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Learning Objectives

• Recall a simple expression for how the MRI signal depends 
on diffusion. 


• Understand how gradients control diffusion sensitivity.


• Appreciate how the spin echo DWI sequence is built.


• Describe the steps required to measure diffusion with MRI.


• Distinguish high and low ADC from DWI-based images.


• Explain the concept of T2 shine through from the signal eqn.



Diffusion and Gradients

Longer and stronger diffusion gradients contribute more sensitivity to diffusion.
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t

An ensemble of diffusing spins will 
accumulate different amounts of phase.


The larger the phase dispersion,

The higher the diffusion coefficient.

S = S0e
�h�2i = S0e
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Variance of the 

Phase Distribution

b-value Diffusion

Coefficient

Signal without

Diffusion Effects

Diffusion 
Weighted Signal

Movies courtesy of Kévin Moulin

What is the b-value?



Diffusion – Gradients

Diffusion sensitizing gradients can be added to gradient and spin echo sequences.
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<latexit sha1_base64="3fvbbXfLKJbuDYnC09QzTQm6N6s=">AAAB8XicdVDLSsNAFL2pr1pfVZduBotQNyEpgroQCi50WcE+sA1lMp20QyeTMDMplNC/cONCEXXn37gR/8Zpo+DzwIXDOfdy7z1+zJnSjvNm5ebmFxaX8suFldW19Y3i5lZDRYkktE4iHsmWjxXlTNC6ZprTViwpDn1Om/7wdOo3R1QqFolLPY6pF+K+YAEjWBvpqjOiJD2blPV+t1hybWcG9D8pVdHja+Ekfqp1iy+dXkSSkApNOFaq7Tqx9lIsNSOcTgqdRNEYkyHu07ahAodUeens4gnaM0oPBZE0JTSaqV8nUhwqNQ590xliPVA/van4l9dOdHDkpUzEiaaCZIuChCMdoen7qMckJZqPDcFEMnMrIgMsMdEmpIIJwbEr2cu/yWcIjYrtHtjHFyaNGmTIww7sQhlcOIQqnEMN6kBAwDXcwp2lrBvr3nrIWnPWx8w2fIP1/A5mspPN</latexit>
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<latexit sha1_base64="5JJcamdj3TBBj08/xbma3Is/xEA=">AAAB6XicdVDLSsNAFL2prxpfVZduBovgKiRFUBdCQRCXtdgHtKFMppN26GQSZiZCCf0DNy4UcVu/yI34N04bBZ8HLhzOuZd77wkSzpR23TersLC4tLxSXLXX1jc2t0rbO00Vp5LQBol5LNsBVpQzQRuaaU7biaQ4CjhtBaPzmd+6oVKxWFzrcUL9CA8ECxnB2kj1+kWvVPYcdw70PylX0fTVPkuea73SS7cfkzSiQhOOlep4bqL9DEvNCKcTu5sqmmAywgPaMVTgiCo/m186QQdG6aMwlqaERnP160SGI6XGUWA6I6yH6qc3E//yOqkOT/yMiSTVVJB8UZhypGM0exv1maRE87EhmEhmbkVkiCUm2oRjmxBcp5K//Jt8htCsON6Rc3pl0qhBjiLswT4cggfHUIVLqEEDCIRwC/fwYI2sO+vRespbC9bHzC58gzV9B5hrkHc=</latexit>

