BRI ™52 b 757 4 ICBT BT T —

BT 5 & FARBTHR O L
WRE T WM B, REEELS B EE,
e AT BB BN BiEm

TEN AR — Y Bl v & — AR — RIS
TEERAR AR FBE A HERE DT IERE AR AL T R 22 R
SEEF R BE R

T L &I

HHE I 351 A ILEOE A G 2 > 7 AR AEE
PR, B Ofl D2 08 B A~ 1 H
WHENTWA. EATHIFECHE, EBRiE TOL
ey, EEAMEOSHTEHIREINTE
0, LODFIEICBT BB /NS A —2 % H
WY OB EARTH S, RGBT
WTHRET HHELE VDY, BRBTTICK
B ERGOE &R 2 HRY & U 7o fbapis
KA, FEA TR TWiw. ZD
P& LT, BRMICHY DN TSGR
#i, FCHE—F VT IVTYALT, T
T ALACERT AT S 1088 L
o WAl bEZLNS. BT VY )ILT
VAU AL, BHEBTHRO LD, —DDR
7 YOV IS E BT 1 OFRME DN FAE S 2 HEE T
i, —HROF VY IVERL HTERWTDOH
HIS—24EL, MHEPHHZAIES 5%
TREMUNT 5. s —%MkL, 5
TS5 T7 4 OHHEEY 2R LIRS b
i, BEH/ 8T A =2 % e BRI 1T O B
ORE LM LT 5 & 27, HIT S — Ok
HEELTC, B—F U7 T A AOEM: )

5, TS —2RELIC W TTRAD 5
DT EF 2, BB kX5 TR -
57 757 ¢ ORHBEESEEIC OV TR L7z,

MR EFE

Vet imEE B TREAIN, AUIEOEE
AL EEOEON/IEERART VT T
10 % (BB 6 4 ; 20~28 7%, “iE4 4 ; 20~
46 7%) OA FRRO, WEEAHMER (mediale
gastrocnemii : MG), WEMEFF4HI3H (laterale
gastrocnemii: LG) #X% & L 7.

45 H MRI #i& (Magnetom Symphony 1.5T,
Siemens ##1) Z{F L, SE-EPI (spin echo-
echo planar imaging) JAECGRFE 5% F W,
MPG (motion probing gradient) FJniil 6 i
T, THROBEK L LUCRRMZRG L. /5
VA A=V 7 OFI e 6 F v/ VK
MIA7 = —AF 7V A a4 L&A, Fig. 1
ICRT LDy T4 VT L7, BiB/85 A—
2 1%, SNR (signal-to-noise ratio), FED %
HEEL, FOV (field of view), /N Fig, TE
fill, DnEEE, bEAREL /2P (Table 1).
6 F vV RIVEBRHREY c —AF 7V A4 a(l

* —")— K diffusion tensor tractography, slice orientation, skeletal muscle, tracking error, muscle fiber
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Fig. 1. Settings of the subject’s leg

a) The calf is elevated and the ankle is inclined internally.

b) The coil is placed on the middle of the calf and contralateral leg is put
on the coil.

AW TIRBURFR G G L, ThRENGO
SNR ##IE L 7.

FERREOMEET, AP« i, ATk
Jim A y wil, BHEEJTR z @GR T, £
BH RIS IE TR SN S, Kl & RRErCl,
MPG Fljngih /17 78 %75V, Feet First TH%
L7 TRROBEWTIE (x, 3, 2), RKWFE (9, —2,
x) LB, TV ALICBR < HKIREC
WG L5 27 757 ¢ OfiHEEDH ET 5
PERERT A1, 57 757 4 OFERIC
&, 73U ALDRL B OO T VIV
ity 7 F, dTV2® & TrackVisd % L
7=. dTV2 THW % MPG File [ZBEI FIC G E
INTW/o/zsd, THEAICHE & KREE 2 h
FNREZLEL L THW .

