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 الآيـــــــــة

 قال الله تعالى:

 بسم الله الرحمن الرحيم

مَاءَ كُلَّهَا ثمَُّ عَرَضَهُمأ عَلَى الأمَلََئِكَةِ فَ قَالَ   َسأ مَاءِ هَ ؤُلََءِ إِن كُنتُمأ صَادِقِينَ وَعَلَّمَ آدَمَ الْأ قاَلُوا  ﴾١٣﴿ أَنبِئُونِي بأَِسأ

تَ نَا إِنَّكَ أَنتَ الأعَلِيمُ الأحَكِيمُ  ا أَنبَأَهُم  ﴾١٣﴿سُبأحَانَكَ لََ عِلأمَ لنََا إِلََّ مَا عَلَّمأ مَائهِِمأ فَ لَمَّ هُم بأَِسأ قاَلَ ياَ آدَمُ أَنبِئ أ

مَائهِِمأ قاَلَ أَلَمأ  تُمُونَ بأَِسأ َرأضِ وَأَعألَمُ مَا تُ بأدُونَ وَمَا كُنتُمأ تَكأ مَاوَاتِ وَالْأ   ﴾١١﴿ أَقُل لَّكُمأ إِنِّي أَعألَمُ غَيأبَ السَّ
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Abstract 

           Bone scan or bone scintigraphy is one of common procedures in routine 

nuclear medicine. Bone scan helps to diagnose and evaluate a variety of bone 

diseases, cancers and conditions using amount of radioactive materials called 

radiotracers. That it injected to the bloodstream. 

The purpose of this study was to estimation of the effective dose and radiation 

absorbed doses to 100 patients from three hospitals following bone scans 

examinations with Tc99m MDP by using gamma camera scanner. Dosisrad and 

RADAR software’s were used to estimate effective dose and absorbed organ doses 

in this study and was compared between them of effective dose calculated with 

both and effective dose calculated with the Dosisrad and RADAR software’s was 

4.25 mSv and 3.86 mSv respectively The mean effective dose estimated in this 

study was 4.06 mSv. And this value was compared with different countries and 

world commissions and it was agreed with international values. The absorbed 

organ doses values obtained in this study were selected for much radiosensitive 

organs from gamma camera according to the injected activity of three centers (A, 

B and c) respectively was: bladder (34.1±2.91, 37.8±4.25and35.6±3.23), bone 

surface (44.8±3.71, 49.5±5.6 and 46.3±4.37), red marrow (6.5±0.52, 7.2±0.81and 

5.4±0.48) mSv respectively. 

     The results of this study may be useful to estimate and optimize the amount of 

activity that can be administered to patient during bone scan examinations and also 

showed the methods used in this study for effective dose and absorbed organ doses 

calculation by the Dosisrad and RADAR software’s.   
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 المستخلص

وي. تصوير العظام يساعد في مسح او تصوير العظام هو احد الإجراءات المعتادة في الطب النو            

المواد تشخيص وتقييم مختلف امراض العظام والسرطانات ومختلف حالات العظام بإستخدام  كمية من 

 المشعة تدعى المقتفيات الإشعاعية وهي تحقن للأوعية الدموية.

عقب مريض  011تقييم الجرعة الفعالة والجرعات الإشعاعية الممتصة ل  هوالغرض من هذه الدراسة  

و  Dosisrad. ال gamma camera scannerبواسطة  Tc99m MDPفحوصات العظام بإستخدام 

RADAR  اجريت  تصة للأعضاء في هذه الدراسة واستخدمت لتقييم الجرعة الفعالة و الجرعات الممبرامج

 4..5 كانت RADARو  Dosisradبرامج ال بواسطة الجرعة الفعالة التي قيمت مقارنة بينهم.متوسط 

 . وهذه القيمةmSv 4.06متوسط الجرعة الفعاله التي قيمت في هذه الدراسة كانت  على التوالي. 3..6و

متصة للأعضاء قيم الجرعات الم قورنت مع قيم دول ولجان عالمية مختلفة وكانت متوافقة مع القيم العالمية.

من جهاز تصوير اشعة غاما من ثلاث  للإشعاعكثر الأعضاء حساسية الموضحة في هذه الدراسة اختيرت لأ

  ( على التوالي كانت:A,B and C)مراكز 

 (34.1 ±2.91, 37.8 ±4.25 and 35.6 ±3.23) mSv  5.6± 49.5 ,3.71± 44.8)و and 46.3 

±4.37) .mSv  و(0.81±7.2 ,0.52± 6.5 and 5.4 ±0.48) mSv  للمثانة ،سطح العظم ونخاع العظم

   على التوالي.