Gradient Echo Diffusion

b = 2
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<latexit sha1_base64="gvMpHFGk8eqWKyA8+6OJfB3SMFQ=">AAACC3icdZA9SwNBEIb34nf8ilraLAmCVbhcBLUQBAstIxgVckmY2+zFxd27Y3dOCEd6G3+F1jYWitj6B2zEf+MmUfDzhYWXd2aYnSdIpDDoum9Obmx8YnJqeiY/Oze/sFhYWj42caoZr7NYxvo0AMOliHgdBUp+mmgOKpD8JDjfG9RPLrg2Io6OsJfwpoJuJELBAG3ULhSDHR9DDSzz+lm173dBKWh5dL/l+R0uEVrVdqFUKbtD0f9NaZdev+Z3kptau/Did2KWKh4hk2BMo+Im2MxAo2CS9/N+angC7By6vGFtBIqbZja8pU/XbNKhYazti5AO068TGShjeiqwnQrwzPysDcK/ao0Uw61mJqIkRR6x0aIwlRRjOgBDO0JzhrJnDTAt7F8pOwNLBi2+vIXglr3Ryb/NJ4Rjr1zZKG8fWho1MtI0WSVFsk4qZJPskgNSI3XCyCW5Jffkwbly7pxH52nUmnM+ZlbINznP7yoenY0=</latexit>
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<latexit sha1_base64="44gWo8EMLfDOt0+Ti4iDdUZbsts=">AAAB6HicdVDLSsNAFL2pr1pfVZduBkXoKiRFUHdFF7pswT6gCWUynbRjJ5MwMxFK6Be40IUibv0UP8GdH+LeaaPg88CFwzn3cu89QcKZ0o7zahXm5hcWl4rLpZXVtfWN8uZWS8WpJLRJYh7LToAV5UzQpmaa004iKY4CTtvB6HTqt6+oVCwWF3qcUD/CA8FCRrA2UuOsV95zbWcG9D/ZqyGv8vZ849V75RevH5M0okITjpXquk6i/QxLzQink5KXKppgMsID2jVU4IgqP5sdOkH7RumjMJamhEYz9etEhiOlxlFgOiOsh+qnNxX/8rqpDo/8jIkk1VSQfFGYcqRjNP0a9ZmkRPOxIZhIZm5FZIglJtpkUzIhOHY1f/k3+QyhVbXdA/u4YdI4gRxF2IFdqIALh1CDc6hDEwhQuIY7uLcurVvrwXrMWwvWx8w2fIP19A5f65Bf</latexit>
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<latexit sha1_base64="H1mNMnnXj7QtuQUTAV02ML1XCfY=">AAAB7XicdVDLSsNAFJ34rPVVdelmsAhdhaQI6q7oxmUF+4AmlMlk0o6dZMLMjVBCv0E3LhRx63/4Ce78EPdOGwWfBy4czrmXe+8JUsE1OM6rNTe/sLi0XFopr66tb2xWtrbbWmaKshaVQqpuQDQTPGEt4CBYN1WMxIFgnWB0OvU7V0xpLpMLGKfMj8kg4RGnBIzU9kImgPQrVdd2ZsD/k2oDe7W352uv2a+8eKGkWcwSoIJo3XOdFPycKOBUsEnZyzRLCR2RAesZmpCYaT+fXTvB+0YJcSSVqQTwTP06kZNY63EcmM6YwFD/9KbiX14vg+jIz3mSZsASWiyKMoFB4unrOOSKURBjQwhV3NyK6ZAoQsEEVDYhOHa9ePk3+QyhXbfdA/v43KRxggqU0C7aQzXkokPUQGeoiVqIokt0g+7QvSWtW+vBeixa56yPmR30DdbTO1WCkrA=</latexit>



MR-phase for 
diffusing spins 
phase can NOT be 
“rewound”. 

This leads to signal 
loss (attenuation) 
that depends on the 
diffusion coefficient.

Diffusion – Gradients
No Diffusion With Diffusion
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Diffusion encoding 
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spins with MR-
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MR-phase for 
stationary spins 
phase can be 
“rewound”.



Diffusion – Gradients

Diffusion sensitizing gradients can be added to gradient and spin echo sequences.
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<latexit sha1_base64="gvMpHFGk8eqWKyA8+6OJfB3SMFQ=">AAACC3icdZA9SwNBEIb34nf8ilraLAmCVbhcBLUQBAstIxgVckmY2+zFxd27Y3dOCEd6G3+F1jYWitj6B2zEf+MmUfDzhYWXd2aYnSdIpDDoum9Obmx8YnJqeiY/Oze/sFhYWj42caoZr7NYxvo0AMOliHgdBUp+mmgOKpD8JDjfG9RPLrg2Io6OsJfwpoJuJELBAG3ULhSDHR9DDSzz+lm173dBKWh5dL/l+R0uEVrVdqFUKbtD0f9NaZdev+Z3kptau/Did2KWKh4hk2BMo+Im2MxAo2CS9/N+angC7By6vGFtBIqbZja8pU/XbNKhYazti5AO068TGShjeiqwnQrwzPysDcK/ao0Uw61mJqIkRR6x0aIwlRRjOgBDO0JzhrJnDTAt7F8pOwNLBi2+vIXglr3Ryb/NJ4Rjr1zZKG8fWho1MtI0WSVFsk4qZJPskgNSI3XCyCW5Jffkwbly7pxH52nUmnM+ZlbINznP7yoenY0=</latexit>
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<latexit sha1_base64="H1mNMnnXj7QtuQUTAV02ML1XCfY=">AAAB7XicdVDLSsNAFJ34rPVVdelmsAhdhaQI6q7oxmUF+4AmlMlk0o6dZMLMjVBCv0E3LhRx63/4Ce78EPdOGwWfBy4czrmXe+8JUsE1OM6rNTe/sLi0XFopr66tb2xWtrbbWmaKshaVQqpuQDQTPGEt4CBYN1WMxIFgnWB0OvU7V0xpLpMLGKfMj8kg4RGnBIzU9kImgPQrVdd2ZsD/k2oDe7W352uv2a+8eKGkWcwSoIJo3XOdFPycKOBUsEnZyzRLCR2RAesZmpCYaT+fXTvB+0YJcSSVqQTwTP06kZNY63EcmM6YwFD/9KbiX14vg+jIz3mSZsASWiyKMoFB4unrOOSKURBjQwhV3NyK6ZAoQsEEVDYhOHa9ePk3+QyhXbfdA/v43KRxggqU0C7aQzXkokPUQGeoiVqIokt0g+7QvSWtW+vBeixa56yPmR30DdbTO1WCkrA=</latexit>
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<latexit sha1_base64="3fvbbXfLKJbuDYnC09QzTQm6N6s=">AAAB8XicdVDLSsNAFL2pr1pfVZduBotQNyEpgroQCi50WcE+sA1lMp20QyeTMDMplNC/cONCEXXn37gR/8Zpo+DzwIXDOfdy7z1+zJnSjvNm5ebmFxaX8suFldW19Y3i5lZDRYkktE4iHsmWjxXlTNC6ZprTViwpDn1Om/7wdOo3R1QqFolLPY6pF+K+YAEjWBvpqjOiJD2blPV+t1hybWcG9D8pVdHja+Ekfqp1iy+dXkSSkApNOFaq7Tqx9lIsNSOcTgqdRNEYkyHu07ahAodUeens4gnaM0oPBZE0JTSaqV8nUhwqNQ590xliPVA/van4l9dOdHDkpUzEiaaCZIuChCMdoen7qMckJZqPDcFEMnMrIgMsMdEmpIIJwbEr2cu/yWcIjYrtHtjHFyaNGmTIww7sQhlcOIQqnEMN6kBAwDXcwp2lrBvr3nrIWnPWx8w2fIP1/A5mspPN</latexit>
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<latexit sha1_base64="5JJcamdj3TBBj08/xbma3Is/xEA=">AAAB6XicdVDLSsNAFL2prxpfVZduBovgKiRFUBdCQRCXtdgHtKFMppN26GQSZiZCCf0DNy4UcVu/yI34N04bBZ8HLhzOuZd77wkSzpR23TersLC4tLxSXLXX1jc2t0rbO00Vp5LQBol5LNsBVpQzQRuaaU7biaQ4CjhtBaPzmd+6oVKxWFzrcUL9CA8ECxnB2kj1+kWvVPYcdw70PylX0fTVPkuea73SS7cfkzSiQhOOlep4bqL9DEvNCKcTu5sqmmAywgPaMVTgiCo/m186QQdG6aMwlqaERnP160SGI6XGUWA6I6yH6qc3E//yOqkOT/yMiSTVVJB8UZhypGM0exv1maRE87EhmEhmbkVkiCUm2oRjmxBcp5K//Jt8htCsON6Rc3pl0qhBjiLswT4cggfHUIVLqEEDCIRwC/fwYI2sO+vRespbC9bHzC58gzV9B5hrkHc=</latexit>

