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ABSTRACT 
A computer program depends on practical measurements of entrance skin dose 
patients undergoing radiological examinations. Physical parameters such as 
field size, half value layer, backscatter factor, dose output, focal film distance, 
focal skin distance, normal operating conditions were taken into consideration 
for calculation entrance skin dose. It was measured by many techniques such as 
Thermo-luminscence dosimeters, ionization chambers. TLD technique 
characterized by high precision and reproducibility of dose measurement is 
checked  by addressing pre-readout annealing, group sorting, dose evaluation, . 
Fifty TLD chips were annealed for 1 hour at 400°C followed by 2 h at 100°C. 
After exposure to constant dose from X-ray generator. 0.6 cc Ionization 
chamber was located at surface of water chest phantom that has dimensions of 
40 cm x 40 cm x 20 cm and connected with farmer dose master. Entrance Skin 
Dose was calculated using the generated software by changing the physical 
parameters and using the measured output doses. The obtained results were 
compared with the reference levels of International Atomic Energy Authority. 
The constructed computer program provides an easy and more practical mean 
of estimating skin dose even before exposure. They also provide the easiest and 
cheapest technique can be employed in any entrance skin dose measurement. 
Keywords, Entrance Skin Dose, ESD, Computer program, and operating 

conditions 
 

INTRODUCTION 

The objective of this paper is to estimate entrance skin dose for some 
patients undergoing imaging by conventional x-ray machine using a 
mathematical model. This can be assess by constructed a computer program 
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based on the operating parameters of a x-ray machines. such as field size, dose 
out put, focal film distance, focus skin distance , kVp . 

In today’s diagnostic radiology, there is a growing concern about 
radiation exposure. This can be seen in the recommendations of the 
International Commission of Radiation Protection (ICRP) ( 1 , 2, 3 ) and 
many other national publications. All these recommendations advice that X-ray 
examinations should be conducte using techniques that keep patients doses as 
low as compatible with the medical purposes of the examinations. In 
order to achieve this recommendation, it is necessary to understand the factors 
that affect the exposure and to be able to evaluate patient's doses. 

Because of the limitations associated with both Thermoluminscence 
Dosimetry TLD and Ionization chamber several mathematical equations have 
been suggested to relate skin dose to the used exposure factors such as the 
applied mAs, surface to skin distance (SSD), filtration, field size, output, and 
the applied kVp   

The first set of skin dose calculation was published by Birtch et al in 
1974 (4)]. A more simple equation of skin dose was then published by 
Edmond [5] in 1984. Edmonds used the data published by Birtch and proved 
that these radiation doses can be reduced to a simple function that depends on 
kVp, mAs, filtration and skin to detector distance, SSD. Many equations were 
published for entrance skin dose calculations that mentioned in mSc Thesis 
(Hanan Akhdar, 2007, -KSU). (5) 

The present paper concerns on constructed a computer program for 
calculation entrance skin dose using operating parameters of x-ray machines 
and compared with the measured doses using both of thermoluminscence 
dosimetrers and ionization chamber.  

MATERIAL AND METHOD 

Irradiation 

Two batches of fifty TLD-100 were annealed by using an automatic 
TLD oven model PTW-TLDO (Physikalisch-Technische Werkstatten, Freiburg, 
Germany). The pre-irradiation annealing procedure consisted of three steps; 
high and low temperature   annealing according to the following duration: 1 hr 
at 400°C immediately followed by 2 hrs at 100°C, and finally 1 hr for cooling to 
room temperature. The TLD chips were irradiated with x-ray generator. For 
each TL measurement by TLD-3500 reader background subtraction was 
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performed. For each session of TLD exposure to radiation, up to 5 chips from 
the same group with about the same sensitivity as those used for measurement 
were set aside without any radiation. This baseline group then went through the 
same pre-readout procedure as.  

The irradiated TLDs (T. M. Ahmed et.al, 2007 (6)       

Identification of golden chips  

The Golden chips were identified by careful analysis of the irradiated 
chips. TLD chips were readout within 24 hrs of irradiation and sorted into 
subgroups. In the first step, 40 chips were chosen from a batch of total number 
of 50 chips. After irradiation the readout session was carried out in 
uninterrupted manner. After readout, each TLD chip was kept in an assigned bin 
with identification number for sorting purpose. This was done based on their 
statistical variation of recorded nC. Out of the 50 TLDs the chosen group of 40 
represented the largest group in the statistical distribution having standard 
deviation below 10%, were identified as master chips. In the second step from 
these 40 master chips 20 Chips were identified with almost the same sensitivity, 
to within ± 3.5%, corresponding to standard deviation below 2.5%. These chips 
were identified as the Golden Chips to be used for the purpose of Dose 
Conversion Factor (DCF) generation.   

