
โปรโตคอลที่เหมาะสมในการตรวจ MRCP ด้วยเครื่อง MRI 0.4 เทสลา  

(ชนิดอุโมงค์เปิด) และเปรียบเทียบคุณภาพของภาพกับ MRI 3.0 เทสลา 

 

 

 

นายกฤษฎางค์ ทะเสนฮด 

 

 

 

วิทยานิพนธ์นี้เป็นส่วนหนึ่งของการศึกษาตามหลักสูตร 

ปริญญาวิทยาศาสตรมหาบัณฑิต สาขาวิชาฉายาเวชศาสตร ์

 ภาควิชารังสีวิทยา คณะแพทยศาสตร์  

จุฬาลงกรณ์มหาวิทยาลัย 

ปีการศึกษา 2553 

ลิขสิทธ์ิของจุฬาลงกรณ์มหาวิทยาลัย 

 



OPTIMIZATION PROTOCOLS OF MRCP IMAGING FOR MRI 

0.4 TESLA (OPEN) AND COMPARISON IMAGE QUALITY 

WITH MRI 3.0 TESLA 

 

 

 

 

 

Mr.Krisadang Thasenhod 

 

 

 

 

 

 

A Thesis Submitted in Partial Fulfillment of the Requirements  

for the Degree of Master of Science Program in Medical Imaging  

Department of Radiology Faculty of Medicine  

Chulalongkorn University 

Academic Year 2010 

Copyright of Chulalongkorn University 

 

 

 





1~nz1~uu1~au~lunin'118~ninn'~lni'aa1du1)is"l~ 3.0 lnnni (OPTIMIZATION PROTOCOLS OF 

MRCP IMAGING FOR MRI 0.4 TESLA (OPEN) AND COMPARISON IMAGE QUALITY 

WITH MRI 3.0 TESLA) a.~Gnuiinaiu'nwm'ndn: 3ff.m~. Cqvir nquw3ua1, a.d&nui?naiu'num'i?u: 

n-nu~Gu 3.0 innni 
d V J  d A  nawninn'mum1ffud~6nni~ 2 w. Qndnrim~nu~n'adnui~z~ndunqmn~nra~uaniuir~~~nm~riunr~iim (tad 

iu~~nyiarldu) ua~niw~l~rinnird~u~ddu~tlia'udii~nrianin dnirr 2 u'n' nuii~nawnuma~nlrk 20 unr 30 uu. owiu?nru 

uuin 280 uu. Q~uaunir~GiriTnpk 288 unr 320 IXriunr1~tmra~n-m3d~mnwn~11unriunr1ii~1)v~in1d~l# Iururdnin 3 7n' 
n-Jiunuinbii 2 tun: 3 uu. aiuiuhawuum 300 uu. iiuaunir14irirn~dn 288 l#riunz~iimra~ni~dqm~r?U~u . 

nrzuaniimulauia8udyu6nnia to uu. pndwin~~nu~n'anidmrida~ro~~qlia~l# n'adqq?olrun?u (ran~dwaii) 

Crizi?uuoan~lunuhuunin n'a8qqiurunaulun-m (Q8uaii) ~~nz~qlolrun?ud~ndluidrrliiu~hfiu dnm 2 Go' nuiid 

naiunuiuaan'lni 50 uu. a-iwiu?~autiurn 320 uu. Qiu~unirtdiriTndn 288 qaii 6.000 u'n%uifi i i u?u~qwn 'nu  4lGi1on 

tdu aii~~nz% 18u o i i  qqdqntmwii~qicu.lunaui,idqn dnin 3 iiSn~iunuinlnb 5 uu. d a i u ~ j ~ a u r u m  320 uu. /iuaunir 

~birnir~vln 288 flaif 6,000 u'n%u?fl diu?u8qodw~u'ncl5 ldn'nraa ~onidua~i unt+duaiiq.rdqm 11nr18n'd'~~nurunau~i 

n i r d ~ z d u r ) w n i n u o ~ n i ~ ~ ~ 8 q q w ~ ~ ~ f i u ~ ~ ~ n r ~ ~ ~ q u n i n ~ ~ ~ u ~ ~ ~ i n o ~ ~ ~ n r o i n i m w n r w " u  rrrlinirdrzduiinnir 

nrairjudina~11nraininu'nrQiu?ui7uriu 6iii ianiudr~ u;attrarmyr~z drrnau#aun~~no~nu ~~nrnardmrm aiqtaia 34.7 ?I 

i l q m  25 3 lIIIE~qqn57 3 8 l ~ f ~ n l 5 d 1 ~ d ~ b 0 ~ ~ 3 ~ f i ~ i ~  f i i ~ i ~ ~ ~ r ~ n r l ~ l ~ ~ t n r n a w ~ b m o ~ f f q q w  (I~)/fiY(dvOY18U I O ~ I ~ U  

A  
01; unz %duaii) d~u~aynd~qunindrzdutmu~.r~t~nn&d~liiu~drmunirdunisdiuninainnirmraa#~ra~arai 

nuiuuu'tndrminniiauil izf i inirdrzdu~innaniuiro1uni~11nm.r~ani~ti iu~id~~~1~n~almuni~1~n~ruu~~nunnaan~a 131 

n r ~ ~ u u ~ ~ ~ a ~ n ~ ~ u i d r r ~ u n i n ' m a l u d a ~ u i i n n ' ~ h d r ~ ~ n f n n h f i ~ ~ n i u ~ u n ~ v a . r n a ~ ~ n $ o . r ~ a  dwndli lr~~fiuwnuii  

duiiao.rl~nmiwraJrzuurioni~tiiu&~ 2 u'n'unr 3 u'~~qwnmva.rnin&~ndwfiuva~a$o~mrar~iunuiu~~~ndn naludu 0.4 

tnnnifiu 3.0 ~nnmarjiQuYtruzdiiiqni~no'R' n'i pvalue Gounii 0.05 tlurd~n134qunintio~mnin1murmdn-m 2 ii; f.rfiunn6 

drzlu'ui~n?lu~~ndi~fiu~unn~~'unn?nnimdi~raanir~~nm~liani~~~u$i~ rzni iwa~a~a~u'a d l  pvalue hun j i  0.05 un'nin 3 

ii;u"u~iin?iulanriiaKu n'i pvalue uinnii 0.05 ~ n ~ ~ ~ r r ~ n f n n ~ u f i u ~ n i u ~ u n ~ u ~ X ~ i i q m ~  0.61 dnm 2 u'? ra~mtaq 0.4 
A  mnni ~~nzn '~~qmd 1.00 dnm 3 ii; ao~tntet 3.0 mnm n7;Jiinnirdnuinuii ninnnnrarsruurioni.r~~u&~rimnra~rai 

mluuu'1ndnrw'ng1u~n'~'rlm 0.4 Innm #~u'l~rtmnan~~nuirm'lmu~audu k n ~ ~ ~ n a l u ~ ~ a ~ u q p l n i m a ~ n - m ~ # ~ a n i z d n i n  3 G; 

dlu'w 





vi 

 

ACKNOWLEDGEMENTS 

I would like to express gratitude and deepest appreciation to Associate 

Professor Anchali Krisanachinda, Ph.D., Division of Nuclear Medicine, Department 

of Radiology,  Faculty of Medicine, Chulalongkorn University, my advisor for her 

guidance, helpful suggestion, supervision, constructive comments and English 

language proof of this thesis. 

I would like to extremely grateful Associate Professor Sukalaya Lerdlum, 

M.D. Department of Radiology, Faculty of Medicine, Chulalongkorn University, my 

co-advisor and staff of MRI unit for her helpful suggestion, constructive comments, 

devoted her time to review the clinical part and encouragement the 

Ratchadapiseksompotch Fund from Faculty of Medicine, Chulalongkorn University. 

I would like to extremely grateful Associate Professor Sivalee Suriyapee, 

Chief Physicist at Division of Radiation Oncology, Department of Radiology, Faculty 

of Medicine, Chulalongkorn University, my teacher for her invaluable advices, 

constructive comments in this research.  

I would like to deeply thank Associate Professor Somjai Wangsuphachart, 

M.D., Department of Radiology, Faculty of Medicine, Chulalongkorn University, for 

her helpful suggestion, constructive comments in this research. 

I would like to thank Associate Professor Kiat Arjhansiri, M.D., Head of 

Department of Radiology, Faculty of Medicine, Chulalongkorn University, and Dr. 

Siripan Kalayanaruj, Department of Radiology, Rajavithi Hospital for providing the 

required equipment to perform this research. 

I am extremely grateful to Mr. Wallop Makmool, Department of Radiology, 

King Chulalongkorn Memorial Hospital to his instruction of using the machine, and 

devoted his time to acquire volunteers in clinical part in this research. 

I would like to thank Professor Franco Milano from University of Florence 

Italy, who is the external examiner of the thesis defense for his helpful 

recommendation, constructive comments and teaching of knowledge in Medical 

Imaging. 

Finally, I am extremely grateful for all teachers, lecturers and staffs at Master 

of Science Program in Medical Imaging, Faculty of Medicine, Chulalongkorn 

University for their helps, and unlimited teaching of knowledge during the course in 

Medical Imaging. My grateful is forwarded to the Graduate Studies for supply the 

knowledge as tutor, especially, Mrs. Petcharleeya  Suwanpradit  for her contribution 

in part QC phantom , Mr. Kitiwat Khamwan for every suggestions and all MRI 

Technologists at King Chulalongkorn Memorial Hospital for their kind supports. 



 

 

CONTENTS 

 Page 

ABSTRACT (THAI)………………………………………………. iv 

ABSTRACT (ENGLISH)………………………………………….. v 

ACKNOWLEDGEMENTS………………………………………... vi 

CONTENTS……………………………………………………….. vii 

LIST OF TABLES…………………………………………………. x 

LIST OF FIGURES………………………………………………... xii 

LIST OF ABBREVIATIONS……………………………………… xiv 

CHAPTER I INTRODUCTION………………………………… 1 

          1.1 Background and Rationale……………………………………. 1 

          1.2 Research Objectives…………………………………………………. 2 

CHAPTER II REVIEW OF RELATED LITERATURE……… 3 

          2.1 Theory……………………………………………………………….. 3 

                2.1.1 The introduction of MRI………………………………………. 3 

                2.1.2 MR Instrumentation…………………………………………… 3 

                2.1.3 Magnets………………………………………………………... 4 

                2.1.4 Field Strength………………………………………………….. 5 

                2.1.5 Tissue Contrast………………………………………………... 6 

                2.1.6 Image characteristics………………………………………….. 6 

                2.1.7 Image Quality Characteristics………………………................. 8 

                2.1.8 MRI image quality…………………………………………….. 11 

                2.1.9 Protocol Optimization…………………………………………. 16 

                2.1.10 Magnetic resonance cholangiopancreatography (MRCP)…… 17 

          2.2 Review of Related Literature………………………………………... 20 

CHAPTER III RESEARCH METHODOLOGY………………. 22 

          3.1 Research Hypothesis……………………………………………….... 22 

          3.2 Research Design…………………………………………………….. 22 

          3.3 Research Design Model……………………………………………... 22 

          3.4 Conceptual Framework……………………………………………… 23 

          3.5 Research Questions………………………………………………….. 23 

                3.5.1 Primary Question……………………………………………… 23 

                3.5.2 Secondary Question…………………………………………… 23 

          3.6 Materials…………………………………………………………….. 24 

                3.6.1 MRI equipments………………………………………………. 24 

                3.6.2 Coil Type……………………………………………………… 25 

                3.6.3 Magphan phantom…………………………………………….. 26 

                3.6.4 Duct phantom…………………………….................................. 26 

                3.6.5 Image J program………………………………………………. 27 

                3.6.6 SPSS program…………………………………………………. 27 

          3.7 Methods……………………………………………………………... 28 
 

 

 



viii 

 

 Page 

                3.7.1 MRI image quality characteristics study………………………. 28 

     3.7.2 The characteristics of MRCP imaging in duct phantom………. 28 

    3.7.3 Using standard protocols of MRCP imaging for MRI 3.0 T to 

             determine optimal MRCP protocols for MRI 0.4 T in duct 

             phantom………………………………………………………... 

 

 

30 

                3.7.4 MRCP protocols in volunteers………………………………… 31 

                3.7.5 Quantitative assessment……………………………………….. 31 

    3.7.6 Qualitative assessment………………………………………… 32 

    3.7.7 Comparison  of  the  SNR and CNR  and the scoring of image 

             quality for both field strengths………………………………… 

 

32 

          3.8 Data analysis………………………………………………………… 32 

                3.8.1 Image Evaluation……………………………………………… 32 

                3.8.2 Image quality scores…………………………………………... 32 

                3.8.3 Signal and Contrast to noise ratio……………………………... 32 

          3.9 Sample size determination…………………………………………... 33 

          3.10 Statistical analysis………………………………………………….. 33 

          3.11 Outcome measurement……………………………………………... 33 

          3.12 Expected benefits…………………………………………………... 34 

          3.13 Ethical consideration……………………………………………….. 34 

CHAPTER IV RESULTS………………………………………... 35 

          4.1 The performance test of MRI scanners ……………………………... 35 

          4.2 Characteristics of MRCP imaging in duct phantom ………………... 36 

                4.2.1 Evaluation of the spatial resolution by FWHM……………….. 36 

                4.2.2 Evaluation of the signal to noise ratio (SNR), contrast to noise 

                         ratio (CNR) and image noise for MRCP imaging using 

                         syringe…………………………………………………………. 

 

 

38 

          4.3 Determination of optimal parameters for MRCP imaging protocols 

                In phantom at MRI 0.4 T……………………………………………. 

 

44 

          4.4 Using MRCP protocols in volunteers……………………………….. 47 

CHAPTER V DISCUSSION AND CONCLUSIONS………… 59 

          5.1 Discussion…………………………………………………………… 59 

                5.1.1 Characteristics of MRCP imaging in phantom study…………. 59 

                5.1.2 Evaluation of the SNR, CNR for MRI 0.4 T and 3.0 T 

                         (Quantitative assessment)……………………………………... 

 

63 

                5.1.3 Image quality assessment by radiologist for 10 normal 

                         volunteers of MRCP imaging (Qualitative assessment)………. 

 

65 

                5.1.4 Determination of optimal parameters for MRCP imaging 

                         Protocols………………………………………………………. 

 

67 

          5.2 Conclusions………………………………………………………….. 69 

                5.2.1 The optimal parameters setting for protocols of MRCP 

                          imaging at 0.4 T………………………………………………. 

 

69 

                5.2.2 Qualitative and quantitative assessment in MRCP imaging at 

                         0.4 T and 3.0 T………………………………………………... 

 

69 
 

 

 



ix 

 

 Page 

REFERENCES…………………………………………………… 72 

APPENDICES…………………………………………………….. 74 

        Appendix A: Data sheet for Quantitative Image Quality………………… 75 

                              Data sheet for Qualitative Image Quality…………….......... 77 

        Appendix B: The performance test of MRI Scanners…………………… 78 

VITAE……………………………………………………………... 87 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

LIST OF TABLES 

Table  Page 

2.1 Effect of TR and TE on MR Image Contrast………………………….. 6 

2.2 Typical TR and TE Values for SE and GRE Sequences……………… 6 

2.3 MRI image artifacts…………………………………………………… 16 

2.4 Typical Imaging Parameters for various MRCP Acquisitions………... 19 

3.1 The standard parameters of MRCP protocol at MRI 3.0 T……………. 29 

3.2 The parameters of MRCP protocol at MRI 0.4 T……………………... 29 

4.1 Report of MRI system 0.4 T performance test………………………... 35 

4.2 Report of MRI system 3.0 T performance test………………………... 35 

4.3 FWHM as a factor of slice thickness of 2D and 3D images at MRI 0.4 

T compared to 40 and 2 mm slice thickness of MRI 3.0 T respectively 

 

36 

4.4 The FWHM values from variation of FOV 2D and 3D images at MRI 

0.4 T compared to 300 mm FOV at MRI 3.0 T ……………………… 

 

37 

4.5 The FWHM   from variation number of phase 2D and 3D images at 

MRI 0.4 T compared to number of phase 256 at MRI 3.0 T ………… 

 

38 

4.6 The image noise, SNR and CNR at various slice thickness for 2D 

images at 0.4 T compared to MRI 3.0 T …………………………… 

 

39 

4.7 The image noise, SNR and CNR at various thicknesses of 3D images 

at 0.4 T compared to MRI 3.0 T ……………………………………… 

 

39 

4.8 The image noise, SNR and CNR at various   FOV for 2D images at 

0.4 T compared to MRI 3.0 T ……………………………………… 

 

40 

4.9 The image noise, SNR and CNR with various FOV for 3D images at 

0.4 T...................................................................................................... 

 

40 

4.10 The image noise, SNR and CNR with various number of phase for   

2D images at 0.4 T compared to MRI 3.0 T …………………………. 

 

41 

4.11 The image noise, SNR and CNR with various number of phase for 3D 

images at 0.4 T compared to MRI 3.0 T ………………………… 

 

41 

4.12 The image noise, SNR and CNR with various TR for 2D images at 0.4 

T compared to MRI 3.0 T ……………………………………… 

 

42 

4.13 The image noise, SNR and CNR with various TR for 3D images at 0.4 

T compared to MRI 3.0 T.……………………………………… 

 

43 

4.14 The image noise, SNR and CNR with various NSA for 2D images at 

0.4 T compared to MRI 3.0 T ……………………………………… 

 

43 

4.15 The image noise, SNR and CNR of 3D images at 0.4 T compared to 

MRI 3.0 T …………………………………………………………… 

 

44 

4.16 The acquisition parameters of 2D MRCP imaging for MRI 0.4 T 

(Open)…... 

 

46 

4.17 The acquisition parameters of 3D MRCP imaging for MRI 0.4 T 

(Open)…………………………………………………………………. 

 

46 

4.18 The data for quantitative assessment of 2D MRCP imaging in 10 

healthy volunteers at MRI 0.4 T.……………………………………… 

 

50 

4.19 The data for quantitative assessment of 3D MRCP imaging in 10 

healthy volunteers at MRI 0.4 T………………………………………. 

 

50 

4.20 The data for quantitative assessment of 2D MRCP imaging in 10 

healthy volunteers at MRI 3.0 T……………………………………… 

 

51 

 

 



xi 

 

Table  Page 

4.21 The data for quantitative assessment of 3D MRCP imaging in 10 

healthy volunteers at MRI 3.0 T……………………………………… 

 

51 

4.22 The SNR and CNR of previous and optimal protocols of 2D and 3D 

MRCP imaging 0.4 T compared to 3.0 T in duct phantom study …… 

 

52 

4.23 The SNR and CNR of 2D and 3D MRCP imaging in 10 healthy 

volunteers……………………………………………………………... 

 

53 

4.24 The 2D MRCP image quality scored by one radiologist with 2 

readings……………………………………………………………….. 

 

54 

4.25 The ICCs of image quality scored by one radiologist with 2 readings. 55 

4.26 The 3D MRCP image quality scored by one radiologist with 2 

readings……………………………………………………………….. 

 

55 

4.27 The ICCs of image quality score of 2 readings by one radiologist…… 56 

4.28 The overall image quality of MRCP imaging for 2D for both field 

strengths................................................................................................. 

 

57 

4.29 The overall image quality of MRCP imaging for 3D for both field 

strengths................................................................................................. 

 

57 

5.1 The FWHM of 2D and 3D MRCP imaging in duct phantom for 0.4 T. 59 

5.2 The noise, SNR and CNR at various phase numbers for 2D image at 

0.4 T………………………………………………………………… 

 

62 

5.3 SNR, CNR using optimal 2D protocol for 0.4 T compared to 3.0 T in 

phantom………………………………………………………………..  

 

63 

5.4 SNR and CNR using optimal 3D protocol for 0.4T compared to 3.0T 

in phantom ……………………………………………………………. 

 

63 

5.5 Comparison of 2D MRCP imaging for SNR, CNR at 0.4T with 3.0 T 

in volunteers…………………………………………………………...  

 

64 

5.6 Comparison of 3D MRCP imaging for SNR, CNR at 0.4T with 3.0 T 

in volunteers…………………………………………………………... 

 

64 

5.7 The average SNR and CNR of 2D and 3D MRCP imaging in 10 

healthy volunteers ……………………………………………………. 

 

65 

5.8 The overall image quality average scores of MRCP 3D for both field 

strengths ……………………………………………………………… 

 

65 

5.9 The ICCs of 2D image quality score of 2 readings by one radiologist.. 66 

5.10 The ICCs of 3D image quality score of 2 readings by one radiologist.. 67 

5.11 The resolution (FWHM), SNR and CNR for optimal slice thickness 

MRCP imaging MRI 0.4 T …………………………………………... 

 

68 

5.12 The acquisition parameters of 2D and 3D MRCP imaging for MRI 

0.4 T (Open) compared to 3.0 T ……………………………………… 

 

69 

5.13 The spatial resolution (FWHM) of 2D and 3D MRCP imaging in duct 

phantom 2.0 mm diameter …………………………………………… 

 

70 

5.14 Mean SNR and CNR of 2D and 3D imaging in phantom study……… 70 

5.15 Mean SNR and CNR of 2D and 3D MRCP imaging in 10 healthy 

volunteers……………………………………………………………... 

 

70 

5.16 The overall image quality score with 2 readings in volunteers by one 

radiologist……………………………………………………………... 

 

71 
 

 

 



 

 

LIST OF FIGURES 

Figure  Page 

1.1 The MRCP imaging…………………………………………………. 1 

2.1 Basic components of MRI system…………………………………... 4 

2.2 Magnetic field system of permanent (vertical magnetic field system, 

A), superconducting (Horizontal magnetic field system, B)………... 

