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Abstract:

Diagnostic X-rays are useful in detecting abnormalities within the body, the digital x-
ray is the advance modality of x-ray machines. Most clinical examination of the
radiological field only take in account the image quality without taking care about
dose receive by the patient .These study aimed to estimate the entrance skin doses
and effective doses for adult patients underwent chest digital x-ray PA and lumbar
spine (AP,LAT) examination using mathematical relation between output and
entrance skin dose(ESD). The data was collected in two hospitals (MMC & RICK) in
Khartoum state with average load 30,20 case per day respectively.

82 patients were examined in this study, 42 for chest and 40 for lumber AP&LAT, the
data collected was include height, weight, age of patients, kilovoltage (kVp) , tube
current (mAs), and focus to skin distance (FSD) settings. These data was used to
calculate ESD and effective doses (ED ).

The mean ESD and ED of three examinations were (0.216+0.072),(3.869+1.09) and
(4.695+1.07)mGy and mean ED were(0.036), (0.53) and (0.194) mSv for chest PA,
lumber spine AP, and LAT respectively. These values were compared with those of
published works and international established diagnostic reference levels. The
variation of ESD was found to be 53% lower while ED was found to be 47% higher
compared with values of (UNSCEAR 2000) these refer to techniques used for the
examinations studied, the importance of establishing a national quality assurance
program and examination protocols to ensure that patient doses are kept as Low as

possible..



welall:

) o e Y pgailly ansadl) Blag Z\.?_'u‘ Oe dwinad) dxadl gl juias
8 guall Bag> (b w2 S 5 el dxa¥) (s O beMad) ey oS) drsl pgai da b
Lol o i) anss () da) pll sde cidas A L jell dic sl de o) (glgg
Sy dpslyy dabas plasinly selally jaall dipd] dxad) Gamd (b ull) (wn el
Eob ) S o9 cuasd] (adadl S el (e IS (8 dn) ) 0de oy 2 ;\53.8)3§<:.N ic

oo ) (8 &l ZMall

(gsil) -0sgll el = Joball (agibly Gueisi iy ipe 82 (exd ilas
) b gVl ] G 3Ll e s ity il lgrLinly

dc ly sl e (0.07240.216) slusi jaall (w040 bl de p baigie Olazg
ol l) LY o jglad) (e j0d (sl B (Lle(1.0943.869)5 < jars (e 0.036 (s5lusi B i o]
b)) (o j0d ) B (e(1.0744.695) 5 < jir (o (0.53) (55l B fise do > bavgie 2o

W ger (e 0194 (59Ludi B e de o il (1o

%53 duwiy BB Aad) de o ) 2 gy Jlradl Luis (b Al lul p 2l Lt fie
S sgrs el le o (b L) MY Ol %47 Ay (le) 8 5ad) de g
S 5905 8352 aSE el 5 dnl s i)y olisail] plasinl (b CaMixY)

Sy Lo J3) dagizs (jall de o O (o S (e lis¥] o]



Contents

aY 1
Dedication 11
Acknowledgements 111
Abstract (English) IV
Abstract (iu ) \Y
Contents VI
List of tables IX
List of figures X
List of abbreviation XII
Chapter one : Introduction

1.1 Introduction 1
1.2 Radiation risk 3
1.3. Problem of Study 3
1.4. Objective of Study 3
1.5. Thesis outline 4

Chapter two :Background

2.1 Literature review 5
2.1.1 Discover of x-rays 5
2.1.2 Classification of radiation 6
2.1.3 Source of radiation 7
2.2. Production of x-rays 8
2.2.1 Bremsstrahlung 8
2.2.2 characteristic x-rays 11
2.2.3.Spectrum of X-ray 12
2.3 interaction of photon with matter 14
2.3.1. Compton scatters 15
2.3.2 Pair production 15
2.3.3 Photoelectric effects 16
2.4. Detection of ionizing radiation 16
2.4.1. X-ray detectors of digital radiography 17
2.4.2. Gas field detectors 17
2.4.2.1. Production of electron-ion pairs 18
2.4.3. Computed radiography 19
2.4.4 The modern film-screen 19
2.5. characteristic of x-ray imaging system 19
2.5.1. Figure of merit for image quality 20
2.6. Biological effects of ionizing radiation 21
2.6.1. Radiation and DNA 21
2.6.1.1 Deterministic effects 21
2.6.1.2. Stochastic effects 21
2.7. Radiation quantities 24
2.7.1. Radiation exposure 24
2.7.2. Radiation absorbed dose 24
2.7.3. Radiation equivalent dose 25




2.7.4. Effective dose 25
2.7.5. Medical exposure 28
2.7.6. Entrance surface air karma 28
2.7.7. Entrance surface dose 28
2.7.8. Inverse square law 29
2.7.9. Sievert (Sv) 29
2.8.Previouse studies 29
Chapter three : Materials and Methods

