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Table 1 Comparison of general data in five groups
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Figure 1 Optical fiber layout diagram
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Table 2 Correspondence between the regions of interest

in cerebral cortex and detection channels

JESLHRIX Ze BRI A 2P ERGE
DLPFC 5,6,7,9 17,19,20,21
M1 X 28,29,32 34,35,36
SMA 31,33 38,39
PMC 27,30 40,41
FPA 8,10,11,12 14,15,16,18
Broca 1,2,3,4 22,23,24,25
SMC 26 37
JET 208 JERT 205 JERT 208
830 #E20s FE20s FE 205,328 305

B2 MXTESHRE
Figure 2 Elbow joint tasks
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fli R w 4L 48 L (laterality index , LT) PEAR 7
TR EAT S50, 22 R BRBOS LA R . — i)
A LIZ=0.1 24 22 K ki 2 BR 0SB, LI<<-0.1
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Table 3 Activation channels of the cerebral cortex

under elbow flexion task of the left upper

limb in three groups
215 I 3 1
Xt HRgL (Zm) - 5,7,8,15,16,19,37

ZEMmpER2 s 5,7,14,16,18,19,20,28,29,31,33, 35,37

1,2,3,4,5,6,7,8,10,11,12,14,17,19,
ZEMmiEE A 21, 22, 23, 24, 26,29, 31, 36, 37, 38, 39,
40,41

x4 3HEMEREERNES TRMEEHFERE
Table 4 Activation channels of the cerebral cortex
under elbow flexion task of the right upper

limb in three groups

2H 5 G
X BEZH (A5 0) 5,6,7,8,14,29,31
FHi w4 1,2,3,4,5,6,7,8,10,19,29
1,2,3,4,5,6,7,9,11,13, 15, 16, 17,
FRREE A 18,19,20,21,22,23,24,26,27,28,30,

31,33,37,38,40
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Table 5 Comparison of activation rates in different brain regions under elbow flexion task of the left upper limb (%)

- P ) SMA & PMC ‘ DLPFC

FrfEE ek Al ek JT A A ZEfikER ek
ot 2 17.07(7/41) 0.00(0/8) 0.00(0/4)  0.00(0/4) 37.50(3/8)  50.00(2/4) 25.00(1/4)
JEMmESRREE2H 31.71(13/41)  25.00(2/8)Y  50.00(2/4)  0.00(0/4) 50.00(4/8)  50.00(2/4) 50.00(2/4)
ZEMmETEEEZH 65.85(27/41)P% 62.50(5/8)V% 25.00(1/4) 100.00(4/4)V?  75.00(6/8)  75.00(3/4)  75.00(3/4)

T SXTRAL L 1) P<0.05; 52 KR 41 HEL,2) P<0.05.
Note: compared with the control group, 1) P<0.05; compared with the mild left hemiplegia group, 2) P<0.05.

®6 3AAMEREMESTEMEMEERLE(%)

Table 6 Comparison of activation rates in different brain regions under elbow flexion task of the right upper limb (%)

13 PT— SMA & PMC DLPFC

Fi A e ZefErk A MREER BT AT 18 e xR A1k
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T S0 1) P<<0.05; 5 A M 241t 4L, 2) P<<0.05.
Note: compared with the control group, 1) P<0.05; compared with the mild right hemiplegia group, 2) P<0.05.
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Table 7 Lateralization index under elbow flexion task

of the left upper limb
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Table 8 Lateralization index under elbow flexion task

of the right upper limb
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Cortical Activation Characteristics in Patients with Ischemic Stroke
during Affected Upper Limb Elbow Flexion: An fNIRS Study
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ABSTRACT Objective To observe the cortical activation characteristics in patients with ischemic stroke during the elbow flex-
ion task of the affected upper limb based on functional near-infrared spectroscopy (fNIRS). Methods A total of 80 inpatients with
ischemic stroke admitted to Beijing Rehabilitation Hospital Affiliated to Capital Medical University from January 2023 to June 2024
were enrolled, including 40 cases with left hemiplegia and 40 cases with right hemiplegia. According to Fugl-Meyer Assessment-Up-
per Extremity (FMA-UE), patients with FMA-UE score >43 were assigned to the mild group, and those with FMA-UE score <43
were assigned to the severe group. Among them, there were 20 cases in both the mild and severe subgroups of left hemiplegia, as
well as 20 cases in both the mild and severe subgroups of right hemiplegia. Meanwhile, 20 healthy subjects were included as the con-
trol group. Referring to the Brodmann cortical areas, 14 regions of interest (ROIs) were defined bilaterally, including the dorsolateral
prefrontal cortex (DLPFC), frontal polar area (FPA), primary motor cortex (M1), supplementary motor area (SMA), premotor cortex
(PMC), somatosensory cortex (SMC), and Broca's area. The fNIRS data of patients during the elbow flexion task of the affected up-
per limb were collected using an fNIRS device with a sampling frequency of 20 Hz and a block design, and the total task duration
was set at 180 s. Oxyhemoglobin (HbO:) was used to identify the activated channels, and the activation rate was calculated. The lat-
erality index (LI) was adopted to evaluate the dominance of activation between the left and right cerebral hemispheres during the spe-
cific task. Results Compared with the control group, the mild left hemiplegia group had higher activation rates in all SMA & PMC
channels (P<0.05), while the severe left hemiplegia group showed elevated activation rates in global brain channels, all SMA &
PMC channels and the right hemisphere channels (P<0.05); the severe left hemiplegia group also presented higher activation in global
brain channels, all SMA & PMC channels and the right hemisphere channels than the mild left hemiplegia group (P<0.05). The mild
right hemiplegia group exhibited higher activation in the right hemisphere channels of DLPFC (P<0.05) compared with the control
group, whereas the severe right hemiplegia group had higher activation in global brain channels, all SMA & PMC channels, all DLP-
FC channels and the right hemisphere channels (P<0.05); the severe right hemiplegia group also showed higher activation in global
brain channels, all SMA & PMC channels, the left hemisphere channels, all DLPFC channels and the right hemisphere channels than
the mild right hemiplegia group (P<0.05). Both mild and severe left hemiplegia groups had stronger right hemisphere activation than
the control group; the severe left hemiplegia group presented stronger M1 and PMC activation in the right hemisphere than the mild
left hemiplegia group, while the latter had stronger DLPFC and SMA activation in the right hemisphere than the former. Both mild
and severe right hemiplegia groups showed relatively balanced bilateral DLPFC and SMA activation compared to the control group;
the severe right hemiplegia group had stronger left M1 activation than the mild right hemiplegia group, while the mild hemiplegia
group exhibited stronger left PMC activation than the severe right hemiplegia group. The LI of each brain region in the right mild
hemiplegia group tended to approximate that of the control group. Conclusion When patients with ischemic stroke performing the
elbow flexion task with the affected upper limb, severe patients have higher activation rates in SMA & PMC and DLPFC, while mild
patients have LI values closer to those of healthy controls. The differences in cerebral cortical activation are associated with the
severity of motor dysfunction and the damaged hemisphere.

KEY WORDS ischemic stroke; functional near-infrared spectroscopy; cerebral activation; laterality index; upper limb elbow
flexion
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