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contribute to image contrast

FA (flip angle)

Az = slice thickness
contribute to coverage
Interslice gap

FOV,
Contribute to resolution:
FOV, AX : spacing in x direction
Ay : spacing in y direction
N, : # of frequency-encoding steps
N, : # of phase-encoding steps

NEX
Bandwidth

Contribute to S/N ratio
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 Scan time
« Contrast

- SNR

* Resolution

- coverage




How about the scan time?

- TR

« NEX (Number of excitations)

« Number of phase encoding

Scan timesTR XN

EX XP




g01o] P 1B+ 1 IS B (Scan time)
« FSE or TSE

- Gradient echo sequence

- HASTE

- EPI

- SENSE




FSE or TSE (AR B ieBK 51
- B BleEDK+ [EIF 5188 ( Echo Train Length)

» 90° RF & Enffi—3E & 180° RF
5—{&180° RF e 5—1% K space 1E%

« Scan time= (TR x NEX x PE) / ETL

« ETL XERITRE:

1. RETTNENEERELC

2. FBREBZIEM

3. FataflsRI0®




ETL 25 vs. 45




Gradient echo sequence(#% E [B]5H 7 31)
« J\IR 900 4 RF
. 8751800 ) RF =44
. %5TR ~ %GTE - FAR RIS S

- 2 Bi-lobed Gradient #1758
X4E

» SNREUE

o« BIRMEUE B F (susceptibility
artifact) B &R




HASTE

« Half-Fourier Acquisition Single-shot 7urbo spin £cho

Imaging
- E—RAEEE NEVE & (single-shot technique)
c ETLIRR oo, ,BBNEIR
o FARAVESEE--- 360 NI E=1E - IE ~ BFKEH

REEFR EEMBEFR(—FHZ L)
« PERPFE - SNREEE
- AIRREESS




HASET= &




EPI (Echo-Planar Imaging)
- BB E ISR IR IRE R

« FE—RAVAEE PSSR B RVRREY
- HBIREZENE

- ZEE MR

1. N/2 artifact

2. Susceptibility artifact

3. Chemical shift artifact




EPIER =

N/2 artifact Susceptibility artifact




EPI £ b R _CRYFE A

«  Diffusion imaging of the brain.

«  Dynamic perfusion studies of the brain.

- Abdominal imaging.

- Cardiac imaging:

1. Coronary arteries

2. Cine cardiac imaging within a single heart beat.

3. Dynamic perfusion studies of the myocardium.
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SENSE(SF17 Al & 352 1i0)

BB ...

- BAZE v (elements) BRI FES AR E
( phased array COIl) Coilse::::t':iaps ; ( Mergi:::foiz-l:g\:loinz::ising

Image-Based Pl: SENSE, ASSET

Partial K-space data weightings from coil sensitivity

maps
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Contrast(¥Lb)
w5 ARAS RS EE TS RN SN R

« EMRIBIAVE S - FZRAEHBRIBGMENEZZMESE -
MT1RT2ZERKE - BEFREES......

« NI
COntI’aSt(C): (SA_ SB) / (SA + SB)
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- EERFE(TR)
- [B]ER K5 E(TE)
- fREA(FA)

o« ZEERRFRE(TI)

il




& E 5B (TR) 48 4 ¥ EL
- TRWNESE: MK RF
ST EENRE

- BRI E A

- TRE & - #HmErH
o=

white matter

TR=1000 TR=1500

800

TR (ms)

TE=10
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Z453TR and TE.......

» FERNERAVEREN S - TRAMTER 2 EEHRERZRAIIEAEF

s EREFH - TRRRET1INENEE - MTERET2INENEE

- EARKTMTRAVAIRE b - TERETHEERZEVIENSENT R
* AERAVE AR AT

Signal= H(N)(1-exp TR/T)(exp TE/T2)

T}
(T




Spin Echo

short TR, short TE _
T1-weighted

z Xy

A rel. short T, like WM

- o o = = o=

>

\rel. short T, like WM

N I
N\

long T, like GM
) :

