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 The goal of this study was to examine the impact of using 

additional aluminum (Al) and copper (Cu) filters on radiation dose 

during the adult chest x-ray examination. Adult chest phantoms without 

and with different slabs of animal fat were used for simulating 

underweight, overweight, and obese patients, respectively. Phantoms 

were examined without and with various levels of extra Al and Cu 

filtering over a range of exposure parameters. A dose area product 

(DAP) meter was used to measure the radiation dose. Results 

demonstrated that radiation doses were significantly reduced (p=0.001) 

when applying extra filters compared with no filters for all of the 

different phantom sizes. The highest reduction in radiation dosage was 

38, 41, and 42 percent for underweight, overweight, and obese phantom 

size, respectively, by 1mm Al+0.2mm Cu. In conclusion, the use of 

extra filters in chest x-ray imaging provides an optimal  dose reduction 

choice regardless of the thickness of the chest region to be 

radiographed. 
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 الشعاعً للصدرتأثٍر الفلاتر الإضافٍة على جرعة الإشعاع أثناء التصوٌر 

 صادق حلٍم المرشدي علً محمد علً

 جبوؼت الشِزاء لمبٍبث كمٍت الخقٍٍبث الصحٍت ْالطبٍت كزبلاء الؼزاق

 تـــلاصـــخ  ــــال  الكمىبث الىفخبحٍت:

 الفلاحز

 حصٌٓز الصذر ببلأشؼت

 جزػت الإشؼبع

( Alالألٓوٍٍتٓن   فلاحتز ضاتبفٍت وتًكبي الّذف وً ِذَ الذراست ِٓ فحص حأثٍز استخخذان  

لمبتبليًٍ  حته  لاػىتبر ( ػمى جزػت الإشؼبع أثٍبء فحص الصتذر ببلأشتؼت النتٍٍٍتCuْالٍحبص  

ألٓاح وخخمفت وً اسخخذان بذْي ْوغ  لاػىبر الببليًٍصذر ال دوٍت حصٌٓز طبً لىٍطقتاسخخذان 

لختٓالً  حته الذِٓي الحٍٓاٌٍت لىحبكبة وزاى ٌقتص التٓسي و ْسٌتبدة التٓسي و ْالنتىٍت و ػمتى ا

 ت وتتًاتبفٍالاخزشتتٍ  فلاحتز البتتذْي ْوتغ ونتتخٌٓبث وخخمفتت وتتً دوٍتت الخصتتٌٓز الطبتً  حصتٌٓز

(  ػمتتى ووىٓػتتت وتتً وؼتتبولاث الخؼتتزد  حتته استتخخذان وقٍتتبص Cu( ْالٍحتتبص  Alالألٓوٍٍتتٓن  

( لقٍبص جزػت الإشؼبع  أظّزث الٍخبئج أي جزػبث الإشتؼبع اٌخفتتج DAPوٍطقت الوزػت  
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1. INTRODUCTION 

The exposure of ionising radiation 

during x-ray imaging with excessive 

amount can lead to serious biological 

and pathological costs. In addition, the 

risk from ionizing radiation is 

proportionaly related to the amount of 

radiation dose received by the patients. 

Therefore, there should be organized 

measures to regulate and quantify the 

amount of radiation nessesary for 

obtaining x-ray images [1]. During x-ray 

radiography, a there are many conditions 

that can control the total radiational risk 

that a patient is expected to perceive. 

Those conditions include the type of the 

radiological information needed, 

imaging system, patient size and the 

skillsets of the radiography practitioners. 

The are increased number radiographic 

imaging techniques in the healthcare 

field, such increase would create extra 

challenges to the controlling of the 

radiotion risks to the patient [2].  

On the other hand, The generation 

of an image of adequate quality in order 

to answer the clinical examination query 

is a necessary technical focus of any X-

ray examination to keep acceptable 

radiographic quality with reasonably 

low radiation doses This is balanced by 

the need to avoid excessive ionizing x-

ray radiation exposure to the patient 

during radiographic examination [3].  

