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Abstract

Objective: To investigate the MR diffusion tensor imaging in detecting the injury of the corticospinal
tract and corticopontine tract in stroke and predicting the efficacy of rehabilitation and acupunc-
ture. Methods: A prospective study was conducted on 36 patients with limb motor dysfunction
within one month after stroke onset from June 2025 to December 2025. All patients underwent MR
diffusion tensor imaging (DTI) to measure quantitative parameters of the ipsilesional and contro-
lesional corticospinal tract (CST) and corticopontine tract (CPT): anisotropy index (FA) and fiber
number (FN). The relative FA values (rFA) and relative FN values (rFN) of the ipsilesional CST and
CPT were calculated. Paired-sample T-tests and nonparametric rank-sum tests were used to ana-
lyze the differences in FA and FN values between the ipsilesional and controlesional sides. Pearson
correlation analysis was employed to assess the correlation between DTI parameters and the Activ-
ity of Daily Living (ADL) scores after one month of rehabilitation and acupuncture treatment. The
diagnostic efficacy of parameters with statistically significant differences was analyzed using the
receiver operating characteristic (ROC) curve. Results: The FA values of the ipsilesional CST and
CPT, as well as the FN values of ipsilesiona CPT, were significantly lower than those of the contro-
lesional sides (P < 0.05). The FA, rFA of the ipsilesional CST and CPT were all correlated with ADL
scores (P < 0.05), with the highest AUC value of rFA for the ipsilesional CST (0.849). No correlation
was found between the FN and rFN values of the ipsilesional CST and CPT and ADL scores (P > 0.05).
Conclusion: Diffusion tensor imaging can reveal the damage of the corticospinal tract and the corti-
copontine tract in stroke patients, and it can predict the rehabilitation of limb function after one
month of rehabilitation and acupuncture.

Keywords

Stroke, Magnetic Resonance Imaging (MRI), Diffusion Tensor Imaging (DTI), Corticospinal Tract,
Corticopontine Tract

Copyright © 2026 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).

http://creativecommons.org/licenses/by/4.0/

1. 5|8

ok 27 o e N SIS A B R A i 1) DO, RN BOAE . BOR B R[], H 5] R FUR R
(Corticospinal, CST)FH 5 Jiii flii #f % (Corticopontine Tract, CPT) 45175, T80 & BAIE Sh A5 ThREFERS, ™
AU AT HELRE ). BEIEIRY Bk & % (Diffusion Tensor Imaging, DTT) A1 B3k & 41 4 %
(Diffusion Tensor Tractography, DTT)RE1E i 74 o Al i 7 Al 23 AT i 1 B4R 4 SROEAS | okt 5 &8 4 4L ) 5%
7, LAROR IO A R 4505 AR R, XHR I R IR T AN PEAL TS B 2R L [2]-[4]. DTI Wi 25
rh S| R AR D RE BRI 58 2 S5 TR AE CST W4, R AT CPT $i i i e #il o B2 RSt 2 BT 2 i 2
RS AR DR E B TFBL[S], BEATIERE S CST ME . DR fUEE VML, (A5 CPT Mk
RMANEHE. Rk, AHFCHH K2R IER DT E AR A fxt CST M CPT Miifh, L& CST Al
CPT S5 REEME RIGIT G AATIREW S MR &R, LTI R ST RIGTT JG AR TR Ik E GO0, N
MEAIIZIT B R R BN S HEE B
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2. AREFZE
2.1. —iEER

ATAEYEGNN 2025 45 6 H 1 HZE 2025 45 12 H 31 H 7% 1 2= I = Be 35 b 51 ke 4402 3 Th e g 1
MHNKESE 36 61, Ho 520 B, 22166, Fikm/h42 %, K90 %, FI663 %, K3 RE
30 K, MwifEAE 29 1, Mt 7 4, kb T ERATIX 20 1, ik 3 4, EEE 4 1, KRRk 9 il A
Fii NIHSS V75 1~12 43, fr# 6 70 ABiiad7—"HJE ADL ¥4 0~105 73, HA%L 68 47

PANFRUE: 1) WORESEEN L R s 2) tEA ARE 3 DhReRsss, HRW 3 RE 30 K; 3) ®il
TER, BElC G e R, 3D-TIWI J2 DTI 25, 4) A8 F.