Spin Echo Diffusion

b = �2G2�2 (�� �/3)
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<latexit sha1_base64="44gWo8EMLfDOt0+Ti4iDdUZbsts=">AAAB6HicdVDLSsNAFL2pr1pfVZduBkXoKiRFUHdFF7pswT6gCWUynbRjJ5MwMxFK6Be40IUibv0UP8GdH+LeaaPg88CFwzn3cu89QcKZ0o7zahXm5hcWl4rLpZXVtfWN8uZWS8WpJLRJYh7LToAV5UzQpmaa004iKY4CTtvB6HTqt6+oVCwWF3qcUD/CA8FCRrA2UuOsV95zbWcG9D/ZqyGv8vZ849V75RevH5M0okITjpXquk6i/QxLzQink5KXKppgMsID2jVU4IgqP5sdOkH7RumjMJamhEYz9etEhiOlxlFgOiOsh+qnNxX/8rqpDo/8jIkk1VSQfFGYcqRjNP0a9ZmkRPOxIZhIZm5FZIglJtpkUzIhOHY1f/k3+QyhVbXdA/u4YdI4gRxF2IFdqIALh1CDc6hDEwhQuIY7uLcurVvrwXrMWwvWx8w2fIP19A5f65Bf</latexit>

�

<latexit sha1_base64="H1mNMnnXj7QtuQUTAV02ML1XCfY=">AAAB7XicdVDLSsNAFJ34rPVVdelmsAhdhaQI6q7oxmUF+4AmlMlk0o6dZMLMjVBCv0E3LhRx63/4Ce78EPdOGwWfBy4czrmXe+8JUsE1OM6rNTe/sLi0XFopr66tb2xWtrbbWmaKshaVQqpuQDQTPGEt4CBYN1WMxIFgnWB0OvU7V0xpLpMLGKfMj8kg4RGnBIzU9kImgPQrVdd2ZsD/k2oDe7W352uv2a+8eKGkWcwSoIJo3XOdFPycKOBUsEnZyzRLCR2RAesZmpCYaT+fXTvB+0YJcSSVqQTwTP06kZNY63EcmM6YwFD/9KbiX14vg+jIz3mSZsASWiyKMoFB4unrOOSKURBjQwhV3NyK6ZAoQsEEVDYhOHa9ePk3+QyhXbfdA/v43KRxggqU0C7aQzXkokPUQGeoiVqIokt0g+7QvSWtW+vBeixa56yPmR30DdbTO1WCkrA=</latexit>
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<latexit sha1_base64="G1xHViGOVR0VaT3J69A2k9xCYHo=">AAAB7XicdVDLSsNAFJ3UV62vqks3g0XoKiRFUHdFXbisYB/QhDKZ3rRjJ5kwMxFK6DfoxoUibv0PP8GdH+LeaaPg88CFwzn3cu89QcKZ0o7zahXm5hcWl4rLpZXVtfWN8uZWS4lUUmhSwYXsBEQBZzE0NdMcOokEEgUc2sHoZOq3r0AqJuILPU7Aj8ggZiGjRBup5Z0C16RXrri2MwP+n1Tq2Ku+PV97jV75xesLmkYQa8qJUl3XSbSfEakZ5TApeamChNARGUDX0JhEoPxsdu0E7xmlj0MhTcUaz9SvExmJlBpHgemMiB6qn95U/Mvrpjo89DMWJ6mGmOaLwpRjLfD0ddxnEqjmY0MIlczciumQSEK1CahkQnDsWv7yb/IZQqtmu/v20blJ4xjlKKIdtIuqyEUHqI7OUAM1EUWX6AbdoXtLWLfWg/WYtxasj5lt9A3W0zskgpKQ</latexit>



