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Gradient-echo (GRE) sequences form echoes by reversing gradient-induced dephasing without a 180° refocusing RF pulse, enabling
rapid image acquisition with short repetition time (TR) and echo time (TE). Because static field inhomogeneity and susceptibility
effects are not refocused, GRE signals are sensitive to T2* decay. This paper first reviews the signal formation mechanism of GRE
from a k-space perspective, then proposes a classification framework based on transverse-coherence handling across repeated RF
cycles and on the steady-state signal components that contribute to image formation, and finally summarizes the clinical applications
of each sequence family in a systematic manner. The proposed classification and summary may serve as a useful reference for
selecting and applying GRE imaging techniques.
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Fig. 1. (Color online) Basic mechanism of GRE formation. Following a single RF excitation, the FID is dephased by an applied gradient and then
rephased by an opposite-polarity gradient, resulting in the formation of a gradient echo [10].
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Fig. 2. (Color online) Comparison of refocusing mechanisms between SE and GRE. SE uses a 180° RF refocusing pulse to refocus phase
dispersion accumulated from static field (BO) inhomogeneity, whereas GRE forms an echo without a 180° RF pulse by using gradient reversal to
rephase only the gradient-induced dephasing [12].
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Fig. 3. (Color online) Pulse-sequence timing diagram illustrating GRE formation [15].
AAellaie] g4 A durEoR AR mjlE@eds)h “}EW AR 718 7S dEE =28 BN
Eji(prewind)g} %E]El (ZH%)Z‘}i}) EHZ ’é”é?l‘:} {\li,gl /\E]IJ =7 0 = o= ;q]y;ﬂ%%_i

E4E AR Aol WA g ek AR Y 2RE &/
Al ¥ 2=A1E59] 9 WE 2pr Fuke ol <l
3 xl3le] o] I o7 Hojq x|} WE 7| UF2]
A el mRl AdEr) Q‘:} o1% ARG Waks
vl S0 2 v |a AEFHS AFSPE, vl =4 2
B} A&EEe 39 A #4 % P mdo] HAF A=
] AePsrt ZgEehs, 14]. 53] v 54 2180 W
o] Abd mQl 2HO] WAT Polx|= AN S #AE
o] HaslElo] 257t Hh7} Har o] Aol oZAzte|t)
(Fig. 3).

ol A== Hu) AleE HApl=E} 3t} k-space T

01]/‘15— o] &=7to] FZF Sl (spatial frequency) “g%°] 0,

= 0& BHsk= Al SRt gkl Arlelae o
%1 RF G215 ALS3IEE AFo59] H|g] =S U w=
Al 7158 4 o] diFo R g IS F#A AHT 5
o, AEHZ &7](low-flip-angle excitation)s 2-88F 7
5 REEARE =3 @A 79 5 lTH16,17].

ShH Aol ZE 2L (spoiling) AF-, S (steady
state) 3| A W2, ag|a AEFGEE Als AR
(FID-like/Echo-like)ll e} tjeFet o] Eajshd, 54 &=
= AF 7ol AZAPERE Aolgt WAoR EEVE
TH18,19].

gL

Besin 7h Ade] it EXT o Hee
Golele Aqie m2Es A9 9 93 o9 P =
ol ] FRII}. B w=RAME HAlle) V) dgst
A5 Y S e ¥ A8 F5]0 i (transverse
coherence) 2] W3 AF<L AU
ol W 27 AASH 2k ALY g 28] wal Hels
a7}

5]

I AlS al H

0

A% = B
5 el B 7)) me RRe e 4 sl
BiA X2 WA 7|E B2

%] ]—}:]— 41:1 e} E]__EB‘]— 7—]017(] >I= Q]EZ}]
o7 AAL AJA et BRd 4 ot

1.1. 3]S]UE AAPI = (Coherent GRE)

FF|JHE AAlol|ZE vkE RF BA T JEs1= 318}
QRS kA3 A ASKA] LA o] The AlolEe] AlE BA
o] &83h= Algoltt. o] A FxBh= vk RF2} AAAE
71 4% A Ao ©251H, RE Al)E 7F S



—56 —

7} ¥l PgF o g FRE o]2fgh Al EAE A W
AIRE ZR0A T AE G485 BS & L, A =
Gz} o] T2/T1 W7} & 22l %2 AeE Aledtt
[2021]. ¥FA 22 B AR B0, AsE 2jo], f
T 9 AJe Wby 1 A3} wig (banding) ©FEIHET}
e = Qlth{22,23].