HeBRbRitE: 1) Fpy LA™ Em, iR, MER AR 2) MNA S REAYETFARR L 3)
HIFEEO i BEEEMASEER T A 4) BN 5) MR BRI o) AT EHEE
31, BB EEE G R 7) PPEF . Wl B0 R RS S VAR A IR R VT4

2.2. BiHEHR DTI B LE

2.2.1. B3R DTI 34

KA 5N 3.0T HEFLHR1X (Siemens Magnetom Lumina), 20 B8 A% M SR 2R 8, JeAT LT3 A9 B
IR (DWDIZ Wi REAE . HEER AT ARSI, $4T 3D-TIWI M DTL 434, DTIH#SH: & iR
BAYRBOR [B13 B A% T B (single-shot echo-planar imaging sequence), TR = 10,600 ms, TE =93 ms, matrix =
128 x 128, b =0. 1000 s/mm?, NEX =2, ¥ HEUEEZIT N30, JZFE =2mm, ZEE =0mm.

2.2.2. ERERE

Jo AL FREE Y DTI dsi_studio. #4334 DTI ) DICOM JRIAEHE M\ TAERE S, KA MRIcroGL 1
dem2niigui T HAK S HE DICOM HHEF A NifTI 3, e TR fkiBizaiikiE, sESA
dsi_studio, HHEZAL FA BI{H 0.2, fMEBIME 60 B, AR M) 5 14> #(Fractional Anisotropy, FA)El. ™
Bk EA4E AR ARDTT)E, GEvk H BRI @0 5 58 B8 AL (CST) K5I o (CPT) ) #% ) S M AR 2U(FA)
MELE(FN), FEiH 5B/ A% FAQGFA) AT FN(EN).

23. IERRE RS RIEGT

R D5 HHEAR BN, HraEies), WTEitir s, SRR, ZRIMEGR, &
SKUSHIINGR, DA NZR. WA 1 ANRAR. 3 BTG

BERiGIT: BRI, ERG: R Ol RER. R B, TR, diib. RS, R B, R4,
BT, Rie, M, L=5, EEES. $RI0E: B, R 10 R—M7riE. Al 3 M.

24. G FERE

AT AR CST J CPT ) FA Il FN (E#HT Z S0, & B ik A T i
5, AFEIESDAEHAES BRI iZH Pearson ML HTLIEAS DTI Z4(144% FA. FN. rFA.
FN) 5 G K& #6897 1 N A G ADL P45 2 18] (1A 55 (0.00~0.19 AR5 0.20~0.39 SHF54H K
0.40~0.59 A I; 0.60~0.79 NEEAHIE; 0.80~1.00 AMLGRAHI) . STk F|G it 225 E P <0.05)1Z
B, BB 2 TAERRE B 28 (Receiver Operating Characteristic curve, ROC), @It 15 #i 28 T M f
(Area Under the Curve, AUC) LA S s A I S 7 (1) RS S 5 B, BEAGVPAG S i Wi akse . 3ot
CWEYE, RAZEE logistic [FIABAIES BA BEMENSE, A A Tl MR aH 54
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ROC £k ZWikBEIpFHILL AUC B8 2P fads, HAUEMEIL T 1 S Wtk . prf
HelE R M SPSS 28.0 BAFHATHE U220 Mr, GLit# 4R P <0.05 AN EA G 3

3. 458
3.1. B DTI REFR

AN 36 Bl B REFEIR DTI & DTT B R, B CST A1 CPT A& i B & /b b . Bk
350 30 AT 33 (& 1), CST A CPT H % & 22 T4 %1~ 6 FI1F1 3 1,