dTV2 O # 7 4L Length (steps) = 160,
FA<0.14, S0<60 ¥ L, TrackVis O T eff
{3 Mask threshold % Auto, Angle threshold 45°
(F7 %)V ) & L7, Bl RRME &N
GaEAWTROI #3REL, BT 4&MHEET T
DR G THE—SME& L7z,

BERERR b5 7 & 5577 4 O LB
Rl & IR OBEER -5 7 -7 57 4 %AF

Table 1. Scanning Parameter of MRI

Body array coil

TR+TE (ms) 5000/71
b value (s/mm?) 300
BW (Hz/pixel) 1502
FOV (mm) 250
matrix 128*128
SL-thick (mm) 5
SL-gap (%) 0
Voxel size (mm) 2%x2X5
average 8
Scan time 4'47"
parallel imaging +
EPI factor 2

L, TaeOHEHO~@®IZ >\ TnE A TH
BERFAM L 72, BFEAGH > — Ficid MG & LG ©
B X, Wi ISR, A A RA L
Hi{RA B L, FHliZE8E I OV CRHiiE IC B 5
L OB %{T- 72 (Fig. 2).
FRABIER LIS 27 2757 4 DO MG &
LG OB & A% sl L 7.
OFRFEE ORI ARO BN S
QMR (MG) #22°~24"TH 515,
OB I N TV 5.
OHEFHOIFIFERAHH I TS,

200947 H 21 HZE 2009 45 11 H 19 HAGT
BIRIEE RS T115-0056 HOUHALK PE 25 i 3-15-1
%
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level

RHTEIC L5 527 b 757 ¢ fEHEED g
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\

\—/

aponeurosis

pennetion
angle

musculotendinous
junction

aponeurosis

Fig. 2. Evaluation method

a) muscle tractography

b) symbol for lowest level, aponeu-
rosis, mean pennation angle

¢) ROI for muscle tractography
For reference, the symbols are
given in the muscle tractography.

Fig. 3. Muscle tractography of the
gastrocnemius muscle

a) from the transverse scan, b) from
the sagittal scan

Whole length of the gastrocnemius
muscle, including musculotendinous
junction and pennating fibers are
demonstrated in the tractography
from the sagittal scan (b).

Fig. 4. Muscle tractography with
ROI setting at gastrocnemius apone-
urosis

a) from the transverse scan b) from
the sagittal scan c¢) seed ROI at the
different levels

Gastrocnemius aponeurosis with
musculotendinous junction is readi-
ly demarcated in the tractography
from the sagittal scan with three
different ROI settings.
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®O7 I TY XLDRIL B DOOILHT V) IV
fEdTY 7 F TRl A RR TS 5.
®MG, LG & FA (fractional anisotropy) 73,
B x SUBRES O BEHE (R 26 % & 60 7o #i PR IC —
HLTW5.
O~@IE% 28, ®IT>VWTRERDHDON
R T A7, MG, LG &b —F L 7-84
28, EHL0h—HDA—KLIHEIT1
B, 12 mifis s L7z, FHfiE 5 4T
60 &L, ¥V R v P =D UKRE
Ik AERAERELRT- /2.

] R

SNR (signal-to-noise ratio) HI%E

6 F %V AINVEHHHT c —AF 7V 434
V& 7= TR SNR (37557516 T 26.04 T
%/)t.
BEERT b5 27 2757 ¢ Ol

Ml & RIRMTOBEEI F 57 757 4 &
Fig. 31"¢. BEMIClAiEO AR SN,
FARMT T (D) & R TR S
N7-. Fig. 413, Fig. 3 ¢ [F—@E&EORIIC,
BILEZRE LISV M 57 4 THA.
FARWTTlL, N TORS ORI TR & kR
T s N/, HEO, O~®IC X A5
TIARHIE IV T, Bl L D RREO -5
I L7574 CEEPEMP T (Fig.5).
RAOTFIIMITRERTN 19.44 +4.48, FRETH
20.56 +4.49 TEIT 7\, 22°~24° 10354 L
ToDIEER 1%, RIRENE 3£ TH-72. &
KT D FA F#5fEi3 MG, LG & & SCHkfE & —
FH L7 (Table 2). E£7=, 7IITYAXLDEKL
LYtV Vg 7, dTV2 & Track-
Vis Ol Clid, BT, M & & RO H
oL, RREBBIZLE 57 757 4D
i BER L2y, dTV2 Otk TiawnwZ L PR S
N, <v- -k v Fr=Z—DOUKBEICEW
T, R CIRBE L7257 757 0 Ofi
EAEE CTh-7z (P<0.02).
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Points

Fig. 5. Evaluation results
Total points of five valuator showed by the per-
centage.

