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( CHESS )

( SPEC IR )

Ѱ ǵ
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Ἱ ɵDixon

ɵ Ҥ (˘ ɏɩȷ)



Dixon ( ̬ ⁪șѫ )

В ק ǲ̢Ǎ̬ ⁪șѫ

H2 0ǯCH 2ǵӓἶȵɓɆ⁪Ƕ3.5ppm

1.5T ǵ ḹǲǑǘȒ

В ק ǵ⁪ ªe(Hz)

ӓἶȵɓɆÂ(ppm)¥ ᶥ Á(MHz/T) ¥ ḹ▌↓B0 (T)

3.5(ppm) ¥42.6(MHz/T) ¥1.5 (T)

3.5 ¥10 - 6¥42.6 ¥10 6¥1.5

Ŝ220 (Hz)

ǯ ǵВ ק ǵ⁪ 220 Hz (1.5T)

ӓἶȵɓɆǶ, TMS ǲᾍǠȒ ᾍΙÂ
Ӵ̬ ppm (Parts Per Million ʠѝ )

Ǯ ǜȓȒ. 



ǯ ǵВ ק ǵ⁪ 220 Hz (1.5T)

Ń1.5T Ǯǵ ⁪ Ҳș ὑǠȒǯ, 

Ƕ ȏȑȉ ǖ, 1 Ǯ220 ᶥ ǵ⁪Ǔ ǟȒ. 

ק (sec) 1/ ק

1/ 220 (Hz)

Ŝ4.6 (msec)

TE=0 (msec)

ֿ̬ (In phase )
TE=4.6 (msec)

ֿ̬ (In phase )



Ǥȓǥȓǵ ϑș֝♬
FID, GEǲǑǋǭ, TEș In phase , opposed 
phase ǲ ὑǠȒǚǯǮ, ֺ ϑș֝♬ǮǔȒ. 

GRE╛ Dixon

In phase ϑș֝♬

opposed phase ϑ
ș֝♬

4.6ms

2.3ms

TE

TE

ǲ ὑ

ǲ ὑ



Dixon ԍ

ǯ ș

ǞֻȖǢǦ

ȱɱɆɧȷɆ

ǯ ș

╠ǔ ǞǦ

ȱɱɆɧȷɆ

( ᾍΙ )

̬ ϑ opposed phase ϑ SI SI ( ᾍΙ)

ֿ̬ ϑ In phase ϑ SI SI

ǵֵͬșSI , ǵֵͬșSI ǯǠȒǯ,



Dixon ԍ

Water ϑ ( In phase opposed phase )/2

{( SI SI ) ( SI SI )}/2

2 SI /2

SI

Fat ϑ ( In phase opposed phase )/2

{( SI SI ) ( SI SI )}/2

2 SI /2

SI

ǰǵ ǲȉDixon ș ȀȒǯ, 

ǚǵ ǔǓǉȒ. 

Ѱ ϑ



SE ǲǑǘȒTEǯǶ (1984 ₴ Dixon )

SE╛ Dixon (1.5T)

Gx

Gx

Ñ Ñ

2.3 ms

SEǵɒɶȭ ǒȐǡȓȒ

ǦȈ, ֵͬṶ̌ʤǠȒ. 

Ń ǵ ᷀șѨὑǮǔǱǋ. 

( ǯ ǵ ̬ ǵǦȈǒ, 

ɒɶȭșẆȓǦǧǘǒ, 

Ѩ ǮǔǱǋ)

TE

╠ Dixon,W.T .: Simple proton spectroscopic imaging. Radiology 153:189 - 194(1984)

Ҙ. ὑ MRIὈЋ 2 . ( )ἶ ɟɅȡȩɩ

ֿ
̬

̬

Gx

2.3 ms

̬



Dixon ǵѫ ǵǜȓ

ḹ

CHESS( ᴇ)ɏɩȷș̓ ǠȒ ,  

ș ѰǞǱǋǮ, ǵȆș ᴇǜǢȒ

ǚǯǲ Ǟǭ ѫǲϐǖ. 

CHESS( ᴇ)ɏɩȷș̓ ǠȒ ,  

ȉ ѰǞǭǞȅǍ. 

