2: The thickness of the retaining wall in limiting exposure to scattered radiation.

Researcher Material Type Thick Wall Effectiveness 
Protection

Source X- ray Rate Dose In 
Room

Rate Dose 
Outside Room

Rahmayani, et 
al., 2020 [1]

concrete (cm) + 
lead (mm)

24.3 cm + 7 mm 
(Pb)

No could 
penetrate

Aircraft Medical 
X- Rays general

33.6 Sv/h 0 Sv/h

Hasmawati, et 
al., 2016 [20]

plaster (cm) + 
lead (mm)

15 cm + 2 mm 
(Pb)

No could 
penetrate

Aircraft Medical 
X- Rays general

3400 Sv/h 0 Sv/h

Sutejo & Daryati, 
2016 [13]

brick red (cm) + 
ceramic

30 cm No could 
penetrate

Aircraft 
panoramic 
medical tooth

0.14-0.175 Sv/h 0 Sv/h

Shahda, et al., 
2020 [21]

lead (cm) 0.15-0.25 cm Still can 
penetrate

Aircraft 
conventional 
X- ray medical 
general

64,251-6039 
Sv/h

0.099-1.188 
Sv/h
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Arizal, et al., 
2017 [9]

lead black (mm) 
+ brick plaster

2 mm Pb + 14 
cm brick plaster

Still can 
penetrate

Aircraft Medical 
mobile X-ray 
general

No be measured 0.162-0.962 
mSv/year

Mulyati, et al., 
2018 [16]

Concrete light 
( hebel ) + tin 
black

200 mm + 2 mm 
Pb

Still can 
penetrate

Aircraft X- ray 
radiology mobile

unit medical 
general

No be measured 0.003 mSv/h

toxicity, lead is a toxic substance if absorbed into the 
body, lowers the development of Intelligence Quotients 
(IQ), triggers hyperactivity, makes learning difficult, 
does not care and is aggressive, damage to hearing aids 
and inhibit growth [14].

Concrete is a mixture of fine and coarse aggregate 
materials, namely sand, stone, crushed stone, or 
other similar materials to which cement and water are 
added. Concrete has advantages and disadvantages. 
The advantages of concrete include being easy to 
form, can withstand heavy loads, resistant to high 
temperatures, low maintenance costs, and easy to 
obtain, while the weaknesses of concrete are difficult 
to change the shape when it is formed, require high 
accuracy, have a heavy weight, as well as great sound 
reflection [17]. Concrete can be replaced with other 
alternatives, namely by using lightweight concrete or 
commonly called hebel. Hebel is made from a dough 
consisting of quartz sand, cement, lime, a little gypsum, 
water, and aluminum paste as a developer (chemical 
air filler). The advantages of Hebel include uniform 
size and quality, do not require thick casting joints, are 
lighter than ordinary bricks, construction work is faster 
than ordinary bricks, does not require thick plastering, 
waterproof, soundproof, high compressive strength, 
good resistance to corrosion. Earthquakes, while the 
disadvantages of Hebel include the need for special 
adhesives, special skills in installation, relatively more 
expensive prices than red bricks, and relatively difficult 
to obtain [16].

From the discussion above, it can be concluded that 
concrete or lightweight concrete (hebel) coated with 
lead (Pb) can be used as a radiation shielding material. 
Concrete with a minimum thickness of 20 cm should 
be given a lead coating of 2 mm, so that it is able to 
withstand radiation and does not cause negative effects 
on the health of patients and radiation workers [22-35].

Conclusion
Effective radiation protection efforts include 

distance regulation, radiation source voltage and 
radiation retaining walls. The distance and voltage of 
the radiation source greatly affect the rate of scattered 
radiation dose received by patients, radiation workers 
and the surrounding community. The farther the 
distance and the smaller the voltage, the smaller the 
scattered radiation dose rate.

The thickness of the retaining wall affects the rate 

exposure to radiation doses received by officers and 
the general public in the vicinity of the radiation source 
room.

Comparison of the effect of retaining wall thickness 
in limiting exposure to scattered radiation

One of the radiation protection efforts to reduce the 
intensity of radiation emitted and reduce the radiation 
dose received by the human body is the manufacture of 
radiation shields because radiation shields can absorb 
some of the radiation. The greater the effectiveness of 
a room’s radiation shield, the better the radiation shield 
will absorb radiation [11]. Radiation shields are made 
according to the thickness of the walls of the room that 
have been determined in the applicable regulations so 
that people outside the radiation room are safe from 
the dangers of X-ray radiation [1].

There are several types of materials used and the 
thicknesses needed to build walls in radiation facilities, 
including red brick with a thickness of 25 cm and a 
density of 2.2 g/cm3 or concrete with a thickness 
of 20 cm or equivalent to 2 mm of lead (Pb), so that 
the exposure received does not exceed the dose limit 
value of 1 mSv/year [12]. An explanation of the effect 
of retaining wall thickness in limiting scatter radiation 
exposure is shown in Table 2.

