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MR Neurography:
Current Several Issues for
Novice Radiologists

K7 | ZHE AL Al AX AL HEI0| M2 g Alo|sta}
O|ALZ} OfsHsof & H 7K HWHE=

Dong-ho Ha, MD*

Department of Radiology, Dong-A University, Busan, Korea

Magnetic resonance neurography (MRN) has been increasingly used in recent years for the as-
sessment of peripheral neuropathies. Fat suppression T2-weighted imaging (T2WI) and diffu-
sion-weighted imaging (DWI) have typically been used to provide high contrast MRN. Isotropic
3-dimensional (3D) sequences with fast spin echo, post-processing imaging techniques, and
fast imaging methods, among others, allow good visualization of peripheral nerves that have a
small diameter, complex anatomy, and oblique course within a reasonable scan time. Howev-
er, there are still several issues when performing high contrast and high resolution MRN includ-
ing standard sequence; fat saturation techniques; balance between resolution, field of view,
and slice thickness; post-processing techniques; 2D vs. 3D image acquisition; different T2 con-
trasts between proximal and distal nerves; high T2 signal intensity of adjacent veins or joint flu-
id; geometric distortion; and appropriate p-values on DWI. The proper understanding of these
issues will help novice radiologists evaluate peripheral neuropathies using MRN.

Index terms Peripheral Nervous System Diseases; Diagnostic Imaging;
Magnetic Resonance Imaging
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Fig. 1. MR neurography of the normal brachial plexus.

A, B. Recent MR neurography is commonly based on fat suppression T2-weighted (A) and diffusion-weight-
ed imaging (B) because of their high tissue contrast. Fat suppression T2-weighted MR neurography (A) can
show detailed anatomy due to its high spatial resolution. Diffusion-weighted MR neurography (B) can sup-
press the adjacent vascular S|gnal but prod uces low spatial resolution images.
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Fig. 2. Fascicular appearance of peripheral nerve.

A, B. A schematic of features of peripheral nerves (A) and axial T1-weighted images of the sciatic nerve (B).
The axon (dashed arrow on A) is a basic building block of peripheral nerves. They aggregate to form a fasci-
cle (arrows on A). Several fascicles are grouped together and form a peripheral nerve. Several fascicles are
interspersed with variable amounts of adipose tissue within a peripheral nerve (empty arrows on A) and
surrounded by a dense fibrous connective tissue, the epineurium (arrowheads on A). These features and
perineural fat give nerves the characteristic fascicular, honeycomb, or reticular appearance (arrows on B).
This pattern is well shown on axial T1-weighted images.

o|x& AHst MR neurography e 0,;7] A= %}2_/}_173 olx|9} WA A= 2ol

Hoflof & thgo] 2 7HA] AH =0l Sl ololl= EE Eili—:"a—oﬂﬁ AHgsHE of2] A 71 E
o] ) o] AFedA| 71HE2] HHHd | sS4k = (resolution) @} field of view (F/H )2} slice
thickness (F45) 7+2] /& BA|, o8] post-processing (F212]) G4 7IHS, 2234 (2 di-
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MRI H4fol| Lref= T2 417 9] 712 k9= fascicle (Al7dchaholct. 5hutke] fasciclel o2
719] axon (Z4}), Schwann cell (+72HH12E), connective tissues (2| %2]), enodoneural fluid
(A7 U] A2 4]) &= FL/g =] of et of2] 7i9] fascicles=©] @1 A| 4L, HPZ-2- fibrotic peri-
neurium (4874 Al7dthdah o 2 Eeito] shute] WxAI7-E F/d3th2). oI+ ™ neural fas-
cicleso] e x]= FHjel A4 59| Az of] ofsf] HERAIZ 2] §44]Q1 HYFQl fascicular ap-
pearance, B3 2 (honeycombing appearance), 87 =¥ (reticular appearance), BFH =

(speckled appearance)°] 4 T1 FEY%, T2 5/ T2 423 dolA T2 th(Fig. 2).
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Table 1. Imaging Criteria for the Interpretation of MR Neurography
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Features Normal Nerve

Abnormal Nerve

Iso or slight high signal intensity on TIWI and T2WI,

Signal intensit;
'gnati d High signal intensity on fat suppression T2WI

No focal abrupt size change,

Size (caliber

( ) gradually decreased size distally
Fascicular pattern May present
Enhancement Absence