12. A¥UE BAP)Z(Spoiled GRE)

2FYE FAelFE B AlolF 7 §A1E 7 e 3
3} FB|oALE YeFo=" wEksle] Zt RF 7] 2zl 2
xg} Hro] Aoz Uz GeE AAE AL ]1;]_ o]

TASE WHE RF 2704 A3 =28 4 2

"]r sk 2 AfolE Boll A=) A3t BT 3
AEA] FEE SH24,25]. ol HEE e AF Cd=
(stimulated echo) @ A A#] F3|o]# X 7d Z(coherence
pathway)®] 719E TAAIA AlS A4S Deslsial v
RFol| W& A3} 3150 o] gz o= NigEES
T}H26,27].

off [0 o oﬂ _,>i

%

BEE AR As & FE 7|HE
FOF gt RHE RF I2d ﬂﬁoﬂ/ﬂ‘” RF 2% ==
AR AE AR, ol AlolEe] Als} 7|oE g
she o= A Aol 3= T dom, AR B

ozt 1 Al wet 54 Aol deHez FxHo
AZHdH

2.1. A= AR4E AN (FID-refocused GRE)
A=A AREE BARIEE RF 97] A% 345

£ FID-like AES F2 ARSESsl] A== w2loloh
o) ABe W RF Bgolr] HAsE P A5 3

iAo R AErts] Ao 7|9E AxsliEE AAlE
I F WA &SP 200 wE 4lS gS5o] 7}
~6‘}El—t— S 7RITH28,29]. EEF 8= RF 7] 2%

gt APt ARl o8 geidsie & v =
e 2Es] AAE ASPEst BARP P o8l o]
HHA 257 SAHETH30].

o

.

M ox nﬂi o

2.2. A= AF4E A= (Echo-refocused GRE)

oz AR Aol W RF BN HAEE
echo-like JE-& F4o= A& MEHshe W2lolt). o

AL A8 A AJEX9) sk Alse] & A
3} AlRto] diFes A 283 4 Sl oldl wet T2

Z3Atol| 2 B2~ A]E 2~ (Gradient-Echo Pulse Sequence)?] 98] & A423& ... .. - FHQG - AL - A - e - 3y

T T2-fAF tiHl M&O] ’Z>EH jog Frdd & 9}1‘4’ =
§d7d8 BE0lMe B RF B2 o) AAE 51
o=Zvks SAsk= 740] ohd o] oy *}O]i"ﬂ A 3
217177 Hreadout)l] 7135}
AIR¥ A tiH] &g 3 ztelr) i

i
=]
N,
g}
=2
R

2.3. A4z B3 A48 A1l (Combined
FID/Echo-refocused GRE)

53 AREE AAllEe AdEllA FID-like 7342}
Echo-like AE-S E5F o]&sly] shie] Asz AMZs=
Aot} o] AlEE REE RF AlolEolA fAHE A8t
F3|oJAAE FHZH o7 383ty AR A S E3)
ME OE 1 BEE Ze el 54 AlFddA FAll
AREE=E F433H}H33,34].

. & o}

HHE RF Alo]E 1 A8t
S8 AlEAE =2
AE J& F2 EARE 2 A 3ZARE ARo] TFssithe
S 7FITH20]. WA 71H<1 balanced steady-state
free precession(bSSFP) ﬁ]oﬂ% 23 d e ol Al FID-like !
echo-like /‘évtr" E’_—':r Algof 7 3o E AHAlRE
£ AlFsthFig. 4).
PE?J’ o] IEE 3i]-°ﬂ g g50] 7ksdte] A%

Fig. 4. (Color online) Comparison of bSSFP and spoiled GRE
(SPGR) in the brain. (A) bSSFP and (B) SPGR images. White arrows
indicate bright blood signal visible on bSSFP but not on SPGR; blue
arrows indicate banding artifacts on bSSFP. bSSFP shows relatively
brighter cerebrospinal fluid (CSF) and intravascular flow signals than
SPGR [35].
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Fig. 5. (Color online) Normal facial nerve anatomy on 3D imaging. Axial images demonstrate the cisternal and intracanalicular segments of the
facial nerve as a hypointense linear structure anterior to the vestibulocochlear nerve, surrounded by hyperintense cerebrospinal fluid [36].

Fig. 6. (Color online) T1-weighted post-contrast images acquired by 2-D spin echo (left) and 3-D spoiled gradient echo (right) with the two lesion

segmentations shown in red and green [38].
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Fig. 7. (Color online) Representative oblique-sagittal temporomandibular joint (TMJ) MR images acquired in the closed-mouth position using
three different sequences: (A) PD-FSE, (B) MEDIC (multi-echo GRE with echo combination), and (C) 3D DESS (dual-echo steady-state GRE/
SSFP variant) [39].