H2 O

CH 2

ӓἶȵɓɆ⁪
ǀẎǁ

CHESS
( ᴇ)
ɏɩȷ

H2 O

CH 2

ӓἶȵɓɆ⁪
ǀᾛǁ

CHESS
( ᴇ)
ɏɩȷ

̭ ḹ

Dixon ș ǋǦ ǲȏȒ

Ѱ ϑ( Water ϑ)Ǔ ǋȐȓǭǔǦ. 

ʿ Ḍ

( )
ᾚ Ḍ

(GE)



Dixon Ƕ♫ ǶḛȉȓǭǋǦ
2ǵӓἶȵɓɆȠɶȿɓȟȭɆ (Chemical shift of the second kind)

GRE (double echo Ḍ)

Chemical shift imaging

In phase Opposed phase



ṑ ҧ (boundary effect)

̬ ϑ opposed phase ϑ SI SI ( ᾍΙ)

̬ ϑǲǑǋǭ, ǯ Ǔ(ֿ )ВἭǠȒ

ɚȭȹɩǮǶֵͬṶ̌ʤǠȒ. 

ʴ ↓

ֵͬ

ֵ̭ͬ

ֵͬ



҇ ͈

҇ ǲǶ ǯВǲʴר ǯֿ ǵӓἶȵɓɆș ǫ1 HǓ

ẉ ǲἭ᷀ǠȒǦȈ, ̬ Ǯֵ̭ͬ( )șסǠȒ. 

ⱨ Ǳ ǵ ї Ń ǚȓȉʝǫǵ Ѱ ( ὑ )

In phase Opposed phase

В Ͻ⃰ Ǜ ͑



2point Dixon ɵ3point Dixon

2point Dixon

ὕ ϑǜȓǦ

In phase ϑɵ

opposed phase ϑ

ș ǋǭ, 

Water ϑ( Ѱ ϑ)ɵ

Fat ϑș, ǲȏȑ֝♬. 

3point Dixon

3ǫǵTEǮ֝♬ǞǦ ϑșϷǲ

ǲȏǪǭ, 

ɵIn phase ϑ

ɵopposed phase ϑ

ɵWater ϑ( Ѱ ϑ) 

ɵFat ϑ

ș֝♬. 
Ħ Rhfm`Ȓȏȑ

Ħ

Ħ

Ħ



Dixon Ǯ ȈȒȀǔɏɧɟɶȽ

ɵ ֵͬǵẎǔǜ

ɵ ֵͬǵẎǔǜ

ɵ ֵͬǵ̬

ɵ ֵͬǵ̬

ɵ ḹʥ᷈ʝ

5ǫǵ ɏɧɟɶȽș, 

╛ǲȏȑ ȈȒǲǶ, 

5ǫǵ ╛Ǔⱳ . 

1ǫǵTEǮ2ǫǵ ╛Ǔ♬ȐȓȒ.  

ǵɏɧɟɶȽǶ5ǫ



2point Dixon

2ǫǵTE Ń 4ǫǵ ╛

1ǫǵTEǮ2ǫǵ ╛Ǔ♬ȐȓȒ

3point Dixon

3ǫǵTE Ń 6ǫǵ ╛

Ħ

Ħ

Ħ Rhfm`Ȓȏȑ

̬ shift Ǔ

ǜȓǭǑȐǡ

ɵ ѝ Ȧɧɶ

ș ǟȒ. 

Ǟǖ ֯

ᵂ

Yu H, et al. Field map estimation with a 

region growing scheme for iterative 3 -

point water - fat decomposition. Magn 

Reson Med. 2005 Oct;54(4):1032 - 9. 