ForticospinalTractL

CorticospinalTractR

@ (b)

Figure 1. Right basal ganglia cerebral infarction. (a) and (b) show DTT images demonstrating significant reduction and de-
struction of the right corticospinal tract (single arrow) and right corticopontine tract (double arrow) compared to the left side.
(c) shows the fusion image of DWI and DTT, with the right corticospinal tract adjacent to the right infarct lesion (arrowhead)
1. AMERTXEIER, (2), (b) DTT E95H)RA MR REBER(EET) KA M B R(UEHREAMAERLD
Wi%; () DWI 5 DTT @& ER R, BN RERBILEMEIERLL(E )

3.2. HER

3.2.1. BASEME CST #1 CPT B9 FA {EEHE

TEH 5 @M CST 5 CPT B FA. rFA ERE RN, &, #0 CST A FA & CPT #J FA Al FN
255 Gt 222 (P <0.05), B 5 2K T, B @0 CST /) FN 8 2 R L4122 5 (P> 0.005)
(# 1.

Table 1. Comparison of FA and FN values between controlesional and ipsilesional CST and CPT
% 1.CST % CPT . &Ml FA. FN &L

e B
AR t/Z 14 P
[X +8S,M(Q1,Q3)]
FA-CST 0.585(0.563, 0.608) 0.530 (0.490, 0.575) -3.670P <0.001
FN-CST 2019.50 (710.25, 2789.75) 1122.50 (461.25, 2787.75) ~1.269° 0.20
FA-CPT 0.550 + 0.480 0.500 + 0.798 -4.651 <0.001
FN-CPT 6918.40 +2914.25 5045.80 + 3555.73 -2.409 0.026

3.2.2. B CST #1 CPT Y DTI MEHESIKEK ADL FESELEL
GREE AT RIBTT —AA G, BAREshThEE 2 60N 0 4, H4A 34 BIAEHSKE, ADL W90
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33 43-105 %3 DTIMESHE BEE LERIGIT 1 A JG ADL P41 Pearson AR EULE 2, CST A
CPT ] FA. tFA 5 ADL 1¥43 ¥ 5 IFE A 9% (Pearson #H 2% R 509 %A 0.587+ 0.696+ 0.567+ 0.609, P <0.05),
Hdr CST 1 rFA {E1 Pearson H2¢ R & K.

Table 2. Correlation between CST and CPT ipsilesional parameters and ADL scores
% 2. B CST & CPT 25 ADL T &RiEXM

ZH IR AR Pl
FA-CST 0.587" 0.006
FN-CST 0.225 0.339
rFA-CST 0.696™ 0.001
rFN-CST ~0.035 0.885
FA-CPT 0.567" 0.009
FN-CPT 0.288 0.218
rFA-CPT 0.609" 0.004
rFN-CPT 0.190 0.421

e TERIRAE 0.01 ZONCWE), MRMEEZ; "EIRTE 0.05 ZU(RE), HRIERE

FEFUM DT X i 46 v 3 B A RIGITIT Rz W ke i, CST J2 CPT [#) FA. rFA 1) AUC 18
39024 0.786.0.849 % 0.755.0.818, 2T CST. CPT 1] FArFA #JEE ECE 2B 1) AUC {5 0.813.
CST (1) rFA 7E T DTI XS T 26 o i3 S 5 RIGTT T 3 iz Wb B B2 W ikse, CPT 1 tFA
W2Z(# 3), ROC LR HTas LI 2,

ROC i £&
1.0
‘[ | kiR
CST FA{H
0.8 e —— CSTrFAMH
CPT FA{H
CPT rFAfH
06 Ao A
i P BEL
B 04
0.2
0.0 &
0.0 0.2 0.4 0.6 0.8 1.0
1-Rp 5

