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A study of entrance surface dose and radiation dose from digital chest x-ray, 
Saraburi Hospital.

Benjamas Sabankouy

Department of Radiology, Saraburi Hospital, Saraburi Province

Abstract

Despite the relatively low exposure of patients to chest radiography, cumulative radiation doses 

directly affect bodily changes. In the Radiology Unit of Saraburi Hospital, there has been no previous 

assessment of the entrance surface dose (ESD) from radiography. This study aims to optimize patient care by 

raising staff awareness of proper radiation usage and reducing radiation risk in clinical diagnosis through an 

examination of ESD, exposure index (EI), and their association with various parameters of chest radiography. 

Data collected from chest radiography include sex, age, and chest thickness. Analysis was conducted on the 

ESD and EI of 200 patients who received services in X-ray Room 1 on business days from March 1 to June 30, 

2024. The results indicate that the ESD of PA upright chest X-ray examinations meets standard criteria, with an 

average of 0.10 mGy (S.D. = 0.04) and a third quartile of 0.22 mGy. Most radiographs (99%) fall within an EI range 

of 200 < EI < 400, demonstrating an acceptable patient dose. The primary parameters correlated with and 

regressed on ESD are mAs (milliampere-seconds), chest thickness, and body weight (r = 0.965, 0.847, and 0.799 

respectively, -value < 0.001). ESD increases when mAs, chest thickness, and body weight also increase. The 

following prediction equation was derived: Y’ = -0.029 + 0.045x + 0.002t.
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(chest x-ray : CXR)
(posteroanterior : PA upright) 1

(exposure technique) (peak kilovoltage : 

kV) (milliampere-second : mAs)

(as low as reasonably achievable : ALARA)  

( justification) (optimization) 

(minimization)

2,3

(digital radiography : DR) 

high kV technique

(entrance surface dose : ESD) 

2566 0.4 mGy4

(exposure index : EI)5,6,7 (EI = 200-

400)

(ESD)
EI 

(exposure technique) 

EI 

1. (exposure index : EI) (entrance surface dose 

: ESD)
2. 2. 

Retrospective cohort study

(picture archiving and communication system: PACS)

1 30 

2567 200
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(chest PA upright) 1
1 30 2567 

G*power  pearson’s 

correlation effect size correlation 0.3 (medium) = 0.05 power 

(1- ) = 0.95 0 default G*power8

= 0.05 = 0.05 power = 0.95 (1- , 1 - 0.05 = 0.95) 200 

G*Power Power analysis for a one-sample correlation test 

  2 

     (medium effect size)   

   

  

   

      Power of test 

(Inclusion criteria)
(Chest PA upright)

1
20 - 70 

(Exclusion criteria)

( )

1. (general) Canon KXO–80SS S/N : G6D18Y2051 1,000

mA 150 kV 1 4

2. Detector : CXDI-401C S/N :100106, 10
3. (Caliber)

(chest PA upright) 1
2566
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1 ( )
: 

1
Chest x-ray inclusion criteria

inferior angle of scapula 

100 - 110 kV 

(mAs) automatic exposure control : AEC 

(kVp mAs)

9 (The American Association of 

Physicists in Medicine) AAPM report No.31 (Published for the American Association of Physicsts in Medicine by 

the American Institute of Physics standrdized methods for measuring diagnostic x-ray exposures. 2557)
           y =1E-05x2 + 0.001x – 0.0467

 Entrance Skin Air Kerma : ESAK  
2

)(
bP ttFFD

FDDmAsdYESAK
2

)(
PtFFD

FDDmAsdYESAK

1

1. 
Chest x-ray inclu

.   