3 point Dixon

( ) Symmetrical (ᾍ ) three point Dixon

3 point Dixon (2D FSEǵḹֻ)

TE
(̬ 0 )

-ʻ

ʻ

TE

1Î.2

( 120 ¡)

-1Î.2

(- 120 ¡)

3 point Dixon
Opposed phase

ɅɟɨɁɆ

Кǵ ǯ ǵҊֻǲȏȑ, ͬ ֵ▌↓ǓὄὑǢǡ,

ǯ ǵѝ Ȧɧɶș ǟȒ. ( ǵȆ;NSA3/ ǵȆ;NSA1.4/1:1;NSA0 ►)

In phase

0
(̬ )

(In phase)

Ȇ֝ȑϊ ḹ

(GX=GRO)

ֺƵǵ Ǯӽқ

TE
(̬ -jÎ)

TE
(̬ *jÎ)

k=¢2/3 Ǯ ȉ ǋSNș♬ȐȓȒ. 

Lodes CC, et al. Proton MR chemical shift imaging using double and triple phase contrast 

acquisition methods. J Comput Assist Tomogr . 1989 Sep - Oct;13(5):855 - 61.

G.H. Glover and E. Schneider. Three - point Dixon technique for true water/fat decomposition with 
b0 inhomogeneity correction. Magn Reson Med. 1991 Apr;18(2):371 - 83.

Ħ

Ħ

Ħ ˜Ӧ Ẑ . Three point Dixon three point Dixon ǵԍ ǯɒɁɆəɶɩ INNERVISION (28.9) 2013

(Opposed)

ʹ ǜȓǦ

(Opposed)



A symmetrial

( ᾍ )

Symmetrial

(ᾍ )

Ħ Rhfm`Ȓ

ȏȑ

ֺTE( )ǲǑǋǭ, ǯ Ǔ ᷀ǞǱǋǦȈ, 

Кǵ ɵ ǵҊֻǲ‼ֳǜȓǡ, NSA3.0 ►ǵ ϑș֝♬֯ . 

( ) A symmetrical( ᾍ ) three point Dixon

ǯ Ǔ Ǎǯ, 

ѝ ȦɧɶǓ ǔǭǞȅǍ. . 

ֺTEǮ

ǯ ǵ̬

Ǔ ȖǱǋấ

Ħ

Ħ



( ) A symmetrical( ᾍ ) three point Dixon

Reeder, S. B et al. : Iterative Decomposition of water and fat with echo asymmetry 

And least - squares estimation(IDEAL); Application Fast Spin - Echo Imaging.

Magn Reson Med, 54, 636 - 644, 2005

Кǵ ɵ ǵҊֻǲ‼ֳǜȓǡ, ɵ ѝ ϑǓ̸ ֯ . 

Water ϑ Fat ϑ In phase ϑ Opposed phase ϑ



IDEALǵ

Ħ Rhfm`Ȓȏȑ



Region Growing

Yu H, et al. Field map estimation with a region growing 

scheme for iterative 3 - point water - fat decomposition.

Magn Reson Med. 2005 Oct;54(4):1032 - 9. 

̬ Ḹǵͬ ǵר ǋ

șѧ ΙǯǞǭ, 

ǠȒ ǲ̬ ȠɱɧɁ

ɒɱȮы ș Ǎ. 

Ħ ̬ ȠɱɧɁɒɱȮ

1Îș ǏǦ̬ șר ǲ Ǘы . 



Region growing ǵ ⱪ

Ƕ ͛ǧǓ, ѧ Ιșͬ ǵ̭ǋר ǲὑȈǭǞȅǍǯ

Кǵ̬ ȠɱɧɁɒɱȮǲȦɧɶǓ ǟȒ. 

ʴⱲק ǵ ὑș Ǎ КʴẔǲAirǓ

ӸȈǭǑȑ, ͬ ǵ̭ǋר ǲѧ Ιș

ὑǞǭǞȅǪǦ֯  .ǓǉȒר

DIXON
(Vibrant - FLEX)

CSS - IR
(Vibrant)



3ǫǵTEǵ ὑ

̬ ⁪Æ 1Î¥ªe¥t (TE ) Ń TE Æ/(1Î¥ªe)

ǯ ǵВ ק ⁪ªe(Hz) ӓἶȵɓɆÂ(ppm)ɵ ᶥ Á(MHz/T) ɵ ḹ▌↓B0 (T)

t (sec) (GRE)Ҥ Rfpulse ӽқ ♥ǒȐǵ ᾍ / (SE) ȦȱɶɒɶȭǒȐǵ ᾍ

TE ( Î.5(.'1Î¥220 )Ŝ - 0.37 (msec)