TE

Spoiler 
Gradient

Spin Echo EPI

Spin echo sequences refocus sources of off-resonance and are a common base sequence for DWI.
Rad229
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<latexit sha1_base64="Qyw+urW1fhR1SUxUk+ar76J/X54="></latexit><latexit sha1_base64="Qyw+urW1fhR1SUxUk+ar76J/X54="></latexit><latexit sha1_base64="Qyw+urW1fhR1SUxUk+ar76J/X54="></latexit><latexit sha1_base64="Qyw+urW1fhR1SUxUk+ar76J/X54="></latexit><latexit sha1_base64="Qyw+urW1fhR1SUxUk+ar76J/X54="></latexit><latexit sha1_base64="Qyw+urW1fhR1SUxUk+ar76J/X54="></latexit>



TE

Spoiler 
Gradient

Spin Echo EPI – Longer TE

Delaying the refocusing pulse lengthens the TE, but provides time to add diffusion encoding gradient.
Rad229
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<latexit sha1_base64="Qyw+urW1fhR1SUxUk+ar76J/X54="></latexit><latexit sha1_base64="Qyw+urW1fhR1SUxUk+ar76J/X54="></latexit><latexit sha1_base64="Qyw+urW1fhR1SUxUk+ar76J/X54="></latexit><latexit sha1_base64="Qyw+urW1fhR1SUxUk+ar76J/X54="></latexit><latexit sha1_base64="Qyw+urW1fhR1SUxUk+ar76J/X54="></latexit><latexit sha1_base64="Qyw+urW1fhR1SUxUk+ar76J/X54="></latexit>



TE

Spoiler 
Gradient

Diffusion Weighted Spin Echo EPI

The addition of diffusion encoding gradient sensitizes the signal equation to diffusion.
Rad229
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<latexit sha1_base64="+knLdsdDD0ZIfxw0mC6Qtdw3h8M="></latexit>



Diffusion – b-value [s/mm2]

https://radiopaedia.org/articles/apparent-diffusion-coefficient-1?
Rad229

11
Lec-15A
Slide-

Tissue Diffusion Coefficient 
[10-6 mm2/s]

White matter 670-800
Cortical grey matter 800-1000
Deep grey matter 700-850

CSF 3000-3400

S

S0

b-value [s/mm2]
3000 40000 20001000

0

1 S = S0e
�bD

Experiment:

1) Set b=0, Measure S0

2) Set b≠0, Measure S

3) Calculate D

High b-value --> High diffusion sensitivity, but low SNR

Low  b-value --> Low  diffusion sensitivity, but high SNR

High D --> High signal loss

Low  D --> Low  signal loss



Diffusion Measurements
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Image: http://mriquestions.com/making-a-dw-image.html
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<latexit sha1_base64="apbvTTWudQvnp3liNYztc96MVhc=">AAAB/3icbZC7SgNBFIZnvcZ4WxVsbAaDYGPYjUhMIQS1sIzEXCBZl9nJbDJk9sLMrBLWLXwHK0sbC0W09DXsfBsnmwga/WHg5z/ncM58TsiokIbxqU1Nz8zOzWcWsotLyyur+tp6XQQRx6SGAxbwpoMEYdQnNUklI82QE+Q5jDSc/smw3rgiXNDAv5CDkFge6vrUpRhJFdn6ZvWoahuQXMZ7bZcjHDtJfJoktp4z8qWSoQT/GjNvpMqVzbvr+37lrWLrH+1OgCOP+BIzJETLNEJpxYhLihlJsu1IkBDhPuqSlrI+8oiw4vT+BO6opAPdgKvnS5imPydi5Akx8BzV6SHZE5O1YfhfrRVJ99CKqR9Gkvh4tMiNGJQBHMKAHcoJlmygDMKcqlsh7iGFQSpk2RRC8WD890nzDaFeyJv7+cK5onEMRsqALbANdoEJiqAMzkAF1AAGN+ABPIFn7VZ71F6011HrlDae2QC/pL1/AT5DmWg=</latexit>