A0

Fig. 8. Comparison of a routine fat-suppressed T2-weighted image and 3D diffusion-weighted PSIF (echo-refocused steady-state GRE) MR
neurography in the distal lower extremity. (a) The sagittal fat-suppressed T2-weighted image shows poor identification of the medial plantar nerve
(arrows) because of adjacent T2-hyperintense vessels (conspicuity score, 1). (b) The 3D DW-PSIF image demonstrates definite identification of the
medial plantar nerve (arrows) with improved conspicuity (score, 2). (¢) The isotropic reconstructed oblique sagittal image allows clear depiction of
the medial plantar nerve (arrows). Overall, 3D DW-PSIF improves nerve conspicuity by suppressing adjacent vascular signal and enables isotropic
multiplanar reformation [40].

Fig. 9. Representative cine bSSFP images acquired with breath-hold (BH, upper row) and respiratory-triggered (RT, lower row) techniques [42].
The bright ventricular blood-pool signal reflects the high T2/T1 ratio contrast characteristic of bSSFP imaging.



<34 E=1>> Journal of the Korean Magnetics Society Vol. 36, No. 2, April 2026 -59 -

UE MR myelography2} 2] /4 thel7} Q3 ZARI=
82 7 ok

5. ARREZL 02 S8 HESH A2
AHrERAOlE B AREE e e
A AR A 8T ol Z-fAL o] Al Als
o 7|ofsi=E AAIE Algelt). olefst EHO= I8 Als
2&%01 E3L G gy 2 T/TL e o3 AREE
7S Btk wEbx o gl gy} o] T2/T1 HI7F
2 7271 A 1dEY, & NEARE S B8 =
AR Eelles R = Slrh41]. ol2ig 54 wiEol 53
AREE Atz disEA 73] bSSFP(el: TrueFISP/
FIESTA/BFFEy= /dollA A% cine 715710 de] A&
HokFig. 9).

T

Iv. O& 2 =

o
p

TolAE AARIE B2 AJE2e] 71 Yo 4ls
Alslar AARIE 7P 7S

A8} = Mfﬂ* x%ﬂ Wh)r S 2 AEY
o}OiE} 61013 E A

ot
N
o

(> iy
[
ox

T Ol

sl
f
flo F
o >
]-o{r
%}{f
_\rL
=
_‘EL
E‘;
E
N,
_L
é
HJ

ek f
A
2oy

2457 °§*J°1W a8, w9 AR =R Hd% g
oz ASY Al B3 U Ges) da

#go] 7Fs3ie), uu ANl Age
& Aol, f5 L gHe) Wsled WY 2 55
57%0] uuga 2= o oug’ cgj]

o we} Hdg Aeize] el g s 4“45}7} gqst

o B =Re Al 3 7Phe) Ao 388 9%
3 ARZ B8 5 4 Ao AwHt
References

[1] S. Mastrogiacomo, W. Dou, J. A. Jansen, and X. F. Walboom-
ers, Mol. Imaging Biol. 21, 1003 (2019).

[2] G H. Jahng, K. L. Li, L. Ostergaard, and F. Calamante, Korean
J. Radiol. 15, 554 (2014).

[3] J. A. Detre and J. Wang, Clin. Neurophysiol. 113, 621 (2002).

[4] R. Bitar, G. Leung, R. Perng, S. Tadros, A. R. Moody, J. Sar-

razin, C. McGregor, M. Christakis, S. Symons, A. Nelson, and
T. P. Roberts, Radiographics. 26, 513 (2006).

[5] G. J. Stanisz, E. E. Odrobina, J. Pun, M. Escaravage, S. J. Gra-
ham, M. J. Bronskill, and R. M. Henkelman, Magn. Reson.
Med. 54, 507 (2005).

[6] G. B. Chavhan, P. S. Babyn, B. Thomas, M. M. Shroff, and
E. M. Haacke, Radiographics. 29, 1433 (2009).

[7]1 A. Haase, J. Frahm, D. Matthaei, W. Hanicke, and K.-D. Mer-
boldt, J. Magn. Reson. 67, 258 (1986).

[8] L. Wald, MR Image Encoding (HST.583 lecture notes), MIT
(2001). pp. nn~nn.

[9] M. Markl and J. Leupold, J. Magn. Reson. Imaging. 35, 1274
(2012).

[10] IngFrancesco, MRI gradient echo.svg, Wikimedia Commons
(2007). (https://commons.wikimedia.org/wiki/File:MRI_gradi-
ent_echo.svg) Accessed 3 Mar 2026.

[11] A. D. Halai, S. R. Welbourne, K. Embleton, and L. M. Parkes,
Hum. Brain Mapp. 35, 4118 (2014).

