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Longitudinal brain function measurement for the development of motor imagery
training in stroke rehabilitation
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We first clarified the gender differences in response time for a hand mental
rotation task used as training to improve functional impairment in stroke patients. We then

clarified that, unlike younger people, middle-aged and elderly people use different performance
strategies due to differences in their ability to perform the task. We also clarified that some
participants change their performance strategy while performing the task when the number of times
the task is performed is increased. A study of stroke patients revealed that stroke patients with
lesions in the brainstem may not use motor imagery strategies, and another study of stroke patients
revealed that subjects used motor imagery strategies and that there was no correlation between
response time and the degree of functional impairment.
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TABLE 1 | Participants in each group (mean =+ standard deviation).
Group (n)/range and mean of ART for hand (s)
A (26) B(27) c (27 D (26) p-value
<0.99 0.99-1.29 1.29-1.97 1.97<
0.72 £ 0.16 113+ 0.10 1.60 £ 0.20 2.85+0.70

Male/Female 14112 11/16 1017 15/11 0.365
Age (years) 754 £6.03 78.0+6.26 764 £ 6.64 75.8+594 0.437
LQ 95.8 +8.09 95.2 + 849 98.5+4.56 95.7 +£9.48 0.403
Education (years) 12.3+236 12.6 +£2.50 13.0+228 13.7 £ 2.59 0.206
RT for arrow (s)

Left 0.33 £ 0.07* 0.40+0.12 0.35+0.05* 0.42 +0.09 0.001

Right 0.32 +0.06* 0.36 + 0.08 0.35 + 0.06* 0.41 +0.09 0.000
Accuracy rate for arrow (%)

Left 100.0+ 0.0 99.1+33 99.1+33 98.6 +4.1 0.413

Right 98.6 +4.1 98.6+4.0 99.1+33 100.0+ 0.0 0.369
HMRT accuracy (%) 94.8 +4.371 91.0+7.20 89.9 +8.29 87.6 +8.82 0.007
LQ, laterality quotient. RT, response time. *Significantly shorter than group D. tSignificantly higher than group D. *Significantly shorter than group B.
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TABLE 1 | Characteristics of the performance groups based on age.

Age group, Range (yrs.) Young, 15-29 21.5 (4.14)
M (SD) (yrs.)

Middle-age, 30-59 42.9 (8.23)

Elderly, 60-88 73.2 (7.34)

Performance Group (n) Short (14)  Medium (14)  Long (14)

Short (23)

Medium (22)  Long (23)

Short (25) Medium (24)  Long (25)

IES range (s) 078 0.78-0.89 0.89-
Men/MWomen 7 &8 11
Age M (SD) {yrs)) 219256 225(426) 199 (5.08)
LQ M (SD) 97.9(802 953(102) 935(10.1)
Education M (SD) fyrs.) 146(1.70) 145(2.31) 125(2.98)
AT for amow M (SD) (s) 028(003 029(0.05) 0.26(0.08)
HMRT accuracy M (SD) (%) 96.8(2.18)  965(3.85)  95.0(3.68)
ARTfor HMRTM (SD)(s)  061(0.11) 079(0.05)  1.01 (0.21)

—087
14/9
43.1(8.03)
95.1 (9.68)
16.8(3.69)
0.28(0.03)
95.7 (3.04)
0.60(0.12)

0.87-1.11 1.41—
814 10113
440(07) 41.5(7.75)
97.3(7.03)  94.8(8.99)
158(354)  16.2(3.38)
0.30(0.05) 0.28(0.03)
957(4.34) 951 (3.85)
091(0.12)  1.25(0.25)

-1.30
16/9
738(7.22)
97.6 (6.63)
12.6 2.52)
0.33 (0.05)
04.3(3.58)
0.81 (0.20)

1.30-1.86
10/14
73.3(7.69)
96.7 (7.61)
12.6 (2.47)
0.38 (0.09)
90,6 (5.27)
1.26 0.18)

1.86—
12113
726 (7.37)
96.8 (6.33)
13.3(2.39)
0.38 (0.09)
90.4 (4.37)
1.92 (0.46)

There were no significant differences in sex rafio, laterality quofient (LQ) in the Edinburgh Handedness Inventory, and education among performance within each age
group. Mean age also did not differ among performance groups within each age group. HMRT, hand mental rotation task; IES, inverse efficiency score; M, mean; RT,
response time; SD, standard deviation; yrs., years.

2
3
2
IES Inverse efficiency score
30 59 60 88
3
Lateral
4
12

ART

I1ES

IES

10

60

ART

Back

24.0

15
9

6

29

Medial
Palm

2.0



0 45° 135° 225° 315°
4 1 512
A RT
5
6 67.5+ 18.8 2
3 0 60 6
2 A RT
Medial Lateral Back Palm ART
Medial-Lateral - 2
6
13 68.2 + 10.2
SIAS  Fugl-Meyer assessment FMA
MMSE-J  Trail Making Test A B
ART 2
A RT Medial ART Lateral
A RT Lateral ART t Medial A RT Lateral A RT
1 ART
-« right hand
ELO - left hand
%0.9 *
1EOYB
%07 ﬂ
EOYB [
E‘OA
TMen Women
2 Mok .
G0 90 ::| o
ART R ®00Q -, il
Back  ART e el |
Medial gg ] ] ' |
Lateral * Rov e R LLLL J WL
B C D Back
Palm A RT Medial
Lateral




Medial 1ES Lateral

Medial
Lateral 1ES

Medial
Lateral IES

Medial IES Lateral

512

- Medial

6
Medial ART 1179.0 %

A Back hand picture

25
20
MW Medial
W Lateral  ¥10
0s
00
Medium Short Medium
. Y Middle-age Elderly
8 Palm hand picture
40
30
»n20 -
&

Shot  Medum  Long Medium  Long Shot  Medum  Long
Young Middle-age Elderly

FIGURE 2 | Efiects of age on HMAT strateqy. Mean and standard error of the inverse efficiency score (IES) for the back-of-hand condition (A) and paim picturo
condition (B) of the HMRT. (A) In the back-hand condition, a medial-lateral effect was observed in the Long performance (lower-skill) group within middie-age
[t22) = 3.461, p = 0.002] and in the Medium and Long groups within elderly age [Medium, 1{23) = 2.279, p = 0.032; Long, 1{24) = 3.751, and p = 0.001] groups.
Thus, the entira young group [f(41) = 1.288, p = 0.206] and higher-level performance groups (Short, Medium) within the older age groups [middie-age, Short
1{22) = 0.621, p = 0.541, Medium, 1{21) = 1.422, p = 0.17; eiderly, Shor, #{24) = 1.722, p = 0.098] appeared o usa the VI strategy i this task condition. (B) In
contrast, all performance groups within all age groups demonstrated a medial-lateral effect in the palm picture condition, indicating use of the Mi strategy. young,
Short, 1(13) = 6.673, p < 0.001, Medium, #(13) = 5.345, p < 0.001, Long, (13) = 9.032, p < 0.001; middle-age, Short, #(22) = 5.718, p < 0.001, Medium,

1{21) = 5.837, p < 0.001, Long, 1{22) = 7.976, p < 0.001; aiderly, Short, 1{24) = 5,513, p < 0.001, Medium, #23) = 5.211, p < 0.001, Long, {24) = 6.521,

p < 0.001). °p < 0.05; ***p < 0.001; n.s., not significant
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