(Non-Diffusion Weighted Imaging)
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TR
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⌘
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T2

<latexit sha1_base64="Qyw+urW1fhR1SUxUk+ar76J/X54="></latexit><latexit sha1_base64="Qyw+urW1fhR1SUxUk+ar76J/X54="></latexit><latexit sha1_base64="Qyw+urW1fhR1SUxUk+ar76J/X54="></latexit><latexit sha1_base64="Qyw+urW1fhR1SUxUk+ar76J/X54="></latexit><latexit sha1_base64="Qyw+urW1fhR1SUxUk+ar76J/X54="></latexit><latexit sha1_base64="Qyw+urW1fhR1SUxUk+ar76J/X54="></latexit>

Minimize the TE for best SNR.

“Maximize” TR for best SNR.

b=0 s/mm2
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<latexit sha1_base64="yNKzx6NDjcUN9N3t0R9Y4ru2JI4=">AAAB6HicbVDLSsNAFL2pr1pfVZdugiJ0FZKK1O6KLnTZgn1AE8pkOmnHTiZhZiKU0C9woQtF3PopfoI7P8S907SCVg9cOJxzL/fe48eMSmXbH0ZuaXlldS2/XtjY3NreKe7utWSUCEyaOGKR6PhIEkY5aSqqGOnEgqDQZ6Ttjy6mfvuWCEkjfq3GMfFCNOA0oBgpLTUue8Uj26pWbQ3zL3EsO8NRreSWPt/u3Xqv+O72I5yEhCvMkJRdx46VlyKhKGZkUnATSWKER2hAuppyFBLppdmhE/NYK30ziIQursxM/TmRolDKcejrzhCpoVz0puJ/XjdRwZmXUh4ninA8WxQkzFSROf3a7FNBsGJjTRAWVN9q4iESCCudTSELoXI6/32RfIfQKlvOiVVu6DTOYYY8HMAhlMCBCtTgCurQBAwE7uARnowb48F4Nl5mrTljPrMPv2C8fgG/cJCw</latexit>

�
<latexit sha1_base64="GEXIg4KsxWEGyX3q/DB+WFCiD/g=">AAAB7XicbVDLSsNAFJ34rPVVdelmsAhdhaQitbuiG5cV7AOaUCaTSTt2MhNmJkIJ/QbduFDErf/hJ7jzQ9w7TSto9cCFwzn3cu89QcKo0o7zYS0tr6yurRc2iptb2zu7pb39thKpxKSFBROyGyBFGOWkpalmpJtIguKAkU4wupj6nVsiFRX8Wo8T4sdowGlEMdJGanshYRr1S2XHrtcdA/iXuLaTo9yoeJXPtzuv2S+9e6HAaUy4xgwp1XOdRPsZkppiRiZFL1UkQXiEBqRnKEcxUX6WXzuBx0YJYSSkKa5hrv6cyFCs1DgOTGeM9FAtelPxP6+X6ujMzyhPUk04ni2KUga1gNPXYUglwZqNDUFYUnMrxEMkEdYmoGIeQu10/vsi+Q6hXbXdE7t6ZdI4BzMUwCE4AhXgghpogEvQBC2AwQ24B4/gyRLWg/Vsvcxal6z5zAH4Bev1C7UHkwE=</latexit>

�
<latexit sha1_base64="5Qwfffeo/GP85ZnyCtjiL/IOHdc=">AAAB7XicbVDLSgMxFM3UV62vqks3wSJ0NcxUpHZX1IXLCvYBnaFk0kwbm0mGJCOUod+gGxeKuPU//AR3foh702kFrR64cDjnXu69J4gZVdpxPqzc0vLK6lp+vbCxubW9U9zdaymRSEyaWDAhOwFShFFOmppqRjqxJCgKGGkHo/Op374lUlHBr/U4Jn6EBpyGFCNtpJZ3QZhGvWLJsWs1xwD+Ja7tZCjVy1758+3Oa/SK715f4CQiXGOGlOq6Tqz9FElNMSOTgpcoEiM8QgPSNZSjiCg/za6dwCOj9GEopCmuYab+nEhRpNQ4CkxnhPRQLXpT8T+vm+jw1E8pjxNNOJ4tChMGtYDT12GfSoI1GxuCsKTmVoiHSCKsTUCFLITqyfz3RfIdQqtiu8d25cqkcQZmyIMDcAjKwAVVUAeXoAGaAIMbcA8ewZMlrAfr2XqZteas+cw++AXr9QuEB5Lh</latexit>

b = �2G2�2
�
�� �

3

�
<latexit sha1_base64="tZSjRNTf03dYJmAss5NU7DlwTiQ="></latexit>

This is what we control on the scanner.