TE ( Î.1(.'1Î¥220 )Ŝ +1.13 (msec)

TE ( 6Î.2(.'1Î¥220 )Ŝ+2.64 (msec)

'Ħ(1.5T ǵḹֻ

'Ħ(

'Ħ(

'Ħ(



3ǫǵTEǵ ὑ

- 0.37
(msec)

+1.13
(msec)

+2.64
(msec)



ESPǓ ǖǱȒ

3 point Dixon (2D FSEǵḹֻ) TE
(̬ Î.1)

TE
(̬ -Î.5)

TE
(̬ 6Î.2)

Fast Spin Echo (FSE)ǵḹֻ, Echo Space (ESP)Ǔ
₡ǵFSEȏȑȉ ǖǱȒ. 

Blurǵᵂ

ᾍ IDEAL (GE)ǮǶ, Maximum TE 180msec ̊ʤǯǱȒȏǍǲ, 

ETLȋBWǮ, ǠȒǚǯǓ ẲǜȓǭǋȒ. 



IDEAL ǵ ⅛ꜘ

STIRǲ Ȁǭ, SNǵ ǋ ѰT2▌ ϑș֝♬ǮǔȒ. 

₡ǵFSE 1NEX ǵ3Ί ǖǵ ◙ ǓǒǒȒ. 

T2 IDEAL

(Water)

4:45

STIR

2:05



IDEAL ǵ ⅛ꜘ

ḹǓʥ᷈ʝǱ ǲǑǋǭ, ᷈ʝǱ
Ѱ T1 WIș֝♬ǮǔȒ. 

T1 IDEAL

(Water)
CHESS



ӓ ȠɶȿɓȟȭɆ
( Susceptibility artifact )

ȷɄɱɪȷǴǟǓ ḹș ȈǦ , 

ᴇɏɩȷǲʝ ǠȒ̬ ǯǱǪǦ
1 HǵȆǓ ᴇǜȓ, 

ֵ̭ͬₑǯǞǭ їǜȓȒ. 

CHESS
IDEAL

(Water)

Field Map ǲȏȑ, 
ḹʥ᷈ʝș . 

ȷɄɱɪȷǴǟ
( ₡ ̱ר )

ȶɟȿɩɛɨȵɫȫȳɱ
Ɇɨȷ ȪɇɨɉȤɞ
ᾏЊɓȟɱɆɞ GE



Ҥ (2 ɏɩȷ )

ǯ ǵ̬ ⁪șѫ Ǟǭ, 

ǵȆșҤ ǠȒ. 

₡90 ¡Ǯ ǋȐȓȒ

Ҥ RFpulse ș

ɏȷȩɩǵʢ ◐(2 ͜ )ǵ

͈ 1 1 ( 45 ¡- 45 ¡), 

1 2 1 ( 22.5 ¡- 45 ¡- 22.5 ¡)Ǳǰ

ǲѝҊ ( binominal pulse )ǞǭӽқǠȒ. 

ɏȷȩɩǵʢ ◐



2 ɏɩȷ ( 1 1, 45 ¡- 45 ¡)
Ƕ ȏȑȉ ǖ, ⁪ Ҳș Ǎ. 

Ҥ 90 ¡pulse ș, 1 1ǮѝҊǠȒǱȐǷ, 45 ¡¥2ᶥǯǱȒ. 

Ū Ҥ 45 ¡pulse

șӽқ. 

ū ǯ ǵ1 HǓ

opposed phase

ǯǱȒ Ǯ, ȑǵ

Ҥ 45 ¡pulse ș

ӽқǠȒ. 

Ŭ ǵ1 HǵȆǓΏȓǦ

(Ҥ ǜȓǦ) ǯǱȑ

Water ϑ(Ŝ Ѱ ϑ)

ș֝♬ǮǔȒ. 

ǯ ǵ1 HǓ

45 ¡ΏȓȒ. 

ᾯ ḹǓʥ᷈ʝǱḹֻǶ Ǣǡ, ѰǜȓȒḹֻǓǉȒ. 