  (k
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tb

 Y(d)  x  kVp 

FDD (Focus Detector Distance) = 50         

FFD (Focal Film Distance)  (  FFD = 180  
 FFD = 100 )

tp     = 

tb    =  bucky 

 2   
  https://www.sciencedirect.com/science/article/pii/S1 0 2 00211X

 Entrance Skin Dose : ESD  ESAK  BSF

 BSF
tFFD

FDDmAsdYESD
P

2

)(

BSF= Back Scatter Factor   kV, HVL  phantom  
 BSF = 1.4

 
   (mean)  (standard deviation)

 (percentage)   3  
 (ESD)  (EI)

 (Pearson’s product-moment correlation coefficient)  (multiple regression 

analysis)10

BSF  Back Scatter Fact

 BSF = 1.4

 

 (Pearson s pro

analysis)10

  102   51  49.6 (SD = 

17.22)  53.80  (SD = 12.14) 
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 18.20  (SD = 2.39)   110 kV 

2.28 mAs (SD = 0.73)

1      
              :  

Chest PA 
upright
N = 200

(kg) ( ) (cm) (kVp) (mAs)
(SD)

Min-Max

(SD)

Min-Max

(SD)

Min-Max

(SD)

Min-Max

(SD)

Min-Max

53.80 (12.14) 49.60 (17.22) 18.20 (2.39) 110 2.28 (0.73 )
40.00 – 75.00 22 – 70 15.00 – 22.00 110 1.80 – 3.60

 PA upright  0.10 (SD = 0.04)  
3   0.22 mGy

2     
              :  

Chest PA upright
N = 200

(mGy)
(SD) Min - Max Third quartile (mGy)

0.10 (0.04) 0.08 – 0.17 0.22

 PA upright   (200 < EI <  400)
198  99.00 

3
   :  

Chest PA upright  (n = 200)
EI > 400

(overexposure)
2 1.00

200 < EI <  400
(acceptable range)

198 99.00

EI < 200     
(underexposure)

0 0
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 (mAs)  (ESD) (r = 0.965) 
 (p-value < 0.001)

  (r = 0.847)  (p-

value < 0.001)
  (r = 0.799)  (p-value 

< 0.001)
  (r = 0.152)  (p-

value < 0.001)
 (mAs)  (EI) (r = -0.208, 

p-value = 0.003)
  

(r = -0.326, p-value < 0.001)
 

(r = -0.296, p-value < 0.001)

  (p-value = 0.317)

 4   
                

Chest PA upright  
(ESD) (EI)

r p-value r p-value

0.965 < 0.001 -0.208 0.003

0.847 < 0.001 -0.326 < 0.001

0.799 < 0.001 -0.296 < 0.001

0.152 0.032 -0.071 0.317

 (ESD)   
PA upright  0.965   
93.1 (p- value < 0.001)  ± 0.02 

     
 (p – value = 0.134, 0.907  0.195 )   

 (p – value < 0.001) 
 Y’ = -0.029 + 

0.045x + 0.002t 
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 5 

   
b SEb ß t p-value

-.030 .015 -1.954 .052

(x) .045 .002 .917 24.759 .000

(t) .002 .001 .056 1.505 .134

 – 0.029 SEest = ± 0.020

R = .965; R2 = .931; F = 886.076; p-value = .000

  0.10 mGy  3  0.22 mGy

  200  
. . 2566  (0.4 mGy)        

, , , 11

 198   99  (200 < EI < 400)
  

 12,13,14

  110 kV  
 

  (mAs)  
   mediastinum  mAs 

 
  

 (mAs)  (p-value < 0.001)
(ESD) (r = 0.965, 0.847 0.799 ) 

  
 automatic exposure control : AEC  

(mAs)   
 

 , , ,       
15 (r = 0.615)

  (mAs) 
  (p-value < 0.001) 

 0.965   93.1 

 ± 0.02  
 (b,ß)  0.045  0.918    
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 (p – value = 0.159, 0.90  0.195 ) 
 (kV)  110 kVp  

    
Y’ = -0.029 + 0.0 5x + 0.002t  Y’ =  x =  t =  

 
    (r = -0.208, -

0. 2   -0.29 ) 

  
 

0. 2  -0.29 )

1.  
 

2.     digital

3.  
 

1.
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