One fundamental goal of national 

legislation is to determine proper 

exposure factors (acquisition factors) 

conditions that provide sufficient image 

quality while using the least amount of 

radiation possible. Different studies 

utilized filtration effect on dose 

reductions when imaging pelvic areas 

[1,4]. The employment of extra filters is 

one of the methods utilized to maintain a 

balance between dose and image quality 

[5–7]. The reason for this is that it 

reduces the radiation with low energy 

from the X-ray spectrum, which does 

not boost image quality but rather raises 

the patient's radiation exposure [5].  

In this study, we evaluated the 

effect of using extra filters on radiation 

exposure for different body part 

thicknesses when performing the adult 

chest x-ray examination. 

2. Materials and Methods  

Lungman adult chest phantom 

without and with 6 cm and 8 cm slabs of 

animal fat (Figure 1)  was used for 

simulating underweight (20 cm thick), 

overweight (26 cm thick), and obese 

patients (28 cm thick), respectively. 

Phantom images were captured without 

and with extra aluminum (Al) and 

copper (Cu) filters (2Al, 1Al+0.1 Cu, 

and 1Al+0.2 Cu mm), the source to 

image distance (SID) was 180 cm, and 

the kVp and mA values are shown in 

Table 1.  

The phantom was imaged using a 

Wolverson X-ray Ltd DR system 

(Willenhall, West Midlands, UK). Inside 

the erect wall, Bucky, a fixed anti-

scatter radiation grid (10:1, 40 lines/cm 

لوىٍتتغ  فلاحتتزضاتتبفٍت وقبرٌتتت وتتغ ػتتذن ْجتتٓد  فلاحتتز( ػٍتتذ حطبٍتتك p = 0.001بشتتكك كبٍتتز  

لتٍقص التٓسي  14ْ  14ْ  83فً جزػت الإشؼبع  وئٓي الأحوبن الىخخمفت  كبي أػمى اٌخفبد

ٌحتبص   (وته Al + 0.2وته  4   ْسٌبدة الٓسي ْالحوه الِٓىً لمنىٍت و ػمتى الختٓالً و بىقتذار

ا و بلٍ تتب  الفلاحتتزٌتتٓفز استتخخذان  ٌنتتخٍخج اٌتتُ الإاتتبفٍت فتتً حصتتٌٓز الصتتذر ببلأشتتؼت النتتٍٍٍت ًٍتتبر 

  لخخفٍض الوزػت بيض الٍظز ػً سىك وٍطقت الصذر الىزاد حصٌٓزِب ببلأشؼت
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frequency) was installed. 3 mm of Al 

was used for the overall intrinsic X-ray 

beam filtering. To minimize random 

error, the radiation dose reported from 

the Dose Area Product (DAP) was 

measured three times for each exposure. 

 

 

Figure 1:  Lungman adult chest 

phantom and animal fat layers. 

Table 1: Exposure parameters employed 

for imaging the three phantom 

thicknesses. 

kVp/mAs 
Phantom Thicknesses 

20 cm 26 cm 28 cm 

80 4.6 14 19.8 

85 3.6 10.8 15.1 

90 2.8 8.2 11.1 

95 2.5 6.4 8.6 

100 2.1 5.4 7.2 

105 1.8 4.6 6.1 

110 1.8 3.9 5 

115 1.4 3.6 4.6 

120 1.4 3.2 4.3 

125 1.4 2.8 3.9 

130 1 2.5 3.6 

 

 

 

Statistical analysis  

The mean and standard deviation 

(SD) values of the radiation dose were 

computed for each phantom size and 

amount of added filters. The Shapiro-

Wilk test was employed to investigate 

the data's normality distribution and all 

data were found to be normally 

distributed. A repeated measure 

ANOVA test was used to compare the 

radiation dose values of the extra 

filtration (2Al, 1Al+0.1 Cu, and 1Al+0.2 

Cu mm) with those of no extra filtration 

over the three phantom thicknesses. 