Perineural fat planes  Preserved and clean

High signal intensity on T2WI, can approaching the fluid-like
high signal intensity
Increased size (focal or diffuse enlargement),
abrupt change of caliber
Alteration of fascicular pattern or non-uniform fascicular pattern
Presence
Effacement, fibrosis, space occupying lesion

WI=weighted image

9 TS5 AR S5 AR
tensity)& ERIth T2 ZxF/dollA= endoneural fluide] At 2|4}

J X (intermediate signal in-
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Rl 9l 229 A2 E 2
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MR neurography?] 3 Al@20ll= T1 42JH, T2 42374, Al T2 42974, 4t

7z GAo] 5] mIHETKL, 2). T Qof| wlet 2= A T} Ehatel A °§ ’(diffusion tensor im-
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7
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magic angle artifactS &35}, endoneural fluide] T2 R =& %0|7

(echo time) (> 60~70 ms)= AH&s17]E HaSH(1, 5). 71 ol FEFY-E A}8-5F= heavily T2
weighted imaget= Z2] Ujol] Al 9] ofo] 212 7ol = MRS =E Holuz A4 1732 o
2 e & wol= o Y 4= ATH2).

o] ATH11, 12). T=5F AR A T2 2 FdellA= Aol wHadlo] IS =S Hof 39|
TEAF T A A= o vjal], ARG /dolA e olf 12 EES] AlS7F AAETHY). kARt
A2 QS A AA T2 G/l vlal s =7 F o] U, fofut Wk -2 Q1|
ZetollA= vl 2717l 2fgh G 2i=ro] £5] Yojiuh= ©do] Uk ol o] gt
SHAIE TS ohgst A7t STk UTHL3).

gt 2174%S 915 MR neurographyoll41+= ti7il MR myelographyl} gradient echo 7] <]
/ol 712 = astth(10, 11). ©] 7|¥E-2 perineural cysts, traumatic nerve root avulsion,
pseudomeningocelext -2 ¢k A7 &9 rootsol EAYsh= HH-S A= ©l 4-28l5tcHFig.
3). TSk Ths AHelA| 718, 14 PAEE 7|H, steady-state MR imaging sequence, high
resolution imaging methods 52] 71¥1%x 4 A17%E roots?] 22 BH-S JAJSIeh= o B

22 FrHFig. 3).

r; N7 zHgZ7 o] Hlx] gkom g T Al oM 2GS D4R 0 7 ARGSIA| = ¢k
£rH10). Z entrapment syndrome©]tt 2]4}o]] 40P A7 £7%o] oAlEE Aolls 2FA
ARgol P oskA] k(). sHAIRE B, AR 2 AAA, A o] QM ElE A= 2 A7 RS

55| washe b Tgo] BB 2gA|o] Akgo] "o othFig. 4) (1,7,
F|Zoll= BxA74 9] s ReHd Jetks Hriekar, Aefshd .2 Yejshd JskE olsfche o
L85 1, B Aghe] 2 Xd-2 flofl it /9] of-&o] S7FstaL QITHS, 7). ShatelA
/g2 AA, tractography (ABAF FAHAE)E ol &5l Al179] sijHska AAAS Hrst 4
Utk Tractographyoll4] 2ol fascicleE°] neural fascicleS #3202 H3H5IA| = EA|T
neural fascicle®] Fefet?] Ws7} 1S wi= tractographyoll A= ol ALt Zojz|= HEfst
2 W37t B 4= QITk(5). SA, AN F42] of2] parameters (FI7H ) E 57 5t0] e

2 Hsts A o 2 B7ke 4 Qltt, £35] 275H= parameters2-= fractional anisotropy (]

St FA, B2 H]-5%), apparent diffusion coefficient (°]5} ADC, &/d2H:FAl4), mean diffu-
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Fig. 3. A66-year-old women with a cyst along the root of left brachial plexus.

A-C. An axial gradient echo image (A), a coronal FS T2WI with three-point Dixon method (B), and a coronal spine echo T2WI (C). The cyst along
the roof is well visualized on the gradient echo image (arrow on A). The cyst is also well demarcated on the FS T2WI with three-point Dixon meth-
od (arrow on B). However, the spin echo T2WI does not clearly show the cyst (arrow on C) due to the surrounding high signal intensity of fat.

FS =fat suppression, Wl = weighted image

Fig. 4. A 64-year-old women with lymphoma involving right sciatic nerve.