Table 2. FA and Value

Documents
FA tra sag valued)
GM 0.31£0.05  0.32+£0.10  0.30+0.03
LG 0.32£0.05  0.32+£0.05  0.33£0.03
% £

W5 Te s 2 & SE-EPI #£1C &k % TE &
DOFE T5ms LUF & L7, WTHERR 0 BER
D Tofll (40~50ms) ®LIFCHMH % &
NEE L. #HEED SE-EPI #EIC X 53R E
e 40 TE i3 M A AT 3 4 L 95 ms T
HAHIcD, T1ms THARBIHH T 2 —AF7T
LA O V% 5EIRL /-,

L E O E B, SNR (L 30 Bijth s LR &%
2%, ZOHEBLELT, EFHRE ST A—2D
HEILEBWT, IEBR AT 5 & SNR 28
METHLFMOENTHER, WREICES
FREFRBRIT I\ T, A ER 15 B L E TR
OFNPELD, IFEEEL 10 [ELLETld SNR
DR EZIFEAER DN - 7

WIZ bEDOHEICIHS T, bl & SNRTH
K4 ABRICH D, Kb EIZE SNR IZE.
B OMREFERE A B 5 &, R
HEh HEIIT AT RIS, F
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ICHNAHRBEZDEDLELLRVZOFE
MEIMAE S A 75 <18, ZEEIRFIT R O 8D/
SWEEZL. I TIREROEB 2T 5
&, b 1000s/mm2 M ECHRE SN S
2319 IR B B 7 e DK b E A
WA T ERERETH Y, 300s/mm? % v
7=. AT LD SNR BMEVWEHHICIS W T E
FRizd 5 DD SNR #HEM L, IR{EREH% 5
DRELTLHTENTE.

i T 5 — (tracking error) O &A1 5,
RRWT BB K A HEHRE G B & LTk
JE A RIS S, IR TR 20 & 4
OFENTHHEDETL TE Y, —EDOHAEITH
MMM Z Ao TS IR B S Th
A, B—F ) )7 )03 ) ANE, R7 IV
DTV IV O EES IS L T O AR BB % fT
W, N7 VoK A I L T, Chou
MC 52003, #RHEAZ 2 I L O 5 BB O H HfE
LS RLHEL LT, BB 5
MAELAT v T KEL$5, EHREL TS
T ens, FEEFUER T VIVAEERL 72, FES
FWR7 LT, FHERY BIVIcHN, &
DX FPIVHEHA SN THMRREDE kb &E
Z26NM5b. A5 A ANOBE OfE I FHE
ThHY, BESRPRRECHRANICE S 2 bh

TWAHIDAT A ATMNOGERELE <, il
ITo—hELic<wetE2bn5 (Fig. 6).
BEWHR R ClE AT A AT N OFRMEETT DMK 7
BEICRY, MBI CTALNA L DI, MR
FINZBIFCERWBEREL, B rnaE <
thHhE#E26Nn% (Fig. 7c). Fig. 3a T3
O A THERTHITHE SN T 69, Fig.
4a IR 3 FER AT Ol (W A C o e ik
B, IS —PELIEEZONS. —
77, FHRWT T3 Fig. 6b IR L 5 ICREHET 1)
FE—HTHAL7OfHB TS —IRIDI6
<, Fig. 3b, Fig. 4b T4 XD, WiEBIT
TR 25 BRI D W AR MERC AT 20 B IR & TEERIC A
LA—RCHiHaN/EEZ 4. HIRAIZOWV
T, SEB6NGM & LG OB XAITHE
W5 % B 72 SCRRAES 1 D R R {RfE T -
7o, SPBEICEDR R OGN e -7k D18,
JBick i A5 — (Fig. 7b) 347w &
S25h. FAIZOWTHMEEET, #lr, &Rl
LA TSOBME & k< —F L 7.
NS5 T 4 RIS ISV T Y
FEHHEE B <, RRWT T AFREI 2 RS 1 )T
L 7 WA OFEIT T 1) & AR AT A3 HE S
NTEY, FEROBEW CIIRMEDESTH*
JREHEE 2> & DRSS ST < p o 7