 في التعرفللمرضى و ايضا  ة الجرعات المحقونةكميوتجويد النتائج في هذه الدراسة ربما تكون مفيدة لتقييم 

برامج ال  ،الأعضاءة لحساب الجرعة الفعالة و جرعات في هذه الدراساستخدمت  التي طرقالعلى 

Dosisrad  وRADAR. 

 

 

 

 



 

vi 
 

 

Table of contents 

 i الآية 

Dedication  ii 

Acknowledgements  iii 

Abstract iv 

 v المستخلص

List of tables ix 

List of Figures  xi 

List of Abbreviations  xii 

Chapter One – Introduction  

1.1 Introduction 1 

1.2 Problem of the Study 4 

1.3 Objectives of the study  5 

          1.3.1 General Objectives  5 

          1.3.2 Specific Objectives  5 

1.4 Thesis outlines 5 

Chapter Two 

Theoretical Background 

 

2.1 Importance of nuclear medicine  6 

2.2 Diagnostic Nuclear Medicine  7 

2.3 The Gamma Camera System 8 

2.4 Mode of Operation of the Gamma Camera 10 

2.5 Permissible Doses IN Nuclear Medicine 11 

2.6 Patient dosimetry in nuclear medicine 12 

         2.6.1 Adjusting the activity for differences in patient  

                  size and weight  

12 

2.7 99Mo 99mTc Generator 14 

2.8 Radiopharmaceuticals (99mTc MDP) 16 

 2.9 Radioactivity 18 

            2.9.1 Radioactivity Units 19 

            2.9.2 Mods of radioactivity decay 19 



 

vii 
 

2.10 Production of Radionuclides  20 

           2.10.1 Cyclotron Produced Radionuclides 20 

           2.10.2 Reactor Produced Radionuclides 20 

                         2.10.2.1 Fission  21 

                         2.10.2.2 Neutron Capture                                                     21 

2.10.3 Generators Produced Radionuclides  21 

2.11 Quality Assurance and Quality Control in Nuclear 

Medicine 

22 

2.12 Assay of Radioactivity for Clinical Use  23 

2.13 Dose calibrator 23 

2.14 The Uncertainty Budget 26 

2.15 Interaction of Photons with Matter 27 

2.16 Types of Photon Interactions in Matter  27 

           2.16.1 Compton Scattering 27 

           2.16.2 Photoelectric Effect  27 

2.17 Linear Energy Transfer  28 

2.18 Biological effects of radiation 29 

2.19 System of Protection in nuclear medicine procedure  30 

          2.19.1 Justification 31 

          2.19.2 Optimization 31 

          2.19.3 Dose Limitation 31 

2.20 Quantities and units for Dosimetric and Protection 32 

           2.20.1 Absorbed Dose 32 

           2.20.2 Equivalent Dose 33 

           2.20.3 Effective dose 34 

           2.20.4 Organ dose 35 

2.21 Quantities and Units Used in Nuclear 

              Medicine Dosimetry 

36 

           2.21.1 Becquerel   36 

           2.21.2 Curie 36 

2.21.3 Physical, Biologic, and Effective Half-Lives 37 

           2.12.4 Activity   38 



 

viii 
 

           2.21.5 Specific Activity 39 

2.22 Literature review   40 

Chapter three 

Materials and Method 

 

3.1 Materials of the study 44 

3.2. Population of the study   44 

3.3. Place and duration of study  44 

3.4 Method of the study  44 

           3.4.1 Method of data collection 44 

           3.4.2 Technique used  44 

3.5 The protocol of bones scintigraphy  46 

3.6 Dosimetric calculations  46 

           3.6.1 RADAR software  46 

           3.6.2 Dosisrad  47 

3.7 Method of data analysis 48 

Chapter Four – Results  

4.1. Results  49 

Chapter five- Discussion, Conclusion and 

Recommendations 

 

5.1. Discussion  63 

5.2. Conclusion  66 

5.3. Recommendations  67 

References 68 

 Appendix 72 

 

  

 

 

 

 

 