A-C. A coronal FS T2WI (A), a coronal TIWI (B), and a coronal FS T1WI with contrast enhancement (C). The FS T2WI is not sufficient to visualize
the normal sciatic nerve. A mass is suspected (arrow on A) because of the heterogeneous high signal intensity of the lesion. The T1WI clearly
demonstrates the fascicular appearance of the normal sciatic nerve (arrows on B). The normal sciatic nerve is not enhanced but the mass is
clearly seen on the contrast-enhanced FS T1WI (arrows on C).

FS =fat suppression, Wl = weighted image

oo g nEAo| T T2 72 ol A He A=
T 3 229 AT E AAsto] TxAIZ ] AT E x| Yol A A| 71Rio] &35] FA A
SH}
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Fig. 5. Various fat suppression techniques.

A-C. Fat saturation images using the (A) chemical shift-selective fat suppression method, (B) short T1 inversion recovery method, and (C) Dix-
on (water-selective fat saturation) method. On MR neurography with a large field of view, peripheral far off-center areas frequently produce in-
complete fat saturation (arrows on A) and high signal intensity artifacts. This can obscure the normal anatomy (arrowhead on A) or pathology
of the peripheral nerve on fat suppression image with chemical shift-selective fat suppression method. Fat suppression images with short T1
inversion recovery method or Dixon method can show the intact signal intensity of peripheral nerve (arrowheads on B and C).

% T2 2ol FA QAN Aol 74S 2 g3k A7t 791 23 249 con-
241742 QR Rol ojul, 2
28 79 240 A@% A% 4 Sich 6 ol 92 chel ol MIP B4 2

5] AFgoh= 7\] JoIA| 7]®Holli= chemical shift selective fat suppression method (&}
el 219 A719), short-TI inversion recovery method 7]% (13} STIR), Dixon 7|5 (water-
selective fat saturation method) 5-°] 211, 6). Chemical shift selective fat suppression meth-
od&= 7}% 5| ARgohs AeA| 7R o &) A3t E3te] frequency 2] xfo]E o]-83tt, o]
chet 94 7)ol 4] 288 4= 213, &2 signal to noise ratio (°]3} SNR, A& th 7+-2H])2]
Fde D= Arlol o S+ Aol Qs ks AAle &3] of7|she Trlo] STt

Apo] sk 7-9-+= magnet bore?] F4lollA] He] Dojzl xjo| A, R& Heojut 1
Hl5 FHE 37] 4] AR b7t e 3 54 A s 22 ZAMIA 321°]E}( ).

Large field of view (2 ¥ G9)E AHESH 27| 378 A7 2P =ollA= magnet bore2] F4)
ol A ol F/del HEE Jo2 vt Aol &5] Wlstal, ol Sebde AW A e oA
E op7|3HH(1, 7). EAFH A AT AAof oJFt AT Q1 F-E(artifact)o] 4R A7 9] of
GRS 5 7Hd 4= lek 2322 large field of view”} E 25+ MR neurography©ilA+= STIR 7]%

o]y Dixon 7|HA ™ x4 27174l @ 717 A7) 79 50] 5] ARS-EtHFig. 5). (1, 7).
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Resolution, Field of View (FOV), Slice Thickness 22| A= 2|
MR neurography= th2 MRI 9733} nE7 k2| 2 i, field of view, slice thickness 7H2]
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Fig. 6. Comparing the images between with thin slice thickness and with thick slice thickness.

A, B. A coronal T2WI of 2-mm thickness (A) and a coronal T2WI of 5-mm thickness (B). The image using a
thinner slice thickness (A) shows the sciatic nerve (arrows on A and B) more clearly than the image using
the thicker slice thickness (B).

WI =weighted image
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Fig. 7. A62-year-old woman with right arm pain and a tingling sensation, clinically suspected of having bra-
chial plexus radiculopathy.

A, B. Serial axial T2WIs of the cervical spine (A) and a coronal MIP image of the brachial plexus (B). On serial
axial T2WIs, right intervertebral foramina are suspected of having intermediate signal intensity due to a
mass and obliteration of the intervertebral foramen (arrows on A). However, clinicians could not fully un-
derstand the brachial plexus involvement. The MIP image clearly shows obliteration of the roots of the right
lower brachial plexus (arrowheads on B).