 

4 

2.3 Open MRI magnet…………………………………………………... 5 

2.4 The spatial characteristics of MR images…………………………… 8 

2.5 Image quality characteristics controlled by the selection of protocol 

parameters…………………………………………………………… 

 

8 

2.6 The images produced when the contrast sensitivity is optimized for 

each of the three specific tissue characteristics……………………... 

 

9 

2.7 Images with different levels of blurring and visibility of anatomical 

detail………………………………………………………………… 

 

10 

2.8 Images with different levels of visual noise………………………… 10 

2.9 The relationship between the voxel size with matrix size and slice 

thickness…………………………………………………………… 

 

11 

2.10 Difference of pixel size due to difference of FOV, in case of 

frequency 256 and phase 256……………………………………….. 

 

12 

2.11 The relationship between number of matrix in the frequency and 

phase encoding………………………………………………………. 

 

12 

2.12 The normalized FWHM……………………………………………...  13 

2.13 Increasing the NSA the SNR is improved…………………………... 14 

2.14 The frequency bandwidth (kHz) of receiving signals……………….. 14 

2.15 Definitions of contrast, signal to noise ratio, contrast to noise ratio... 15 

2.16 The MRCP imaging (a), the anatomical structure of biliary system 

(b)…………………………………………………………………….  

 

18 

3.1 MRI 3.0 Tesla (Philips: Achieva TX , Netherland)…………………. 24 

3.2 MRI 0.4 Tesla (Open), (Hitachi: Aperto, Japan)……………………. 24 

3.3 SENSE XL Torso coil………………………………………………. 25 

3.4 Body phase array coil……………………………………………….. 25 

3.5 Magphan phantom…………………………………………………... 26 

3.6 (a) Syringe and plastic needle as duct phantom, (b) duct phantom 

placed inside plastic bottle …………………………………………. 

 

26 

3.7 Image J program…………………………………………………….. 27 

3.8 The experimental set up of duct phantom for evaluation of spatial 

resolution, SNR and CNR at MRI 3.0 T (a) and 0.4 T (b)………….. 

 

31 

4.1 The FWHM versus slice thickness of (a) 2D and (b) 3D images at 

MRI 0.4 T compared to 40 mm at 2D and 2.0 mm at 3D slice 

thickness of 3.0 T MRI system ……………………………………... 

 

 

36 

4.2 FWHM at various FOVs of 2D (a) and 3D (b) images at MRI 0.4 T 

compared to FOV 300 mm at MRI 3.0 T …………………………... 

 

37 

4.3 FWHM versus phase of 2D (a) and 3D (b) images at MRI 0.4 T 

compared to number of phase 256 at MRI 3.0 T …………………… 

 

38 

4.4  Case No. 1, The MRCP imaging 2D, 3D at MRI 0.4 T (a),(b) and 

2D, 3D at 3.0 T (c),(d) respectively…………………………………. 

 

47 
 

 



xiii 

 

Figure  

 

Page 

4.5 Case No. 2, The MRCP imaging 2D,3D at MRI 0.4 T (a),(b) and 2D, 

3D at 3.0 T (c),(d) respectively……………………………………….. 

 

47 

4.6 Case No. 3, The MRCP imaging 2D, 3D at MRI 0.4 T (a),(b) and 2D, 

3D at 3.0 T (c),(d) respectively……………………………………….. 

 

47 

4.7 Case No. 4, The MRCP imaging 2D, 3D at MRI 0.4 T (a),(b) and 2D, 

3D at 3.0 T (c),(d) respectively……………………………………….. 

 

48 

4.8 Case No. 5, The MRCP imaging 2D, 3D at MRI 0.4 T (a),(b) and 2D, 

3D at 3.0 T (c),(d) respectively……………………………………….. 

 

48 

4.9 Case No. 6, The MRCP imaging 2D, 3D at MRI 0.4 T (a),(b) and 2D, 

3D at 3.0 T (c),(d) respectively……………………………………….. 

 

48 

4.10 Case No. 7, The MRCP imaging 2D, 3D at MRI 0.4 T (a),(b) and 2D, 

3D at 3.0 T (c),(d) respectively……………………………………….. 

 

48 

4.11 Case No. 8, The MRCP imaging 2D, 3D at MRI 0.4 T (a),(b) and 2D, 

3D at 3.0 T (c),(d) respectively……………………………………….. 

 

49 

4.12 Case No. 9, The MRCP imaging 2D, 3D at MRI 0.4 T (a),(b) and 2D, 

3D at 3.0 T (c),(d) respectively……………………………………….. 

 

49 

4.13 Case No. 10, The MRCP imaging 2D, 3D at MRI 0.4 T (a),(b) and 

2D, 3D at 3.0 T (c),(d) respectively…………………………………... 

 

49 

4.14 The comparison of SNR, CNR for previous and optimal protocols 0.4 

T and 3.0 T of 2D and 3D MRCP imaging in phantom study ……….. 

 

52 

4.15 The comparison of SNR, CNR at 0.4 T and 3.0 T of 2D and 3D 

MRCP imaging in ten volunteers ……………………………………. 

 

53 

4.16 The comparison of scores on 2D MRCP imaging structure of ducts 

with 2 readings ……………………………………………………….. 

 

54 

4.17 The score on image quality for 3D MRCP imaging structure of ducts 

of 2 readings by one radiologist ……………………………………... 

 

56 

4.18 The overall image quality of 2D and 3D images at 3.0 T and 0.4 T of 

2 readings by radiologist ……………………………………………... 

 

58 

5.1 The signal intensity in duct phantom 2D (a) and 3D (b) images, 0.4 T 60 

5.2 The normalized FWHM of 2D and 3D images for 0.4 T ……………. 60 

5.3 The SNR & CNR (A) and noise (B) as function of slice thickness on 

2D coronal plane MRCP imaging at MRI 0.4 T ……………………... 

 

61 

5.4 The SNR & CNR (A) and noise (B) as function of FOV on 2D and 

3D coronal plane MRCP imaging at MRI 0.4 T ……………………... 

 

61 

5.5 The 3D MRCP imaging of case No.5, (a) at 0.4 T and (b) at 3.0 T …. 66 

5.6 The 3D MRCP imaging of case No.8, (a) at 0.4 T and (b) at 3.0 T …. 66 
 

 

 

 

 

 

 



 

 

LIST OF ABBREVIATIONS 

ABBREVIATION                              TERMS 

2D     Two dimensions 

3D     Three dimensions 

AAPM     American  Association  of  Physicists  in  Medicine 
AP     Anterior to Posterior  Direction 
B0       Main Magnetic field strength  
Bkg      Background 
CBD                                               Common  Bile  Duct 

CHD                                           Common Hepatic Duct 

CI                                                   Confidence  Interval 

CNR                                               Contrast  to  Noise Ratio 

CT                                                  Computed  Tomography 

CyD                                           Cystic Duct 

ERCP                                             Endoscopic Retrograde Cholangiopancreatography 

FA                                                  Flip Angle 

FOV                                               Field  Of View 

Freq.                                               frequency                                                  

FRFSE                                           Fast  Recovery  Fast spin  Echo 

FSE                                                Fast  Spin  Echo 

FWHM                                           Full  Width  at  Half  Maximum 

G                                                    Gauss 

GB                                             Gall bladder 

GRE                                               Gradient  Echo 

HASTE                                          Half-fourier Acquisition Single-shot Turbo spin Echo 

HF                                                  Head to Feet  Direction 

K                                                    Kelvin 

kHz Kilohertz 

LHD                                           Left Hepatic Duct 

MIP                                                Maximum  Intensity  Projection 

mm Millimeter 

MRCP Magnetic Resonance Cholangiopancreatography 

MRI                                               Magnetic Resonance Imaging 

NEX                                               Number  of  Excitations 

NIH    National  Institute  of  Health 

NSA Number of Signals Averaged 

PD Proton  Density 

PaD                                                  Pancreatic duct 

Phase#                                            Number of phase  

T Tesla 

PTC Percutaneous Trans-hepatic Cholangiography 

QC    Quality  Control 

RARE Rapid  Acquisition by Relaxation  Enhancement 

 

 



xv 

 

ABBREVIATION                              TERMS 

RF Radiofrequency 

RHD   Right hepatic duct 

RL   Right- Left  Direction 

ROI  Region  Of  Interest 

SD Standard  Deviation 

SE                                                  Spin  Echo                               

SENSE   SENSitivity  Encoding 

SI                                                   Signal  Intensity 

SNR                                               Signal to Noise  Ratio 

SSFP                                              Steady-State  Free  Precession 

SSFSE                                            Single-Shot Fast Spin Echo 

T1                                                   T1 Weighted  Image 

T2                                                   T2 Weighted  Image 

TE                                                  Echo Time 

TSE                                                Turbo Spin Echo 

TR                                                  Repetition  Time 

  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

CHAPTER I 

INTRODUCTION 

1.1 Background and Rationale 

Magnetic resonance imaging (MRI) at field strength of 3.0 Tesla has become 

more and more frequently use in recent years. An increasing number of 3.0 Tesla MRI 

system for clinical imaging replaces 1.5 Tesla and lower field strength system using in 

the past. 

MRI has been classified by magnet field strength, but is now classified in two 

streams-high magnetic fields MRI and Open MRI. As MRI is excellent in tissue-

contrast, its imaging objects include in addition to cerebral spine area and orthopedics 

area as well as circulating organs of cardiovascular system recently, thus expanding to 

whole body. Flow of inspection by leaving established diagnosis to MRI is becoming 

standard [1]. 

In selecting an MRI system, the cost of system, cost of maintenance and cases for 

examination are considered. Open MRI has shown a rapid expansion in USA since 

1995 and on. The major reasons are: firstly, there are many big patients who cannot 

enter the tunnel type MRI, secondly, increasing number of claustrophobia patients, the 

need for more comfortable, less anxious for MRI examination in addition, application 

approach to therapy of lesions by interventional MRI including MRI guided biopsy 

and therapy [1]. For these reasons, Open MRI is appropriately selected in purchasing 

MRI system. 

Magnetic resonance cholangiopancreatography (MRCP) is increasingly reliable in 

the evaluation of biliary pathology, pancreatic disorders and anatomical variations of 

the biliary tree (Figure 1.1). Its main advantage over conventional endoscopic 

retrograde cholangiopancreatography (ERCP) is that it is a non-invasive imaging 

modality [2]. Recent studies reported a high accuracy in depicting choledocholithiasis 

and other causes of biliary and pancreatic duct obstruction, with a good correlation 

with the results of ERCP and percutaneous trans-hepatic cholangiography (PTC) [5-

6]. 

 

Figure 1.1 The MRCP imaging 

 



2 

 

The spatial and contrast resolutions of MRCP imaging are important for detecting 

small pathologies, such as small stones and mural nodules in pancreatic cystic lesions, 

and evaluating anatomy, such as the biliary tree in a normal liver donor population. 

Image quality in MRI of the abdomen has been improved by recent technical 

developments, such as a more powerful gradient system, receiver coils, and the use of 

parallel-imaging and respiratory-monitoring techniques [3].  Despite these technical 

improvements, however, the quality of MRCP imaging for evaluating small changes 

and anatomy remains limited at low field strength because of its poorer spatial 

resolution and signal-to-noise ratio (SNR).  

MRCP image quality was compared for low and high field strengths (1.0-3.0 T) 

with different acquisition modalities. Both breath-hold and non-breath-hold sequences 

were reported in the literatures, with similar different results [2-4]. But to our 

knowledge, there has been no previous published in comparing MRCP between 0.4 

Tesla and 3.0 Tesla.  

Thus, the aim of this study is to assess the feasibility optimization MRCP imaging 

acquired by MRI 0.4 Tesla (Open) and to compare the obtained MRCP image 

acquired by the optimized protocol with the image from 3.0 Tesla. 

 

1.2 Research Objectives 

1.2.1) To determine the optimal protocols of MRCP imaging acquired by MRI 

0.4 Tesla (Open) and compare image quality with MRI 3.0 Tesla. 

1.2.2) To study the image quality (spatial resolution and SNR) in phantom for 

MRI 0.4 Tesla (Open) and 3.0 Tesla. 

 

 

 

 

 

 

 

 

 

 

 



 

 

CHAPTER II 

REVIEW OF RELATED LITERATURES 

2.1 Theory 

 2.1.1 The introduction of MRI [7]  

Magnetic resonance imaging (MRI) has been well established as both a 

diagnostic and research tool in many areas of medicine because of its ability to 

provide excellent soft-tissue delineation of different areas of interest. For example, the 

brain, T1- and T2-weighted MR imaging has evolved to be the standard of reference 

for anatomic definition. These sequences derive image contrast from the spin density 

in water and fat and from the MR relaxation parameters T1 and T2. Unfortunately, the 

water and fat spin densities yield only limited information and present difficulty in 

separating adipose tissue from non adipose tissue unless fat saturation is employed. 

These relaxation parameters can be used in a wide variety of T1- and T2-weighted 

sequences to optimize contrast for specific diagnostic purposes. T2 provides 

information about edema within the brain. 

Altering the MR image contrast with an intravascular contrast agent typically 

reveals physiologic changes in tissue that are relevant to disease processes. For 

example, contrast agents, such as gadolinium, administered to the bloodstream create 

more contrast in highly vascular regions and are retained in regions where the 

permeability of the interstitial space has changed. These types of changes in 

vascularity or tissue permeability occur in a variety of diseased tissues, such as 

malignant tumors and myocardial ischemia. 

MR imaging plays an increasingly important role in diagnostic imaging of 

different pathologic disorders, where the goal is developing radiological imaging 

markers for noninvasive prediction of disease and response to treatment. For example, 

MR imaging used in oncologic imaging consists of anatomic T1 and T2-weighted 

sequences, dynamic contrast material enhancement or MR spectroscopy in the brain, 

breast and prostate. Dynamic contrast enhancement with gadolinium yields 

information on the vascular status of a lesion, and MR spectroscopy probes the 

intracellular (e.g. choline, creatine) environment of tissue. When these sequences are 

combined, they can assist the physician in making the diagnosis or monitoring the 

treatment regimen. 

One of the major advantages of the MR imaging is the ability to manipulate 

image contrast with a variety of selectable parameters affecting the quality of the 

information provided. Therefore, this study reviews the elements used to obtain MR 

images and the factors  affected the  MR image specifically, instrumentation, 

localization of the MR signal, gradients, k-space, and pulse sequences as well as 

emerging applications in high-field-strength MR imaging. 

 

2.1.2 MR Instrumentation 

 

MR images require a sophisticated combination of electronics, radiofrequency 

(RF) generators, coils, and gradients that interface with a computer for 

communication between   different electronics. This combination of equipment allows 

localization, excitation, and acquisition of a specific tissue of interest and formation of 
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a digital image. There are two parts of equipment combined to form the MR system. 

The first part is the command and control center, that is, the computer, interface, and 

data storage. The second part is specialized equipment that generates and receives the 

MR signal, that is, the magnet, gradients, and RF coils (Figure 2.1).  

 

Figure 2.1 Basic components of MRI system 

(www.fas.org/irp/imint/docs/rst/I...26c.html). 

 2.1.3 Magnets 

 

The magnet provides the “external” magnetic field in which the patient or 

object is placed, and its performance requirements are usually defined in terms of 

field strength, stability, and homogeneity. There are three types of magnets that can be 

used in MR imaging: permanent, resistive, and superconducting. 

 

(a) Permanent Magnets 
 

Permanent magnets exploit the ferromagnetic properties of the metal used (e.g. 

iron, nickel, or other metals). They are configured differently from superconducting 

magnet (Figure 2.2 (B)). Specifically, the main magnetic field (B0) of a permanent 

magnet is perpendicular to the object of interest (vertical magnetic field) that runs 

between the two magnetic poles (Figure 2.2 (A)). Early permanent magnets are very 

heavy of 5–100 tons. However, newer versions are lighter and are sometimes used for 

limited clinical applications such as open magnets (Figure 2.3). Advantages of 

permanent magnets are that they require no cooling or power to run and thus are 

lower cost than   other magnets. However, they cannot be turned off in emergencies 

and have less field homogeneity. 

 

  
                                                                                                 

Figure 2.2 Magnetic field system of permanent (vertical magnetic field system, A), 

superconducting (Horizontal magnetic field system, B)   

(A) (B) 
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Figure 2.3 Open MRI magnet (Aperto presentation, Hitachi Company) 

Open MRI system is much more patient friendly than restricted tunnels of 

super conducting systems, offering the possibility of MRI-guide interventional 

procedures, because the physician is able to access to the patient during scanning. 

Open MRI systems are based on either permanent or iron-cored electromagnet 

designs. 

 (B) Resistive Magnets 
 

When an electric current flows through a wire, the magnetic field is induced 

around the wire, this principle is used for construction of a resistive magnet. Resistive 

magnets require cooling and power to operate but can be turned off and on. Their field 

strengths range from 0.1 T to 0.3 T with the disadvantages of poor homogeneity and 

high electrical costs.  Also, the object of interest lies perpendicular to the B0 field, and 

the usual application is similar to that of permanent magnets in the “open magnet” 

configuration. 

 

(C) Superconducting Magnets 
 

Superconducting magnets are based on the principle of cooling down to 4°K 

for  certain metal conductors so that there is little or no resistance; therefore, a high 

electric current can be used to generate high magnetic field strength with no major 

heat disposition. However, in order to achieve small electrical resistance, expensive 

cooling cryogens, usually liquid helium are used. Currently, most clinical systems use 

superconducting magnets with field strengths of 0.5–3.0 T; most field strengths on the 

order of 1.5–3.0 T. Research magnets (clinical or experimental) can have field 

strengths of 4.0–9.4 T. 

 

2.1.4 Field Strength 

The field strength of an MR system is a major determinant of the image 

contrast due to the energy exchange between the protons (water) and their 

environments. These interactions are governed by the magnetic moments of the 

protons, in particular the longitudinal relaxation parameter T1. The time required for 

complete relaxation differs for different field strengths; for example, the T1 is shorter 

at lower field strengths and tends to increase at higher field strengths. These changes 

affect both the signal and contrast-to-noise ratios of MR images. The units of field 
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strength of an MR system are tesla or gauss which 1 T equals to 10,000 G. The range 

of magnetic field strength is variable, from low (0.1– 0.5 T), medium (0.5–1.0 T), 

high (1.5 T) to ultrahigh (3.0 T or greater). Although there have been vast 

technological advances in MR imaging over the past 40 years, the principle for 

advancing the MR imaging technology has been based on finding ways to increase 

signal to noise ratio (SNR) in the MR image or spectra. The most fundamental 

approach to boosting SNR is to increase the field strength of the MR magnets. As a 

result, human MR imaging is currently performed at field strengths 4 T, 7 T, 8 T, and 

9.4 T. 

 

2.1.5 Tissue Contrast [8] 

 

All MR images are of some degree affected by each of the parameters that 

determine tissue contrast such as T1, T2, proton density and the TR and TE can be 

adjusted to emphasize a particular type of contrast. This may be done, for example, 

with T1 weighting. Table 2.1 describes the parameters used to obtain images with T1, 

T2, and proton-density weighting. T1-weighted images best depict the anatomy, and if 

contrast material is used, they also may show pathologic entities; however, T2-

weighted images provide the best depiction of disease, because most tissues involved 

in a pathologic process have a higher water content than in normal, and the fluid 

causes the affected areas to appear bright on T2- weighted images. Proton-density 

weighted MR images usually depict both the anatomy and the disease entity. Table 

2.2 shows typical TR and TE values that may be used to achieve different weighting 

with Spin echo (SE) and Gradient echo (GRE) sequences. 

 

Table 2.1 Effect of TR and TE on MR Image Contrast 

 

Imaging Technique TR  TE  

T1 weighting Short Short 

T2 weighting Long Long 

Proton-density weighting Long Short 

 

Table 2.2 Typical TR and TE Values for SE and GRE Sequences 

 

Sequence TR (ms) TE (ms) 

Short Long Short Long 

SE 250–700 >2000 10–25 >60 

GRE <50 >100 1–5 >10 
 

2.1.6 Image characteristics [9] 

 

(A) Tissue Characteristics 

 

For the imaging process, three tissue characteristics: PD, T1, and T2 are used 

to show valuable information about the tissues. These characteristics become visible 

because each one has an effect on the level of magnetization present at the picture 

snapping time in each imaging cycle.  
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PD (Proton Density): PD has a very direct effect on tissue magnetization, the 

resulting RF signal and image brightness. That is because the magnetization is 

produced by the protons. Therefore, a tissue with a high PD can reach a high level of 

magnetization and produce an intense signal.  

 

T1: When the imaging protocol is set to produce a T1-weighted image, it is 

the tissues with the short T1 values that produce the highest magnetization and 

brightness on the image. 

 

T2: When the imaging protocol is set to produce a T2-weighted image, it is 

the tissues with the long T2 values that produce the highest brightness, because of the 

higher level of magnetization at the picture snapping time. 

 

(B) Spatial Characteristics 

 

Figure 2.4 illustrates the basic spatial characteristics of the MR image. MRI is 

basically a tomographic imaging process, although there are some procedures, such as 

angiography, in which a complete anatomical volume will be displayed in a single 

image. The protocol for the acquisition process must be set up to produce the 

appropriate spatial characteristics for a specific clinical procedure. This includes the 

number of slices, slice orientation, and the structure within each individual slice. 

 

Slices: A typical examination consists of at least one set of contiguous slices. 