. 0.5-9

Fig. 6. Scan direction and tensor trajectory at bipennate muscle

a) from the transvers scan b) from the sagittal scan

Compared to the transverse scan, the resultant tensor trajectory can indi-
cate more precise muscle fiber direction by using the sagittal scan.
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Az
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a
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Fig. 7. Fibrous chiasm trajectory
a) normal tracking b) incorrect tracking c) no tracking

S8, PRECGRIHE IS K A E BT 2 iR &
N B HIRGOFRBOELI R THICL <, B
IERATE O HiBE IR LI e Bl 2 AT REIC & 4
EEZD.

#& Y

ABFFETIE, E—F VI 7 Ty ZAIC K
B HEERIC W T, TS —OB A2 Ok
BMMIOEFIC L DL 527 F 757 4 ORGHAE
HFEICOWT, BT & SR O HEBS R I & %
Batafro/c. BRELT BTV YILTIV
TURALERCIPHER 527 S 757 0 Off
HIRELL, SRIRMHRERS A LiIcky, mETh
ZErmRL7C.

E:l &

KX BLLIIHIY, TER - Ci5ERTE
WICHUR RSO T4, BRKY
B2 i Gt AR S 22 el e N =E RISk, Sle-
mens f& HEE EBK, YVa— - Z—bbkYV
FRICHE L EH 72L& .
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Tracking Errors in Tractography of the Gastrocnemius Muscle:
A Comparison between the Transverse and Sagittal Planes

Takako AOKI1»2, Akira HORIUCHI}, Takuma ITAGAKI4,
Yukihiro TorpOH!, Noriyuki TAWARA!, Toru OKUWAKI!,
Mamoru NirTsu?

1Department of Sports Medicine, Japan Institute of Sports Sciences
3-15-1 Nishigaoka, Kita-ku, Tokyo 115-0056
2Department of Radiological Science, Graduate School of Human Health Science, and *Faculty of
Health Science, Tokyo Metropolitan University
3Tokyo Metropolitan Health and Medical Treatment Corporation, Ebava Hospital

In scans taken in conventional direction, tracking errors may occur when using a streamline-based
algorithm for the tractography of the gastrocnemius muscle. To solve errors in tracking, we applied
tractography to the musculotendinous junction and performed fiber tracking on the gastrocnemius
muscle of 10 healthy subjects with their written informed consent. We employed a spin-echo diffusion
tensor imaging (SE-DTI) sequence with 6-direction diffusion gradient sensitization and acquired
DTT images at 1.5 tesla using a body array coil with parallel imaging. We compared tractography ob-
tained in the transverse and sagittal planes using anatomical reference and found that the gastroc-
nemius muscle and musculotendinous junction were significantly better visualized on sagittal scans
and in 3 regions of interest. We utilized Mann-Whitney U-test to determine significant differences be-
tween rates of concordance (P<0.05). It will be necessary to improve the signal-to-noise ratio and
reduce echo time (TE) and distortion. The T2 value of skeletal muscle is around 50 ms, and TE
should be as short as possible. A streamline-based algorithm is based on the continuity of a vector. It
is easy to take running of the muscle fiber in sagittal scan. Therefore, tracking error is hard to occur.

In conclusion, sagittal scanning may be one way to eliminate tracking errors in the tractography of
the gastrocnemius muscle. Tracking errors were smaller with sagittal scans than transverse scans,

and sagittal scans allow better fiber tracking.
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