MIP = maximum intensity projection, Wl = weighted image

71¥ 3} MIP 7] 0] MR neurographyol|A] &3] o]- ¥},

Conventional sequence® T2 JHgFe] S/, A, g9 /d-2 4k sl 7ahy 19+t ot
T FY e 7 Al e 5] Wrkek= tﬂ% HZ51TH16). MPR 71H2 €42 MRI
tloJElE o] 85l lojo] ke g A= HHe| Jd= s 7oz, wxal7gol HaystA
U ]9l A TS AlERTH(1, 16). o] 12 MRI data7} & ®@kollx 2717k 2
2 isotropic data®]¥ ZH7/d G/d-2 partial volume averaging effect (F-2-824 37} v]Alsk
o], post-processinge 7% MPR 942 92 MRI 943 #2] 5Ust Z7Heal5-S 7t
(17). 5 isotropic MRI data- ©]-8-3F MPR %/d-2 partial volume averaging effect’} 712] §l°]
241700 HAsAY 21 AT FdE A BctE R, AT o= DA Haks S5t

A5k o] AFEE 4 QI o]of] H]3) anisotropic MRI datag ©]-83F MPR 9742 ¢&
MRI 9783 oh& B AA 5] W2 RS e BolA AT 2 JIs=
(stair-step artifacts)S &5] ERItHFig. 8).
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Curved MPR /g MPR 9/ 7|1 $2] shutz Yol=2 et 4de we} 44| 228 sht
o] 2219) ol FHSH= B olTh(Fig. 9) (18). ol WxAI G o] EFES 12 B-S HHs}

© ol 8otk A T2AI79) A B9l e T7hA] shute) 22k oA HojFo = o
3 ¥/d(tomographic image) H7ll 2J<=5HA] g2 Y/drbt F/defstat At 473t =4
TFEEe] PAIE g7 olslishe vl =2 Eh SHAIRE o= Y B2 F/deh oAt a2
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Fig. 8. Reconstructed images using anisotropic coronal 2-dimensional images.

A, B. A coronal MIP image along the sciatic nerve (arrowheads on upper image of A) and a coronal MIP image
along the femoral nerve (arrowheads on upper image of A). Both lower row images are sagittal multiplanar
reconstruction images for identifying the reconstructive angle. The sagittal angle of the sciatic nerve (arrows
on lower image of A) is less than 10° (A), but the sagittal angle of the femoral nerve (arrows on lower image of B)
is approximately 45° (B). The sciatic nerve travels in a coronal orientation, but the femoral nerve travels with a
more axial orientation. The MIP image of the sciatic nerve (upper image of A) has a high resolution with smooth
continuity. However, the MIP image of the more axially oriented femoral nerve (upper image of B) shows rela-
tively low spatial resolution with prominent stair-step artifacts (arrowheads on upper image of B).

MIP = maximum intensity projection

AREE AiM AlRgsiiof shal, @.F o] ot AT

MIP 7]*Hx MR neurography®l|A4] &3] AF8-6}= post-processing B 71
+ U7l 24 2 =7 5 G4, olE S AGIA T2 A2 dAelv ik =
S}, ol= 33kl A 84 Wle] 1Al e =0 o] Bl EE she] 241l ] el Aot s &
AFsh= 719 o] THFig. 10) (18). ©l+= curved MPR @/d*d Al WA o] A|2F B9 RE ek
-‘#?477}1] Shuke] 22kl oA Hojr, o] 7|j& Al =o] & W] ook ¥ &
59 A ESo] HEE] Qluh = vH o] B2|ah] vsto] mhE A e =o] et 545

o] B o] ¥ists g7tel= o R85 ARSE 4= UTHFig. 11).
MIP 7]®H 9] &2 Y5kA] &b the £2|9] Al o7 =o] ofsf W] 7k 2], 7te] ol
o] A7 4= eh= Zolth(19). MIP 7= T 2dn} -8 EAF JAK(projection image) ©]

oA ghle] F2E S0l slLte] Aol FElo] Lehdtt. % H7letint she gole] gkt o
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Fig. 9. Curved MPR technique method.

A, B. Serial T1-weighted images (A) and a curved MPR image of the sciatic nerve (arrows on B). The pre-
defined curved planes (asterisks on A) are determined manually along the sciatic nerve The curved MPR
image (B) can show the whole length of the sciatic nerve (arrows on B) on a single image.