In most cases the entire set of slices is acquired simultaneously. However, the number 

of slices in a set can be limited by certain imaging factors and the amount of time 

allocated to the acquisition process.  

The slices can be oriented in virtually any plane through the patient’s body. 

The major restriction is that images in the different planes cannot generally be 

acquired simultaneously. For example, if both axial and sagittal images are required, 

the acquisition process must be repeated. However, there is the possibility of 

acquiring 3-D data from a large volume of tissue and then reconstructing slices in the 

different planes. 

 

Voxels: Each slice of tissue is subdivided into rows and columns of individual 

volume elements, or voxels. The size of a voxel has a significant effect on image 

quality. It is controlled by a combination of protocol factors and should be adjusted to 

an optimum size for each type of clinical examination. Each voxel is an independent 

source of RF signals. That is why voxel size is a major consideration in each image 

acquisition. 

Image Pixels: The image is also divided into rows and columns of picture 

elements, or pixels. In general, an image pixel represents a corresponding voxel of 

tissue within the slice. The brightness of an image pixel is determined by the intensity 

of the RF signal emitted by the tissue voxel. 
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Figure 2.4 The spatial characteristics of MR images [9]. 

 

 

2.1.7 Image Quality Characteristics 

 

The MRI system has tremendous been controlled over the characteristics and 

the quality of the images that are produced. The five basic image quality 

characteristics are spatial, detail, contrast sensitivity, noise and image artifact as 

shown in Figure 2.5. Each of these image characteristics is affected by a combination 

of the imaging factors that make up the acquisition protocol. 

 

 
 

Figure 2.5 Image quality characteristics controlled by the selection of protocol 

parameters [9]. 

 

Not all types of clinical procedures require images with the same 

characteristics. Therefore, the primary objective is to use an imaging protocol in 

which the acquisition process is optimized for a specific clinical requirement.  
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Contrast Sensitivity: Contrast sensitivity is the ability of an imaging process 

to produce an image of objects or tissues in the body that have relatively small 

physical differences or inherent contrast. The contrast that is to be imaged is in the 

form of some specific physical characteristic. In x-ray imaging, including CT 

(computed tomography), difference in physical density is a principle source of 

contrast. One of the major advantages of MRI is a high contrast sensitivity for 

visualizing differences among the tissues in the body because there are several 

sources of contrast; that is, it has the ability to image a variety of characteristics (PD, 

T1, T2). Also, there is usually much greater variation among these characteristics  

than  among  the  tissue  density  values that  are  the source of contrast for x-ray 

imaging. If a certain pathologic condition does not produce a visible change in one 

characteristic, there is the possibility that it will be visible by imaging some of the 

other characteristics. 

Even though MRI has high contrast sensitivity relative to the other imaging 

modalities, it must be optimized for each clinical procedure. This includes the 

selection of the characteristics, or sources of contrast, that are to be imaged and then 

adjusting the protocol factors so that the sensitivity to that specific characteristic is 

optimized. This is illustrated in Figure 2.6. 
 

 

Figure 2.6 The images produced when the contrast sensitivity is optimized for 

each of the three specific tissue characteristics [9]. 

 

Detail: A distinguished characteristic of every imaging modality is its ability 

to image small objects and structures within the body. Visibility of anatomical detail 

(sometimes referred to as spatial resolution) is limited by the blurring that occurs 

during the imaging process. All medical imaging methods produce images with some 

blurring but not to the same extent. The blurring in MRI is greater than in 

radiography. 

In MRI, like all modalities, the amount of blurring and the resulting visibility 

of detail can be adjusted during the imaging process. Figure 2.7 shows images with 

different levels of blurring and visibility of detail.  
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Figure 2.7 Images with different levels of blurring and visibility of anatomical detail 

[9]. 

 

Noise: Visual noise is a major issue in MRI. The presence of noise in an image 

reduces its quality, especially by limiting the visibility of low contrast objects and 

differences among tissues. Figure 2.8 shows the images with different levels of visual 

noise. Most of the noise in MR images is the result of random, unwanted RF energy 

picked up from the patient’s body. The amount of noise can generally be controlled 

through a combination of factors. However, many of these factors involve 

compromises with other characteristics. 

 

 
Figure 2.8 Images with different levels of visual noise [9]. 

 

Artifacts: Artifacts are undesirable objects, such as streaks and spots appear 

in images which do not directly represent an anatomical structure. They are usually 

produced by certain interactions of the patient’s body or body functions (such as 

motion) with the imaging process. There is a selection of techniques that can be used 

to reduce the presence of artifacts.  

 

Spatial: The general spatial characteristics of the MR image were described 

previously. However, when setting up an imaging protocol the spatial characteristics 

must be considered in the general context of image quality. The voxel size plays a 

major role in determining both image detail and image noise.  
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 2.1.8 MRI image quality 

An MR exploration is a compromise between scan time and image quality. An 

MR exploration protocol and its sequence parameters will be optimized in function of 

the organs and pathology.  

The MR image quality depends on several factors: 

 Spatial resolution and image contrast  

 Signal to noise ratio (SNR) 

 contrast to noise ratio (CNR)  

 Artifacts  

 

Spatial resolution: Spatial resolution corresponds to the size of the smallest 

detectable detail. The smaller the voxels are, the higher the potential spatial 

resolution.  Voxel size is determined by slice thickness, FOV and matrix size as 

shown in figure 2.9. 

 

 

 

Figure 2.9 The relationship between the voxel size with matrix size and slice 

thickness (understanding MRI: Philips). 

 

 As the slice thickness is increased the signal intensity increases and the SNR is 

improved. But the impact of partial volume effect is increased also. If the slice 

thickness decreases the spatial resolution is improved. The voxel size can be 

determined by the equation: 

 Voxel size = slice thickness×
(Fiew  of  view )2

(Matrix  size )2
                                                  (1)     

 

As FOV increases the SNR is improved. The area depicted in a pixel is 

enlarged and the proton contained in the area increases causing the signals increase as 

in figure 2.10. 
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       FOV 150 

                                                               FOV 300 

Figure 2.10 Difference of pixel size due to difference of FOV, in case of the number 

of frequency 256 and phase 256. 

As frequency encoding or phase encoding increases the spatial resolution is 

improved. As frequency encoding or phase encoding decreases the SNR is improved 

because the pixel size becomes large and signal intensity increases, but the impact of 

partial volume effect increases also as in figure 2.11. 

 

 

    

     

    

    

4×4                                                 4×3                                    

 

 

Figure 2.11 The relationship between number of matrix in the frequency and phase 

encoding  

 The spatial resolution in MRI could be measured as the full width at half 

maximum (FWHM). The technical term FWHM is used to describe a measurement of 

the width of an object in a picture, when that object does not have sharp edges. A 

simple box can be described just by its width and a rectangle by its width and height. 

 It is a simple and well-defined number which can be used to compare the 

quality of images obtained under different observing conditions. The FWHM gives a 

good condition of spatial resolution in MRI the same as the modulation transfer 

function (MTF) in CT [16]. The normalized FWHM is shown as in figure 2.12  

 

 

    

     

    

       1.2 mm 

0.6 mm  

 

Frequency encoding direction  

Phase encoding 

direction 
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Figure 2.12 The normalized FWHM    

Signal to noise ratio (SNR): The signal to noise ratio (SNR) is equal to the 

ratio of the average signal intensity over the standard deviation or the noise. Noise is 

like interferences which present as in irregular granular pattern. This random variation 

in signal intensity degrades image information. The main source of noise in the image 

is the patient's body and the MR scanner. This noise corrupts the signal coming from 

the transverse magnetization variations of the intentionally excited spins on the 

selected slice plane. 

The signal to noise ratio depends not only on  MR scanner specifications,  and 

pulse sequence design but also  on factors that the user can change, voxel size, the 

number of signal average (NSA), number of phase encoding and the receiver 

bandwidth which determined by the equation: 

2D SNR α Sequence×voxelx,y,z ×
 𝑁𝑆𝐴×𝑁𝑢𝑚𝑏𝑒𝑟  𝑜𝑓  𝑝ℎ𝑎𝑠𝑒  (𝑦) 

 𝐵𝑎𝑛𝑑𝑤𝑖𝑑𝑡 ℎ
 ×coil type× magnetic 

field× reconstruction algorithms ; where y is  phase encoding in the y direction       (2)                                                                             

3D SNR α Sequence×voxelx,y,z ×
 𝑁𝑆𝐴×𝑁𝑢𝑚𝑏𝑒𝑟  𝑜𝑓  𝑝ℎ𝑎𝑠𝑒  (𝑦 ,𝑧)

 𝐵𝑎𝑛𝑑 𝑤𝑖𝑑𝑡 ℎ
 ×coil type× magnetic 

field× reconstruction algorithms;    where y and z are phase encoding in y and z 

direction                                                                                                                       (3) 

The fixed factors are static field intensity, pulse sequence design, tissue 

characteristics and the controllable factors are RF coil, sequence parameters, voxel 

size, number of signal average, receiver bandwidth and reconstruction algorithms.   

RF coil: The smaller the sensitive volume of a coil, the lower the noise from 

the adjacent structures of the selected slice plane which it can detect, and the better 

the signal to noise ratio will be. A local coil, or better, a surface coil has a higher 

signal to noise ratio than a body coil.  

Voxel size: The signal comes from the excited protons on the selected slice 

plane. The number of spins in parallel state in excess is proportional to the static 

magnetic field intensity. The larger the field intensity is, the higher the excess number 

of spins in parallel state (available to make the MR signal) will be. Thus, the signal 

intensity varies almost linearly with the main field intensity. Assuming a uniform 
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proton density, the number of excited spins is proportional to the voxel size and so is 

the signal intensity. The signal goes up linearly with the voxel size. 

Number of signal averaging (NSA) 

When the number of signal averaging for the same slice increases: The signal 

is identical for each measure. The noise is random and is not the same for each 

measure. Therefore, the signal sum goes up linearly with the number of excitations 

but the noise only goes up with the square root of the number of excitations. In other 

words, the average signal remains constant, but the average noise goes down with the 

square root of the number of excitations. The signal to noise ratio goes up with the 

square root of the number of excitations (Figure 2.13). 

 

          NSA=1                             NSA=2                             NSA=4 

Figure 2.13 Increasing the NSA the SNR is improved (understanding MRI: Philips) 

Receiver bandwidth: Given a voxel size and static field strength, the number 

of excited spins is defined and so is the amount of MR signal. The readout of the MR 

signal can take more or less time, depending on the receiver bandwidth. The relation 

between the receiver bandwidth and the strength of the readout gradient is such that: 

A broad bandwidth corresponds to a fast sampling of the MR signal and a 

high-intensity readout gradient. A narrow bandwidth corresponds to a slow sampling 

of the MR signal and a low-intensity readout gradient (Figure 2.14).  

Background noise has a constant intensity at all frequencies (white noise). 

Therefore, the larger the receiver bandwidth is, the more noise is recorded (and the 

higher is the readout gradient intensity and the faster the MR signal is sampled). 

 

 

 

 

 

 

                                 Narrow bandwidth 

 

 

Figure 2.14 The frequency bandwidth (kHz) of receiving signals. 

  Wide bandwidth 
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The SNR is inversely proportional to the square root of bandwidth. 

Accordingly, when bandwidth is narrow, the noise component in an image decreases 

to improve the SNR. 

Magnetic field strength: Magnetic field strength influences the SNR of the 

image by a factor of B
1.0 

to B
1.5

. Thus, one would expect a three- to fivefold 

improvement in SNR with a 1.5 T magnet over a 0.5 T magnet. Although the gains in 

the SNR are real, other considerations mitigate the SNR improvement in the clinical 

environment, including longer T1 relaxation times and greater RF absorption. 

 Image acquisition and reconstruction algorithms: Image acquisition and 

reconstruction algorithms have a profound effect on SNR. The various 

acquisition/reconstruction methods such as point acquisition methods, line acquisition 

methods, two-dimensional Fourier transform acquisition methods, and three- 

dimensional Fourier transform volume acquisition methods are to increase SNR. In 

each of these techniques, the volume of tissue that is excited is the major contributing 

factor to improving the SNR and image quality, Reconstruction filters and image 

processing algorithms will also affect the SNR. High-pass filtration methods that 

increase edge definition will generally decrease the SNR, while low-pass filtration 

methods that smooth the image data will generally increase the SNR at the cost of 

reduced resolution. 

Contrast to noise ratio (CNR): This is defined as difference in the SNR 

between two adjacent areas. It is controlled by same factors that affect SNR. The 

figure 2.15 are illustrated the simple mathematical definition of SNR and CNR. 

 

 

Figure 2.15 Definitions of contrast, signal to noise ratio, contrast to noise ratio     

(where, S is signal intensity) [16] 

 

                                       SNRA   =   SA          , CNRAB = SA-SB                                    (4)  

             Noise                      Noise 

 Artifact: Artifacts often corrupt MRI images. An image artifact is any feature 

which appears in an image which is not present in the original imaged object. An 

image artifact is sometime the result of improper operation of the imager, and other 

times a consequence of natural processes or properties of the human body. It is 

Noise 

SA 
SB 
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important to be familiar with the appearance of artifacts because artifacts can obscure, 

and be mistaken for, pathology. Therefore, image artifacts can result in false negatives 

and false positives. Artifacts are typically classified as to their source, and there are 

dozens of image artifacts. The following table 2.3 shows type of artifact and the 

cause. 

Table 2.3   MRI image artifacts 

Artifact  Cause  

RF Offset and  

Quadrature Ghost  

Failure of the RF detection circuitry  

RF Noise  Failure of the RF shielding  

Bo Inhomogeneity  Metal object distorting the Bo field  

Gradient  Failure in a magnetic field gradient  

Susceptibility  Objects in the FOV with a higher or lower magnetic 

susceptibility  

RF 

Inhomogeneity  

Failure or normal operation of RF coil, and metal in the anatomy  

Motion  Movement of the imaged object during the sequence  

Flow  Movement of body fluids during the sequence  

Chemical Shift  Large Bo and chemical shift difference between tissues  

Partial Volume  Large voxel size  

Wrap Around  Improperly chosen field of view  

Gibbs Ringing  Small image matrix and sharp signal discontinuities in an image  

 

2.1.9 Protocol Optimization 

 

An optimum imaging protocol is designed for the balance among the image 

quality characteristics and acquisition time. The imaging protocol used for a specific 

clinical examination has a major impact on the quality of the image, the visibility of 

anatomical structures and pathologic conditions.  

 

Image acquisition Time: MR image quality is affected by the time required 

for the acquisition process. In general, the detail and noise can be improved by using 

longer acquisition times. In the basic acquisition time required is TR multiplied by 

matrix size in phase encoding direction and number of signal average. 

 

 Time = TR× phase encoding × NSA                                                   (5) 

 

Matrix size: The matrix size and the FOV are the two factors that determine 

voxel size in the plane of image. Voxel size determines the amount of blurring and 

image detail. Small voxel and minimum blurring required for good detail. If the 

matrix size is reduced without changing the FOV, voxel size will be increased and 

there will be reduction in image detail.  

 It is only the matrix size in the phase encoded direction that has an effect on 

acquisition time. This matrix dimension determines the number of row of k-space that 

must be filled.  
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 Reduced matrix in phase-encoded direction: One approach to optimizing an 

acquisition is to reduce the matrix size in phase encoded direction to a value that is 

less than the matrix size in the frequency encoded direction. These selectable basic 

matrix sizes are binary multiplies such as 128, 256, 512, and 1024. When basic matrix 

size is selected, it is one of these values, with 256 being the most common for most 

procedures. When the matrix size is reduced by some percentage in the phase encoded 

direction, the computer fill in the unused row of k space with zeros to make the 

reconstruction process work. 

 

 Rectangular field of view: Decrease matrix size without changing the FOV 

does produce an increased voxel size. However, if the FOV can be reduced in phase 

encoded direction, the voxel size will be decreased and image detail will be 

maintained. The use of rectangular FOV is a way of optimizing acquisition time and 

image detail if a rectangular FOV works for the specific anatomical region that is 

being image. By combining a reduced matrix size in phase encoded direction with a 

rectangular FOV, acquisition time can be reduced without affecting image quality. 

This is one step in optimizing a procedure. 

 

 Half acquisition: This method might be referred to by names such as half 

scan and half Fourier. When using the half acquisition method only the first half of k 

space is filled directly. Then, the data that was acquired during the first half is 

mathematically “flipped” and used to fill the second half of k space. This makes it 

possible to fill all of the rows of k space in approximately half of the normal 

acquisition time. The actual acquisition time will be slightly more than half because 

there must be some overlap in the data to make this process work. This is a method 

that can be used to reduce acquisition time. However, it results in an increase in image 

noise because the image is being formed with a smaller number of acquisition signals. 

 

 Signal averaging: The averaging is achieved by repeating the cycle several 

times for each phase-encoding step. This process does not change the number of 

phase-encoding step required. But it does increase the number of cycles in the 

acquisition. For example if the NSA protocol factor is set to 4. The cycle for each 

phase encoding step is repeated four times and the total acquisition time is increased 

by a factor of 4. 

 Developing   an optimized protocol: An acquisition protocol can be rather 

complex because of the large number of factors that must be adjusted and the 

interaction of many of the factors with different image quality characteristics and 

acquisition time. One approach to develop a good protocol is to address the specific 

image characteristics in this order: Contrast sensitivity, Image detail, Spatial 

Characteristics and methods, Image Noise and Artifact Reduction 

2.1.10 Magnetic resonance cholangiopancreatography (MRCP) 

Magnetic resonance cholangiopancreatography (MRCP) is a special type of 

magnetic resonance imaging (MRI) that produces detailed images of the hepatobiliary 

and pancreatic systems, including the liver, gallbladder, bile ducts, pancreas and 

pancreatic duct. These may include tumors, stones, inflammation or infection. MRCP 

is used to evaluate patients with pancreatitis to detect the underlying cause, help 

http://www.radiologyinfo.org/en/glossary/glossary1.cfm?gid=774
http://www.radiologyinfo.org/en/glossary/glossary1.cfm?gid=189
http://www.radiologyinfo.org/en/glossary/glossary1.cfm?gid=775
http://www.radiologyinfo.org/en/glossary/glossary1.cfm?gid=777
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diagnose unexplained abdominal pain, and a less invasive alternative to endoscopic 

retrograde cholangiopancreatography (ECRP). ERCP is a diagnostic procedure that 

combines endoscopy, which uses an illuminated optical instrument to examine inside 

the body, with radiographic- fluoroscopic system.  Figure 2.16 shows the images of 

MRCP (a) and the anatomical structure of biliary system (b). 

 

                         (a)                                                       (b) 

Figure 2.16 The MRCP imaging (a), the anatomical structure of biliary system (b) 

Advantages and Disadvantages of MRCP [15] 

MRCP is non-invasive procedure provided patients with adequately screened 

for contraindications. In addition, MRCP does not require radiation exposure, 

intravenous contrast agents, or a highly skilled operator. MRCP is less expensive and 

can be performed on an outpatient basis with an excellent inter-observer agreement. 

Major disadvantages of MRCP compared to ERCP include: lack of immediate 

therapeutic solution and inability to obtain tissue for diagnosis, inability to provide 

information about the rate of biliary drainage, a lower spatial resolution and lack of 

distension by contrast limits visualization of non-dilated peripheral bile ducts and 

assessment of stricture morphology, claustrophobia and the inability to evaluate 

patients with pacemakers or ferro-magnetic implants.  

MRCP Technique 

 MRCP technique is based on heavily T2-weighted pulse sequences which 

results in dramatic increase in contrast between stationary fluids (bile) and 

background (hepatic and pancreatic parenchyma, peritoneal fat). As a result, the bile 

appears at very high signal intensity whereas the background at low. In addition, no 

signal will come from flowing blood.  

FSE sequence has been demonstrated very suitable for performing heavily T2-

weighted studies in the abdomen. As a result, it has become the technique of choice 

for MRCP studies. Compared with GRE sequence, FSE has a higher SNR and CNR; a 

lower sensitivity to susceptibility artifacts, very common when studying the biliary 

tract (i.e., surgical clips, intestinal gas); a lower sensitivity to motion artifact and 

blood flow. Moreover, FSE takes advantage of new techniques to improve the image 

quality, such as gradient moment nulling, which reduces artifacts from periodic 

motion, respiratory triggering, and fat-suppression technique, in order to improve the 

http://www.radiologyinfo.org/en/glossary/glossary1.cfm?gid=458
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contrast between the bile ducts and the background. Typical pulse sequences and 

imaging parameters for MRCP are provided in Table 2.4. 

 

Table 2.4 Typical Imaging Parameters for various MRCP Acquisitions [15] 

 Localizer SSFSE 

(HASTE) 

SSFSE 

(HASTE) 

MRCP 

(Thick slice) 

FRFSE 3D 2D 

FSE 

plane 3 plane Coronal Transverse Oblique, 

multiple 

orientations 

Coronal Trans 

verse 

Mode  2D 2D 2D 3D 2D 

Pulse Seq.  SSFSE SSFSE SSFSE FRFSE FSE 

No. of 

echoes 

    1 31 

TE  180 180 1s 500-600 150-

250 

TR  3000 3000 3000   4000 4000 

Optional   Resp.trig.  Resp.trig  

Flip Angle  - - - - - 

Saturation     Fat Fat 

FOV 40 32-40 32-40 28-38 32-40 32-40 

Slice 

Thickness 

(mm) 

8 4-5  4-5  40  1.6  3  

Spacing 

(mm) 

2 0 0 - - 0.3 

Matrix 256×128 384×224 384×224 320×320 256×256 384× 

  256 

NEX 1 0.5 0.5 1 1 2 

 



20 

 

 2.2 Review of Related Literature 

Larkman D.J, Cokkinos D., Hajnal J.V, et al [2], studied the feasibility of 

performing MRCP at 3.0 Tesla, and compared the image quality and signal 

characteristics of a sample of patients undergoing an examination on both 1.5 and 3.0 

Tesla systems. A prospective pilot study was performed in which 10 patients 

underwent an MRCP examination consecutively on 1.5 and 3.0 Tesla systems (both 

Philips Intera). HASTE sequence and a coronal thick slab 2D turbo-spin echo (TSE) 

sequence were compared on both systems. 