(Controls Diffusion Weighting)

(Diffusion Weighted Imaging)b=1000 s/mm2 S = S0e
�bD

<latexit sha1_base64="CIjgbwMTtTdf2lh8KfKvQrmzgGI=">AAAB9HicdVDJSgNBEO2JW4xb1KMgjUHw4jAJgnoQAnrwmBizQDKGnk5N0qRnsbsnEIYc/QYvHhTx6jnf4c1v8CfsZBRcHxQ83quiqp4TciaVZb0aqZnZufmF9GJmaXlldS27vlGTQSQoVGnAA9FwiATOfKgqpjg0QgHEczjUnf7pxK8PQEgW+JdqGILtka7PXEaJ0pJdOam0LQxX8b5zNmpnc3nTmgL/T3JFPC6/3WyPS+3sS6sT0MgDX1FOpGzmrVDZMRGKUQ6jTCuSEBLaJ11oauoTD6QdT48e4V2tdLAbCF2+wlP160RMPCmHnqM7PaJ68qc3Ef/ympFyj+yY+WGkwKfJIjfiWAV4kgDuMAFU8aEmhAqmb8W0RwShSueU0SFYZiF5+Tf5DKFWMPMH5nFZp3GBEqTRFtpBeyiPDlERnaMSqiKKrtEtukcPxsC4Mx6Np6Q1ZXzMbKJvMJ7fAUR2lOk=</latexit>
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⇣
1� e�
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T2 e�bD

<latexit sha1_base64="+knLdsdDD0ZIfxw0mC6Qtdw3h8M="></latexit>

Match the TE and TR to S0.

Adjust b-value for best contrast.
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�
<latexit sha1_base64="GEXIg4KsxWEGyX3q/DB+WFCiD/g=">AAAB7XicbVDLSsNAFJ34rPVVdelmsAhdhaQitbuiG5cV7AOaUCaTSTt2MhNmJkIJ/QbduFDErf/hJ7jzQ9w7TSto9cCFwzn3cu89QcKo0o7zYS0tr6yurRc2iptb2zu7pb39thKpxKSFBROyGyBFGOWkpalmpJtIguKAkU4wupj6nVsiFRX8Wo8T4sdowGlEMdJGanshYRr1S2XHrtcdA/iXuLaTo9yoeJXPtzuv2S+9e6HAaUy4xgwp1XOdRPsZkppiRiZFL1UkQXiEBqRnKEcxUX6WXzuBx0YJYSSkKa5hrv6cyFCs1DgOTGeM9FAtelPxP6+X6ujMzyhPUk04ni2KUga1gNPXYUglwZqNDUFYUnMrxEMkEdYmoGIeQu10/vsi+Q6hXbXdE7t6ZdI4BzMUwCE4AhXgghpogEvQBC2AwQ24B4/gyRLWg/Vsvcxal6z5zAH4Bev1C7UHkwE=</latexit>

�
<latexit sha1_base64="5Qwfffeo/GP85ZnyCtjiL/IOHdc=">AAAB7XicbVDLSgMxFM3UV62vqks3wSJ0NcxUpHZX1IXLCvYBnaFk0kwbm0mGJCOUod+gGxeKuPU//AR3foh702kFrR64cDjnXu69J4gZVdpxPqzc0vLK6lp+vbCxubW9U9zdaymRSEyaWDAhOwFShFFOmppqRjqxJCgKGGkHo/Op374lUlHBr/U4Jn6EBpyGFCNtpJZ3QZhGvWLJsWs1xwD+Ja7tZCjVy1758+3Oa/SK715f4CQiXGOGlOq6Tqz9FElNMSOTgpcoEiM8QgPSNZSjiCg/za6dwCOj9GEopCmuYab+nEhRpNQ4CkxnhPRQLXpT8T+vm+jw1E8pjxNNOJ4tChMGtYDT12GfSoI1GxuCsKTmVoiHSCKsTUCFLITqyfz3RfIdQqtiu8d25cqkcQZmyIMDcAjKwAVVUAeXoAGaAIMbcA8ewZMlrAfr2XqZteas+cw++AXr9QuEB5Lh</latexit>

b=1000 s/mm2b=0 s/mm2

S = S0e
� b

D

<latexit sha1_base64="apbvTTWudQvnp3liNYztc96MVhc=">AAAB/3icbZC7SgNBFIZnvcZ4WxVsbAaDYGPYjUhMIQS1sIzEXCBZl9nJbDJk9sLMrBLWLXwHK0sbC0W09DXsfBsnmwga/WHg5z/ncM58TsiokIbxqU1Nz8zOzWcWsotLyyur+tp6XQQRx6SGAxbwpoMEYdQnNUklI82QE+Q5jDSc/smw3rgiXNDAv5CDkFge6vrUpRhJFdn6ZvWoahuQXMZ7bZcjHDtJfJoktp4z8qWSoQT/GjNvpMqVzbvr+37lrWLrH+1OgCOP+BIzJETLNEJpxYhLihlJsu1IkBDhPuqSlrI+8oiw4vT+BO6opAPdgKvnS5imPydi5Akx8BzV6SHZE5O1YfhfrRVJ99CKqR9Gkvh4tMiNGJQBHMKAHcoJlmygDMKcqlsh7iGFQSpk2RRC8WD890nzDaFeyJv7+cK5onEMRsqALbANdoEJiqAMzkAF1AAGN+ABPIFn7VZ71F6011HrlDae2QC/pL1/AT5DmWg=</latexit>