Pre-read annealing (Preheating) 

We have followed here a simplified TLD annealing technique (Yu et al. 
1999) (7) characterized by high precision and reproducibility of radiation dose 
measurement. In this technique the TLDs are group annealed, sorted, and 
subjected to pre-readout annealing according to the procedure described as 
follows: High temperature and low temperature annealing prior to irradiation 
and pre-readout annealing at low temperature after irradiation have been 
followed in the present work. High temperature annealing was accomplished as 
mentioned earlier using the PTW–TLDO microprocessor controlled furnace The 
procedure of 400°C for 1 hour, 100°C for 2 hours and pre-readou heating at 
100°C.                                                                                                

Generation of DCF  

The numerical results obtained in the interpretation of individual 
monitoring of external radiation depend mainly on the accurate calibration of 
the radiation measurement instrument involved. This means the conversion of 
nC obtained by heating the TL chips to equivalent dose in mGy, which has been 
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designated by Dose Conversion Factor (DCF). Farmer Dose master, (Saint-
Gobain, UK)coupled with 0.6 cc  ion chamber has been used for the reference 
dose measurement 0.6 cc ionization chamber was located at surface of water 
chest   phantom and was connected with farmer dose master.                                        

Equation that contains most of the x-ray exposure parameters such as 
exposure in air at 100 cm, skin absorbed dose conversion factor, distance 
between focus point and film, distance between source and patient skin and 
backscatter factor  was chosen (5) It was based on the direct measurement of 
exposure and half value  layer  for  each  exposure  setup.   

The entrance skin dose was calculated by generating a computer 
program based on the following equation. 

ESD = c. f. (KV/FSD)2  mAs /HVL, mmAl. 

Where 

C: 0.2275 

f: is conversion coefficient values (Gy/Ckg-1) ~ 1, constant  

mAs is milliampere-second  

FSD is the focus skin distance (cm)   

KV: Operating Kilo Voltage 

HVL: Half value layers   

The entrance skin doses were corrected using back scatter factors for 
different  half value layers of the different field sizes .The half value layers for 
different field sizes was presented in table 1. 

Table (1): Half value layer for different field sizes. 

HVL Field size (cm x cm) 
mmAl 10 x 10 15 x 15 20 x 20 25 x 25 30 x 30 

2 1.26 1.28 1.29 1.3 1.3 

2.5 1.28 1.31 1.32 1.33 1.34 

3 1.3 1.33 1.35 1.36 1.37 
4 1.32 1.37 1.39 1.4 1.41 

RESULTS AND DISCUSSION 

Entrance Skin Dose was calculated using the generated software by 
changing field size, HVL, BSF, mAs, Focus Skin Distance, t and Focus to Film 
Distance and operating kilo-voltage as shown in table 2. at low half value layer 
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the soft x-rays with low energies absorbs  on the skin of the patient. In addition 
it will cause skin harm .The entrance surface dose was measured for different 
operating condition of x-ray imaging  with different field sizes , 10 x 10, 15x 
15, 20x20, 25x25 and 30 x 30 cm.  The dose was calculated theoretical using 
generated entrance skin dose software (www.uqu.edu.sa/taha alfawwal/ 
4320090/ESD(8)), measured doses using both of Thermoluminscence 
dosimeters, ionization chamber and compared with the reference levels  of the 
International Atomic Energy Authority as shown in tables  2, 3, 4, 5, and 6. 

Table (2): Entrance Skin Dose, mGy with Field size 10 x 10 cm at 2 mm HVL  
 using software, TLDI(s), and Ionization chamber.  

Operating 
Condition FSD ESDth mGy ESDTLD ESDIC 

X-ray Image 
 

KV, mAs cm 2mm HVL mGy mGy 
Chest AP 105, 3.03 124.7 0.47 0.22 0.34 
Skull-PA 70.16, 18.41 118.9 1.12 1.32 0.862 
Skull-LAT 64.94, 14.39 119.66 0.74 0.91 0.859 
Abdomen 73.09, 53.25 126.3 3.12 4.57 0.841 
C –Spine 62.26, 12.69 121.62 0.58 0.67 0.482 
D- Spine 78.19, 79.33 113.52 0.58 3.29 0.681 
Pelvis 70.82, 24.6 112.83 1.69 2.27 0.954 

C-Spine: Cervical spine, D-Spine: Dorsal Spine.  