The results showed a slightly higher signal intensity ratio (CBD:liver) at 3.0 

Tesla compared with 1.5 Tesla (8.1±1.9 vs 5.6±0.7, p=0.002). No significant 

difference was found between the SI ratios of (CBD:fat) on HASTE images or 

(CBD:liver) on TSE images. The qualitative analysis showed superior image quality 

of 3.0 Tesla over 1.5 Tesla images on both HASTE (31±5 vs 25±9, p=0.032), and 

TSE sequences (34±7 vs 28±4, p=0.043). This pilot study showed that MRCP is 

feasible at 3.0 Tesla with some improvement in image quality and signal 

characteristics. 

 Hiroyoshi I., Masako k., Yoji M., et al [3], evaluated the impact of MRCP 

imaging at 1.5T and 3.0T on image quality. Fourteen volunteers were examined at 

both 1.5T and 3.0T using MRCP imaging  performed  with  a breath-held two-

dimensional (2D) HASTE thick-slab sequence, a free-breathing navigator-triggered 

three-dimensional (3D) TSE sequence  with  prospective acquisition  correction, and a 

heavily T2W sequence  with  breath-held  multi-slice  HASTE.  All images were 

scored for visualization of the biliary and pancreatic ducts, severity of artifacts, image 

noise, and overall image quality 

 

The  results  showed  the  MRCP imaging  at 3.0T  yielded  a  significant 

improvement  in  overall  image  quality  compared  to  1.5T. They found at 3D TSE a 

non significant trend toward superior visualization of cystic duct, CBD and pancreatic 

duct at 3.0T. At sequence heavily T2W imaging  with  thin  sections (1.4 mm)  at  

3.0T  provided  diagnostic  images  and  better  visualization  of  the  biliary  and  

pancreatic  ducts  than  heavily T2W imaging with standard sections (2.8 mm) at 

3.0T. 

 

Yasui M. et  al  [4], compared  the image quality and visualization in MRCP 

by  using  different high-field strength  1.0 vs. 1.5 Tesla  MR units  and  assessed  the 

effect  of  field strength on MRCP. Ten  healthy  volunteers  and  37 patients 

suspected of  having  pancreatobiliary diseases were studied with HASTE and  rapid  

acquisition by relaxation  enhancement  (RARE) sequences.  

 

The  results  showed  SNR and CNR in HASTE  sequences  acquired with the 

1.5 Tesla (T) unit  were  significantly  higher  than  those  acquired by the 1.0 T unit 

(p=0.001).  In qualitative  analysis,  there  were  no  statistical significantly 

differences  in  image  quality  or  visualization of the ducts in either HASTE or 

RARE sequences between 1.0 T and 1.5 T.  
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Pavone P., Laghi A., et al [5], evaluated the feasibility of MRCP at 0.5 T. 

Thirty-one patient with dilated biliary systems were  examined  with three 

dimensional MRCP studied with a 0.5 T superconducting magnet. A three-

dimensional TSE sequence was acquired (TR= 5,000 ms, TE= 244 ms, echo train 

length = 45). A coronal image was post processing with MIP algorithm.  

 

The results showed optimized parameters (TR= 3000 ms, TE= 700 ms, echo 

train length = 128) which reduced acquisition time to 3 min when comparison with 

ERCP the MRCP could have the same clinical value as high field strength MRCP. 

 

Irie  H., et al [10],  determined  appropriate  acquisition  parameters  for 

MRCP with  RARE  sequence and the optimal MRCP technique by comparing half-

Fourier RARE,  steady-state  free  precession (SSFP) of  sequences 2D FSE and  3D    

FSE sequences. They used half-Fourier RARE MRCP images with varying 

parameters and compared by using a phantom.  Duct  conspicuity  and  CNRs were  

compared for the  four  MRCP  techniques  in phantom  and  healthy  volunteers.  

 

The results at 5 mm thick section without gap was appropriated for half- 

Fourier RARE MRCP. Only for half- Fourier RARE MRCP could depict a 1mm duct. 

CNR was the highest with half- Fourier RARE, followed by 3D fast spin echo, 2D 

fast spin echo and SSFP sequences. ROC curve analysis revealed no inter-observer 

differences, and the area under the curve for detection of strictures of the main 

pancreatic duct was as high as 0.89 
 

 

 

 

 

 

 

 

 

 



 

 

CHAPTER III 

RESEARCH METHODOLOGY 

3.1 Research Hypothesis 

The image quality obtained from MRI 3.0 Tesla is better than MRI 0.4Tesla 

(Open) on both phantom and MRCP imaging. 

3.2 Research Design  

This study is a comparative research. 

3.3 Research Design Model 
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Characteristics study of MRCP Imaging in duct phantom 

  

 

 

 

 

 

 

 

 

Using standard protocols of MRCP imaging for MRI 3.0 T to determine 

optimal MRCP protocols for MRI 0.4 T in duct phantom 

 

 

 

 

Image quality evaluation: 

Spatial resolution, noise, SNR and CNR  

 

 

 

 

 

 

Using standard protocols of MRCP imaging for MRI 3.0 T and Optimal 

protocols for MRI 0.4 T in volunteers   

 

Compare the image quality of MRCP imaging at 0.4 Tesla with 3.0 Tesla 

 

Obtain optimal protocols of MRCP Imaging for MRI 0.4 Tesla 

 

 

Determine SNR and 

CNR 

 

Scoring image quality of MRCP 

images by radiologist 
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3.4 Conceptual Framework 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.5 Research Questions 

 

3.5.1 Primary Question 

   What are the optimal MRI protocols for MRCP imaging acquired by MRI 0.4 Tesla 

(Open) in comparison to MRI 3.0 Tesla? 

3.5.2 Secondary Question 

What are the image quality (spatial resolution and SNR) for MRI 0.4 Tesla 

(Open) and 3.0 Tesla in phantom study? 

 
 

 

 

Magnetic field strength at 0.4 and 3.0 Tesla 

Image quality on phantom for MRCP imaging 

 

Signal to noise ratio 

(SNR)  

 

Spatial resolution 

 

 Number of signal average 

(NSA) 

 Repetition time (TR) 

 Echo time (TE) 

 Voxel size 

 Number of phase 

encoding 

 Bandwidth 

 Field of view (FOV) 

 Matrix size 

 Slice thickness 
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3.6 Materials  

 3.6.1 MRI equipments: 

 MRI 3.0 Tesla, Philips: Achieva TX 

 

 

Figure 3.1 MRI 3.0 Tesla (Philips: Achieva TX, Netherland) 

MRI 3.0 Tesla, manufacturer Philips model Achieva TX at Department of 

Radiology, King Chulalongkorn Memorial Hospital has been installed in 2010. 

 MRI 0.4 Tesla (Open), Hitachi: Aperto 

 

 

Figure 3.2 MRI 0.4 Tesla (Open), (Hitachi: Aperto, Japan) 

MRI 0.4 Tesla (Open), manufacturer Hitachi model Aperto has been installed 

in 2006 at Department of Radiology, Rajavithi Hospital. Type of magnet is 

permanent.   
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3.6.2 Coil Type 

 MRI 3.0 Tesla: 16 elements phased-array coil 

 

Figure 3.3 SENSE XL Torso coil 

The SENSE XL Torso coil, receiver type, was designed as flexible volume 

coil of anterior and posterior sections. Each section consists of 16 elements: 8 upper 

and 8 lower elements. It can be performed in AP, RL, and HF directions, especially, 

mainly in AP and RL directions, generally use for the part of abdomen/pelvis, 

thorax/abdomen, or other two-station combinations as well as individual anatomies. 

The recommended field of view for single station coronal or sagittal examinations is 

45 x 38 (HF) cm. 

  

 MRI 0.4 Tesla: Body phase array coil 

 

  
 

Figure 3.4 Body phase array coil 
 

 A phase array coil, an MR receiver coil, consists of an array of individual 

receiver coils. A phase array yields the high signal to noise ratio seen with small 

surface coils while simultaneously providing a large field of view. In a phase array, 

adjacent coil is overlapped to eliminate mutual inductance in a measure of coupling 

between coils. This coupling would cause an unwanted degree of overlay required to 

set the mutual inductance to zero, determined by the geometry of the individual coils. 

Each coil in the phased array is connected to a low impedance amplifier. Use of low 

impedance amplifiers help reduce coupling between distant coils. The outputs of the 

preamplifiers in the array are sampled simultaneously and combined electronically. 
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 A single receiver coil may consist of many individual coil “elements”. Parallel 

imaging techniques depend on the use of multi element array coils. Differences in 

spatial sensitivities of each element are exploited in paralleled imaging to deliver scan 

time saving. 
 

3.6.3 Magphan phantom 

 

 
Figure 3.5 Magphan phantom 

 

 Cylindrical Magphan SMR 170 as in figure 3.5 was used to study the image 

quality characteristics of spatial resolution and signal to noise ratio for both MRI 

equipments.  The phantom is filled up by copper sulfate solution at different 

concentration of 1 gram of copper sulfate to 1 liter of distilled water. 0.220, 0.295, 

0.430 and 0.590 grams of copper sulfate per liter of distilled water were filled in four 

contrast containers. The procedures were conducted as in the Magphan manual and 

AAPM report No.28 and 34. 

 

3.6.4 Duct phantom 

 

 
 

 

Figure 3.6 (a) Syringe and plastic needle as duct phantom, (b) duct phantom placed 

inside plastic bottle. 

  

     There are two parts of duct phantom; the first is made of plastic needle with 

internal diameter of 2.0 mm (simulated as pancreatic duct). The second is 3 cc plastic 

syringe with diameter of 10 mm (simulated to express the signal intensity in common 

bile duct). Both syringe and plastic needle are placed inside a plastic bottle containing 

saline
 
[10] whereas outside of a duct model was filled with saline mixed

 
Gadolinium. 

        (a) (b) 
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This phantom was used to determine the 0.4 T MRI optimal parameters affecting the 

image quality (spatial resolution, SNR and CNR) in MRCP imaging.   

3.6.5 Image J program 

 

 
 

Figure 3.7 Image J program 

  

 Image J is a public domain Java image processing program inspired by 

National Institute of Health (NIH) Image for the Macintosh. It runs, either as an 

online applet or as a downloadable application, on any computer with a Java 1.4 or 

later virtual machine. Downloadable distributions are available for windows, Mac OS, 

Mac OS X and Linux. This program can display, edit, analyze, process, save and print 

8-bit and 32 bit images.  It can read many image formats including TIFF, GIF, JPEG, 

BMP, DICOM, FITS and “raw”. The calculation of area and pixel value statistics of 

user-defined selections are available as well as measuring of distances and angles. It 

can create density histograms and line profile plot and also supports standard image 

processing functions such as contrast manipulation, sharpening, smoothing, edge 

detection and median filtering [10]. 

  

 Image J program collaborated with the Microsoft office 2007 was used for the 

calculation of full width at half maximum (FWHM) and measured the signal intensity 

or pixel value of common bile duct and liver. 

 

3.6.6 SPSS program 

SPSS (originally, Statistical Package for the Social Sciences) is a computer program 

used for statistical analysis. SPSS is among the most widely used programs for 

statistical analysis in social science. It is used by market researchers, health 

researchers, survey companies, government, education researchers, marketing 

organizations and others. The original SPSS manual (Nie, Bent & Hull, 1970) has 

been described as one of "sociology's most influential books". In addition to statistical 

analysis, data management (case selection, file reshaping, creating derived data) and 

data documentation (a metadata dictionary is stored in the data file) are features of the 

base software. Statistics included in the base software [18]: 

 Descriptive statistics: Cross tabulation, Frequencies, Descriptive, Explore, 

Descriptive Ratio Statistics  

 Bivariate statistics: Means, t-test, ANOVA, Correlation (bivariate, partial, 

distances), Nonparametric tests  

 Prediction for numerical outcomes: Linear regression  

 Prediction for identifying groups: Factor analysis, cluster analysis (two-step, 

K-means, hierarchical), Discriminant  

http://en.wikipedia.org/wiki/Computer_program
http://en.wikipedia.org/wiki/Statistics
http://en.wikipedia.org/wiki/Social_science
http://en.wikipedia.org/wiki/Metadata
http://en.wikipedia.org/wiki/Data
http://en.wikipedia.org/wiki/Cross_tabulation
http://en.wikipedia.org/wiki/Statistical_frequency
http://en.wikipedia.org/wiki/Mean
http://en.wikipedia.org/wiki/T-test
http://en.wikipedia.org/wiki/ANOVA
http://en.wikipedia.org/wiki/Correlation
http://en.wikipedia.org/wiki/Nonparametric
http://en.wikipedia.org/wiki/Linear_regression
http://en.wikipedia.org/wiki/Factor_analysis
http://en.wikipedia.org/wiki/Cluster_analysis
http://en.wikipedia.org/wiki/Discriminant_analysis_(in_marketing)
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SPSS program was used to calculate the intra-class correlation coefficients (ICC) for 

assessment consistency with effects due to reading 7 ducts structure by radiologist.  

 The intra-class correlation [19], (ICC) is a descriptive statistic that can be 

used when qualitative measurements are made on units that are organized into groups. 

It describes how strongly units in the same group resemble each other. While it is 

viewed as a type of correlation, unlike most other correlation measures it operates on 

data structured as groups, rather than data structured as paired observations. 

The intra-class correlation is commonly used to quantify the degree to which 

individuals with a fixed degree of relatedness (e.g. full siblings) resemble each other 

in terms of a qualitative trait. Another prominent application is the assessment of 

consistency or reproducibility of qualitative measurements made by different 

observers measuring the same quantity. 

The ICC is constructed to be applied to exchangeable measurements that is, 

grouped data in which there is no meaningful way to order the measurements within a 

group. In assessing conformity among observers, if the same observers rate each 

element being studied, then systematic differences among observers are likely to 

exist, which conflicts with the notion of exchangeability. If the ICC is used in a 

situation where systematic differences exist, the result is a composite measure of 

intra-observer and inter-observer variability. Since the intra-class correlation 

coefficient gives a composite of intra-observer and inter-observer variability when 

used with data where the observers are not exchangeable, its results are sometimes 

considered difficult to interpret in that setting. Alternative measures such as Cohen's 

kappa statistic, the Fleiss kappa, and the concordance correlation coefficient
 
 have 

been proposed as more suitable measures of agreement among non-exchangeable 

observers.   

3.7 Methods  

  

3.7.1 MRI image quality characteristics study 

 The image quality characteristics of MRI 3.0 T, and MRI 0.4 T were studied 

following the Magphan manual (2001) [14] and AAPM report No.28 (1989) [12] and 

34(1991) [13]. The specific image parameters are: sensitometry, slice thickness and 

slice position/separation. 

 

 3.7.2 The characteristics of MRCP imaging in duct phantom  

The characteristics of MRCP imaging are spatial resolution, image noise, 

signal to noise ratio and contrast to noise ratio. A duct phantom with internal diameter 

2.0 mm of a plastic needle and 10 mm diameter of syringe were scanned by both MRI 

equipments. 

http://en.wikipedia.org/wiki/Descriptive_statistics
http://en.wikipedia.org/wiki/Statistical_unit
http://en.wikipedia.org/wiki/Correlation
http://en.wikipedia.org/wiki/Exchangeable_random_variables
http://en.wikipedia.org/wiki/Kappa_statistic
http://en.wikipedia.org/wiki/Fleiss_kappa
http://en.wikipedia.org/wiki/Concordance_correlation_coefficient
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MRI 3.0 T techniques: 

 

 The duct phantom was placed at the center of the 16 elements phased-array 

coil (Figure 3.8a). 

 The coronal 2D SSh-MRCP rad TSE and 3D high resolution SENSE T2W 

FSE were obtained from the standard parameters as shown in Table 3.1. 

 

Table 3.1 The standard parameters of MRCP protocols at MRI 3.0 T (standard 

protocol). 

 

 TR 

(ms) 

TE 

(ms) 

FA 

 

FOV 

(mm) 

Thickness 

(mm)/gap 

Freq. phase NSA Recon 

matrix 

time 

2D 5,640 740 90 300 40/0 256 256 1 256 5 s 

3D 2,340 740 90 300 2/0 255 256 1 512 3.39 

min 

 

FA: Flip angle, Freq: frequency, Recon: reconstruction, SSh: single shot, rad: radial, 

TSE: Turbo spin echo. 

 

 The FWHM was measured by image J program for visualization of the duct in 

coronal 2D and 3D image of phantom.  

 The coronal image at syringe diameter 10 mm. was evaluated to obtain the 

SNR and CNR by placing ROI at the center of syringe (signal) and outside 

syringe (noise). The signal intensity was used to calculate SNR, CNR and 

image noise. 

 

MRI 0.4 T techniques: 

 

The procedure and the analysis were performed the same as at MRI 3.0 T but the 

scan parameters were different. 

  

 The duct phantom was placed at the center of the body phased-array coil 

(Figure 3.8b). 

 The coronal 2D FSE and coronal 3D heavily T2W FSE were obtained as 

shown in Table 3.2. 

 

Table 3.2 The parameters of MRCP protocols at MRI 0.4 T (original protocol). 

 

 TR 

(ms) 

TE 

(ms) 

FA 

 

FOV 

(mm) 

Thickness 

(mm)/gap 

Freq. phase NSA Recon. 

matrix 

time 

2D 4,000 512 90 300 40/0 256 256 2 256 8 s 

3D 4,000 540 90 300 2/0 256 256 4 512 5.20 

min 
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 The FWHM was measured by image J program for visualization the duct in 

coronal 2D and 3D image of phantom.  

 The coronal image at syringe diameter 10 mm. was evaluated to obtain the 

SNR and CNR by placing ROI at the center of syringe and outside syringe 

(noise).  

 The signal intensity (SI) was used to calculate SNR, CNR and image noise 

(standard deviation of  background surrounding syringe) of saline+ 

Gadolinium by equations as follow: 

 

SNR =   SI (saline in syringe)  

            SD (saline + Gadolinium)                                                                    (6) 

 

CNR = SI (saline in syringe)-SI (saline + Gadolinium) 

                          SD (saline + Gadolinium)                                                      (7) 

 

Noise = SD (saline+ Gadolinium)                                                            (8) 
 

3.7.3 Using standard protocols of MRCP imaging for MRI 3.0 T to 

determine optimal MRCP protocols for MRI 0.4 T in duct phantom 
 

 The duct phantom was used to study the optimal MRI parameters for MRCP 

(SNR, CNR and Spatial resolution) for 0.4 T and compare with at 3.0 T for standard 

MRCP protocol. 

 

 Standard MRCP imaging protocols of MRI 3.0T 

 

 The duct phantom was placed at the center of the 16 elements phased-array 

coil (Figure 3.8a). 

 The coronal 2D SSh-MRCP rad TSE: TR= 5,640 ms, TE= 740 ms, FOV= 300 

mm, thickness = 40 mm, no inter-slice gap, image matrix size was 256×256, 

NSA= 1 and acquisition time = 5 s and 3D high resolution SENSE T2W FSE : 

TR= 2,340 ms, TE= 740, FOV= 300 mm,  thickness = 2.0 mm, no inter-slice 

gap, matrix size was 255×256, NSA= 1, and acquisition time =  3.39 min  

 3D reconstruction image by maximum intensity projection (MIP). 

 

Optimal MRCP imaging protocol of MRI 0.4 T 

 

 The duct phantom was placed at the center of the body phased-array coil  

      (Figure 3.8b). 

 

 The coronal 2D and 3D Heavy T2-weighted FSE (Fast Spin Echo) was 

obtained by varying the parameters affecting for image quality (SNR and 

Spatial resolution). 

 The FWHM was measured by image J program to evaluate the spatial 

resolution at duct phantom diameter 2.0 mm. 
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 The signal intensity (SI) was used to calculate SNR, CNR and image noise 

(standard deviation of background surrounding syringe) of saline+ Gadolinium 

at syringe diameter 10 mm. 

 Compare the image quality for both field strengths and obtain the optimal        

parameters of MRCP imaging at MRI 0.4 T. 

 

 
 

 

Figure 3.8 The experimental set up of duct phantom for evaluation of spatial 

resolution, SNR and CNR at MRI 3.0 T (a) and 0.4 T (b). 

 

 

3.7.4 MRCP protocols in volunteers. 

 

  The standard MRCP imaging protocols for MRI 3.0 T and the obtained 

optimal protocols in phantom of MRCP imaging for MRI 0.4 T were used to acquire 

in volunteers. 

 

3.7.5   Quantitative assessment 

 

  Quantitative assessment was determined as the SNR and CNR by placing 

circular ROI on common bile duct (CBD) and liver. The standard deviation (SD) of 

the signal intensity at the liver is determined as the noise (SD noise). The equations are: 

 

SNR = SI (common bile duct)     

                  SD (Liver)                                                                                      (9) 

 

CNR = SI (common bile duct) – SI (Liver)  

                           SD (Liver)                                                                           (10) 

 

Noise = SD (Liver)                                                                                        (11) 

 

 The mean and standard deviation of pixel value were used to evaluate the 

quantitative assessment for both field strengths. 

