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Scan Parameters (TR, TE, Flip Angle)

Two controls determine tissue contrast. TR (repetition time) and TE (echo time) of the scan. They can be
used for example to produce contrast between different tissues due to their individual relaxation properties.
TR and TE both affect signal-to-noise and contrast resolution. (rJ) :4awi) (s ())adag a8l | puaic dllia
SA Y] pailad quuy Adlidal) Ao Cp cplill) ZUY JUal Jo Ao Lgaladind (S gaadll (saall (aj) g (L1SE
Ll g sl gudall ) 3Ly 8 o g LaadlS Lgn dualdl) A i)

(a)  Repetition time (TR) is the time between successive RF pulses, that is, the duration of a phase
encoding cycle. .5k 55555332 g} Alaiall S 23 3 il G gl ga ) Sl < g (1)

* A long TR allows the protons in all of the tissues to relax back into alignment with the main
magnetic field. ga (88550 s A1 84 $18 Sl dail) paean B 252 gall cilighgoall o ghat) J shal) gans
il pmaghaliial) Jianal

* A sshort repetition time will result in the protons from some tissues not having fully relaxed back
into alignment before the next measurement is made decreasing the signal from this tissue.
S8 B1Maa ) 5 AT B e JulS JSd Aad¥) lary (e iligh gl s il ate ) jualll ) Sl cB g a0 ga
Gl 138 (pa B LaY) JHA) Laa Al alidl) ¢ o)

* In other words, TR controls the TI relaxation time of the tissue by allowing a certain amount of
the net magnetization to re-grow into the longitudinal plane, back to equilibrium before a signal
is read. saill saely dhital) Ala (e dima dpas] zlad) 315k 08 Al $18 il B g B aSaty AT Jinay
BN Be) B U 03 g () Bagall g ¢ Ashall (5 shesall )

* Along TR will increase signal to noise ratio because more net magnetization has re-grown back
to equilibrium and is available to be excited and flipped once again into the transverse
plane. 4alia a9 ) g ) cale 8 Ldlal) daiial) ¢ 3 Jal) (Y sl gaal) ) 3 LAY dpsd (o 4 Jaa Jagha
(2l 5 gial) ) AT B pa G g BN

* Ashort TR decreases the signal to noise ratio because not as much of the net magnetization has
recovered and is not there to be excited and flipped again into the transverse plane. Ji b
8yl g LY iy La LA day alg Adlial) AnBiall (e S 28 310 i) oy ol ASY sl gudal) ) 8 LEY) dpd (e
(2l s gial) ) s A
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(b) Echo time (TE) is the time at which the electrical signal induced by the spinning protons is

measured. That is, the time between giving the RF pulse (excitation) and the peak (maximum amplitude)
of the echo signal (Fig 9.51). During this time interval, the transverse magnetization decays, e.g. signal
decays, due to the T2 relaxation effects. So TE directly determines how much the transverse signal
decays. For a T2 weighted image, use a TE that is longer than the T2 of some tissues but shorter than
the T2 of other tissues. (s} .51 g Cilighig ) e AUl Aty g 3 LEY) (b A8 oy oM Bl g uall g ()
ddaiial) Jaadat (dia 1 3 58l oda JMA (9,51 JSAll) sduall 3 LAY (5 sall) daall) 5 g AN g (YY) dagil) plas )y i gl)
Az i) 5 LEY) Slaadal e ydibse S8 dag 138 e A i) ) il G 3 LAY Jlat JURY i S dpda )
S AY) AV 3 g (e ] LgiSl g Al Glany B 00 (0 J sl B gua padia) dan o By 908 o J guaall

» Along TE results in reduced signal in tissues like white matter and gray matter since the protons
are more likely to become out of phase. Protons in a fluid will remain in phase for a longer time
since they are not constrained by structures such as axons and neurons. ) Jashll aladiud) 2%
i, sl 7 A il g g ) st ) e ) (pa ua Al ) Balall g ¢ liad) Balal) Fia dauad) A 5 LEY) (alddl)
Assand) LYAY) g glaall Jia JSlgs Bala y& Wiy Jghal 3 540 jglal) & Jilaal) B B2 g gal) i gi g pal)

» A short echo time reduces the amount of dephasing that can occur in tissue like white matter
and gray matter. 53lallg sliand) 3alall Jia daud) 8 Eiaat o)) (Say (Al A JY) dsaS (o gaualll s 1ual) 2B g J8y
Aaala )

» In other words, TE controls the T2 relaxation time of the tissue by allowing a certain amount of
the net magnetization to decay in the transverse plane before a signal is read.  aSak ¢ Al Faa
Bl B U8 L i) (s giaall B Jlacilly Ldlal) datiall (e Adaa Al plecd] (Bish 08 AaudY) oA ) g
L)