MPR = multiplanar reconstruction

U= EZ Q3 WASHE Hlo]El7t G/l FAKE o] HHE 7| d/do] EAYSiTh ol & =5
5171 9J3l &3] thin slab (%H )Oll%curved slab (= ) 7§ o] &3HH(Fig. 10) (20). °]

2K Fa=lS 7o) 3XtR J4ES 01|

HF =2 EZo|| AFEEE conventional MRT 3452 1A=} 2 SNRS 3] o7
A xZF 3t yE9| Zol=Eal 752 Zo]7} 1 anisotropic 2% S
olofl= th&o] ® 7] ©dE0] Utk AA, anisotropic 22H G2 o185l Al B/
H Y glojg] A} ch2 o] Mg Fldollae BAHES 50l WAL, stair-steps artifact’}
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Fig. 10. MIP technique with whole slab and thin slab.

A-C. Serial coronal FS T2WI (A), a MIP image with whole slab (B), and an MIP image with a thin slab (C). The high signal intensity data within
serial coronal images (A) are projected along parallel projections (arrows on A) and displayed with maximum intensity in a single 2-dimen-
sional image. An MIP image with a whole slab (B) shows an overlapping appearance of high signal intensity vessels (arrows on B), anterior or
posterior to the brachial plexus. An MIP image with a thin slab (C) can exclude overlapping high signal intensity lesions and shows the brachial
plexus more clearly.

FS =fat suppression, MIP = maximum intensity projection, Wl = weighted image

Removed data

Fig. 11. A63-year-old female patient with brachial plexus neuritis.

A, B. AMIP image based on a fat suppression T2-weighted image (A) and two oblique MIP images based on
a diffusion-weighted image (B). The MIP images show bilateral diffuse enlargement (arrows on A) of the
brachial plexus with increased signal intensity, relative to MIP images of the normal brachial plexus (Fig. 1).
MIP images preserve the signal intensity change of pathology. Diffusion-weighted images can have marked
artifacts in distant peripheral areas (arrowheads on B).

MIP = maximum intensity projection

5] BRItFig. 8). 4, =2 SNR 95l 5] thick slice thicknesse} 473t gap= ©]-8-oF=

& partial volume averaging effectg oF7|5to], n|E.gh B o] ASk= Z5A 4= Qlrh(14).
olel H S0l Etokal thao] oz Qlsf 22 LA g4fo] MR neurogra-
phy°llAl o1395] -§-85HA] AR&H . AA, ti7-29] MRI 7]7]0l14 conventional 22+ 9325
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Fig. 12. 3D k-space sampling.

A, B. Aslab for excitation of a 3D volume (A) and 3D k-space sampling needs an additional phase encoding
along the slice direction (z-axis) and leads to long scan times (B). To obtain 3D volume data within a reason-
able scan time, long echo train length, high spin echo factors, and parallel imaging techniques need to be
implemented. These techniques might result in signal decay and image blurring.

D =dimensional
e Z X
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Fig. 13. MR images of the tibial nerve within the tarsal tunnel.

A-D. An axial FS T2WI (A), an axial diffusion-weighted image (B), an axial TIWI (C), and a curved MPR image
based on a T2WI of the tibial nerve (D). The FS T2WI cannot clearly define the tibial nerve (arrow on A) be-
cause of its intermediate signal intensity. In addition, adjacent veins with slow flow (arrowheads on A) show
high signal intensity on FS T2WI. The signal intensities of adjacent veins can be suppressed on diffusion-
weighted images (arrowheads on B). The T1IWI and T2WI can define the tibial nerve by visualization of its
fascicular appearance (arrow on C). The curved MPR image based on a T1WI or T2WI (D) is more suitable for
visualization of distal peripheral nerves (arrows on D) on a single image than maximum intensity projection
images based on FS T2WI.

FS =fat suppression, MPR = multiplanar reconstruction, Wl = weighted image

25, 26). /-85t AlFAo)= 3D diffusion weighted reversed fast imaging with steady state
precession (3D DW-PSIF)°| L} 3D nerve-sheath signal increased with inked rest-tissue rapid
acquisition of relaxation enhancement imaging (SHINKEI®)5-0] Q\t}. ¢l & o] SHINKEI®
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Fig. 14. Geometric image distortion of diffusion-weighed images depends on acquisition plans.

A, B. An axial acquisition image of the cervical spine (A). A sagittal acquisition image of the cervical spine (B).
The image distortion may be absent or minimal (arrow on A) on axial diffusion-weighted images (A). Sagit-
tal or coronal diffusion-weighted images might show geometric image distortion (arrows on B) due to inho-
mogeneous magnetization.
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