 

 

(a) (b) 
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3.7.6 Qualitative assessment 

 

 One radiologist with over 10 year experience evaluated these images for 

qualitative appearance. Seven structures were analyzed:  gall bladder, left hepatic 

duct, right hepatic duct, cystic duct, common hepatic duct, common bile duct and 

pancreatic duct. Five-point scales were scored to assess the image quality. 

3.7.7 Comparison of the SNR and CNR and the scoring of image quality 

for both field strengths. 

The purpose of this study is to determine and optimize the MRCP protocol of 

MRI 0.4 T.  However, the diagnostic requirement for MRCP imaging is not only high 

spatial resolution but also the contrast resolution and the appropriate acquisition time. 

Therefore, the protocols setting for MRCP imaging can be obtained by comparing the 

results of characteristic of spatial resolution, SNR and CNR including the total 

examination time.  

3.8 Data analysis 

 3.8.1 Image Evaluation  

This research is a prospective study which healthy volunteers were invited to 

the MRCP examination at 3.0 T and 0.4 T.  

 3.8.2 Image quality scores (Qualitative image analysis)   

A reader with over 10 years of MRI experience performed a blinded 

qualitative analysis of randomized images review on a View Forum workstation.  

Each pair of MR sequences were evaluated together for the quality of visualization of 

individual structures of the pancreatobiliary system according to predefined criteria.  

Seven structures were: the gall bladder, left hepatic duct, right hepatic duct, common 

hepatic duct, common bile duct, cystic duct and pancreatic duct. There are five-point 

scales scored by radiologist: 

 4= very good (diagnostic image quality, visualize structures with 

homogeneous of ducts) 
  3= good (still diagnostic, visualize structures with inhomogeneous of ducts) 

2= moderate (partly diagnostic) 

  1= poor (barely diagnostic) 

  0= non diagnostic (lacking enhancement of the ducts)   

 The consistency of image quality is obtained by score with two readings. The 

measurement was assessed by calculating intra-class correlation coefficients (ICC) for 

7 structures of ducts.  

 

3.8.3 Signal and Contrast to noise ratio (Quantitative image analysis). 

The quantitative image quality is analyzed by create a 28.8 mm
2 

circular 

region of interest at the center of the common bile duct and liver parenchyma. The 

mean pixel values in these regions of interest were used to calculate the signal 

intensity. The standard deviation (SD) of the liver represented as the noise (SD noise). 

A single ROI was located in a homogenous portion of the liver and set in an area to 

avoid vessels and prominent artifacts. To minimize coil in-homogeneity errors, a 
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small ROI for signal measurement of the common bile duct was set at center of the 

common bile duct. The equation (9), (10) and (11) were used to calculate SNR and 

CNR respectively. 

 

3.9 Sample size determination 

 

The sample size between two related groups was calculated as the difference 

of the image quality from both field strength MRI scanners as following: 
 

Two related groups    so,     n pair 
(𝑍𝛼+𝑍𝛽)2𝜎2

𝑑2   where σ2
 = σ

2
1+σ

2
2 - 2γσ1σ2                                                                     

α = 0.05 , β= 0.10 , Zα = Z0.05 = 1.645 (one tail) ,Zβ = Z0.10 = 1.28  

σ
2 

= Variance of difference = 2.77, d = Difference = 2.50 ,γ = 0.5 ,σ1= 1.9 ,σ2= 0.7  

Therefore, n pair = 
 1.645+1.28 2(2.77)

(2.5)2
  = 3.81, 10 cases will be collected. 

From the literature review [1] the signal intensity ratio (CBD: liver) at 3.0 

Tesla and 1.5 Tesla were (8.1±1.9 vs 5.6±0.7). To obtain the maximum sample size 

the correlation coefficient, γ is defined as 0.5. 

3.10 Statistical analysis 

 SNR and CNR were calculated by equation (9) and (10). The Image J 

program was used to measure the signal intensity and the image quality score were 

expressed as mean and the standard deviation. Statistical comparisons of mean values 

were performed with the t-test for paired samples. The qualitative image analysis was 

compared using the t-test for paired samples. Statistical significance is assumed at 

p=0.05 and use 95% confidence interval (CI) in all cases. Microsoft excels and SPSS 

program were used to calculate all data value. 

 

3.11 Outcome measurement 

 

Variables 

 

Phantom study 

 

Independent variables: Slice thickness, NSA, FOV, Matrix size, TR, TE, Flip 

angle, bandwidth and number of phase encoding. 

Dependent variables: Spatial resolution, Signal to noise ratio, contrast to noise 

ratio 

 
Patient study 
 

Independent variables: signal intensity in biliary system and MIP on MRCP 

imaging 

Dependent variables: Preference score, Signal to noise ratio and contrast to 

noise ratio 
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3.12 Expected benefits 

 

The MRI parameters for better image quality at both field strengths and 

optimized protocol of MRCP imaging at MRI 0.4 Tesla (Open) are expected. The 

improvement in image quality of MRCP imaging could increase the diagnostic 

confidence level for radiologist in diagnosis of MRCP examination especially for 

MRI 0.4 Tesla. In addition, the quality control of MRI systems would improve the 

spatial resolution and SNR for both field strengths using phantom study. 

 

3.13 Ethical consideration 

 

Most parts were performed in phantom to investigate the physical 

characteristics of spatial resolution and SNR. The clinical image quality was 

performed in healthy volunteers in order to achieve the optimized protocols. The 

ethical had been approved by the Ethics Committee, Faculty of Medicine, 

Chulalongkorn University and Rajavithi hospital. 

 
 

 

 

 

 

 

 



 

 

CHAPTER IV 

RESULTS 

4.1 The performance test of MRI scanners 

The performance test of MRI 3.0 T and MRI 0.4 T were image uniformity, 

sensitometry, high contrast resolution, low contrast sensitivity, slice geometry, 

geometric distortion and slice separation. The result of quality control of MRI 

scanners is shown in Appendix B. The report of both field strengths MRI systems is 

shown in Table 4.1 and 4.2. 

Table 4.1 REPORT OF MRI SYSTEM 0.4 T PERFORMANCE TEST 

LOCATION Sirinthorn Building, Floor 1 

Rajavithi Hospital 

DATE                                                        July 28, 2010 

MANUFACTURER HITACHI 

MODEL APERTO 

 

Image Uniformity pass 
Sensitometry (MRI Number) pass 
High Contrast Resolution pass 
Low Contrast Sensitivity pass 
Slice Geometry (Slice Width) pass 
Geometric Distortion pass 
Slice Position/Separation pass 

 

Table 4.2 REPORT OF MRI SYSTEM 3.0 T PERFORMANCE TEST 

LOCATION Apuntreepacha Building, Floor 1 

King Chulalongkorn Memorial Hospital 

DATE August 7, 2010 

MANUFACTURER PHILIPS 

MODEL ACHIEVA TX 

Image Uniformity pass 
Sensitometry (MRI Number) pass 
High Contrast Resolution pass 
Low Contrast Sensitivity pass 
Slice Geometry (Slice Width) pass 
Geometric Distortion pass 
Slice Position/Separation pass 
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4.2 Characteristics of MRCP imaging in duct phantom  

4.2.1 Evaluation of the spatial resolution by FWHM 

A.  Variation of slice thickness 

The coronal plane of duct phantom diameter 2.0 mm for 2D images is 

displayed for the study of the spatial resolution affected by the slice thickness (thick-

slab) of 20, 30, 40, 50 and 60 mm and 3D images at the slice thickness of 2, 3, 4 and 5 

mm at MRI 0.4 T.  The chart of FWHM is shown as in Figure 4.1(a) for 2D and 

4.1(b) for 3D. 

(a)     (b) 

Figure 4.1 The FWHM versus slice thickness of (a) 2D and (b) 3D images at MRI 0.4 

T compared to 40 mm at 2D and 2.0 mm at 3D slice thickness of 3.0 T MRI system 

 Figure 4.1 shows the FWHM at a half of normalized values (0.5) of 2D and 

3D images from each varying thickness at MRI 0.4 T. The FWHM at 2D images and 

3D images is shown in the Table 4.3. 

Table 4.3 FWHM as a factor of slice thickness of 2D and 3D images at MRI 0.4 T 

compared to 40 and 2 mm slice thickness of MRI 3.0 T respectively  

2D / 0.4 T FWHM (mm) 3D /0.4 T 

 

FWHM (mm) 

Thickness (mm) Thickness (mm) 

20 2.6 2 2.8 

30 2.6 3 2.8 

40 2.8 4 2.9 

50 2.9 5 2.9 

60 2.9   

40 mm at MRI 3.0 T 2.1 2 mm at MRI 3.0 T 2.3 
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From the Table 4.3, the shortest FWHM (2.6 mm) was obtained at 20 and 30 

mm thickness for 2D images and at 2 and 3 mm thickness (2.8 mm) for 3D images 

respectively. The thinnest slice thickness, the best spatial resolution is obtained. 

B.  Variation of field of view (FOV) 

The coronal plane from duct phantom diameter 2.0 mm 2D and 3D images with 

variation of  FOV at  280, 300,  320, 340 mm for MRI 0.4 T  to evaluate the spatial 

resolution, FWHM  are displayed   in Figure 4.2.  

 

                                    (a)     (b) 

Figure 4.2 FWHM at various FOVs of 2D (a) and 3D (b) images at MRI 0.4 T 

compared to FOV 300 mm at MRI 3.0 T 

 Figure 4.2 shows FWHM of 2D and 3D images at various FOVs at MRI 0.4 T. 

The FWHM values are shown in the Table 4.4. 

Table 4.4 The FWHM values from variation of FOV 2D and 3D images at MRI 0.4 T 

compared to 300 mm FOV at MRI 3.0 T  

2D / 0.4 T FWHM (mm) 3D /0.4 T 

 

FWHM  (mm) 

FOV(mm) FOV(mm) 

280 2.1 280 3.0 

300 2.5 300 2.9 

320 3.2 320 3.0 

340 3.2 340 3.1 

300 mm at MRI 3.0 T 2.1 300 mm at MRI 3.0 T 2.3 

 

From the Table 4.4, the shortest FWHM (2.1 mm) for 2D images at 0.4 T was 

found at 280 mm FOV and at 300 mm FOV (2.9 mm) for 3D images respectively. 
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C.  Variation of number of phase encoding (matrix) 

 

The coronal plane from duct phantom diameter 2.0 mm 2D and 3D images in 

phase direction  are  displayed to evaluate the spatial resolution at 192,  256 ,  288, 

320 at MRI 0.4 T  as shown in Figure 4.3. 

                                    (a)                                                                              (b) 

Figure 4.3 FWHM versus phase of 2D (a) and 3D (b) images at MRI 0.4 T compared 

to number of phase 256 at MRI 3.0 T 

Figure 4.3 shows the FWHM of 2D and 3D images from various number of 

phases at MRI 0.4 T with MRI 3.0 T. The FWHM values from various numbers of 

phases are shown in the Table 4.5. 

Table 4.5 The FWHM   from variation number of phase 2D and 3D images at MRI 

0.4 T compared to number of phase 256 at MRI 3.0 T  

2D / 0.4 T FWHM (mm) 3D /0.4 T FWHM (mm) 

Number of phase  Number of phase  

192 3.2 192 3.1 

256 2.5 256 3.0 

288 2.4 288 2.9 

320 2.4 320 3.0 

256 at MRI 3.0 T 2.1 255 at MRI 3.0 T 2.3 

From the Table 4.5, the shortest FWHM (2.4 mm) of phase for 2D images at 

0.4 T is at number 288 and 320 and 3D images (2.9 mm) at number 288  

4.2.2 Evaluation of the signal to noise ratio (SNR), contrast to noise ratio (CNR) 

and image noise for MRCP imaging using syringe.  

 The image noise, SNR and CNR for MRCP imaging are evaluated with the 

variation of scanning parameters, the method for estimating the value of coronal 

MRCP images are obtained by using the part of syringe diameter 10 mm for duct 

phantom. The coronal 2D and 3D images were reconstructed.  
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B. Variation of slice thickness  

The 2D coronal plane images in part of syringe from duct phantom diameter 

10 mm are obtained from the variation of slice thickness at 20, 30, 40, 50 and 60 mm.  

and 3D image  at  2 , 3, 4 and 5 mm  for  MRI 0.4 T to evaluate  the SNR, CNR and 

noise. The signal intensity values by drawing ROI were measured, the SNR, CNR and 

image noise were compared to MRI 3.0 T as in the Table 4.6 and 4.7 respectively. 

Table 4.6 The image noise, SNR and CNR at various slice thickness for 2D images at 

0.4 T compared to MRI 3.0 T 

Thickness 

(mm) 
syringe Bkg SNR CNR 

mean SD mean SD 

(Noise) 

SI (syr) 

SD (bkg) 

SI (syr)-SI (bkg) 

SD (bkg) 

20 15976.8 1218.1 411 175.2 91.18 88.84 

30 15700.4 1196.3 333.3 156.7 100.14 98.02 

40 15824 1158.5 310 108.4 146.03 143.17 

50 14823.7 1077.2 287.8 90.7 163.45 160.28 

60 15839.1 1115.1 347.3 101.7 155.74 152.32 

3.0 T 

(40 mm) 

483.42 52.49 6.30 2.85 169.62 167.41 

        *syr (syringe) 

Table 4.7 The image noise, SNR and CNR at various thicknesses of 3D images at 0.4 

T compared to MRI 3.0 T 

Thickness 

(mm.) 

syringe Bkg SNR CNR 

mean SD mean SD 

(Noise) 

SI (syr) 

SD (bkg) 

SI (syr)-SI (bkg) 

SD (bkg) 

2 15379.9 744.9 449.1 59.6 258.05 250.51 

3 14439.5 1887.5 349.8 55.26 261.30 254.97 

4 16707.6 563.6 380.1 47.37 352.70 344.68 

5 16627.3 451.5 309.1 45.22 367.69 360.86 

3.0 T 

(2 mm) 

1187.91 119.39 4.13 2.19 542.42 540.53 

The minimum thickness was 2 mm at MRI 0.4 T 

 Table 4.6 shows the SNR and CNR for 2D MRCP imaging. SNR and CNR are 

highest (163.45, 160.28) at the largest thickness 50 mm. For 3D images in table 4.7 

the slice thickness at 5 mm showed a highest SNR and CNR (367.69 and 360.86). The 
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lowest noise is at slice thickness 50 mm (90.7) for 2D images and 5 mm (45.22) for 

3D images. 

B. Variation of field of view (FOV) 

The 2D and 3D coronal plane images in the part of syringe from duct phantom 

diameter 10 mm are obtained from variation of FOV at 260, 280, 300, 320 and 340 

mm at MRI 0.4 T. The signal intensity value by drawing ROI to measure image noise, 

SNR and CNR are compared to MRI 3.0 T as in the Table 4.8 and 4.9 respectively 

Table 4.8 The image noise, SNR and CNR at various   FOV for 2D images at 0.4 T 

compared to MRI 3.0 T 

FOV 

(mm) 
syringe Bkg SNR CNR 

mean SD mean SD 

(Noise) 

SI (syr) 

SD (bkg) 

SI (syr)-SI (bkg) 

SD (bkg) 

280 24746.7 1698.5 772 215.9 96.37 93.28 

300 15404.9 1091.3 312.2 150.2 102.53 100.48 

320 15947.5 1237.9 333.3 140.6 113.42 111.05 

340 18128.3 1825.3 410.2 172.3 105.2 102.83 

3.0 T 

(300) 

483.42 52.49 6.30 2.85 169.62 167.41 

 

Table 4.9 The image noise, SNR and CNR with various FOV for 3D images at 0.4 T 

FOV 

(mm.) 
syringe Bkg SNR CNR 

mean SD mean SD 

(Noise) 

SI (syr) 

SD (bkg) 

SI (syr)-SI (bkg) 

SD (bkg) 

280 10089.8 164.9 337.8 67.1 150.37 145.33 

300 17419.43 374.6 401.5 85.2 204.47 199.76 

320 13522.1 328.4 344.8 56.6 239.08 232.97 

340 14941.4 236.7 346.9 91.6 163.17 159.38 

3.0 T 

(300) 

1187.91 119.39 4.13 2.19 542.42 540.53 

 

Table 4.8 shows the SNR and CNR for 2D MRCP imaging. SNR and CNR are 

highest (113.42, 111.05) at FOV 320 mm. For 3D images in table 4.9 the FOV at 320 

mm showed a highest value for both SNR and CNR (239.08 and 232.83). The lowest 

noise showed at FOV 320 mm (140.6) for 2D images and 320 mm also (56.6) for 3D 

images. 
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C.  Variation of number of phase encoding (matrix) 

The 2D and 3D coronal plane images in part of syringe from duct phantom 

diameter 10 mm are obtained from the variation number of phase steps at 192, 256, 

288 and 320 for MRI 0.4 T to evaluate the SNR, CNR and noise. The signal intensity 

values   by drawing ROI to measure SNR, CNR and image noise are compared to 

MRI 3.0 T as in the Table 4.10 and 4.11 respectively. 

Table 4.10 The image noise, SNR and CNR with various number of phase for   2D 

images at 0.4 T compared to MRI 3.0 T 

 Phase syringe Bkg SNR CNR 

mean SD mean SD 

(Noise) 

SI (syr) 

SD (bkg) 

SI (syr)-SI (bkg) 

SD (bkg) 

192 16023.1 1094.7 380.1 177.5 90.27 88.13 

256 14539.1 1064.5 403.1 169.1 85.99 83.61 

288 14719.1 440.1 298.8 137.3 107.20 105.02 

320 14704.1 759.8 390.4 150.9 97.44 94.85 

3.0 T 

(256) 

483.42 52.49 6.30 2.85 169.62 167.41 

 

Table 4.11 The image noise, SNR and CNR with various number of phase for 3D 

images at 0.4 T compared to MRI 3.0 T 

 

Phase 

syringe Bkg SNR CNR 

mean SD mean SD 

(Noise) 

SI (syr) 

SD (bkg) 

SI (syr)-SI(bkg) 

SD (bkg) 

192 13754.8 45.3 459.3 54.8 250.90 242.53 

256 17419.43 374.6 401.5 85.2 204.47 199.76 

288 9025.1 824.9 326.3 27.83 324.29 312.56 

320 9026.5 736.0 303.9 51.34 175.81 169.89 

3.0 T 

(256) 

1187.91 119.39 4.13 2.19 542.42 540.53 

 

Table 4.10 shows the SNR and CNR for 2D MRCP imaging. SNR and CNR 

are highest (107.20, 105.02) at number of phase 288. For 3D images in table 4.11 the 

number of phase at 288 shows a highest SNR and CNR (324.29 and 312.56). The 

lowest noise is at number of phase 288 (137.3) for 2D images and 288 also (27.83) for 

3D images.  
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D.  Variation of repetition time (TR) 

The 2D and 3D  coronal image  plane  in part of  syringe from duct phantom 

diameter 10 mm  are obtained  from  various   TR  at 2000, 3000 , 4000, 5,000 and 

6000 ms  for  MRI 0.4 T to evaluate the SNR, CNR and image noise. The signal 

intensity values by drawing   ROI to measure SNR, CNR and image noise are 

compared to MRI 3.0 T as in the Table 4.12 and 4.13 respectively. 

Table 4.12 The image noise, SNR and CNR with various TR for 2D images at 0.4 T 

compared to MRI 3.0 T 

 TR 

(ms) 

syringe Bkg SNR CNR 

mean SD mean SD 

(Noise) 

SI (syr) 

SD (bkg) 

SI (syr)-SI (bkg) 

SD (bkg) 

2,000 20650.2 1429.1 804 376.3 54.87 52.74 

3,000 20107.2 1951.7 750.1 269.9 74.49 71.72 

4,000 14233.1 1090 399.7 183.5 77.56 75.83 

5,000 15047.1 1202.4 348.9 143.1 105.15 102.7 

6,000 17118.2 1235.9 381.5 135.4 126.42 123.61 

3.0 T 

(5,640) 

483.42 52.49 6.30 2.85 169.62 167.41 

        *Scan time (s), TR 2,000 (4), 3,000 (6), 4,000 (8), 5,000 (10), 6,000(12) 

Table 4.12 shows the SNR and CNR for 2D MRCP imaging. SNR and CNR 

are highest (126.42, 123.61) at TR 6,000 ms, For 3D images in table 4.13 the TR at 

6,000 ms   shows a highest value for both SNR and CNR (372.9 and 365.19). The 

lowest noise shows at TR 6,000 ms (135.4) for 2D images and 6,000 ms also (38.5) 

for 3D images. 
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Table 4.13 The image noise, SNR and CNR with various TR for 3D images at 0.4 T 

compared to MRI 3.0 T 

 

TR 

(ms) 

syringe Bkg SNR CNR 

mean SD mean SD 

(Noise) 

SI (syringe) 

SD (bkg) 

SI (syr)-SI (bkg) 

SD (bkg) 

2,000 10392.6 301.6 668.9 133.9 77.63 72.64 

3,000 19308.6 442.6 700.5 116.1 166.24 160.20 

4,000 17230.3 319.87 562.95 64.44 267.38 258.64 

5,000 13788.6 196.2 317 49.3 279.46 273.03 

6,000 14349.2 277.9 296.8 38.5 372.9 365.19 

3.0 T 

(2,340) 

1187.91 119.39 4.13 2.19 542.42 540.53 

    *Scan time (min), TR 2,000 (2.4), 3,000 (4), 4,000 (5.2), 5,000 (6.4), 6,000(8) 

E.  Variation of number of signal average (NSA) 

The 2D and 3D coronal plane images in part of syringe from duct phantom 

diameter 10 mm    are obtained from variation of NSA at 1, 2, 3 and 4 for   MRI 0.4 T 

to evaluate the SNR, CNR and image noise. The signal intensity values by drawing   

ROI to measure SNR, CNR and image noise are compared to MRI 3.0 T as in Table 

4.14 and 4.15 respectively. 