Figure 2. ROC curves of FA, rFA values, and their combined model for predicting limb functional recovery in CST and CPT
2.CST K CPT B9 FA . FA ERHEBRARBTUNAATIEEREN ROC Hi%k
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Table 3. ROC curve analysis results of predicting limb functional rehabilitation based on ipsilesional CST and CPT parameters

3. B CST K CPT SHFMA A INREREHY ROC BiZ S HTLER

S AUC (95% B 15 X [f]) U FER cutoff
FA-CST 0.786 (0.539~1.000) 0.83 0.75 0.52
rFA-CST 0.849 (0.634~1.000) 0.92 0.75 0.92
FA-CPT 0.755 (0.509~1.000) 0.75 0.75 0.50
tFA-CPT 0.818 (0.597~1.000) 0.92 0.63 0.91
B2 0.813 (0.576~1.000) 0.92 0.75 0.57

H: AUC: M2 N cutoff: #MWT{E.
4. Wig

WE3LHR DTT 2 H K 73 718 B R 4R 4E T 502 30 0 & 1) PR, SR AH 2R OB 2 B 45 0 25038
Hiw FH IS5 FA (H 0] @ BT AU % ) SRR, YN O0~1 Z 18], S WA 48 7 S B 1) 50 B 1
TR RS LT S R R B AR B [6], (R RR & n R ALK, A4 dise B, MR%, ([Ei
/Ny RS 1) TS VA R A, B AN P S AR R R OK . PR R, PREA AP 4ERED . FN O DTT 8
PREOR AR A R, PSRRI E, FN B . SCERAIA DTI BRRF Tl 26 sf CST #4558
%, [ERKIN CPT FIBFFIRE, WHEF N CST & I Esh i e feh R e 4k, He5h,
XS INAEAE JB A2 B D RE K SR g PEAE (7] (81, I HLART R 78 )5 Ab BE B A 22 R F-3h 21 CST A&
AT IR X B CST, A CST EATIRSET HALER &, K5 MERE; i CPT X iAkZshThEE
MFERA & CST B %, HrsTai. T, . ok, o b3y xf DAy 2 i f . AR SR 26 =5
DTI dsi-studio #ff H 2B EFF R B i CST F1 CPT, 43 HiH FA Al FN EE S50, CPT &8I T KM &
Ji, Ll TR L 4R, R AR B TR SRR R B A%, I A% K HE ) 41 4
Tk /N I e B S BRI /NG R 5T K /N i, T 23 5 52 S5 - it — /N E R, 45 R I8 s e & o s A,
Z 5 EAEERIET RS ER# ]

AHFFRER, 2E 5 B CST 2385, S FA B FA BPREIC, 5 3CkaE —2[9] [10].
CST 1) FA {HFFK, SRR AR ThRESR = IS RAE A0 [ 1] [12], 8L CST (¥ FA A1 FA, W]
FIWT CST HUAFEEE, FHHEIRKRVES; RIEARDE, BI FA (SR FA BIK, CST #ifkeA s, Eizsh6e
PR RSER ™ B, I PRI AR T RE VP ARG 13] ABFFURIN, ZHJERR T CST 4, CPT 32 EI4i%, H FA Al
FN {EHIBEAG, 3R 0157 2 B v 2 4 4E ) BE R AN Bl SR . Ry, B, SE0fE TiEshm& ik
S ERBMANERGET . T BIERE IR Bk, AT AIE 2 DhRE ) BEE . AR5t ) CST
FCPT 43 6 15170 3 Gl 4 2 T, AR ZE kA e I S 4 4E SR 1) 06 R 5 KL, 1X L4 CST
CPT FEAT THEAEH Kb 55 10 AR K AR A e, B2 BRAEA Kb HESS, JF B CST #1 CPT R REAFLE (i
g, LMEEZ FAM, Bl DTI BEH B4R NEL TEN, SERINE CST K4
(FN)ZE A AN g ) A Ge i 22 5

