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Abstract 
Estimation of radiation absorbed dose in long term X-ray examination (Fluoroscopy) that 

the patient subjected to are of  great value in the field of radiation protection. The aim of this 

project is to determine the amount of air kerma dose in air that can reflects the amount of the 

risk that the patient subjected to, also to calculate the dose area products (mGy/cm
2
)and do 

comparison between EASK and DAP. The parameters that which are involved in this project are 

X-ray tube current (mA) , exposure time (sec.),  focal film distance(FFD) and focal skin distance 

(FSD) in cm.ESAK and DAP are calculated using mathematical equation for different 

fluoroscopic examination of different patients. 35 cases were involved  in this projects [91 male 

and 20 female].The results show that the ESAK are ranged between 54.438mGy   and  120.27 

mGy    and the DAP ranged from 491.847 mGy.cm2 to 1086.639 mGy.cm2    . 

 الخلاصة
زمص ييش يلة ييش يعاييلز جر  لي وييتلي   جرنيي   تخميي ا جرعة ييش جعيييال  ش جرممناييش فحصييللأ جر اييي يل ييياش جر يي ص ش  ر نيية 

ةناةض رال جرمةةض رال فهم ش كب ة  في  قليا جرليلةيش ميا جعييالدفجراذا ميا جربايح هيل رناذةيذ كم يش عة يش جعييال  ش في  

 )جرالجلأ )ك ةمل(  جرن  تاتس كم ش جرخطة جريي  ةنايةض ريل جرميةةض  كييرا را يل   لميا رية  جرعة يش في  جرم يلقش)  

mGy.cm
2

فجرمنغ ةجت ج  جرالجما جرن  تضمصال جرباح ه  ت لي فنبليش   EASK           DAPرلفش إرى  ما مللينش ي ا إ  

ج ييياش   زمييا جرناييةض جعيييال   يلقييذ  جرسلن ييش  جرم ييلفش ييي ا جنبليييش ج ييياش جر يي ص ش   ف ييإ جرناييلةة فر ييال   إرييلفش إرييى 

تيإ ق يليامل   EASK           DAP يذ جرميةةض( يلقيذ  جر ي صنم نةف جرم يلفش يي ا جنبلييش ج يياش جر ي ص ش   ويطض جرمةض)ع

ميا 02قلريش تيإ تضيم صال في  هييج جربايح ) 51يلونخذجم مالدرش يةلر ش  رمخن ف جر الصلت جعيال  ش  رمخن يف جرمةريى  ف

 DAP ج    54.438mGy   120.27 mGy( تنييةج ب ييي ا      EASKمييا جريييكلي(فجرصنلوض ف رييا) ييي   ) 91ج نييلو  

 ف  mGy.cm2      1086.639 mGy.cm2 491.847تنةج ب ي ا 

 

Introduction 
Radiation exposures from diagnostic medical examinations are generally low and are almost 

always justified by the benefits of accurate diagnosis of possible disease conditions. There is no 

direct evidence of radiation ever causing any harm at the exposure levels encountered with 

diagnostic radiological examinations[1]. 

Medical applications of ionizing radiation are accepted worldwide as essential tools for 

protecting and improving human health. However, they also represent by far the largest man-made 

source of radiation exposure for the population. There is a worldwide overwhelming interest in 

patient exposure, which has clearly been  demonstrated by about 1000 senior officers and scientists 

from 88 International Atomic Energy Agency (IAEA) member states attending the International 

Conference on the Radiological Protection of Patients in Diagnostic and Interventional 

Radiology[2]. 

All radiological procedures involving X-rays deliver a radiation exposure to the patient table(1). In 

procedures where staff are present in the examination room, such as in interventional radiological 

procedures, also the staff receive a radiation exposure . Table(1):Show the mean of exposure time 

and ESD measured by (Mahadevappa ,10) 
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. Radiation has long been known to be harmful to humans. The radiation exposure received 

in an X-ray examination is known to increase the risk of malignancy as well as, above a certain 

dose, the probability of skin damage and cataract.[3] 

Fluoroscopy is used to create real-time images for diagnosis
 
and to guide other medical 

procedures fig(1). Modern fluoroscopic x-ray
 
equipment is subject to strict governmental 

regulations, but
 
these regulations do not guarantee that radiation is safely

 
used on patients nor that 

the physician operators and support
 
staff are protected from risk of radiation-induced injury[4]. 