Table 4.14 The image noise, SNR and CNR with various NSA for 2D images at 0.4 T 

compared to MRI 3.0 T 

 NSA 

 

syringe Bkg SNR CNR 

mean SD mean SD 

(Noise) 

SI (syr) 

SD (bkg) 

SI (syr)-SI (bkg) 

SD (bkg) 

1 18846.6 1558.9 988.5 452.6 41.64 39.45 

2 19698.2 12483.3 370.9 363.4 54.2 53.18 

3 23893.9 1728.3 598.2 382.6 62.45 60.88 

4 23822.6 1904.1 538.7 310.2 76.76 75.06 

3.0 T 

( NSA=1) 

483.42 52.49 6.30 2.85 169.62 167.41 

       *Scan time (s), NSA 1 (4), 2(8), 3(12), 4(16) 
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Table 4.15 The image noise, SNR and CNR of 3D images at 0.4 T compared to MRI 

3.0 T 

 

NSA 

syringe Bkg SNR CNR 

mean SD mean SD 

(Noise) 

SI (syr) 

SD (bkg) 

SI (syr)SI(bkg) 

SD (bkg) 

1 11531.6 136.3 666.2 118.7 97.12 91.51 

2 11396.2 277.6 453.1 66.8 170.65 163.86 

3 11008.6 284.3 355.0 48.0 229.20 221.81 

4 15379.9 744.9 449.1 59.6 258.05 250.51 

5 11496.2 462.9 289.5 31.2 368.70 359.42 

3.0 T 

(NSA=1) 

1187.91 119.39 4.13 2.19 542.42 540.53 

             *Scan time (min), NSA 1 (1.2), 2(2.4), 3(4.0), 4(5.2), 5(6.4)  

Table 4.14 shows the SNR and CNR for 2D MRCP imaging. SNR and CNR are 

highest (76.76 and 75.06) at NSA 4. For 3D images in table 4.15 the NSA at 5 shows 

a highest value for both SNR and CNR (368.7 and 359.42). The lowest noise is at 

NSA 4 (310.2) for 2D images and NSA 5 (31.2) for 3D images.  

4.3 Determination of optimal parameters for MRCP imaging protocols in 

phantom at MRI 0.4 T 

 The optimal parameters for MRCP imaging protocols at  MRI 0.4 T are 

determined  by using the results of characteristics of MRCP imaging in duct phantom 

including evaluation of the spatial resolution, image noise, signal to noise ratio and 

contrast to noise ratio. The obtained optimal parameters are: 

A. Slice thickness  

As comparing side by side between the FWHM (Table 4.3) and the obtained 

signal intensity values, the image noise, SNR and CNR from various slice thickness 

are shown in Table 4.6 and 4.7.  

2D image The thick-slab 40 mm was selected at the FWHM of 2.8 while in 

3.0 T was 2.1. The SNR and CNR were accepted (40 mm was 146.03 and 143.17). 

Although, the obtained SNR was not a highest but the spatial resolution was still 

considered. The image noise decreased when the slice thickness increased (40 mm, 

108.4 and 50mm, 90.7). In addition, the area coverage was considered at a larger part 

examination.    

 3D image The slice thickness at 2 mm is selected, although the values of SNR 

and CNR are lower than thicker slice thickness (SNR, 258.05 and CNR, 250.51).  At 

3D image, thin slices are selected to reconstruct MIP images, especially at pancreatic 

duct which is small size in diameter, the thin slices shows better resolution. 
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B. Field of view (FOV) 

Similar to the slice thickness, the comparing side by side between the FWHM 

in Table 4.4 and the noise, SNR and CNR from various FOV are shown in Table 4.8 

and 4.9.  

2D image The FOV at 300 mm is selected as FWHM is 2.5 mm at 0.4Twhile 

at 3.0 T FWHM was 2.1 mm. The SNR and CNR show appropriate values at300 mm 

FOV of 102.53 and 100.48. 

The noise is slightly decreased with increasing FOV. Although large FOV 

brought to increasing of SNR and CNR but the spatial resolution is poorer. 

 3D image The FOV at 300 mm is selected, although the SNR and CNR were 

lower than bigger size of FOV (SNR was 204.47 and CNR was 199.76). In this part, 

SNR and CNR decreased when FOV increased to 340 mm (SNR was163.7 and CNR 

was 159.38).  

C.  Number of phase encoding (matrix) 

The FOV is kept constant while number of phase encoding is increased. As a 

results pixel size is smaller and SNR decreases, the spatial resolution was improved. 

The FWHM, (Table 4.5) SNR, CNR and noise are displayed at various number of 

phase encoding (Table 4.10 and 4.11): 

2D image, the number of phase encoding 288 is selected because FWHM is 

not different at 2.4 mm while in 3.0 T FWHM is 2.1 mm.  The SNR and CNR show 

the highest values (288 number of phase was 107.20 and 105.02).  The noise is 

decreased when the number of phase increased. 

 3D images, the number of phase at 288 for 0.4 T, the FWHM was 2.9 mm 

while 3.0 T was 2.3 mm. The SNR and CNR were highest (SNR was 324.29 and 

CNR was 312.56) and the noise was lowest of 27.83. 

D.   Repetition time (TR) 

  When the TR increased the SNR increased according to the T1 recovery 

curve. Unfortunately, the increasing of scan time was followed. From Table 4.12 and 

4.13 the optimal TR values were selected. 

2D image, the TR at 5000 ms was selected because of the SNR and CNR 

showed the optimal values corresponding to the scan time (TR 5000 ms, SNR was 

105.15, CNR was 102.27 and scan time for breath- hold was 10 s). The noise 

decreased when TR increased (TR 5000 ms noise 143.1, TR 6000 ms noise 135.4).  

 3D image, the TR at 6000 ms was selected, because the SNR and CNR were 

higher   than the lower TR values (SNR was 372.9 and CNR was 365.19). In this part 

increasing of TR values results in decreasing noise. In addition, 3D MRCP in 
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volunteers, the respiratory triggering was used. The constant TR value depends on an 

appropriate pulse. 

E.   Number of signal average (NSA) 

The NSA was similar to TR. The NSA is the number of times scan repeated 

that cause of smoothing and improvement in the image quality. Table 4.14 and 4.15 

the optimal NSA corresponding scan time was selected. 

2D image, the NSA value at 2 was selected because of the SNR and CNR 

showed the optimal values corresponding the scan time (SNR was 54.2, CNR was 

53.18 and scan time for breath- hold 8 s). The noise decreased when NSA increased 

(NSA 2, which noise 363.4).  

 

3D image, the NSA 4 was selected, because the SNR and CNR were higher   

than the lower NSA values (SNR was 258.05 and CNR was250.51). The noise 

decreased when NSA increased. 

The optimal parameters for MRI 0.4 T is  shown in Table 4.16 and 4.17 to 

achieve the good image quality of MRCP imaging, the acquisition parameters will be 

improved for healthy volunteers. 

Table 4.16 The acquisition parameters of 2D MRCP imaging for MRI 0.4 T (Open) 

Parameters Setting value 

Slice thickness 40 mm (Thick slab) 

FOV 300 mm 

Phase 288 

TR 5000 ms 

NSA 2 

Scan time 10 s 

*TE, Flip Angle and bandwidth cannot be changed. 

Table 4.17 The acquisition parameters of 3D MRCP imaging for MRI 0.4 T (Open) 

Parameters Setting value 

Slice thickness 2 mm 

FOV 300 mm 

Phase 288 

TR 6000 ms 

NSA 4 

Scan time 8.00 min 

*TE, Flip Angle and bandwidth cannot be changed. 
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4.4 Using MRCP protocols in volunteers. 

From November to December 2010, ten adult healthy volunteers participated 

in the study. After the ethical had been approved by both the Ethics Committee, 

Faculty of Medicine, Chulalongkorn University and Rajavithi hospital, all volunteers 

gave their written informed consent for the study protocol. The group consisted of 8 

men and 2 women with an age range of 25-57 years (mean age 34.7 years). The 

standard  MRCP  imaging  protocols  were determined for MRI 3.0 Tesla and  the  

protocol  with the optimal  image quality in phantom of MRCP imaging for MRI 0.4 

Tesla were  performed in ten healthy volunteers. Figures 4.4- 4.13 for ten volunteers 

were shown (a and b were 2D and 3D images at 0.4 T and c and d at 3.0 T 

respectively). 

(a)                           (b)                            (c)                           (d) 

Figure 4.4 Case No. 1 The MRCP imaging 2D, 3D at MRI 0.4 T (a),(b) and 2D, 3D 

at 3.0 T (c),(d) respectively 

 

(a)                          (b)                             (c)                          (d) 

Figure 4.5 Case No. 2 The MRCP imaging 2D,3D at MRI 0.4 T (a),(b) and 2D, 3D at 

3.0 T (c),(d) respectively 

(a)                             (b)                          (c)                             (d) 

Figure 4.6 Case No. 3 The MRCP imaging 2D, 3D at MRI 0.4 T (a),(b) and 2D, 3D at 

3.0 T (c),(d) respectively 



48 

 

                   (a)                           (b)                           (c)                                 (d)             

Figure 4.7 Case No. 4 The MRCP imaging 2D, 3D at MRI 0.4 T (a),(b) and 2D, 3D 

at 3.0 T (c),(d) respectively 

(a)                              (b)                         (c)                            (d) 

Figure 4.8 Case No. 5 The MRCP imaging 2D, 3D at MRI 0.4 T (a),(b) and 2D, 3D 

at 3.0 T (c),(d) respectively 

(a)                               (b)                             (c)                             (d) 

Figure 4.9 Case No. 6 The MRCP imaging 2D, 3D at MRI 0.4 T (a),(b) and 2D, 3D 

at 3.0 T (c),(d) respectively 

             (a)                          (b)                           (c)                            (d) 

Figure 4.10 Case No. 7 The MRCP imaging 2D, 3D at MRI 0.4 T (a),(b) and 2D, 3D 

at 3.0 T (c),(d) respectively 
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             (a)                                    (b)                            (c)                            (d) 

Figure 4.11 Case No. 8 The MRCP imaging 2D, 3D at MRI 0.4 T (a),(b) and 2D, 3D 

at 3.0 T (c),(d) respectively 

(a)                             (b)                             (c)                                (d)                         

Figure 4.12 Case No. 9 The MRCP imaging 2D, 3D at MRI 0.4 T (a),(b) and 2D, 3D 

at 3.0 T (c),(d) respectively 

              (a)                                (b)                          (c)                             (d)   

Figure 4.13 Case No. 10 The MRCP imaging 2D, 3D at MRI 0.4 T (a),(b) and 2D, 

3D at 3.0 T (c),(d) respectively 

 

A. Quantitative assessment 

The signal intensity at the common bile duct which passes through the head of 

pancreas and standard deviation (SD) of liver as the noise was assessed for the 

quantitative analysis of MRCP imaging. The mean signal and SD were calculated in 

terms of SNR, CNR as shown in Table 4.18 for 2D and Table 4.19 for 3D images at 

MRI 0.4 T and Table 4.20 and 4.21 for 2D and 3D images at MRI 3.0 T. 
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Table 4.18 The data for quantitative assessment of 2D MRCP imaging in 10 healthy 

volunteers at MRI 0.4 T 

Case 

No. 
0.4 Tesla 

 

Pixel value (ROI) SNR 

 

CNR 

 

SI (CBD) SI (Liver) SI (CBD) 

SD(Liver) 

 

SI (CBD)-SI (Liver) 

SD (Liver) 

 Mean SD Mean SD 

1 3990.7 464.7 996.1 188.1 21.21 15.92 

2 6641.6 1246 1514.8 245.3 27.08 20.90 

3 4857.8 1088.2 828.2 144.6 33.59 27.87 

4 8466.8 1328.3 800.9 153.9 54.98 49.87 

5 4174.8 610.3 909 192.7 21.66 16.95 

6 3079 424.3 1179.9 201.4 15.28 9.43 

7 2552.9 236.2 260.7 100.7 25.35 22.76 

8 5448.1 881.5 1270.3 413.3 13.18 10.11 

9 4907.8 674.1 818.7 148.5 33.05 27.53 

10 3465.7 731.8 867.7 201.8 17.17 12.87 

 

 Table 4.19 The data for quantitative assessment of 3D MRCP imaging in 10 healthy 

volunteers at MRI 0.4 T 

Case  

NO. 
0.4 Tesla 

 

Pixel value (ROI) SNR CNR 

SI (CBD) SI (Liver) SI (CBD) 

SD(Liver) 

 

SI (CBD)-SI (Liver) 

SD (Liver) 

 Mean SD Mean SD 

1 16613.9 1335.5 1052.8 105.7 157.17 147.21 

2 10674.9 391.7 929.7 79.1 135.01 123.25 

3 15527.1 1668.5 799.2 107.9 143.96 136.55 

4 26283.9 973.4 1520.2 129.7 202.6 190.90 

5 12315.8 1664.2 1325.8 106.2 115.92 103.45 

6 10503.2 1083.3 732.3 68.3 153.86 143.13 

7 8695.2 408.9 600.9 32.4 268.21 249.67 

8 20075.4 1848.2 1172.9 79.8 251.63 236.93 

9 13525.7 450.1 858.0 65.5 206.56 193.46 

10 10873.7 205.2 649.1 84.9 128.11 120.46 
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Table 4.20 The data for quantitative assessment of 2D MRCP imaging in 10 healthy 

volunteers at MRI 3.0 T 

Case 

No. 
3.0 Tesla 

 

Pixel value (ROI) 

 

SNR 

 

CNR 

 

SI (CBD) SI (Liver) SI (CBD) 

SD(Liver) 

 

SI (CBD)-SI (Liver) 

SD (Liver) 

 Mean SD Mean SD 

1 295.3 29.5 4.5 2.6 114.45 112.68 

2 314.1 31.1 5.71 2.9 105.76 103.84 

3 241.1 79.4 4.6 1.5 157.10 154.12 

4 339.0 57.4 4.7 2.5 136.70 134.73 

5 339.4 13.5 5.8 2.5 134.16 131.89 

6 458.2 40.7 10.9 4.54 100.05 98.54 

7 355.5 59.1 2.2 1.8 199.71 198.45 

8 139.8 58.2 5.3 1.9 74.36 71.53 

9 190.5 31.7 4.6 2.6 73.26 71.50 

10 246.4 78.4 2.67 2.80 86.93 87.06 

 

Table 4.21 The data for quantitative assessment of 3D MRCP imaging in 10 healthy 

volunteers at MRI 3.0 T 

Case 

NO. 
3.0 Tesla 

 

Pixel value (ROI) 

 

SNR 

 

CNR 

 

SI (CBD) SI (Liver) SI (CBD) 

SD(Liver) 

 

SI (CBD)-SI (Liver) 

SD (Liver) 

 Mean SD Mean SD 

1 630.9 66.3 17.2 2.3 279.16 272.02 

2 510.2 65.9 16.0 2.1 251.97 244.06 

3 583.1 57.7 20.6 2.4 243.04 234.46 

4 578.5 24.4 16.8 2.1 270.82 262.95 

5 429.09 51.9 16.2 1.79 240.25 231.16 

6 550.3 73.5 16.0 1.87 294.11 285.56 

7 512.5 43.8 24.6 2.3 219.95 209.39 

8 409.8 34.8 23 3.85 106.43 100.46 

9 451.6 57.7 14.1 1.5 309.33 299.64 

10 763.1 68.4 27.1 3.2 235.5 218.81 
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 From Table 4.18 – 4.21 the quantitative assessment by measurement of SNR 

and CNR values were illustrated the summarized values by comparison the signal 

intensity between performed at MRI 0.4 T and 3.0 T as shown in Table 4.22 and 

Figure 4.14  

Table 4.22 The SNR and CNR of previous and optimal protocols of 2D and 3D 

MRCP imaging 0.4 T compared to 3.0 T in duct phantom study 

Proto- 

cols 

SNR CNR 

 
0.4 T 3.0 T p-value 0.4 T 3.0 T p-value 

previous 

2D 

89.18± 

12.5 

 

169.62± 

4.2 

0.0026 87.05± 

8.1 

 

167.41±

4.1 

0.0009 

Optimal 

2D 

102.08± 

5.92 

0.0013 100.04± 

6.71 

0.0016 

previous 

3D 

239.12± 

33.9 

 

542.42± 

22.9 

0.0033 232.36± 

31.1 

 

540.53± 

23.1 

0.0029 

Optimal 

3D 

345.65± 

34.37 

0.0022 336.26± 

26.70 

0.0028 

 

 

 

Figure 4.14 The comparison of SNR, CNR for previous and optimal protocols 0.4 T 

and 3.0 T of 2D and 3D MRCP imaging in phantom study 
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Table 4.23 The SNR and CNR of 2D and 3D MRCP imaging in 10 healthy 

volunteers 

 

Protocols SNR CNR 

 

0.4 T 3.0 T p-value 0.4 T 3.0 T p-value 

 

2D 

26.25 

± 

11.61 

 

118.25 

± 

37.65 

0.00001 22.33 

± 

11.93 

116.46 

± 

39.66 

0.000009 

3D 176.31 

± 

53.04 

245.06 

± 

53.27 

0.021 164.50 

± 

50.78 

235.85 

± 

55.7 

0.016 

 

Figure 4.15 The comparison of SNR, CNR at 0.4 T and 3.0 T of 2D and 3D MRCP 

imaging in ten volunteers 

B. Qualitative assessment 
 

One radiologist had scored images from 0.4 T and 3.0 T. Seven structures 

analyzed consist of   gall bladder, right hepatic duct, left hepatic duct, common 

hepatic duct, common bile duct, cystic duct and pancreatic duct. Five-point scale was 

used to assess the image appearance as shown in Table 4.24 for 2D images and Table 

4.25 for 3D images respectively.  The bar chart of figure 4.16 and 4.17 showed the 

image quality between at 0.4 T and 3.0 T of 2D and 3D MRCP imaging for 

visualization of each ducts. 
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Table 4.24 The 2D MRCP image quality scored by one radiologist with 2 readings 

Structure 

of ducts 

 Scores 

(1) 

P-value  Scores 

(2) 

P-value 

2D 0.4 T 2D 3.0 T 2D 0.4 T 2D 3.0 T 

RHD 1±0.81 2.3±1.17 0.00087 1.4±1.07 3.2±0.78 0.00018 

LHD 1.22±0.48 2.66±0.78 0.000043 1.7±0.94 3.2±0.78 0.00004 

CHD 2.0±0.94 3.3±0.82 0.00009 1.9±0.99 3.4±0.84 0.00043 

GB 2.7±1.15 3.7±0.94 0.00053 2.4±0.69 3.8±0.63 0.000006 

CyD 0.69±0.4 1.5±1.18 0.015 0.4±0.69 1.7±1.33 0.011 

CBD 1.1±0.74 2.8±1.03 0.000053 1.6±1.07 3.4±0.84 0.0025 

PaD 0.55±0.70 1.9±1.19 0.0047 0.5±0.97 2.3±1.33 0.0012 

RHD (Right hepatic duct), LHD (Left hepatic duct), CHD (Common hepatic duct), GB (Gall 

bladder), CyD (Cystic duct), CBD (Common bile duct), PaD (Pancreatic duct) 

 

 

Figure 4.16 The comparison of scores on 2D MRCP imaging structure of ducts with 

2 readings 
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 The consistency image quality scored by one radiologist was assessed by 

calculating intra-class correlation coefficients (ICC) for the 7 ducts structure. ICCs 

were calculated using the image quality score of the 2 readings for one observer. The 

data of ICCs is shown in table 4.25 for 2D 0.4 T and 2D 3.0 T.  

Table 4.25 The ICCs of image quality scored by one radiologist with 2 readings 

ICCs 

Structure of ducts 2D 0.4 T 2D 3.0 T 

RHD 0.61 0.77 

LHD 0.61 0.78 

CHD 0.71 0.76 

GB 0.75 0.92 

CyD 0.68 0.80 

CBD 0.83 0.85 

PaD 0.69 0.71 

The intra-observer of image quality score showed moderate up to high 

agreement. ICCs for intra-observer agreement  from table 4.25 were 0.61 at RHD and 

LHD for 2D 0.4 T and 0.92 at GB for 2D 3.0 T whereas in table 4.27 the lowest value 

as showed at GB for 3D 0.4 T (0.64) and the highest at GB for 3D 3.0 T also (1.0). 