[12] IngFrancesco, MRI spin echo.svg, Wikimedia Commons
(2007). Accessed 3 Mar 2026. https://commons.wikime-
dia.org/wiki/File:MRI spin_echo.svg

[13] A. Stadler, W. Schima, A. Ba-Ssalamah, J. Kettenbach, and E.
Eisenhuber, Eur. Radiol. 17, 1242 (2007).

[14] N. Tawara, H. Sugimori, and K. Yamaguchi, Investig Magn
Reson Imaging. 29, 225 (2025).

[15] J. P. Ridgway, J. Cardiovasc. Magn. Reson. 12, 71 (2010).

[16] K. L. Miller, R. H. N. Tijssen, N. Stikov, and T. W. Okell,
Imaging Med. 3, 93 (2011).

[17] C.-C. Topriceanu, I. Pierce, J. C. Moon, and G. Captur, Magn
Reson Imaging. 93, 15 (2022).

[18] B. A. Hargreaves, J. Magn. Reson. Imaging. 36, 1300 (2012).

[19] G. B. Chavhan, P. S. Babyn, B. G. Jankharia, H.-L. M. Cheng,
and M. M. Shroff, Radiographics. 28, 1147 (2008).

[20] K. Scheffler and S. Lehnhardt, Eur. Radiol. 13, 2409 (2003).

[21] O. Bieri and K. Scheffler, J. Magn. Reson. Imaging. 38, 2
(2013).

[22] S.-H. Park, P. K. Han, and S. H. Choi, Korean J. Radiol. 16,
550 (2015).

[23] K. Scheffler and J. Hennig, Magn. Reson. Med. 49, 395 (2003).

[24] Y. Zur, M. L. Wood, and L. J. Neuringer, Magn. Reson. Med.
21, 251 (1991).

[25] A. D. Elster, Radiology. 186, 1 (1993).

[26] V. Denolin, C. Azizieh, and T. Metens, Magn. Reson. Med. 54,
937 (2005).

[27] M. Weigel, J. Magn. Reson. Imaging. 41, 266 (2015).

[28] Y. Zur, S. Stokar, and P. Bendel, Magn. Reson. Med. 6, 175
(1988).

[29] A. Oppelt, R. Graumann, H. Barfuf3, H. Fischer, W. Hartl, and
W. Schajor, Electromedica. 54, 15 (1986).

[30] E. M. Haacke, P. A. Wielopolski, J. A. Tkach, and M. T.
Modic, Radiology. 175, 545 (1990).

[31] M. A. Brown and R. C. Semelka, Radiology. 213, 647 (1999).

[32] M.-L. Wu, H.-C. Chang, T.-C. Chao, and N.-K. Chen, Med.



-60—  ZAAMOE B2 A]E2(Gradient-Echo Pulse Sequence)e] 97 2 A48 ... - s L b B - RS I

Phys. 42, 4367 (2015).

[33] B. Sveinsson, G. E. Gold, B. A. Hargreaves, and D. Yoon,
Magn Reson Med. 81, 711 (2019).

[34] G H. Welsch, K. Scheffler, T. C. Mamisch, T. Hughes, S. Mil-
lington, M. Deimling, and S. Trattnig, Magn Reson Med. 62,
544 (2009).

[35] T. Martin, Y. Wang, S. Rashid, X. Shao, S. Moeller, P. Hu, K.
Sung, and D. J. J. Wang, Investig Magn Reson Imaging. 21,
210 (2017).

[36] S. Gupta, F. Mends, M. Hagiwara, G. Fatterpekar, and P. C.
Roehm, Radiol Res Pract. 2013, 248039 (2013).

[37] Y. C. Kim, Investig Magn Reson Imaging. 23, 1 (2019).

oA
S |

o

o

r

[<)

[38] D. Mitchell, S. Buszek, B. Tran, M. Farhat, J. Goldman, L.
Erickson, B. Curl, D. Suki, S. D. Ferguson, H.-L. Liu, S.
Kundu, and C. Chung, F1000Research. 11, 892 (2022).

[39] E. Ramesh, A. Ganesan, J. Gauthaman, K. C. Lakshmi, and S.
Kannan, Sci Rep. 15, 33468 (2025).

[40] M. Zare, F. Faeghi, A. Hosseini, M. S. Ardekani, M. H.
Heidari, and E. Zarei, Basic Clin Neurosci. 9, 65 (2018).

[41] D. Hingwala, S. Chatterjee, C. Kesavadas, B. Thomas, and T.
R. Kapilamoorthy, Indian J. Radiol. Imaging. 21, 91 (2011).

[42] A. S. Pednekar, H. Wang, S. Flamm, B. Y. Cheong, and R.
Muthupillai, J. Cardiovasc. Magn. Reson. 20, 44 (2018).