AP, Anterior Posterior, LAT: Lateral  

Th : theoretical, TLD : Thermoluminscence dosimeters and I.C: Ionization 
Chamber 

Table (3): Table 2. Entrance Skin Dose, mGy with Field size 15 x 15 cm at 2 mm 
 Using software, TLDI(s), and Ionization chamber .  

Operating 
Condition 

FSD  ESDth 

mGy 
ESDTLD 

 
ESDIC 

 
X-ray 
Image 
 KV, mAs Cm 2mm HVL mGy MGy 

Chest AP 105, 3.03 124.7 0.47 0.22 0.34 
Skull-PA 70.16, 18.41 118.9 1.20 1.32 0.862 
Skull-Lat 64.94, 14.39 119.66 0.75 0.91 0.859 
Abdomen 73.09, 53.25 126.3 3.17 4.57 0.841 
C –Spine 62.26, 12.69 121.62 0.59 0.67 0.482 
D- Spine 78.19, 79.33 113.52 6.70 3.29 0.681 
Pelvis 70.82, 24.6 112.83 1.72 2.27 0.954 
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Table (4): Entrance Skin Dose, mGy with Field size 20 x 20 cm at 2 mm HVL 
Using software, TLDI(s), and Ionization chamber .  

Operating 
Condition FSD ESDth mGy ESDTLD 

 
ESDIC 

 

               
X-ray 
Image 

 KV, mAs Cm 2mm HVL mGy mGy 
Chest AP 105, 3.03 124.7 0.48 0.22 0.34 
Skull-PA 70.16, 18.41 118.9 1.15 1.32 0.862 
Skull-Lat 64.94, 14.39 119.66 0.76 0.91 0.859 
Abdomen 73.09, 53.25 126.3 3.19 4.57 0.841 
C –Spine 62.26, 12.69 121.62 0.60 0.67 0.482 
D- Spine 78.19, 79.33 113.52 6.74 3.29 0.681 

Pelvis 70.82, 24.6 112.83 0.06 2.27 0.954 

 

Table (5):  Entrance Skin Dose, mGy with Field  size 25x 25 cm at 2 mm HVL   
 software, TLDI(s), and Ionization chamber . using 

Operating 
Condition FSD ESDth mGy ESDTLD ESDIC X-ray 

Image 
KV, mAs Cm 2mm HVL mGy mGy 

Chest AP 105, 3.03 124.7 0.48 0.22 0.34 
Skull-PA 70.16, 18.41 118.9 1.20 1.32 0.862 
Skull-Lat 64.94, 14.39 119.66 0.76 0.91 0.859 

Abdomen 
73.09, 53.25 

126.3 3.20 
4.57 0.841 

C –Spine 62.26, 12.69 121.62 0.60 0.67 0.482 
D- Spine 78.19, 79.33 113.52 6.80 3.29 0.681 
Pelvis 70.82, 24.6 112.83 0.06 2.27 0.954 

The practical measurements of TLD(s) and 0.6 cc ionization chamber 
were carried using field size 10 x 10 cm and 2 mm Al HVL were agree with the 
theoritical calculation and lower than the IAEA reference levels as shown in 
table 6. 
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Table (6): Theoritical calculation of  Entrance Skin Dose, mGy with Field  size 
10x10 cm at 2 mm HVL compared with TLD(s) measurements, 
Ionization Chambers , IC and  refference levels of the IAEA.  

Operating 
Condition FSD ESDth mGy TLD ESDIC ESDRL X-ray 

Image 
 KV, mAs cm 2mm HVL mGy mGy mGy 

Chest AP 105, 3.03 124.7 0.47 0.22 0.34 0.4 
Skull-PA 70.16, 18.41 118.9 1.12 1.32 0.862 5 
Skull-LAT 64.94, 14.39 119.66 0.74 0.91 0.859 3 
Abdomen 73.09, 53.25 126.3 3.12 4.57 0.841 10 
C –Spine 62.26, 12.69 121.62 0.58 0.67 0.482 1.8 
D- Spine 78.19, 79.33 113.52 0.58 3.29 0.681 1.9 
Pelvis 70.82, 24.6 112.83 1.69 2.27 0.954 10 

CONCLUSION 

The constructed computer program provides an easy and more practical 
mean of    estimating skin dose even before exposure. They also provide the 
easiest and cheapest technique can be employed in any entrance skin dose 
measurement. The optimization concept has been verified.  Entrance Skin Dose 
calculation based on field size, HVL, Dose out put and an operating condition.  
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