3.1 Materials 33
3.1.1 Equipment 33
3.1.2 Patient 33
3.2 Methods 33
3.2.1 Study design 33
3.2.2 Duration of study 33
3.2.3 ESD calculation 33
Chapter four : Results 36
4.1 Results 36
Chapter five: Discussion, Conclusion, Recommendation and 46
References

5.1. Discussion 46
5.2. Conclusion 48
5.3. Recommendation 49
5.4. Reference 50




List of tables

2.1 Radiation weighing factor 26

2.2 Tissue weighting factor ICRP 33 27

2.3 Tissue weighting factor ICRP 26 27

24 Tissue weighting factor ICRP 60 27

3.1 Digital system characteristics 33

4.1 Age distribution for patients in chest x-ray examination 36

4.2 Mean and stander deviation of body mass index for chest 36

4.3 Mean and stander deviation of exposure factors in chest x-ray 37
Mean exposure factors ,dose values and effective dose for

4.4 patients underwent chest x-ray examination 39
Age distribution for patient underwent lumbar spine (AP) x-ray

4.5 examination 39
Mean and stander deviation of body mass index of patients in

4.6 lumbar spine x-ray examination 40
Mean and stander deviation of exposure factors for lumbar

4.7 spine(AP) 40
Mean and stander deviation of exposure factors for lumbar

4.8 spine(LAT) 40




Mean and stander deviation of exposure factor ,dose and

4.9 effective dose of patients in x-ray lumbar spine (AP) 41
Mean and stander deviation of exposure factor ,dose values and
4.10 effective dose of patients in x-ray lumbar spine (AP)
List of figures
2.1 X-ray photograph of Roentgen,s wife’s hand 6
2.2 Classification of radiation 7
2.3 Production of bremsstrahlung 10
2.4 X-ray spectra of intensity versus electron energy for (W) and (Mo) 10
2.5 Production of characteristic x-ray 12
2.6 Spectral distribution of x-ray 13
2.7 X-ray tube structure 14
2.8 25
Compton scatter process
2.9 Pair production process
2.10 Effective of photon energy mass number 16
2.11 Effective of photon energy and atomic mass number to attenuation processes | 16
Correlation between entrance skin dose ESD (mGy) and body mass index for
4.1 patient underwent chest x-ray examination 37
correlation between entrance skin dose ESD (mGy) and tube potential kVp to
4.2 patients undergwent chest X-ray . 38
correlation between entrance skin dose ESD (mGy) and the product of the
4.3 tube current (mAs) to patients underwent Chest X-ray 38
Correlation between entrance skin dose ESD (mGy) and body weight Kg of
4.4 patients underwend Chest X-ray . 39
Correlation between entrance skin dose ESD (mGy) and body mass index
4.5 (Kg\m?2) of patients underwent lumbar spine AP X-ray . 41

10




4.6

4.7

4.8

4.9

4.10

4.11

4.12

Correlation between entrance skin dose ESD (mGy) and tube potential kVp to
patients underwent lumber spine AP X-ray.

Correlation between entrance skin dose ESD (mGy) and the product of the
tube current (mAs) to patients underwent lumbar spine AP X-ray .
Correlation between entrance skin dose ESD (mGy) and body weight(kg) for
lumbar spine AP .

Correlation between entrance skin dose ESD (mGy) and body mass index to
patients underwent lumbar spine LAT X-ray .

Correlation between entrance skin dose ESD (mGy) and tube potential kVp
to patients underwent lumbar spine LAT X-ray .

Correlation between entrance skin dose ESD (mGy) and the product of the
tube current to patients underwent lumbar spine LAT X-ray .

Correlation between entrance skin dose ESD (mGy) and body weight(kg) to

patients underwent lumbar spine LAT X-ray .

List of abbreviation

ICRU International Commission for Radiological Units

42

42

43

43

44

44

45

11




NRPB
DR
IAEA
HPGe
CR
SPD
SNR
DQE
IR
RAD
ICRP
RICK
MMC
BSF
AP
PA
LAT
FSD
ISL
ESD

ED

National Radiation Protection Board
Digital Radiography
International Atomic Energy Agency
High Purity Germanium
Computed Radiography
Stimulable Phosphor Detector
Signal to Noise Ratio
Detective Quantum Efficiency
Ionizing Radiation
Radiation Absorbed Dose
international Commission for Radiation Protection
Radiation Isotopes Center of Khartoum
Modern Medical Center
Backscatter Factor
Anterior Posterior
Posterior Anterior
Lateral
Focus to Skin Distance
Inverse Squire Law
Entrance Skin Dose

Effective Dose

12




13