Table 4.26 The 3D MRCP image quality scored by one radiologist with 2 readings 

Structure 

of ducts 

Image quality scores 

(1) 

P-value Image quality scores 

(2) 

P-value 

3D 0.4 T 3D 3.0 T 3D 0.4 T 3D 3.0 T 

RHD 2.33±0.82 2.7±0.67 0.13 3.0±0.81 3.4±0.69 0.13 

LHD 2.33±0.84 2.8±0.63 0.15 3.1±0.87 3.4±0.69 0.21 

CHD 3.40±0.69 3.2±0.91 0.17 3.6±0.51 3.2±0.63 0.18 

GB 3.90±0.31 3.80±0.63 0.33 3.7±0.48 3.8±0.63 0.36 

CyD 2.20±1.47 2.6±1.17 0.17 2.2±1.54 2.8±1.13 0.08 

CBD 3.30±0.94 3.3±0.67 0.5 3.6±0.96 3.7±0.48 0.39 

PaD 1.2±0.91 2.1±1.19 0.05 1.0±1.05 2.5±1.26 0.01 

RHD (Right hepatic duct), LHD (Left hepatic duct), CHD (Common hepatic duct), GB (Gall 

bladder), CyD (Cystic duct), CBD (Common bile duct), PaD (Pancreatic duct) 
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Figure 4.17 The score on image quality for 3D MRCP imaging structure of ducts of 2 

readings by one radiologist 

Table 4.27 The ICCs of image quality score of 2 readings by one radiologist 

ICCs 

Structure of ducts 3D 0.4 T 3D 3.0 T 

RHD 0.66 0.75 

LHD 0.69 0.70 

CHD 0.76 0.75 

GB 0.64 1.00 

CyD 0.75 0.68 

CBD 0.87 0.68 

PaD 0.79 0.78 

 

The overall image quality was the average score of structure of ducts for each 

case. It was shown as in Table 4.28 and 4.29 for both 2D and 3D images. The bar 

chart (Figure 4.18) shows the overall image quality at both field strengths of 2D and 

3D MRCP imaging. 
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Table 4.28 The overall image quality of MRCP imaging for 2D for both field 

strengths 

Case No. Overall image scores 

(1) 

P-value Overall image scores 

(2) 

P-value 

2D 0.4 T 2D 3.0 T  2D 0.4 T 2D 3.0 T 

1 0.42±0.53 1.57±0.53 0.002 0.14±0.37 2.42±0.78 0.0003 

2 1.71±0.95 3.0±1.15 0.0002 2.14±1.46 3.83±1.49 0.007 

3 1.28±1.11 2.42±1.27 0.002 1.14±1.06 3.28±1.11 0.0009 

4 1.14±1.34 2.14±1.34 0.03 1.14±0.89 2.85±1.21 0.0015 

5 2.57±0.97 3.14±0.89 0.05 2.71±0.48 2.85±0.69 0.048 

6 1±1 2±1 0.001 1±0.92 2.28±1.38 0.017 

7 1.14±0.69 3.71±0.48 0.00007 1.42±0.97 3.85±0.37 0.00009 

8 1.29±1.25 2.0±1.52 0.047 1.66±1.13 2.57±1.39 0.007 

9 1±1.15 3.0±1.4 0.0018 1±0.87 3.14±1.46 0.0017 

10 1.43±0.81 3.43±0.53 0.0003 2±1.15 3.42±0.78 0.001 

Average 1.3±0.55 2.64±0.71 0.000047 1.43±0.72 3.04±0.52 0.00002 

 

 The different of image score between 0.4 T and 3.0 T for 2D MRCP imaging 

showed  the p-values lesser than 0.05 in table 4.28 whereas in table 4.29 for 3D 

MRCP imaging showed the average overall image quality which p-values greater than 

0.05 are significantly different.  

Table 4.29 The overall image quality of MRCP imaging for 3D for both field 

strengths 

Case No. Overall image scores 

(1) 

P-value Overall image scores 

(2) 

P-value 

3D 0.4 T 3D 3.0 T  3D 0.4 T 3D 3.0 T 

1 2.71±1.11 3.28±0.48 0.05 3±1.41 3.57±0.53 0.13 

2 2.57±1.39 3.42±0.53 0.023 3.14±1.46 3.57±0.78 0.09 

3 1.71±1.49 2.85±1.07 0.002 1.87±1.46 3.42±0.78 0.016 

4 2.42±1.13 2.57±1.27 0.38 3±1 3±1.41 0.5 

5 3.71±0.75 2.43±0.78 0.086 3.85±0.37 3.14±0.69 0.41 

6 3.0±0.81 3.42±0.53 0.09 3.14±1.06 3.71±0.48 0.11 

7 3.0±0.57 3.0±0.57 0.5 3.14±0.89 4±0 0.022 

8 2.57±1.51 2.42±1.13 0.38 2.14±1.67 2.71±0.95 0.08 

9 2.28±1.79 3.43±0.53 0.03 2.42±1.39 3.42±0.53 0.01 

10 2.71±0.75 1.42±0.78 0.22 3.28±0.95 1.85±0.69 0.81 

Average 2.67±0.52 2.93±0.64 0.15 2.89±0.58 3.39±0.61 0.12 
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Figure 4.18 The overall image quality of 2D and 3D images at 3.0 T and 0.4 T of 2 

readings by radiologist 

 Figure 4.18 shows the  different of image score for 2D MRCP imaging 

between 0.4 and 3.0 T whereas for 3D MRCP imaging the image of no difference.  
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CHAPTER V 

DISCUSSION AND CONCLUSION 

5.1 Discussion 

 MRI is a digital, three-dimensional imaging modality of great flexibility with 

respect to image contrast and its spatial characteristics. However, one of the 

downsides of this flexibility is a greater complexity in terms of the choice of scanning 

parameters. In general, the scan time is not negligible and there is a certain tendency 

towards artifact. However, it was agreed that the fundamental limitation in MRI is the 

signal-to-noise ratio (SNR) which depends on the hardware, particularly the main 

field strength and radiofrequency (RF) coils, the relaxation properties of tissue and the 

choice of sequence parameters. Good image quality is dependent on selecting the 

proper parameters. Therefore, the aim of this study is to investigate the influence of 

acquisition parameters on the image quality and the practical trade-offs between SNR, 

CNR and spatial resolution. The characteristics of MRCP images were studied to 

obtain the optimal parameters with the suitable scan time. 

 5.1.1 Characteristics of MRCP imaging in phantom study 

A. Evaluation of the spatial resolution in MRCP images using a duct phantom.  

The characteristics of the MRCP images were studied by the investigation of 

spatial resolution, image noise, SNR and CNR. The spatial resolution is evaluated by 

imaging of the plastic tube duct phantom diameter 2.0 mm. 

From this study the MRCP images of duct phantom from coronal 2D showed a 

shorter FWHM than 3D of both field strengths as in Table 5.1  

Table 5.1 The FWHM of 2D and 3D MRCP imaging in duct phantom for 0.4 T 

FWHM (mm) 

Field strength (T) 2D image 3D image 

0.4  2.5 2.9 

  

As the result on Table 5.1, the signal intensity on 2D image is less than on 3D image 

(Figure 5.1).  
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                                             (a) 

Figure 5.1 The signal intensity in duct phantom 2D (a) and 3D (b) images, 0.4 T. 

 Figure 5.1 shows different signal intensity between 2D and 3D images. The 

normalized profile curves were created across the duct to measure the FWHM at point 

A as in figure 5.2 and Table 5.1  

 

 

Figure 5.2 The normalized FWHM of 2D and 3D images for 0.4 T 

Figure 5.2 shows the corresponding FWHM determined at a half of 

normalized values (0.5) at point A.  

As the duct in phantom contained only saline, T2 weighted pulse sequence 

showed hyper signal intensity (brightness in T2) on the 2D and 3D images. The 2D 

MRCP protocol resulted in the signal which could express only the effect T2 

weighted while 3D MRCP provides for both T2 weighted and including intrinsically 

contiguous sections to reconstruct images in MIP (Maximum intensity projection). 

Volumetric acquisition itself boosts the signal-to-noise ratio. As each excitation 

covers the entire volume, every phase-encoding step essentially adds average signal, 

which results in an increase signal- to-noise ratio by the square root of the number of 

sections.  Thus, the 3D image has shown higher signal than at 2D image.   
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B. Signal to noise ratio (SNR), contrast to noise ratio (CNR) and image noise 

for MRCP imaging. 

Variation of the slice thickness 

  

                             (A)                                                                (B) 

Figure 5.3 The SNR & CNR (A) and noise (B) as function of slice thickness on 2D 

coronal plane MRCP imaging at MRI 0.4 T  

As the slice thickness increased, the signal intensity increased, the noise 

decreased and the SNR improved, but the impact of partial volume effect also 

increased. At the small slice thickness, the spatial resolution is improved. Figure 

5.3(A) shows the increasing slice thickness from 20-60 mm with increasing SNR and 

CNR from 90 to 160 and noise (B) decreased from 175 to 100.  

 

Variation of field of view (FOV) 

                                          (A)                                                                 (B) 

 Figure 5.4 The SNR & CNR (A) and noise (B) as function of FOV on 2D and 3D 

coronal plane MRCP imaging at MRI 0.4 T  
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 Increasing the FOV without changing the matrix size resulted in the in-plane 

pixels bigger, more signal strength. Spatial resolution is poorer and the image 

appeared smaller, surrounded by larger area of background [16]. Figure 5.4 (A) shows 

the increasing SNR and CNR with increasing FOV up to 340 mm. As the FOV is 360 

mm the noise increased resulted in decreasing SNR and CNR.     

 

Variation of number of phase encoding (matrix) 

  The statistical variation in the pixel value of signal and background at different 

phases resulting in the fluctuation of SNR, CNR and noise at phase 288 and 320 for 

MRI 0.4 T. Equation (2) and (3) in chapter II shows SNR depend on the square root 

of NSA, number of phase encoding over bandwidth and other parameters by NSA or 

phase encode doubles, signal double and noise increases (randomly) by √2 [17]. 

   FOV is kept constant with increasing number of phase encoding, the noise, 

SNR and CNR show statistical fluctuation. Table 5.2 shows SNR and CNR decreased 

at phase 192 to 256 and increased at phase 288 and 320, due to the automatic 

reconstruction of the software 0.4 T.  When number of phase encoding is higher than 

256, matrix 512 will be used.   

 Table 5.2 The noise, SNR and CNR at various phase numbers for 2D image at 

0.4 T 

 Phase syringe Bkg SNR CNR 

mean SD mean SD 

(Noise) 

SI (syr) 

SD (bkg) 

SI (syr)-SI (bkg) 

SD (bkg) 

192 16023.1 1094.7 380.1 177.5 90.27 88.13 

256 14539.1 1064.5 403.1 169.1 85.99 83.61 

288 14719.1 440.1 298.8 137.3 107.20 105.02 

320 14704.1 759.8 390.4 150.9 97.44 94.85 

 

When matrix size is increasing to 512, phase number increasing, SNR signal 

increased.  
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5.1.2 Evaluation of the SNR, CNR for MRI 0.4 T and 3.0 T (Quantitative 

assessment) 

 

Table 5.3 SNR, CNR using optimal 2D protocol for 0.4 T compared to 3.0 T in 

phantom  

Parameters 

 
2D 

SNR CNR 

 

0.4 T 

 

3.0 T 3.0/0.4T 

 

0.4 T 3.0 T 3.0/0.4T 

 

Slice 

thickness 

(40 mm) 

146.03 169.62 1.16 143.17 167.41 1.16 

FOV 102.53 169.62 1.65 100.48 167.41 1.66 

phase 107.20 169.62 1.58 105.02 167.41 1.59 

TR 105.15 169.62 1.61 102.7 167.41 1.63 

NSA 89.95 169.62 1.88 87.68 167.41 1.91 

 

Table 5.4 SNR and CNR using optimal 3D protocol for 0.4T compared to 3.0T in 

phantom 

Parameters 

 
3D 

SNR CNR 

0.4 T 

 

3.0 T 3.0/0.4T 

 

0.4 T 3.0 T 3.0/0.4T 

 

Slice 

thickness 

(2mm) 

258.05 542.42 2.10 250.51 540.53 2.15 

FOV 204.47 542.42 2.65 199.76 540.53 2.70 

phase 324.29 542.42 1.67 312.56 540.53 1.72 

TR 372.9 542.42 1.45 365.19 540.53 1.48 

NSA 258.05 542.42 2.10 250.51 540.53 2.15 

 

 Table 5.3 and 5.4 show the ratio of SNR and CNR between 3.0 T and 0.4 T in 

phantom study. All parameters at 3.0 T shows ratio of SNR and CNR greater than 1 at 

0.4 T.  
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Table 5.5 Comparison of 2D MRCP imaging for SNR, CNR at 0.4T with 3.0 T in 

volunteers  

Case No. 2D 

SNR CNR 

0.4 T 3.0 T 3.0/0.4T 0.4 T 3.0 T 3.0/0.4T 

1 21.21 114.45 5.39 15.92 112.68 7.07 

2 27.08 105.76 3.90 20.90 103.84 4.96 

3 33.59 157.10 4.67 27.87 154.12 5.52 

4 54.98 136.70 2.48 49.87 134.73 2.70 

5 21.66 134.16 6.19 16.95 131.89 7.78 

6 15.28 100.05 6.54 9.43 98.54 10.4 

7 25.35 199.71 7.87 22.76 198.45 8.71 

8 13.18 74.36 5.64 10.11 71.53 7.07 

9 33.05 73.26 2.21 27.53 71.50 2.59 

10 17.17 86.93 5.06 12.87 87.06 8.76 

 

Table 5.6 Comparison of 3D MRCP imaging for SNR, CNR at 0.4T with 3.0 T in 

volunteers 

 

Case No. 

3D 

SNR CNR 

0.4 T 3.0 T 3.0/0.4 T 0.4 T 3.0 T 3.0/0.4 T 

1 157.17 279.16 1.77 147.21 272.02 1.84 

2 135.01 251.97 1.86 123.25 244.06 1.98 

3 143.96 243.04 1.68 136.55 234.46 1.71 

4 202.6 270.82 1.33 190.90 262.95 1.37 

5 115.92 240.25 2.07 103.45 231.16 2.23 

6 153.86 294.11 1.91 143.13 285.56 1.99 

7 268.21 219.95 0.82 249.67 209.39 0.83 

8 251.63 106.43 0.42 236.93 100.46 0.42 

9 206.56 309.33 1.49 193.46 299.64 1.54 

10 128.11 235.5 1.83 120.46 218.81 1.81 

 

Table 5.5 and 5.6show the ratio between SNR and CNR of MRI 3.0 T and 0.4 

T in volunteers. The data shows higher ratio of SNR and CNR in 2D of 3.0 T than at 

0.4 T where 3D protocol at case No. 7 and No. 8, the ratio of SNR and CNR are less 

than 1 in 3.0/0.4 T. The 2D MRCP imaging in case No.7 at 3.0 T shows higher ratio 

than at 0.4 T of 8 times for SNR and 10 times in case No. 6 for CNR. 
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Table 5.7 The average SNR and CNR of 2D and 3D MRCP imaging in 10 healthy 

volunteers 

protocols SNR CNR 

0.4 T 3.0 T 0.4 T 3.0 T 

2D 26.25 118.25 22.33 116.46 

3D 176.31 245.06 164.50 235.85 

  

 Table 5.7 shows the higher SNR and CNR of 3D imaging than 2D imaging. 

From equation (2) and (3) in chapter II.   

2D SNR α Sequence×voxelx,y,z ×
 𝑁𝑆𝐴×𝑁𝑢𝑚𝑏𝑒𝑟  𝑜𝑓  𝑝ℎ𝑎𝑠𝑒  (𝑦) 

 𝐵𝑎𝑛𝑑𝑤𝑖𝑑𝑡 ℎ
 ×coil type× magnetic 

field× reconstruction algorithms ; where y is phase encoding in the y direction .                                                                              

 

  3D SNR α Sequence×voxelx,y,z ×
 𝑁𝑆𝐴×𝑁𝑢𝑚𝑏𝑒𝑟  𝑜𝑓  𝑝ℎ𝑎𝑠𝑒  (𝑦 ,𝑧)

 𝐵𝑎𝑛𝑑𝑤𝑖𝑑𝑡 ℎ
 ×coil type× magnetic 

field× reconstruction algorithms ; where y and z are phase encoding in y and z 

direction.                                                                            

In 3D imaging, the factors contributing to SNR are the same as in 2D imaging 

including phase encoding in the z direction which resulting the higher SNR in 3D 

imaging than 2D imaging. 

5.1.3 Image quality assessment by radiologist for 10 normal volunteers of MRCP 

imaging (Qualitative assessment) 

Table 5.8 The overall image quality average scores of MRCP 3D for both field 

strengths 

 Overall image score 

(1) 

P-value Overall image score 

(2) 

P-value 

Average 

score  

3D 0.4 T 3D 3.0 T  3D 0.4 T 3D 3.0 T 

2.67±0.52 2.93±0.64 0.15 2.89±0.58 3.39±0.61 0.12 

 

Table 5.8 shows the average score for 10 volunteers by radiologist with 2 

readings, the p-value >0.05. There is no significantly different in scoring image 

quality between 0.4 and 3.0T.  Factors concerned the image quality are the different 

acquisition time for volunteers, the distance between two sites and different signal 

intensity in biliary system as shown in figure 5.5 and 5.6. 
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(a)                                              (b) 

Figure 5.5 The 3D MRCP imaging of case No.5, (a) at 0.4 T and (b) at 3.0 T 

 

 

 

 

 

(a)  (b)                                                 

Figure 5.6 The 3D MRCP imaging of case No.8, (a) at 0.4 T and (b) at 3.0 T 

 

 From figure 5.5 the point number 1 shows the different signal in left hepatic 

duct and number 2 shows the different size of gall bladder whereas figure 5.6 shows 

the different size of gall bladder (number 1) and different signal in common bile duct 

(number 2) 

 

The intra-class correlation coefficients (ICC) for the 7 ducts structure 

 

Table 5.9 The ICCs of 2D image quality score of 2 readings by one radiologist 

ICCs 

Structure of ducts 2D 0.4 T 2D 3.0 T 

RHD 0.61 0.77 

LHD 0.61 0.78 

GB 0.75 0.92 

 

As in table 5.9 the intra-observer of image quality score shows moderate 

agreement values (0.61) at RHD and LHD for 2D 0.4 T. The highest ICCs at GB for 

2D 3.0 T also (0.92). 
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Table 5.10 The ICCs of 3D image quality score of 2 readings by one radiologist 

ICCs 

Structure of ducts 3D 0.4 T 3D 3.0 T 

RHD 0.66 0.75 

LHD 0.69 0.70 

GB 0.64 1.00 

CBD 0.87 0.68 

 

Table 5.10 shows the intra-observer of image quality score of moderate 

agreement value (0.64) at GB for 3D 0.4 T. The same as on 3D image, the highest 

ICCs at GB for 3D 3.0 T also (1.0). 

The intra-class correlation coefficient is the intra- observer agreement which 

values between 0 to1. The highest value is 1.0 expresses the consistency agreement of 

observer. This study showed the moderate ICCs values on some small ducts whereas 

the large part, for example at gall bladder showed a high ICCs value of an observer in 

this study.   

 

5.1.4 Determination of optimal parameters for MRCP imaging protocols. 

 Three factors determined whether a particular detail or structure can be 

visualized in MRCP images. Clearly there needs to be contrast between the structure 

of ducts and its surroundings. Second, if the resolution is insufficient, information 

about the object will not be transferred into the image by the image formation process. 

Third, if SNR and CNR are too low, the details of the structure may be obscured by 

image noise. 

 In chapter IV, optimal protocols of MRCP imaging, are affected by the choice 

of slice thickness, FOV, matrix size, TR and NSA. If the slice is thicker, the SNR is 

better but the resolution is reduced. If the slice is thin, the SNR is too low to visualize 

the detail. As well as FOV, TR and NSA, if these factors increase the SNR and CNR 

increase follow whereas the scan time will increase also. For example of 

determination of the optimal protocols in this study as in Table 5.11 shows the 

optimal slice thickness.   
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Table 5.11The resolution (FWHM), SNR and CNR for optimal slice thickness MRCP 

imaging MRI 0.4 T   

Thickness (mm) FWHM (mm) SNR CNR 

2D 3D 2D 3D 2D 3D 2D 3D 

20 2 2.6 2.8 91.18 258.05 88.84 250.51 

30 3 2.6 2.8 100.14 261.30 98.02 254.97 

40 4 2.8 2.9 146.03 352.70 143.17 344.68 

 

 From table 5.11, 40 mm slice thickness was selected for 2D because of in 

MRCP imaging of 2D thick slab, the coverage anatomical region of every branch of 

ducts are considered in spite of the resolution decrease from 2.6 at 20 mm to 2.8 mm 

whereas for 3D image was selected at 2 mm with the reason of the thin slice was 

better resolution at small branches for MIP images reconstruction. According to thin 

slice expresses the better resolution but the reasonable SNR and CNR should be 

considered for large branches also. The different of diameter of ducts in biliary system 

for example small branch pancreatic duct and large branch common bile duct, the 

selecting optimal protocols in this study  were selected at the optimal  SNR, CNR, 

resolution including the appropriate scan time.      

The same argument is true for in plane changes although the pixel dimensions 

are generally smaller. An important stage in image optimization therefore is to decide 

on the trade-off required between the voxel size required for an adequate SNR and the 

requirement for the voxel size to be small enough to permit the visualization of small 

anatomical or pathological details. 
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5.2 Conclusions 

5.2.1 The optimal parameters setting for protocols of MRCP imaging at 0.4 T 

From the primary research question:  What are the optimal MRI protocols for 

MRCP imaging acquired by MRI 0.4 Tesla (Open) in comparison to MRI 3.0 Tesla? 

Therefore the optimal acquisition parameters of MRCP imaging were shown in Table 

5.12. 

