
Sudan University for Science and Technology
Post Graduate College

Survey on the Status of Protective 
Measures in Dental Radiography

الؤينة       الشعة من الحماية حول ميدانية  دراسة
السنان    تصوير مجال فى

A thesis submitted in Partial Fulfillment of the Requirements of M.Sc in 
Medical Radiation Physics

AlTahir Abd Almalik Abu khiar

Supervisor 

Dr Nadia Omer Alatta



September 2008

Dedication

To my family

II



Acknowledgement

I  bow in  gra t i tude  for  Almighty  God for  b less ing  me 
f in ishing  This  work,  I 'm indebted  for  those  who helped me,

I 'm thankful  to  Dr .  Nadia  Omer  Al  At ta   

III



List of contents                                                                  Page

Dedication ……………………………………………………………………………… i
List of tables …………………………………………………………………………….ii
List of figures ……………………………………………………………………………iii
Abstract English …………………………………………………………………………iv
Abstract Arabic …………………………………………………………………………..v

Chapter 1 introduction 
1-1 Introduction ………………………………………………………………………….3
1-2 aim of the research…………………………………………………………………...6
1-3 hypothesis ……………………………………………………………………………6
1-4 methods and materials…………………………………………………..……………6

Chapter 2 generation of X-radiation 
2-1 Generation of x-rays………………………….……………………………………...10
2-1-1 types of x-rays ………….…………………………………………………………10
2-2 x-ray generating equipment………..…………………………. …………………… 12
2-3 interaction of x-ray with matter ….………………………………………………… 13
2-3-1 photoelectric……….………………………………………………………………14
2-1-2 Compton Effect……………………………………………………………………15
 2-4 the biological effects associated with x-ray………………………………………….16
2-4-1 somatic non-stochastic effect……………………………………………………. .16
2-4-2 somatic stochastic effect...…………………………………………………………17
2-4-3 genetic stochastic effect …………………………………………………………...17
2-4-4 how do x-rays cause damage ……………………………………………………..17
2-4-5 direct damage ……………………………………………………………………..18
2-4-6 indirect damage   ………………………………………………………...............18
2-5 radiation quantities and units……………………………………………….………..19
2-5-1 radiation absorbed dose……………………… …………………………………..20
2-5-2 équivalent dose ……………………………………………………………………20
2-5-3 effective dose ………………………………….. ………………………………..21
2-5-4 collective dose ……………………………………………………………………22
2-5-5 dose rate ………………………………………………………………………….22         
2-5-6 estimated annual dose from various sources of radiation…………………………23       
2-6  radiation protection and safety measures…………………………………………..24
2-6-1 radiation protection……………………………………... ……………………….24
2-6-2 radiation shielding in diagnostic x-ray………………………………………........25
2-6-3 standard requirements……………………………………………… ……………26
2-6-4 secondary shielding…..…………………………………………………………..26
2-6-5 lead aprons………..……………………………………………………………...27
2-6-6- warning signs…………………………………………………………………….28
2-6-7 warning lights …………………………………………………………………….28
2-6-8 scattered radiation calculations…………………………………………..............29
2-6-9 measuring scattered radiation…………………………………………………….29
2-6-10 x-ray tube leakage………………………………………………………………29

IV



2-6-11 quality assurance program………………………………. …………………….30
2-6-12 quality control tests……………………………………………………………..34 
2-6-13 dark room and processing………………………………………………………34

   2-6-14 dark room and safety…………………….…………………………………34
2-6-15 light leakage testing……………….…...........................................................35
2-6-16 safelight testing……………………………….…..…..... …………………..35
2-6-17 processor monitoring…………………………….…….…............................36
2-6-18 common problems of processors……………………………….…. ....…….38
2-6-19 cassettes matching… ……………………………….……............................38
2-6-20 screens speed…………………………………….…….................................38
2-6-21 cassette screen speed…………………………………….…….....................39
2-6-22 film/screen contact……………………………….........................................39
2-6-23 radiograph illuminator……………………………….……..........................40
2-6-24 reject analysis……………………………….………………………………40
2-6-25 supplementary protocol………………………………….………………….40
2-6-26 most common faults in reject analysis……………..……………………….41
2-7 x-ray beam parameters………………………………………….………………42
2-7-1 kVp and output……………………………………………………………….43
2-7-2 patient skin dose……………………………………….….………………….43
2-7-3 dental panoramic test…………………………….…….…………………….43
2-7-4 half value layer…………………………….……….………………………..44
2-7-5 dose constraint………………………………….….….……………………..45
2-7-6 dose reduction………………………….……. ……………………………..46
2-7-7 individual monitoring and exposure assessment…………………………….47
2-7-8 quality audit…................................................................................................49