TR/ms TE TE/ms




Spin Echo
long TR, long TE

T2-weighted
M,  rel. short T, M,y
t like WM 1
reuiaials
|
|
|
rel. long T, :
like GM : long T,
|
|
] A
: rel. long T, :
|
| > -\ >
TR/ms TR TE TE/ms



Spin Echo

rel. long TR, short TE
proton density

weighted

TR/ms TE/ms



¥ A (FA) BEAH A 2L
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- FARYEZ=: RFHEINE - MO
g Exy-FENEE

- BRRBEERFKE
(gradient echo)

- FAWBE  JREGEN= &
JNHE:

1. RKFA — T1=&
2. 'Z\FA— T2 &

3( 60
« (flip angle)
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- TINEZ: 101800 RF & - Z5EI190° RF B Z/M R E
- AR KE&[El18 K FF(Inversion Recovery)

o« FEIBIITRESME

- YERE:

1. BISFEARSAR( null point)

2. 1EsRZH B RVETED




Tl and contrast
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TI=1000

200 400 600 800 1000
Inversion time (ms

TR=4000, TE=19




STIR

Null point fat
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water




STIR image




Flair

Null point
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FLAIR In Brain MR

T ALF SHIN-KONG
Avarto

RAH !
Sc;

MF 1.25

TR 4430.0 £

;5%82-%4 SPH32.2

B 130.0 Fov 2031':253;3

p2 MINDMNORM 336%512s

22 =Cor(2.6)=Sag(-0.2)

T:HE1-4
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T1T IR (TI=400ms)




Signal to Noise Ratio(Fll#£LE)
Signal(&15%) Noise(5#5H)
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TR, TE B4SNR

- EEIFE(TR)

--- TR#= - SNR#S (M ROl fmEZ]xy
FH EREZ)

. B RS (TE)
. - TE#E - SNREE(EESRHZ)




ie = A/ (Voxel size)
. KREHEER

A - EMEEAEETHENS
. SNRES




Voxel size

S12x512

256x256
T

2




19k 2I(NSA)

- STEIRSEBRIBAAS - FASEECREINRE

- FEEAIREIZIEIN—F - ARSI RETIZIN—1Z
- PTEEScan time A0fZ - SNRIZA V2 &
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R & (Bandwidth)

« BW EASNR A&t
- EBWI[EIE:

-~ SNR _EF+ (BW {5212 - SNR 171
V2 18)

--- {2 B (chemical shift
artifact)1Z 0

4 . .. i
R b w0 8
Bandwidth = 1/ATs =Nx /Ts




SNR?7??
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:’AX * A&J/ * :’AZ * FSE‘.(]L[E‘.IICE‘. * \/ NSA * NPE * NP‘E

SNR ,,
V BW

SNR« FOVig - FOVpi - A2+ Frequence V NSA




NSA
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Has pixel

i widil
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Resolution(fZ#f &)

- ZEfEJ#RHTE (Spatial resolution)
2 ANV =17

- R # 47 E (Temporal resolution)
PR IS E A R

Fpdynamic scan




2t FE #Z £ (Spatial resolution)
« 5 TR R BT P
. BEEERMA)

- SEEMNTE - SNRME

- N RB(NSA)
- RN
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I5f ] #2477 Z (Temporal resolution)
. BRIRER R

- BT E — RSB EETZ R B R
- [EREH LR ISR EN IR 1E
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Coverage(iHZ=#0 E
. BH LB ERHEE DT LRSI RS

B~ 4813 o
o 222K

--- Number of slices

# slices = TR/(TE + Ts /2 + To )

--- Slice thickness
--- Gaps
--- ETL




# slices = TR/(TE + Ts /2 + To)
. TREERRE - TREE - ALK

H sRE3E N
. TEEIMEA - TEME - BHTRA .
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- TS:EVARERE - TEME - EITRA A

o ywyms&so=2> ARATVA An

- TOEREIRE - ARRFHNRIEZE < Ts
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TR vs. slices

| Slice 4 | -Linen -Lmﬂ n+l1

«—— TR————>«—— TR———>

o



ETL vs. coverage

ETL=3









Increasing interslice gap causes:
* Increased coverage
» decreased “cross-talk” artifact

« increased SNR (due to increasing effective TR by reducing
cross-talk)




Gap vs. cross talk
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