S = S0e
� b

D

<latexit sha1_base64="apbvTTWudQvnp3liNYztc96MVhc=">AAAB/3icbZC7SgNBFIZnvcZ4WxVsbAaDYGPYjUhMIQS1sIzEXCBZl9nJbDJk9sLMrBLWLXwHK0sbC0W09DXsfBsnmwga/WHg5z/ncM58TsiokIbxqU1Nz8zOzWcWsotLyyur+tp6XQQRx6SGAxbwpoMEYdQnNUklI82QE+Q5jDSc/smw3rgiXNDAv5CDkFge6vrUpRhJFdn6ZvWoahuQXMZ7bZcjHDtJfJoktp4z8qWSoQT/GjNvpMqVzbvr+37lrWLrH+1OgCOP+BIzJETLNEJpxYhLihlJsu1IkBDhPuqSlrI+8oiw4vT+BO6opAPdgKvnS5imPydi5Akx8BzV6SHZE5O1YfhfrRVJ99CKqR9Gkvh4tMiNGJQBHMKAHcoJlmygDMKcqlsh7iGFQSpk2RRC8WD890nzDaFeyJv7+cK5onEMRsqALbANdoEJiqAMzkAF1AAGN+ABPIFn7VZ71F6011HrlDae2QC/pL1/AT5DmWg=</latexit>

G
<latexit sha1_base64="yNKzx6NDjcUN9N3t0R9Y4ru2JI4=">AAAB6HicbVDLSsNAFL2pr1pfVZdugiJ0FZKK1O6KLnTZgn1AE8pkOmnHTiZhZiKU0C9woQtF3PopfoI7P8S907SCVg9cOJxzL/fe48eMSmXbH0ZuaXlldS2/XtjY3NreKe7utWSUCEyaOGKR6PhIEkY5aSqqGOnEgqDQZ6Ttjy6mfvuWCEkjfq3GMfFCNOA0oBgpLTUue8Uj26pWbQ3zL3EsO8NRreSWPt/u3Xqv+O72I5yEhCvMkJRdx46VlyKhKGZkUnATSWKER2hAuppyFBLppdmhE/NYK30ziIQursxM/TmRolDKcejrzhCpoVz0puJ/XjdRwZmXUh4ninA8WxQkzFSROf3a7FNBsGJjTRAWVN9q4iESCCudTSELoXI6/32RfIfQKlvOiVVu6DTOYYY8HMAhlMCBCtTgCurQBAwE7uARnowb48F4Nl5mrTljPrMPv2C8fgG/cJCw</latexit>
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<latexit sha1_base64="apbvTTWudQvnp3liNYztc96MVhc=">AAAB/3icbZC7SgNBFIZnvcZ4WxVsbAaDYGPYjUhMIQS1sIzEXCBZl9nJbDJk9sLMrBLWLXwHK0sbC0W09DXsfBsnmwga/WHg5z/ncM58TsiokIbxqU1Nz8zOzWcWsotLyyur+tp6XQQRx6SGAxbwpoMEYdQnNUklI82QE+Q5jDSc/smw3rgiXNDAv5CDkFge6vrUpRhJFdn6ZvWoahuQXMZ7bZcjHDtJfJoktp4z8qWSoQT/GjNvpMqVzbvr+37lrWLrH+1OgCOP+BIzJETLNEJpxYhLihlJsu1IkBDhPuqSlrI+8oiw4vT+BO6opAPdgKvnS5imPydi5Akx8BzV6SHZE5O1YfhfrRVJ99CKqR9Gkvh4tMiNGJQBHMKAHcoJlmygDMKcqlsh7iGFQSpk2RRC8WD890nzDaFeyJv7+cK5onEMRsqALbANdoEJiqAMzkAF1AAGN+ABPIFn7VZ71F6011HrlDae2QC/pL1/AT5DmWg=</latexit>

�
<latexit sha1_base64="GEXIg4KsxWEGyX3q/DB+WFCiD/g=">AAAB7XicbVDLSsNAFJ34rPVVdelmsAhdhaQitbuiG5cV7AOaUCaTSTt2MhNmJkIJ/QbduFDErf/hJ7jzQ9w7TSto9cCFwzn3cu89QcKo0o7zYS0tr6yurRc2iptb2zu7pb39thKpxKSFBROyGyBFGOWkpalmpJtIguKAkU4wupj6nVsiFRX8Wo8T4sdowGlEMdJGanshYRr1S2XHrtcdA/iXuLaTo9yoeJXPtzuv2S+9e6HAaUy4xgwp1XOdRPsZkppiRiZFL1UkQXiEBqRnKEcxUX6WXzuBx0YJYSSkKa5hrv6cyFCs1DgOTGeM9FAtelPxP6+X6ujMzyhPUk04ni2KUga1gNPXYUglwZqNDUFYUnMrxEMkEdYmoGIeQu10/vsi+Q6hXbXdE7t6ZdI4BzMUwCE4AhXgghpogEvQBC2AwQ24B4/gyRLWg/Vsvcxal6z5zAH4Bev1C7UHkwE=</latexit>