ot % ADL VF43 B H AR TR TR0, W A E SR, Fol, Pelik. iR, . AR
S, RBLT BETERINRERIW AR, K9 105 4, VPR, R AR TIRERRLT . ARBFFE ORI, CST MK
CPT HJ FA & rFA ¥J'5 ADL 4> £ 1EAH2%, H. CST ) rFA fIAESSPER &, 1 CST & CPT HJ FN. rFN
5 ADL $ToA 1, WA 5 BE 1 CST M CPT 1) FA M rFA {H¥9 7] DATRINEE S 820697 1 AR
JEARIHRERIRZ L. CST A1 CPT (1) FA Rl tFA {EHHkE, BEE KN RIGITIT RO, BEBIARIhRERE
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HRUf, FA R rFA {HBME, B8 BAThREK Eilli2E . CST i rFA 7E WM DTI X6-T- o 25 p 2B FE R Je kT &
TBITIT R B R BE, CPT K tFA k2, ifi CST Ml CPT £ BB A AN TR & 2 5, HIR
AR, —RFEARREAE FEGIRE TR, 25N R IR IR 1 & J2 i, BRIz 1L
feIRkRE, —RECA B AR R 2 AR AL, SRR SE U T AR, T RLRE PR . DR,
YEZEHESE DTI [¥) CST-rFA H1 CPT-rFA E A 4 v 585 ST SR T 7 A B R - IR &t RGBT G
AR ThRe S R 4T, CST [ FA Fl rFA #BH{E 2 7125 0.52 1 0.92, CPT FI#EBI{E A 0.50 A1 0.91, FEX}
T CST ) FA F1 rFA {E43 78T 0.52 1 0.92, CPT ] FA 1 tFA {H&T 0.50 f10.91, HEHIAIIRE
—AJE A RERE KA, WXt T CST 1 CPT K FA J rFA B35 TILER B, ATAE 1 AR R k&
WITRORZE, HRThREREAR . I, 7EREERE RIGYT N2 ARIZ 2 ThREAS RIS, A{HZLE 4T
X CST ThAERI R AT, HEENXT CPT A2 AH I B (1 FR SR RIBYT, B REHUAS LT I RS AL
P

K FAFAE— LR IR, 1%, FEAREMMAE, FRESwmss RwEmtE: ik, RiHE CST M
CPT I HAMSH: P 3 BR(MD). 42 A3 HIUR B(RD) A A3 R BL(AD), (ESCHRANADE ST #R A B FA
(B2 S WA 25 2T 2 o 52 BEPE R 20 o St i 0 T 445 00 R P B BN b s JJiE R AT S R SR CST HH i
W TR SR . B SRR R — P A s e A B AN & B4R 4E RS ADL [MOR R, IXHREFLEIN
ERBEFEARYL—DHHTT.

M2, BTN FRER DTI AR A d CST A1 CPT It & H S80S e R FE RiG)7 o ik
DHREE IR &, KILEM CST 8 FA {H )2 CPT i) FA {H. FN [HB R ECTEM, H CST ) FA. 1FA
K CPT ) FA. rFA 5BEE R4 #3697 1 HJGH ADL ¥F2r i IEMI DS, CST K rFA B2 i s, CST
J CPT [ FN. rFN 5 ADL V¥4 ¥ 0 ks RS A 9b 7 I R DhRe 2 R &, J81 CST (1) FA 1
rFA HE 2> 58 0.52 F10.92, CPT HI#WE A 0.50 F1 0.91. Kk, REILIR DTI o U265 sh Xt CST
A CPT Myaiith, IR E St 697 1 H G RAADIREK G OL, W IREEIT R E L RiGIT AARS
IVEERSZANIER

B B
AT SR 22 B R B B A TS 3 (AL 5 2023-18), M B TR )3 10
EEUH

PRSI RIIE, Y55 : 2024JH-YLYB-0474.
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