» A long TE decreases signal to noise because all of the net magnetization has decayed when the
signal is read. .B_L&Y) 3¢ 8 die cuidi 8 ddlal) daial) JS oY sl gall ) 5 LAY A Jagh (alidl)

» A short TE increases signal-to-noise because there is net magnetization in the transverse plane to
contribute to the signal. @ aimall s simall (b ddla Aaiia a9 g1 158 gl gudal) ) 3 LEY) (o palll b3y
BSLEY A daaluall
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Figure 9.51: Echo time (TE) and Repetition time (TR).
*  Along TR and a short TE increase signal to noise ratio and contrast resolution of the MR images.

wslaliial) () ) gaa (8 (bl ABa g plida gudall ) B LYY dad (5B B el g Ay gha By

* A specific weighting for the combination short TR and a long TE decrease signalto-noise ratio and
contrast resolution in MR. The results of the three parameters can be summarized in the Figure 9.52
together with several other important variables. 4swi (alad) ¢ dlyghlly 3 jualll de ganall J3aa a3
S AY) dagall i patiall cra paadl b AN Clalaal) gilil el (Say |, B il dBa g sl guall ) B LEY)

Proton
Long Density

Figure 9.52: Summarize of TR-TE combinations which also shows
some brain images impressively demonstrating the effects of
relaxation weighting on the contrast.

Another sequence parameter affecting the signal to noise ratio is the flip angle. The flip angle is how far
the net magnetization has been moved into the transverse plane. A larger flip angle will increase the
signal to noise ratio because there is more net magnetization being moved into the transverse plane for a
better signal. A small flip puts less net magnetization into the transverse plane so a strong signal is not
possible. Al JE) i A CBEN 4915 OEN) A1) A sl gl ) 3 LAY dpaad o i 5 AT Jealead dalaa
Aaitall (ha 2 3al) 2 g o8 1 S pluda gudal) () B LYY Apea Bl () SV GBI 491 g ol priusal) (s glanall ) Adlial
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Number of Acquisitions 2 s>iwy) cililas sac

The NEX, averages, or acquisitions represent how many times the tissue is sampled per TR. The number
of excitations (NEX) or number of signal averages (NSA) denotes how many times a signal from a given
slice is measured. The averages control the amount of data per line of K-space. =\2lss 5 o gial) Jici
Al Gl pal) dae ) 3 LEY) claugia d3e gl Gl Y a3e iy |, JSI Al (e cline 3R L Ay AN Cl pal) 230 ) gati)
Aalaal) (e 05 ) g (Sl ) pSaTS s gk (o S ABY) (o g

If the averages are doubled, the data is doubled, so an increase occurs in the signal to noise ratio. 3

slagall )8 LY L B 3aly ) Gaaald A cclibyl) ddeliaa aly cillam gial) e Lt

Increasing the averages when using a low field strength magnet is necessary to maintain signal to noise
ratio. The SNR, which is proportional to the square root of the NEX, improves as the NEX increases,
but scan time also increases linearly with the NEX. Doubling the NEX or averages increases the signal
to noise ratio (NSR) by the square root of 2 or by 1.44 times. (-5l o) 23500 de Sl glal) B3l (5 9 ) (1
233 qesal) g oSy a3 a s Sia) pa quaalily g3 ¢ Cuundy L pliaguall ) B LEY) Agead e alial) § gAY (addia
1.44 ey 5f 2 3 o il 3 dda) gy sla gual) ) 3 LAY A 305 ) o gial) gl ddeliaa 5255 , pa Ll Ly

-

DA

Manipulating the NEX or averages is therefore not the best way to increase the signal to noise ratio and
the contrast resolution. Increasing the NEX also increases the scan time and allow motion artifacts to
appear on the images. .l A8a g sla guall ) 8 LAY dpead By 31 ARy o Judad ] o) cildans gial) dadlna (8 ANl 9
oyl o A all BT sediy zlacadl g el i g Baly ) ) Ldagl By 558