Dose-Area-Product (DAP) meters are large-area, transmission ionization chambers and associated 

electronics. In use, the ionization chamber is placed perpendicular to the beam central axis and in a 

location to completely intercept the entire area of the x-ray beam. The DAP, in combination with 

information on x-ray field size can be used to determine the average dose produced by the x-ray 

beam at any distance downstream in the x-ray beam from the location of the ionization chamber 

fig.(1) [5]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig(1):Schematic diagram of the C arm fluoroscopic unit showing the DAP  

The quantity kerma (K) (kinetic energy released in the medium) is defined as the quotient of 

dEtr by dm, where dEtr is the sum of the initial kinetic energies of all the charged ionizing particles 

(electrons and positrons) liberated by uncharged particles (photons) in a material of mass and dm is 

the mass of material : 

K= dEtr/dm  ….(1)  
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The unit for kerma is the same as for dose, that is, J/kg. The name of its SI unit is gray (Gy) and its 

special unit is rad 

For a photon beam traversing a medium, kerma at a point is directly proportional to the photon 

energy fluence Ψ¨ and is given by: 

K= Ψ(  
.tr

 

……..1 

Where 

 
.tr

 

is the mass energy transfer coefficient for the medium averaged over the energy fluence 

spectrum of photons[6]. 

Patient Doses in Fluoroscopy 

The dose rate to the patient is greatest at the skin where the
 
x-ray beam first enters the patient. 

Although most literature
 
has begun to report dose rate in milligray per minute, existing

 
regulations 

still specify limits in terms of an exposure rate
 
(roentgen per minute). The entrance exposure limit 

for standard
 
operation of a fluoroscope is 10 R/min (100 mGy/min) . Some

 
fluoroscopes are 

equipped with a high-output or "boost" mode,
 
and the limit for operation in this mode on state-of-

the-art
 
equipment is 20 R/min (200 mGy/min) . There is no limit on

 
entrance exposure rate during 

any type of recorded fluoroscopy,
 
such as cinefluorography or digital acquisitions[7] 

 

Material and Method 

 
 The present work was performed to evaluate the Entrance Air Surface Kerma  (EASK) of 

patients undergoing fluoroscopic Fig.(2) examinations to determine the site of renal stone of 

patient. The dependence of ESD on FSD should follow the inverse square relationship 

because the SSD is much greater than the focal spot of the anode. the following formula is 

proposed for the ESAK:[8]. 

   mGysmAFSDsmAmGyoutputESAK ./100)./(
2

 ………(2) 

Where  the (output) in mGy/mA.s is calculated using a windows based computer program ,called 

Pad Pro software was used in this study .This software has gained popularity with many other 

nuclear professionals in medical engineering, medical physics and other nuclear physics disciplines. 

The x-ray machine/device calculator allows the choice of empirical data or the use of known x-ray 

tube output. Software developed by Ray Mc Ginnis ,last update Augst,6,2007.[9], (mA.s)  

represents the products of X-ray tube current(mA) and time of exposure(Sec.) and FSD represents 

the focal to surface of the patient distance in cm . 
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Fig(2): A schematic diagram show the air kerma and DAP with patient position. 

 DAP was calculated using the following equation[8] 

2)(
FFD

FSD
AESAKDAP

FFD
 ………..(3) 

Where ESAK are the entrance skin air kerma(mGy) and FFD was the focal film distance in cm. 

 

 (mA.s ) had been taken from practical  work in the ESWL unit in   Al-sadder teaching 

hospital. 

 mm Al the total filtration in unit of  (mm)  of aluminum of X-ray tube[4mm Al] that which 

input to the software to calculate the X-ray out put. 

 35 cases were involved in this project (15 males and 20 females) 

 

:sResult 
*The results of this study concerning the recorded fluoroscopy times, exposure factors and 

estimated patient doses for the various cases  given in Table 1. It should be noted that the maximum 

ESAK estimate for the patient’s skin dose was much less than the threshold of 2 Gy required for the 

onset of early transient erythema insensitive patient.. 

*The frequency of  (mA.s) , (ESAK) , time of exposure and (DAP) calculated involved in this 

project given in tables (1,2,3 and 4) 

* The relationship between mAs and DAP are shown in fig(1) , relationship between mAs and DAP 

are shown in fig(2) and EASK and DAP are shown in Fig(3) respectively.  
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Table (2): Show the values (range) for ESAKs calculated DAP calculated , exposure factor(mA.s) 

and time of exposure. 