SPSS software was used for statistical 

analysis. 

Table 2: Mean (SD) radiation dose 

values for all applied filters across the 

three phantom thicknesses. 

Thickn
esses 
of a 

phanto
m (cm) 

Extra filters (mm) 

0 2Al 
1Al+0.

1Cu 
1Al+0.2

Cu 

 Mean value of DAP (±SD) (µGy.cm
2
) 

20 
45 

(9.6) 
39 (8.5) 

34 
(6.9) 

30 (6.2) 

26 
129 

(39.6
) 

111 
(33.1) 

96 
(28.2) 

84 
(24.5) 

28 
176(
58.6) 

150 
(49.1) 

129 
(40.9) 

113 
(35.4) 

 

3. Results and Discussion    

Radiation dosage data for various 

additional filters (0, 2Al, 1Al+0.1 Cu, 

and 1Al+0.2 Cu mm) across the three 
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phantom thicknesses are shown in (Figs. 

2-4). Table 2 shows the mean (SD) 

radiation dosage values for the different 

phantom thicknesses (20, 26 and 28 cm) 

for the various additional filters (0, 2Al, 

1Al+0.1 Cu, and 1Al+0.2 Cu mm). 

According to the Repeated measure 

ANOVA test, additional filters (2Al, 

1Al+0.1 Cu, and 1Al+0.2 Cu mm) 

reduced radiation dosage significantly 

(p=0.001) in all three phantom 

thicknesses. 

 

Figure 2: Radiation dosage values 

(underweight size phantom) for 0, 2Al, 

1Al+0.1 Cu, and 1Al+0.2 Cu mm extra 

filters. 

 

 

Figure 3: Radiation dosage values 

(overweight size phantom) for 0, 2Al, 

1Al+0.1 Cu, and 1Al+0.2 Cu mm extra 

filters. 

 

 

Figure 4: Radiation dosage values 

(obese size phantom) for 0, 2Al, 

1Al+0.1 Cu, and 1Al+0.2 Cu mm extra 

filters.  

In our current study, we 

demonstrated that using extra filters 

(2Al, 1Al+0.1 Cu, and 1Al+0.2 Cu mm) 

can reduce radiation exposure during 

chest x-ray imaging for different 

phantom sizes. The greatest decrease in 

radiation dosage was lowered by 1mm 

Al+0.2mm Cu by 38, 41, and 42 percent 

for 20, 26, and 28 cm phantom 

thicknesses, respectively. Our findings 

agreed with previous research on the 

effect of extra filters on radiation 

dosage, despite the fact that those 

studies used varying degrees of extra 

filters, techniques, phantom types, and 

sizes [8,9] [5,7]. 

The impact of added filters on 

image quality evaluation was not 

included in our study, which was one of 

its limitations; however, future research 

could investigate the impact of added 

filters on visual image quality utilizing 

the Lungman adult chest phantom. 

Furthermore, future works could 

demonstrate the effect of extra filtration 

on the physical measure of low contrast 

detail detection, which was extensively 

utilized as a tool for image quality 

evaluation[10–13] and had a strong 
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relationship with visual image  quality 

evaluation [14–16]. 

4. Conclusions   

When performing chest X-ray 

imaging for varied body sizes, extra 

filters can be used to reduce radiation 

exposure and it is an efficient approach 

to reduce patient dose regardless of the 

thickness of the chest region to be 

radiographed. 

5. REFERENCES 

[1] Mraity, HAA 2015, 

Optimization of radiation dose 

and image quality for AP pelvis 

radiographic examination , 

PhD thesis, University of 

Salford. 

[2] Sezdi, M. (2011). Dose 

optimization for the quality 

control tests of X-ray 

equipment. In A. B. Eldin 

(Ed.), Modern approaches to 

quality control: InTech. 