Chapter 3 material and methods
3-1 materials and methods………………………………………………………...52

Chapter 4 results, discussion and recommendations
4-1 results and discussion…...................................................................................56
4-2 recommendations…..........................................................................................66

References ………………………………………………………………………..68
Appendix A ………………………………………………………………………70
Appendix B ………………………………………………………………………71
Appendix C ………………………………………………………………………72

V



Lists of figures                                                                                                    
page
Fig.1-1 walkhoff ……………………………………………………………………………..
….4
Fig.1-2 konig      ……………………………………………………………………………..….4
Fig. 2-1 X-ray photon fate striking matter …………………………………………….………..9
Fig. 2-2 interaction of x-ray with matter …………………………………..……………………
14
Fig.2-3 intra-oral x-ray set…………………………………………………….
………………...15
Fig. 2-3 diagram showing design of spacer cones ………………………………….
…………..16
Fig. 2-4 stationary anode x-ray tube ………………………………...…………………..
……...17
Fig. 2-5 anode angle …………………………………………………………………....
……....17
Fig. 2-6 heel effect ………………………………………………………. ..………………….. 
17
Fig. 2-7 interaction of x-ray with matter …………………………………………………….
….25
Fig. 2-8 free secondary shielding ………………………………………………….
…………....32
Fig. 2-9 warning signs ……………………………………………………………….
………….33
Fig. 3-1 dental panoramic tomography ………………………………………………………... 
36
Fig. 4-1 safe light coin test ………………………………………………….…………...
……...48
Fig. 4-2 sensitometric strip test …………………………………………….……...………….. .
43
Fig. 4-3 optical density test ………………………………………………….………...
………..44
Fig. 4-3 model sample chart………………………………………………….
………………….47
Fig. 4-4 model reject percentage sample …………………………………………………...
…..48
Fig. 4-5 intra-oral and panoramic x-ray units 
…………………………………………………..50

Lists of Tables                                                                                               page
Table 2-1 electromagnetic spectrum ……………………………..…..…….9

VI



Table 2-2 the weighting factors recommended by (ICRP) …………......…..20
Table 2-3 typical doses encountered in diagnostic radiology ……....……...22
Table 2-4 the estimated risk per million of developing a fatal radiation
                 Induced malignancy from various x-ray examinations …...…….26
Table 4-5 processing chemicals routine surveillance ………………..…….54
Table 5-8  HVLs for minimum values …………………………………......56
Table 4-7 routine test for dental equipment ……………………..…………57
Table 4-8 international dose limits …………………………………............61
Table 6-1-a diagnostic x-ray survey intra-oral dental x-ray
                equipment Khartoum Dental Hospital …………………………..68
table 6-1b diagnostic x-ray survey Panoramic/Cephalometric
                  dental x-ray equipment K. Dental Hospital …………….....……69
Table 6-2 diagnostic x-ray survey intra-oral Dental x-ray 
                 Equipment Khartoum Bahri hospital ……………………….…...70
Table 6-3 diagnostic x-ray survey intra-oral Dental X-ray 
                  Equipment Omdurman hospital ………………………………...71
Table 6-4 diagnostic x-ray survey intra-oral dental x-ray 
                 Equipment Chinese Friendship Hospital ………………………...72
Table 6-5 diagnostic x-ray survey intra-oral dental x-ray 
                 Equipment Ribat University Hospital ……………..……………..73
Table 6-6a Diagnostic x-ray survey intra-oral dental x-ray
                   Equipment AlRazi Dental College ……………………………...74
Table 6-6b diagnostic x-ray survey panoramic/cephalometric
                    Dental x-ray equipment AlRazi Dental College ………………..75
Table 6-7 f-Film processing method survey ……………………....................76

VII