 

Item Upper limit  Lower limit Mean 

ESAK (mGy) 120.27 54.438 571.2846 

DAP(mGy.cm
2
) 1086.639 491.847 72.7428 

mA.s (mA*Sec) 570 258 378.1714 

Time of 

exposure(second) 
43 100 71.5 

 

 

Table(3): Show the frequency of mA.s used in this study 

 

mA.s Frequency 

250- 6 

300- 10 

350- 4 

400- 9 

450- 2 

500- 2 

550-600 2 

Total 35 

 

 

 

Table(4): Show the frequency of ESAK values calculated in this study in(mGy) 

 

ESAK(mGy) Frequency 

50- 9 

65- 11 

80- 9 

95- 4 

110-125 2 

Total 35 
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Table(5): Show the frequency of time of exposure used in this study in(Second) 

 

Time(Sec.) Frequency 

40-49 3 

50-59 9 

60-69 6 

70-79 9 

80-89 2 

90-100 6 

Total 35 

 

Table(6): Show the frequency of dose area product calculated in this study in(mGy.cm
2
). 

 

DAP(mGy.cm
2
) Frequency 

400- 5 

550- 15 

700- 9 

850- 4 

1000-1150 2 

Total 35 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig(3):Show the relationship(linear) between the exposure factor and dose area product(mGy/cm
2
). 
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Fig(4):Show the relationship(linear) between the exposure factor(mAs) and entrance air skin 

kerma(EASK) calculated in this project(mGy) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig(5):Show the relationship(linear) between the entrance air skin kerma(EASK) and dose area 

product(mGy/cm
2
) 
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Fig(6):Show the relationship(linear) between the time of exposure(sec) and EASK(mGy/cm
2
). 

 

 

Discussion: 

 
It is necessary to keep the exposure doses from fluoroscopy

 
as low as is reasonably achievable 

to
 
avoid radiation skin injuries in patients undergoing fluoroscopic examination. The method 

outlined here to conduct surface dose assessment has proved useful in assisting X-ray departments. 

ESAK was calculated for 35 case show significantly high dose with mean                           

87.354 mGy  for patient examined flouscopically ,those high dose are due to high exposure time 

which is comparable to results obtained by[Mahadevappa ;10] whose it's ESD mentioned in below 

table(2) 

DAP in mGy/cm
2
 are also calculated in this project for 35 cases mentioned above with mean 

of about 789.243 mGy/cm
2
 which is significantly high due high exposure time that the examination 

need to visualize the renal stone fluoroscopically and destructed shock wave lithotripsy. 

 Our results show large variety in radiographic exposure( mA.s) table 1 that reflex the variety 

in patient weight and size, where the high frequent values are in 300-350 as shown table(2). 

The high frequent values for ESAK are range between 50-65 mGy as shown in table(4) and 

for the time of exposure ranged between 50-59 sec. as shown in table(5) 

The high frequent values for the Dap cakculated are in range between 770-850 mGy.cm
2
 as 

shown in table(6) 

Previous literature dealing with determination of ESD(mGy) for patient examined 

radiologiacally(11 and 12] also concentrate on the frequency of ESD as we mentioned to the 

frequency of ESAK and DAP mentioned above in this project. 

[13] calculate the ESAK for the patient undergoing routine X-ray examination depending on 

mathematical equation ,but theX-ray output measured using a calibrated 

1 cm3 PTW-Freiburg TM77334 ionization chamber connected to a PTW UNIDOS E 

electrometer,in time that we using a calculating software guess the X-ray output ,where the the 

ESAK rnaged between (0.1-5.30 mGy) which is low compared with our results due to very short 

exposure time that X-ray examination required. 
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The effect of the time of the exposure(including in mA.s) on the ESD Fig(7)  are significantly 

clear and considered many research involving[14] and [15] as shown in fig(5). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig(7) Scatter plot of fluoroscopy time and dose area product done [15] 

 

The results show that the relationship between the mAs and DAP ,ESAK and time of exposure 

respectively linear as shown fig(2),(3),(4) . 

Many literature con concentrate on calculation of DAP either using special instrument or 

mathematically, so [16] measuring DAP using VacuDAP 2000; VacuTec 

Mebtechnik, Dresden, Germany) in which the results was ranging from 0.04-150.5 Gy/cm
2
 . 

Other also calculate DAP in cGy.cm
2
 [17] and obtained the that which is comparable to our results.  

 

Conclusion 

 
1.The entrance surface(ESAK) dose can be maintained to minimum value by reducing the 

exposure time where the relation-ship between the entrance dose and time linear. 

2. estimation of the entrance surface dose could be an alternative reliable and cheap method for 

patients dose monitoring in the every day routine of a diagnostic radiology department 

3. The entrance surface(ESAK) dose can be maintained to minimum value by reducing the 

exposure time where the relation-ship between the entrance dose and time linear. 
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