[3] Busch H P and Faulkner K 

2005 Image quality and dose 

management in digital 

radiography: a new paradigm 

for optimisation Radiation 

Protection Dosimetry 117 143–

7. 

[4] Mohammed Ali, A., Hogg, P. 

and England, A., 2019. Dose 

optimisation in paediatric 

radiography–Using regression 

models to investigate the 

relative impact of acquisition 

factors on image quality and 

radiation dose. Physica Medica, 

68, pp.61-68. 

[5] Brosi P, Stuessi A, Verdun F R, 

Vock P and Wolf R 2011 

Copper filtration in pediatric 

digital X-ray imaging: its 

impact on image quality and 

dose Radiological Physics and 

Technology 4 148–55. 

[6] Alzimami K, Sassi S, 

Alkhorayef M, Britten A J and 

Spyrou N M 2009 Optimisation 

of computed radiography 

systems for chest imaging 

Nuclear Instruments and 

Methods in Physics Research 

Section A: Accelerators, 

Spectrometers, Detectors and 

Associated Equipment 600 

513–8. 

[7] Mifsud K, Portelli J L, Zarb F 

and Couto J G 2022 Evaluating 

the use of higher kVp and 

copper filtration as a dose 

optimisation tool in digital 

planar radiography 

Radiography 28 586–92. 

[8] Hamer O W, Sirlin C B, 

Strotzer M, Borisch I, Zorger 

N, Feuerbach S and Völk M 

2005 Chest radiography with a 

flat-panel detector: image 

quality with dose reduction 

after copper filtration. 

Radiology 237 691–700. 

[9] Ekpo E U, Hoban A C and 

McEntee M F 2014 

Optimisation of direct digital 

chest radiography using Cu 

filtration Radiography 20 346–

50. 

[10] Al-Murshedi S, Hogg P, Meijer 

A, Erenstein H and England A 

2019 Comparative analysis of 

radiation dose and low contrast 

detail detectability using 

routine paediatric chest 

radiography protocols 



JOURNAL OF KUFA–PHYSICS  |  Vol. 14, No. 1 (2022) Sadeq Al-Murshedi, Ali Mohammed Ali 

  52 

European Journal of Radiology 

113 198–203. 

[11] Al-Murshedi S, Hogg P, Lanca 

L and England A 2018 A novel 

method for comparing 

radiation dose and image 

quality, between and within 

different X-ray units in a series 

of hospitals Journal of 

Radiological Protection 

[12] Enevoldsen S and Kusk M W 

2021 Image quality of bedside 

chest radiographs in intensive 

care beds with integrated 

detector tray: A phantom study 

Radiography 27 453–8. 

[13] Precht H, Outzen C B, Kusk M 

W, Bisgaard M and Waaler D 

2021 Comparison of 

Conventional Hand 

Examination on Six Optimised 

DR System, Radiation 

Protection Dosimetry 194 27–

35. 

[14] De Crop A, Smeets P, Van Hoof 

T, Vergauwen M, Dewaele T, 

Van Borsel M, Achten E, 

Verstraete K, D’Herde K, 

Thierens H and Bacher K 2015 

Correlation of clinical and 

physical-technical image 

quality in chest CT: A human 

cadaver study applied on 

iterative reconstruction BMC 

Medical Imaging 15 1–9. 

[15] Al-Murshedi S, Hogg P and 

England A 2018 An 

investigation into the validity 

of utilising the CDRAD 2.0 

phantom for optimisation 

studies in digital radiography 

The British Journal of 

Radiology 91 20180317 

[16] Al-Murshedi S, Benhalim M, 

Alzyoud K, Papathanasiou S 

and England A 2022 

Relationship between the 

visual evaluation of pathology 

visibility and the physical 

measure of low contrast detail 

detectability in neonatal chest 

radiography Radiography 28 

1116–21. 