The results of the studies in Table 2 are in accordance 
with the theory discussed by Sutejo & Daryati [13], which 
explains that the thicker or denser the radiation shield 
structure, the less radiation that can pass through the 
screen. Table 2 also shows that there are different types 
of materials used in the radiation facilities studied. Types 
of materials for the manufacture of radiation retaining 
walls include concrete + lead, plaster + lead, red brick 
+ ceramic. These types of materials have the same 
effectiveness to withstand scattered radiation exposure 
doses. To achieve safe radiology room conditions for 
radiation workers, patients and the public, Bapeten has 
set a radiation shielding standard, which uses a material 
equivalent to 2 mm of lead [14].

Lead is a malleable metal that is malleable, shiny in 
color, shiny after cutting, and soon becomes dull gray 
when exposed to air. Lead has advantages such as being 
highly resistant to chemical corrosion and can be used 
indoors or outdoors, as well as having a high density 
so that it is very well used as a radiation shield [15,16]. 
In addition to having advantages, lead has weaknesses 
that need to be considered, including a high level of 
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14.	Setiyawan I, Sutanto H, Firdausi KS (2015) Penentuan 
Nilai Koefisien Serapan Bahan Pada Besi, Tembaga Dan 
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Physics Journal 4: 219-224.
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Batan. 273-280.
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1: 94-103.
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Semarang P (2018) Profil Paparan Radiasi Instalasi 
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Semarang 5: 20-24.

20.	Hasmawati H, Sahara S, Hernawati H (2016) Analisis Dosis 
Paparan Radiasi Sinar-X di Unit Radiologi RS. Bhayangkara 
Makassar. JFT 3: 1-58.

21.	Syahda AS, Milvita D, Prasetio H (2020) Evaluasi Penerapan 
Proteksi Radiasi pada Pekerja Radiasi di Instalasi Radiologi 
RS Naili DBS, RS Selaguri, dan RS UNAND. Jurnal Fisika 
Unand (JFU) 9: 517-523.

22.	BAPETEN (2020) Peraturan Badan Pengawas Tenaga 
Nuklir Nomor 4 Tahun 2020 Tentang Keselamatan Radiasi 
pada Penggunaan Pesawat Sinar-X Dalam Radiologi 
Diagnostik dan Intervensioal. Perka BAPETEN, Jakarta. 
Hal 42-44.

23.	Budi RS, Syaifudin R (2019) Analisis Keselamatan Radiasi 
Gedung Laboratorium Radiografi Pustekroket Lapan 
Secara Teknis dan Legal. Jurnal Teknologi Dirgantara 17: 
101-108.

24.	Dasril DN, Dewilza N (2020) Uji Efektifitas Dinding 
Ruangan Panoramik Instalasi Radiologi RSUD Prof. Dr. 
MA Hanafiah SM Batusangkar Menggunakan TLD-100. 
Physics Education Research Journal 2: 95-104.

25.	Dehairs M, Marshall NW, Bosmans H, Leghissa M (2020) 
Radiation protection of operators and patients in a hybrid 
Angio-MR suite. Physica Medica 74: 143-154.

26.	Iffah M, Adiatmika IPG, Adnyana IWB, Sutjana IDP, Muliarta 
IM, et al. (2018) Kombinasi Penambahan Shielding Timbal 
Mesin Fluoroscopy Bagasi dan Pengaturan Jarak Pekerja 
Terhadap Sumber Radiasi Menurunkan Paparan Radiasi 
Sinar-X dan Kelelahan Mata Pada Pekerja Screening di 
Bandara Internasional X. Jurnal Ergonomi Indonesia 4: 
1-10.

27.	Irsal M, Syuhada FA, Ananda YP, Putra AGP, Syahputera 
MR, et al. (2020) Measurement of Radiation Exposure 
in Facilities for Radiology Diagnostic at the Covid-19 
Emergency Hospital in Wisma Atlet Jakarta. Journal of 
Vocational Health Studies 4: 55-61.

28.	Ishak (2019) Pedoman Layanan Perizinan: Pesawat Sinar-X 
Radiologi Diagnostik dan Intervensional. Subdirektorat 
Perizinan Fasilitas Kesehatan. Jakarta Hal 11-18.

of scattered radiation dose, the thicker the retaining 
wall, the smaller the radiation that can penetrate. 
The selection of the type of retaining wall material 
can affect the effectiveness of the retaining wall. The 
type of material that is good for radiation retaining 
walls is concrete or lightweight concrete (hebel) with a 
minimum thickness of 20 cm and coated with lead (Pb) 
with a thickness of 2 mm.
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