 

ix 
 

List of tables 

Table No Title Page No 

2.1 Characteristics of commonly used 

radionuclides 

22 

2.2 Radiation weighting factors in publication 

ICRP 60 and Q in publication ICRP 60  

34 

2.3 Tissue weighting factors for different organs  35 

2.4 Sample Physical, Biological, Effective Half 

lives 

38 

3.1 Protocol of Bone scintigraphy 46 

4.1 summaries the characteristic statistics 

parameters for the hospital (A) from The  

gamma camera 

49 

4.2 summaries the characteristic statistics 

parameters for the hospital (A) from The  

gamma camera, for male 

50 

4.3 summaries the characteristic statistics 

parameters for the hospital (A)  from The  

gamma camera, for female 

51 

4.4 summaries the characteristic statistics 

parameters for the hospital  (B) from The 

gamma camera 

52 

4.5 summaries the characteristic statistics 

parameters for the hospital (B) from the  

gamma camera  for male 

53 

4.6 summaries the characteristic statistics 

parameters for the hospital (B) from The 

gamma camera for female 

54 

4.7 summaries the characteristic statistics 

parameters for the hospital (C) from The 

gamma camera 

55 

4.8 summaries the characteristic statistics 

parameters for the hospital (C)  from The 

gamma camera for male 

56 



 

x 
 

4.9 summaries the characteristic statistics 

parameters for the hospital (C)  from the 

gamma camera  for female 

57 

4.10 comparison between Dosisrad  software& 

RADAR software for effective dose calculated 

by both 

58 

4.11 showed the organ dose estimated from the 

gamma cameras canner by Dosisrad software 

during this study for hospital (A) 

  

59 

4.12 showed the organ dose estimated from the 

gamma cameras canner by Dosisrad software 

during this study for hospital (B) 

  

60 

4.13 showed the organ dose estimated from the 

gamma cameras canner by Dosisrad software 

during this study for hospital (C) 

  

61 

5.1 show the mean of ED in this study and 

compare with other countries  

62 

 

 

 

 

 

 

 



 

xi 
 

 

List of Figures 

Figures No Title Page No 

2.1 Schematic diagram showing the major 

components of a gamma camera  

10 

2.2 Typical generator system  15 

2.3 A radionuclide dose calibrator, Biodex 

model Atomlab 500. 

26 

2.4 Predominant type of interaction for 

various combinations of incident photons 

and absorber atomic number  

27 

4.1 comparison between Dosisrad & RADAR 

software's   for effective dose calculated 

by both: 

58 

4.2 Mean of ED in this study and compare 

with other countries and world 

commission 

62 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

xii 
 

 

 

Abbreviations 

 

SPECT             Single Photon Emission Computed Tomography 

PET                  positron Emission Tomography 

CT                    Computed Tomography 

MRI                  Magnetic Resonance Imaging 

US                     Ultrasonography 

ICRP                 International Commission Radiological Protection 

EDE                  Effective Dose Equivalent 

ED                     Effective Dose 

Ht                      Organ Equivalent Dose 

LD                     Lethal Dose 

NaI                    Sodium ioded 

PMT                  Photomultiplier tubes 

PHA                  Pulse Height Analyzer 

PACS                Picture Archiving and Communication System 

mSv                  millisievert 

Bq                     Becquerel 

MBq                 Megabecquerel 

Ci                     Curie 

mCi                  millicurie 

Gy                     gray 

Kev                   kilo electron volts   

BeV                   billion electron volts 

BSS                   Basic Standard System 



 

xiii 
 

DRL                  Diagnostic reference levels 

Tc                      Technetium 

Mo                     Molybdenum 

(Na99mTcO4)         Sodium pertechnetate 

MDP                        methylene diphosphonate Planar 

BS                            Bone Scan   

NM                            nuclear medicine 

NCA                          non carrier free 

QC                             Quality control    

QA                             Quality assurance 

IAEA                         International Atomic Energy Agency 

US.NRC                     United States Nuclear Regulatory Commission 

LET                            Linear Energy Transfer 

D                                 absorbed dose 

rad                               radiation absorbed dose 

 WR                                             radiation weighting factor  

𝑊𝑇                              Tissue weighting factor 

𝐷𝑇                              Organ dose 

𝜀                                 Energy imparted 

A                                activity 

Tp                              Physical half life 

Tb                              biological half life 

Te                             effective half life 

RADAR                    Radiation Dose Assessment Resource 

MIRD                       Medical Internal Radiation Dose 

OLINDA                  Organ Level Internal Dose Assessment    

 