A parameter that is not often manipulated to increase image quality is the receive bandwidth. The receive
bandwidth is the range of frequencies sampled by and during the readout gradient application. If the receive
bandwidth is decreased, the signal to noise ratio is increased because less noise is picked up inherently
by the readout gradient. cass . Alall g2l Uil (oo A 5 gual) Baga B3 LIS Lghallas ahy ¥ A dalaal)
Gaill e (addl) 13) ol g 8el Bl g i (gadad a5y Lga ciliie 4] a3 A1) culan 1 gUad ga Al a3 3l gUall)
Sl z ox @b oo Whinday J8) sl gua Jaldil) Ay ASY plia gudal) ) B LAY) A 31835 (JLiaS g3 1)
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If the receive bandwidth is cut by a half, the signal to noise ratio is increased by forty percent. However,
the sampling time, or the time the readout gradient is left on, must be increased. A decreased bandwidth
also could increase the minimum TE that can be chosen because of the increased time the readout gradient
is left on. The readout or frequency encoding gradient is turned on usually during the re-phasing, peak,
and dephasing cycle of the echo or signal. If the readout or frequency gradient must be left on longer,
then a short, short TE cannot be used because all of these pieces of the cycle have to occur. A decreased
receive bandwidth increases signal to noise and also contrast resolution. 323 (i) (o e abb o))
gl gl ccilisall M) g oy ) g I aa g Adlally (i ) dpedy sl gl ) 8 LAY dpad 213 35 cchialll lalay JLdiuSd
Bl Craea oL (e ) AN aal) Bl ) Ul il (ail) i o (aldiS) gay B Bel Al i & A Ay (o)
oskal) 31319 5g 0 gy shall Bale) 5y g9 oL Bale a3 i ddn of Bel AN g a0 SRS Ay Bl AN g a5 A aly o) gl
O 815 o3 JS (Y jaal Ll aladia) (Sey M o ghal 3 0 aa 1l 7 a ol Bel AN &5 aay S 1A B LAY ol saall
L) A8 A3 g plia gudal) ) B LAY Bl ) ) Sl o il glail) (a e (RlBAT) g5y Caaal O quag B gal)

Field of View

There is a close relationship between field of view (FOV) and SNR. When matrix size is held constant,
the FOV determines the size of the pixels. Pixel size in the frequencyencoding direction is calculated as:
o o) (A Juuill paa Gileaa oy o380 Jul) paa (b (Uil 48 huaall aaa (B Laaie 5 4y 1) Jlaa (o 4845 5 4B llia
1Al gadl) e aa il

FOV in mm divided by the matrix in the frequency-encoding direction

Pixel size in the phase-encoding direction is calculated as: oladl & 43 giuaal) o U guda jiaallally ) Jlaa
M) gl o shall b olad) b Juill paa s oy 33 1 sl

FOV in mm divided by the matrix in the phase-encoding direction. s asuia fiadlally 437 ) Jlae
skl Jaa i olad) b Ad gheaal)

Another limiting factor is image acquisition or scan time, which increases in direct proportion to the
matrix size. Scan time is the key to the economic efficiency of all MR systems and can be calculated by a
simple equation. pa> ga bl JS& L sy (gl gwall By g) jguall o Jganll gy AT 1 Jale dlia
Aoy Uilaay b Say 9 AalaiY) rand 4palaiBY) belisl) Flide oo wal) cd g 2y 48 shuaall

Scan time = TR X number of phase-encoding steps x number of signal averages (NSA) [echo train

length (ETL)].
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Selection of the Transmit and Receive Coil (RF Coil)

Surface coils are pads or pieces of equipment that are placed next to a body part in order to enhance signal
firom the tissue. The correct size of the coil must match the size of the body part to be imaged in order
for optimal image quality. 5275 pdll (a8 52 ) 53 Yo g alhy Clanal) (e adad gl il (e 8 le daadand) cililal)
Al 5 ) gual) B3 ga o Jgaaall o g guali 31 sall aiad) £ 52 ana aa cilall raaall anald) iy O g AaudY) (e B LEY)

Quadrature coils have a better signal to noise than most because it is made up of two receiver coils to
get the signal with. 5 Jsaall Juiin) (nila (o 585 Y Lgalina (1 gl guall Judad 3 LAk Ay 3 clilal) pias
.LAH st}“

Surface coils in general increase signal to noise as well as contrast resolution if used properly. Jax

o JSn Lgealadiia af 13) o) 4By ) 8Ll sl guall ) 3 LAY AL e ale (S dadand) cildtal)

The most beneficial ways to increase SNR and contrast resolution in MR images is the use of: (k!
saladin) (A ndliaal) (i ) ) gua B Cplal) 433 a3 Baild S

1. spin echo imaging,

N

long TR and short TE,

=

coarse matrices with a large field of view,

N

thick slices, and

@

increased NEX or acquisitions.

5 ASiaw @\J.«.’IA A oS Ay Jlaae <l LAY @b siuaal) (3 uallly Jaghll 2 cgJ‘JJJ.‘\ caall eaill 1
) gatiad gl Bl

By:Mohammed Jabbar Hussein
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