�
<latexit sha1_base64="5Qwfffeo/GP85ZnyCtjiL/IOHdc=">AAAB7XicbVDLSgMxFM3UV62vqks3wSJ0NcxUpHZX1IXLCvYBnaFk0kwbm0mGJCOUod+gGxeKuPU//AR3foh702kFrR64cDjnXu69J4gZVdpxPqzc0vLK6lp+vbCxubW9U9zdaymRSEyaWDAhOwFShFFOmppqRjqxJCgKGGkHo/Op374lUlHBr/U4Jn6EBpyGFCNtpJZ3QZhGvWLJsWs1xwD+Ja7tZCjVy1758+3Oa/SK715f4CQiXGOGlOq6Tqz9FElNMSOTgpcoEiM8QgPSNZSjiCg/za6dwCOj9GEopCmuYab+nEhRpNQ4CkxnhPRQLXpT8T+vm+jw1E8pjxNNOJ4tChMGtYDT12GfSoI1GxuCsKTmVoiHSCKsTUCFLITqyfz3RfIdQqtiu8d25cqkcQZmyIMDcAjKwAVVUAeXoAGaAIMbcA8ewZMlrAfr2XqZteas+cw++AXr9QuEB5Lh</latexit>

G
<latexit sha1_base64="yNKzx6NDjcUN9N3t0R9Y4ru2JI4=">AAAB6HicbVDLSsNAFL2pr1pfVZdugiJ0FZKK1O6KLnTZgn1AE8pkOmnHTiZhZiKU0C9woQtF3PopfoI7P8S907SCVg9cOJxzL/fe48eMSmXbH0ZuaXlldS2/XtjY3NreKe7utWSUCEyaOGKR6PhIEkY5aSqqGOnEgqDQZ6Ttjy6mfvuWCEkjfq3GMfFCNOA0oBgpLTUue8Uj26pWbQ3zL3EsO8NRreSWPt/u3Xqv+O72I5yEhCvMkJRdx46VlyKhKGZkUnATSWKER2hAuppyFBLppdmhE/NYK30ziIQursxM/TmRolDKcejrzhCpoVz0puJ/XjdRwZmXUh4ninA8WxQkzFSROf3a7FNBsGJjTRAWVN9q4iESCCudTSELoXI6/32RfIfQKlvOiVVu6DTOYYY8HMAhlMCBCtTgCurQBAwE7uARnowb48F4Nl5mrTljPrMPv2C8fgG/cJCw</latexit>

S = S0e
� b

D

<latexit sha1_base64="apbvTTWudQvnp3liNYztc96MVhc=">AAAB/3icbZC7SgNBFIZnvcZ4WxVsbAaDYGPYjUhMIQS1sIzEXCBZl9nJbDJk9sLMrBLWLXwHK0sbC0W09DXsfBsnmwga/WHg5z/ncM58TsiokIbxqU1Nz8zOzWcWsotLyyur+tp6XQQRx6SGAxbwpoMEYdQnNUklI82QE+Q5jDSc/smw3rgiXNDAv5CDkFge6vrUpRhJFdn6ZvWoahuQXMZ7bZcjHDtJfJoktp4z8qWSoQT/GjNvpMqVzbvr+37lrWLrH+1OgCOP+BIzJETLNEJpxYhLihlJsu1IkBDhPuqSlrI+8oiw4vT+BO6opAPdgKvnS5imPydi5Akx8BzV6SHZE5O1YfhfrRVJ99CKqR9Gkvh4tMiNGJQBHMKAHcoJlmygDMKcqlsh7iGFQSpk2RRC8WD890nzDaFeyJv7+cK5onEMRsqALbANdoEJiqAMzkAF1AAGN+ABPIFn7VZ71F6011HrlDae2QC/pL1/AT5DmWg=</latexit>

ADC Map Trace DWI



DWI Example – Chronic Infarct

Srinivasan A, et al. State-of-the-art imaging of acute stroke. Radiographics 2006;26 Suppl 1:S75-95.
Rad229
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Does the lesion have a higher or lower diffusion coefficient?

DWI ADC



DWI Example - Acute Stroke

Srinivasan A, et al. State-of-the-art imaging of acute stroke. Radiographics 2006;26 Suppl 1:S75-95.
Rad229
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Does the lesion have a higher or lower diffusion coefficient?
DWI ADC



DWI – T2 Shine Through
• High signal intensity on DWI:


– Low (restricted) diffusion (spins didn’t move too far)

– OR Long T2 (signal didn’t decay too much)


• Low signal intensity on DWI:

– High diffusion coefficient

– OR short T2 (signal decayed a lot)

http://mri-q.com/t2-shine-through.html

ADC Map T2w Spin EchoTrace DWI

Restricted 
diffusion?
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What else can we measure with diffusion?



Rad229 – MRI Signals and Sequences 
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