Table 5.12 The acquisition parameters of 2D and 3D MRCP imaging for MRI 0.4 T 

(Open) compared to 3.0 T 

Parameters 2D 3D 

0.4 T 3.0 T 0.4 T 3.0 T 

Plane coronal coronal coronal coronal 

Pulse sequences FSE breath-

hold 

SSh MRCP 

Rad TSE  

Heavily 

T2W FSE 

HR- 

SENSE 

T2W TSE  

TR 5,000 ms 5,640 ms 6,000 ms 2,340 ms 

*TE (fixed) 512 ms 740 ms 540 ms 740 ms 

*FA (fixed) 90 90 90 90 

Slice thickness 40 mm 40 mm 2 mm 2 mm 

FOV 300 mm 300 mm 300 mm 300 mm 

Gap (interval) 0 0 0 0 

Number of Phase 288 256 288 256 

Number of Frequency  256 256 256 255 

NSA 2 1 4 1 

Scan time 10 s 5 s 8.00 min 3.39 min 

*Bandwidth (fixed) 30.5 kHz 375.6 

Hz/pixel 

47.8 kHz 223.4 

Hz/pixel 

Option - - Respiratory 

gating 

Respiratory 

gating 

*TE, Bandwidth and Flip Angle cannot be changed. 

 

5.2.2 Quantitative and qualitative assessments in MRCP imaging at 0.4 T and 3.0 

T 

A.  Quantitative assessment 

From the secondary research question: What are the image quality (spatial 

resolution and SNR) for MRI 0.4 Tesla (Open) and 3.0 Tesla in phantom study? 

The image quality as described for quantitative assessment of spatial resolution, 

SNR and CNR are summarized using statistical variation to compare 0.4 T and 3.0T 

as shown in Table 5.13, 5.14 and 5.15. 
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Table 5.13 The spatial resolution (FWHM) of 2D and 3D MRCP imaging in duct 

phantom 2.0 mm diameter 

FWHM (mm) 

Field strengths (T) 2D image 3D image 

0.4  2.5 2.9 

3.0  2.1 2.3 

 

Table 5.13 shows MRI 3.0 T has better spatial resolution for both 2D   and 3D 

imaging than MRI 0.4 T. 

Table 5.14 Mean SNR and CNR of 2D and 3D imaging in phantom study 

Proto- 

cols 

SNR CNR 

0.4 T 3.0 T p-value 0.4 T 3.0 T p-value 

previous 

2D 

89.18± 

12.5 

 

169.62± 

4.2 

0.0026 87.05± 

8.1 

167.41± 

4.1 

0.0009 

Optimal 

2D 

102.08± 

5.92 

0.0013 100.04± 

6.71 

0.0016 

previous 

3D 

239.12± 

33.9 

 

542.42± 

22.9 

0.0033 232.36± 

31.1 

 

540.53± 

23.1 

0.0029 

Optimal 

3D 

345.65± 

34.37 

0.0022 336.26± 

26.70 

0.0028 

 

Table 5.15 Mean SNR and CNR of 2D and 3D MRCP imaging in 10 healthy 

volunteers 

Pro- 

tocols 
SNR CNR 

 

0.4 T 3.0 T p-value 0.4 T 3.0 T p-value 

 

2D 

26.25 

± 

11.61 

 

118.25 

± 

37.65 

0.00001 22.33 

± 

11.93 

116.46 

± 

39.66 

0.000009 

3D 176.31 

± 

53.04 

245.06 

± 

53.27 

0.021 164.50 

± 

50.78 

235.85 

± 

55.7 

0.016 

 

Table 5.14 and 5.15 show MRI 3.0 T has significantly potential to provide better SNR 

and CNR for both 2D and 3D imaging than MRI 0.4 T (Open) (p-value <0.05). 
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B.  Qualitative assessment 

The qualitative assessment with 2 readings by one radiologist is summarized for 

all scores of ducts visibility including the overall image quality by overall image 

quality as shown in Table 5.16. 

Table 5.16The overall image quality score with 2 readings in volunteers by one 

radiologist 

Pro- 

tocols 

Image quality scores  

(1) 

p-value Image quality scores  

(2) 

p-value 

 0.4 T 3.0 T 0.4 T 3.0 T 

2D 1.3±0.55 2.64±0.71 0.000047 1.43±0.72 3.04±0.52 0.00002 

3D 2.67±0.52 2.93±0.64 0.15 2.89±0.58 3.39±0.61 0.12 

  

2D SSh MRCP Rad TSE at 3.0 T provided improvement diagnostic images of 

the all ducts while at 0.4 T 2D breath-hold FSE cannot be displayed the same 

information sufficiently (p-value<0.05) whereas at 0.4 T 3D heavily T2W FSE MRCP 

imaging with optimal protocols show reasonable image quality as well as  3D High 

resolution SENSE T2W TSE imaging which all ducts were not significant different in 

image quality by radiologist for 2 readings (p-value > 0.05) except at pancreatic duct 

(p-value < 0.05). For overall image quality, 2D MRCP imaging at 3.0 T was 

significant improvement than 0.4 T (p-value < 0.05) except 3D imaging (p-value 

>0.05) showing no significantly different between 0.4 and 3.0 T. Therefore, the 

MRCP imaging at 0.4 T could be beneficial in adding up the confidence at 3D 

images. 

With these conclusions:  

 MRI 3.0 T has better spatial resolution, SNR and CNR in phantom and 

SNR and CNR in volunteers than MRI 0.4 T. 

 MRI 3.0 T shows the qualitative analysis significantly different for 2D 

breath-hold sequence than MRI 0.4 T. 

 MRI 3.0 T provided different significant diagnostic 3D MRCP image 

and better visualization of pancreatic duct than optimal 3D MRCP 

protocol MRI 0.4 T. 

Although the result is not statistical significantly analysis in 3D image of 

overall image quality but several processing studies show that MRI 3.0 T is superior 

to MRI 0.4 T. As the research hypothesis is that the image quality obtained from MRI 

3.0 Tesla is better than MRI 0.4Tesla (Open) on both phantom and MRCP imaging is 

proved. 



 

 

REFERENCES 
 

[1] Toshio, K., et al. Open MRI for clinicians. Today’s Open MRI :Tokyo;  

(2004): 18-19. 

[2] Larkman, D.J., et al. A comparison of MR cholangiopancreatography at  

and 3.0 Tesla.  British Journal of Radiology; 78(2005): 894–898. 

[3] Hiroyoshi, I., et al. MRCP Imaging at 3.0 T vs 1.5 T: Preliminary 

Experience in Healthy Volunteers. Magnetic resonance Imaging; 

             25(2007): 1000-1006. 

[4] Yasui, M., et al. MR cholangiopancreatography: Comparison of image  

Obtained with 1.0 and 1.5 Tesla units. Radiology; 20(2002): 77-82. 

[5] Pavone, P., et al. MR cholangiopancreatography (MRCP) at 0.5 T: 

Technique optimization and prelinary results. European Padiology; 6 

(1996): 147-152. 

[6] Tamura, R., et al. Chronic Pancreatitis: MRCP versus ERCP for 

Quantitative Caliber Measurement and Qualitative Evaluation. 

             Radiology; 23 (2006): 920-928. 

[7] Michael, A., Tamer, S., Ronald, O., AAPM/RSNA Physics Tutorial for 

Residents.  Radiographics; 7(2007):1213-1229. 

[8] Richard, B., et al. MR Pulse Sequences: What Every Radiologist Wants to 

 Know but Is Afraid to Ask. Radiographics; 26(2006): 513-537. 

[9] Perry sprawls. Magnetic Resonance Imaging. Spatial Characteristics of the 

  Magnetic Resonance Image : United States of America: (2000): 89- 

             122. 

[10] Irie, H., et al. Optimal MR Cholangiopancreatographic Sequence and Its 

 Clinical Application. Radiology; 206(1998): 379-387. 

[11] Hataipat, J., and Anchali, K., Optimization of Abdomen Multiplanar 

 Reformation (MPR) with Isotropic Data Sets Aquired for 16-  

 Detector CT Scanner. M.Sc.Thesis in medical imaging.  Department  of 

Radiology Faculty of Medicine Chulalongkorn University, 2008. 

[12] American Association of Physicists in Medicine. Quality Assurance 

 Methods and Phantoms for Magnetic Resonance Imaging (AAPM 

 Report No. 28). Newyork, United State of America; 1990. 

[13] American Association of Physicists in Medicine. Acceptance Testing 

 of Magnetic Resonance Imaging Systems (AAPM Report No. 34). 

 Newyork, United State of America; 1990. 

[14] MRI Acceptance Testing. Magphan Manual. The phantom Laboratory  

 Newyork; (2001): 1-23. 

[15] Laila, A., et al. Clinical Magnetic Resonance Imaging. MR 

 Cholangiopancreatography. Philadephia; Volume 3 (2006): 2480- 

 2487. 



73 

 

[16] Donald, W., Elizabeth, A., Martin, J., Martin, R., MRI from picture to 

Proton. Ghosts in the machine: quality control.Cambridge university. 

United Kingdom; (2004): 201-216. 

[17] Catherine, W., Carolyn, K., MRI in Practice. Parameters and Trade- 

 offs. Oxford MRI Center; (1993): 95-96.  

[18] SPSS 19.0 Command Syntax (2010). SPSS Inc., Chicago III: from 

                         http://en.wikipedia.org/wiki/SPSS [15 April 2011]. 

[19] Koch, Gary G., Intra-class correlation coefficient. Encyclopedia of statistical  

Sciences. New York; (1982): 213–217. 

[20] Ray H., William G., MRI the Basis. Scan parameters and image optimization. 

 California; (1997): 167-174. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://en.wikipedia.org/wiki/SPSS


 

 

 

 

 

 

 

 

 

 

 

 

APPENDICES 

 

 

 

 

 

 

 

 

 

 

 

 



75 

 

Appendix A: Data Sheet quantitative Image quality 
 

The data sheet for quantitative assessment of MRCP imaging  

Protocol………………………………………………………….. 

 

Magnetic 

field  

 

 

 

 

 

 

Case          

No. 

0.4 Tesla( Hitachi : Aperto ) 

 

  

Pixel value (ROI) 

 

SNR 

 

CNR 

 

 

SI  

(CBD) 

SI (Liver) SI (CBD) 

SD (Liver)  

 

SI (CBD)-SI (Liver) 

 SD (Liver)  

 

Mean SD Mean SD    

1      

 

 

2      

 

 

  

3      

 

 

 

4      

 

 

 

5      

 

 

 

6      

 

 

 

7      

 

 

 

8      

 

 

 

9       

10       

 

Comments……………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………………… 
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The data sheet for quantitative assessment of MRCP imaging  

Protocol………………………………………………………….. 

 

Magnetic 

field  

 

 

 

 

 

 

 

 

Case          

No. 

3.0 Tesla (Philips: Achieva TX) 

 

  

Pixel value (ROI) 

 

SNR 

 

CNR 

 

 

SI (CBD) SI (Liver) SI (CBD) 

SD (Liver)  

 

SI (CBD)-SI(Liver) 

 SD (Liver)  

Mean SD Mean SD   

1      

 

 

2      

 

 

 

3      

 

 

 

4      

 

 

 

5      

 

 

 

6      

 

 

 

7      

 

 

 

8      

 

 

 

9       

10       

 

Comments……………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………………… 
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The data sheet for qualitative assessment of MRCP imaging for … D at …. T  

Protocols…………………………………………………………………………….. 

Case No……………. 

Structures of ducts Preference score Remark 

4 3 2 1 0  

1.Right hepatic duct       

2.Left hepatic duct       

3.Common hepatic duct       

4.Gall bladder       

5.Cystic duct       

6.Common bile duct       

7.Pancreatic duct       

 

 

 

Scales 

 

 4= very good (diagnostic image quality, visualize structures with homogenous of   

ducts) 

 3= good (still diagnostic, visualize structures with inhomogeneous of ducts) 

 2= moderate (partly diagnostic) 
 1= poor (barely diagnostic) 

 0= non diagnostic (lacking enhancement of the ducts)   

 

 

Comments 

…………………………………………………………………………………………

…………………………………………………………………………………………

…………………………………………………………………………………………

…………………………………………………………………………………………



 

 

Appendix B:The performance test of MRI Scanners 

 

Report of MRI system performance study 

 

Location: MRI center, Sirinthorn building floor 1, Rajavithi Hospital  

Date:  28 July 2010 

Manufacturer: MRI 0.4 Tesla (Open), Hitachi: Aperto  

 

Location: MRI center, Apuntree-Pacha building Floor 1, King Chulalongkorn 

Memorial Hospital  

Date:  7 August 2010 

Manufacturer: MRI 3.0 Tesla, Philips: Achieva TX  

 

Quality control of MRI scanners were performed according to AAPM protocol report 

No. 28, 34, and Magphan manual as follows:  

 

 Image uniformity 

 Sensitometry (MRI number) 

 High contrast resolution 

 Low contrast sensitivity 

 Slice geometry (slice width) 

 Geometric distortion (spatial linearity) 

 Slice position/Separation  

 

Materials 

1. Magphan phantom 

 

 
Figure I. Magphan phantom
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Image uniformity 

  

Purpose To test the ability of the MR imaging system to produce a constant 

signal response throughout the scanned volume when the object is 

being imaged with homogeneous MR characteristics. 

 

Method A Magphan homogeneous phantom is used. Two liquid bath options 

are available, test cube plane 2 and the Magphan housing without the 

test cube and support disk (Figure II).  Employ a pulse sequence with 

the following parameters: TR = 1000 ms, TE = 30 ms, single echo, 

slice thickness = 10 mm or less. 

 

Place an ROI at the center of the image of the signal producing 

volume, enclosing at least 75% of the image, excluding regions near 

the edge. Determine the maximum (Smax) and minimum (Smin) pixel 

values within the ROI. Calculate the percent integral uniformity (PIU) 

as following equation: 

 

                       PIU = [1 - (Smax - Smin) / (Smax + Smin)] × 100 % 

 

Smax is maximum pixel values within the ROI, Smin is minimum pixel 

values within the ROI. The integral uniformity should be typically 80 

% or better.  

Results 

 

Magnetic field strengths PIU (%) Acceptance decision 

0.4 Tesla 93.33 Pass 

3.0 Tesla 96.30 Pass 

 

 

 

                                  
                                                (A)                                             (B) 

            Figure II. (A) Test cube plane 2 and (B) Magphan phantom housing. 
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Sensitometry (MRI number) 

 

Purpose To measure the mean pixel value (ROI) in four sensitometric vials.  

Method Since, the same parameters from image uniformity test. Four 

sensitometric targets vials are found in the top scan plane of the 

Magphan test cube. Four solutions with known systematical varied 

concentrations can be used. The results are only recording each vial 

daily a log of MRI number reproducibility can be established. 

 

 

 
 

 

      Figure III. Four sensitometric target vials in the top scan plane of the Magphan 

test cube. 

 

Results 

 

 

Magnetic 

field 

strengths 

Vials Mean  

Day 1 

Mean 

Day 2 

Mean 

Day 3 

Mean 

Day 4 

Mean 

Day 5 

0.4 Tesla 1 

 

2 

 

3 

 

4 

17261.2 

 

17525 

 

17555.8 

 

19732.4 

17342.8 

 

17492.3 

 

17680.5 

 

19821.4 

17218.4 

 

17518.2 

 

17947.8 

 

18990.5 

17200.2 

 

17470.6 

 

17749.2 

 

19645.5 

16890.7 

 

16990.4 

 

18714.9 

 

19120.6 

3.0 Tesla 1 

 

2 

 

3 

 

4 

913.1 

 

1645.2 

 

1851.4 

 

1917.1 

897.6 

 

1721.2 

 

1878.6 

 

1932.9 

945.2 

 

1657.8 

 

1853.9 

 

1934.8 

1012.4 

 

1598.7 

 

1792.8 

 

2003.3 

927.6 

 

1628.9 

 

1901.6 

 

2126.5 

1 

2 

3 

4 
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High contrast resolution 

 

Purpose To measure the capacity of an imaging system to show separation of 

objects when there is no significant noise contribution. 

 

Method Index the scanner to the resolution section. This section has a 1 to 11 

line pair/cm, high resolution test pattern. The targets are 1, 2, 3, 4, 5, 6, 

7, 8, 9, 10, and 11 line pair/cm. The high-contrast resolution should be 

equal to the pixel size. For example for a 25.6 cm field-of-view with a 

256x256 acquisitions matrix, the resolution should be 1 mm.  

                        

                                                        Figure IV. High resolution pattern 

Results  

Magnetic field 

strengths 

Smallest resolvable 

array element (lp/cm) 
Accepted (~ 1.1 mm) 

0.4 Tesla 4.5 line pair/cm pass 

3.0 Tesla 5 line pair/cm pass 

 

 

 

Low contrast sensitivity 

 

Purpose To measure the ability to distinguish differences in intensity in an 

image. 

 

Method Determine the actual contrast levels of phantom, calculate the average 

of the measurements from several scans of low contrast section. 

Plotting the diameter of the hole VS. the depth of the hole visualized to 

estimate contrast detail curve.  
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Figure V. Low contrast pattern 

Results 

 

                              Diameters (mm)               
                                                  10500             12926          15478              16882 

10.0     

    10862     12452     14603     16440 

6.0     

    11673    12476        13582     14912 

4.0     

     

                                                     0.5          0.75        1.0              2.0 

                                                                      Depths (mm) 

                                           Figure VI. Contrast detail curve MRI 0.4 T 

 

 

 

 

 

Magnetic field strengths Depths 

(mm) 
Mean value of pixel intensity 

Diameters (mm) 

4.0 6.0 10.0 

0.4 Tesla 0.5 11673.8 10862 10500 

0.75 12476 12452 12926 

1.0 13582 14603 15478 

2.0 14912.6 16440 16882.5 

3.0 Tesla 0.5 1050.6 1040.9 1027.2 

0.75 1075.1 1079.4 1089.9 

1.0 1176.7 1203.0 1124.5 

2.0 1612.8 1560.3 1543.6 
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Slice geometry (slice width)  

 

Purpose To estimate the full width at half maximum (FWHM) of the slice 

                         profile. 

 

Method Slice thickness should generally agree with the indicated slice 

thickness within ± 1 mm for slice thicknesses > 5 mm.  

 

        
 

Figure VI. Slice geometry pattern 

 

Results 

Magnetic field 

strengths 

Slice thickness (mm) Acceptance 

decision 

0.4 Tesla (X), Z = 5.125 

(Y), Z = 5.125 

Pass 

Pass 

3.0 Tesla (X), Z = 5.025 

(Y), Z = 5.025 

Pass 

Pass 

 

 

Geometric distortion  

 

Purpose To measure the displacement of displayed points within an image 

relative to their known location, or improper scaling of the distance 

between points anywhere within the image. 

 

Method Percent distortions in the spatial linearity (when measured over a 25 

cm or greater FOV) are generally considered acceptable if they are < 

5%.  

  Percent distortion is defined as following: 

True dimension – observed dimension  × 100 % 

                      True dimension  
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   Figure VII. Geometric distortion (spatial linearity) pattern 

 

Results 

A 

Distance 2 cm 4 cm 8 cm 10 cm 

Measured distance (x) 

0.4 T/3.0 T 

2.0/1.99 

 

4.04/4.01 7.92/8.06 10.0/10.07 

Measured distance (y) 

0.4 T/3.0 T 

1.94/2.01 

 

4.01/3.98 8.02/7.99 10.0/10.01 

 

B 

Distance 2 cm 8 cm 10 cm 12 cm 

Measured distance (R)  

0.4 T/3.0 T 

2.0/2.02 7.98/7.99 9.99/9.99 11.9/12.0 

Measured distance (L) 

0.4 T/3.0 T 

2.05/1.99 7.99/8.03 9.99/10.07 11.9/12.03 

 

 

Magnetic field strengths  Distortion (%)  Acceptance decision  

0.4 Tesla  <5  Pass  

3.0 Tesla  <5  Pass  

 

 

 

 

 

 

 

 

 

A 
B 
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Slice position/Separation  

 

Purpose To test for proper scanner selection among and between slices, and for 

table movement on MRI systems. 

 

Method  Slice position (offset) is the absolute location of the midpoint of the 

FWHM of the slice profile. Slice separation is the distance between 

any two slice positions. Slice locations are indicated by external 

positioning devices or by the selected inter-slice spacing.  

   

Measure from the center of the first ramp to the center of the second 

ramp and multiply it by .25 (the 14° scaling factor) to determine the 

scan index between scans.  

 

Comparison of external position marker should generally agree with 

the actual slice position within ± 2 mm. Slice separation disagreement 

should typically be < 20% of the total slice separation or ± 1 mm, 

whichever is greater. 

 

 
 

Figure VIII. Schematic illustration of 2 superimposed used to test the 

indexing accuracy between slices. 

 

Results For 3.0 T the center of the first ramp to the center of the second ramp = 

20.1 

     Therefore; 20.1 × 0.25 = 5.025 mm 

For 0.4 T the center of the first ramp to the center of the second ramp = 

21.5  

Therefore; 21.5 × 0.25 = 5.375 mm 

 

Magnetic field strengths  Actual slice 

position  

Acceptance decision  

0.4 Tesla  0.025 Pass  

3.0 Tesla  0.375  Pass  
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Table I. Overview of parameters for QC testing 

 

Parameters 0.4 Tesla 3.0 Tesla 

Brain protocol T1 T2 T1 T2 

FOV 250 250 250 250 

TR (ms) 400 4500 400 4500 

TE (ms) 15 100 15 100 

FA 90 90 90 90 

Number of slices 20 20 20 20 

Thickness (mm) 5 5 5 5 

Interval (mm) 0 0 0 0 

Frequency 256 256 256 256 

Phase 224 224 223 224 

NSA 2 2 2 2 

Bandwidth (kHz) 9 16 - - 

Scan time (min) 5.42 2.59 6.00 2.19 

FOV-Field of view, TR-Repetition time, TE-Echo time, FA-Flip angle, kHz-kilo-

Hertz 
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