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(x+s,%)  (F+s,kg/m?) (IM(P,;,P;) ], mL) (x+s,1%) (x+s,mL) 0k 1k
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Figure 1 Flow of fNIRS data acquisition
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Figure 2 Activation of brain areas in the task of abdominal muscle contraction during the strong desire to void state

®2 CRREREMKLEES EEMIEREE MNIZ B 247K X BA
Table 2 Channels, MNI coordination and corresponding BA activated by the abdominal muscle contraction task during

strong desire to void state

WiA ML ROI BA il P1i
X y Z
ik
1 70.647 -20.399 -5.156 TPC 21 2.370 0.029
7 55.231 41.705 -5.540 PFC 47 2.205 0.040
9 40.479 -26.790 69.549 SMC 4 3.503 0.002
11 47.645 -5.629 59.559 SMC 6 2.636 0.017
13 50.943 37.394 28.338 PFC 46 2.360 0.029
15 33.727 55.123 27.738 PFC 10 2.183 0.042
16 31.201 -19.862 75.684 SMC 6 2.901 0.009
17 18.870 -14.812 76.593 SMC 6 3.785 0.001
iR SR
24 -25.134 68.211 13.738 PFC 10 2.244 0.037
27 -32.026 -20.321 75.265 SMC 6 2.292 0.034
31 -34.562 54.133 28.364 PFC 10 2.721 0.014
33 -49.950 36.875 31.191 PFC 46 2.918 0.009
34 —41.257 -27.800 69.635 SMC 1/2/3 2.668 0.015
39 -60.384 26.256 15.256 SMC 45 2.297 0.033
42 -62.725 9.699 31.805 PFC 9 4.108 0.001
¥ MNTHE SRR IR W 2B 5T 07 25 18] AR A s ROTHE B DSHR [X ; BA F8 453 % 52 43 X s TPC 35U 2 J2 s PRCHR HUA T 2 /2 s SMC 35

Note: MNI means Montreal Neurological Institute; ROl means region of intrest; BA means Brodmann area; TPC means temporal cortex;

PFC means prefrontal cortex; SMC means sensorimotor cortex.

3.2 FEORREHUNC G RS IR S b 3.3 SHRDR K 15 TC PR REI IS U 4 155 i X S 1
ARG T IR IRA T AT AT 5540 2T

55 BN, 3 O 4 P AL 9 SMC, 445 X

] pSMA (BAG6) A5 lf M1 X (BA4) Al S1(BA1/2/

Fe 2 FhASTRIRZS R )2 s A 0 & B, JC IR
T B 3 B0 UL 4 ik R 7 B 3 0 R LA 40 A XL
il pSMA (BA6 ) 7775 B 3 38 36 (P<<0.05) , 1M 9 R 22

3) AT 8] = 438 Broca X (BA45) } A7 ih 2
-9l Wernicke [X.(BA40) (P<<0.05). WL 3.3%3.

Asf 1 LA & %5 G DR 7 s AL A 4 AE £ il DLPFC
(BA46) fEAE TR I4TE (P<<0.05) ., WE 4. %4,
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Figure 3 Activation of brain regions of the abdominal muscle contraction task during no desire to void state
R3 REREBRENEES EZEHEREE MNIZ B8 LR BA
Table 3 Channels, MNI coordination and corresponding BA activated by the abdominal

muscle contraction task during no desire to void state

it M ROI BA HH Pl
X y z
ilE R
4 61.380 -38.054 51.722 SMC 40 2.397 0.028
6 60.242 27.644 11.707 SMC 45 2.881 0.009
8 51.406 -32.046 62.608 SMC 1/2/3 2.941 0.009
9 40.479 -26.790 69.549 SMC 4 2.364 0.029
16 31.201 -19.862 75.684 SMC 6 2.254 0.037
17 18.870 -14.812 76.593 SMC 6 2.831 0.011
19 26.224 5.826 69.897 SMC 6 2.506 0.022
ek Ek
26 -20.815 -15.501 76.548 SMC 6 2.577 0.019
27 -32.026 -20.321 75.265 SMC 6 3.479 0.003
28 -29.066 4.763 67.382 SMC 6 2.468 0.023
29 -37.831 -3.669 65.088 SMC 6 2.464 0.024

TE : MNTHE SRR R B2 TE BT 23 [A) AR AR s ROTHRIEOGHRIX s BA 1641 2 FE. 8 /1 IX s SMC HR IS 1B 3l [ Z
Note: MNI means Montreal Neurological Institute; ROl means region of intrest; BA means Brodmann area; SMC means sensorimotor

cortex.

t
El4 3RFRE R b T PR B A A AL 4R 4 S B X A 1B L
Figure 4 Activation of brain regions of the abdominal muscle contraction task during

strong desire to void state versus no desire to void
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Table 4 Channels, MNI coordination and corresponding BA activated by the abdominal muscle contraction task during

strong desire to void state versus no desire to void state

MNI
BBl ] ROI BA 2 P
X y
10 58.153 -11.559 9 51.047 5 SMC 6 -2.200 0.041
28 -29.066 6 4.763 9 67.3824 SMC 6 -2.408 0.027
33 -49.9507 36.8759 31.191 PFC 46 2.223 0.039

T : MNTHE SRR R 2RI 5 T 25 (] Al A s ROTHR B HRIX s BA $5 41 P 15 73 IX s SMC #8518 31 12 2 s PRC R T A 2 )=

Note: MNI means Montreal Neurological Institute; ROl means region of intrest; BA means Brodmann area; SMC means sensorimotor

cortex; PFC means prefrontal cortex.
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Exploring the Functional Brain Activity of Motor Control of Abdominal Muscle Associated
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ABSTRACT Objective The contractions of abdominal muscle during voluntary urination is a motor control task, Which
aims to explore the central activity characteristics of this action with functional near-infrared spectroscopy (fNIRS). Methods A total
of 19 healthy subjects aged 18 years or older were recruited to undergo fNIRS testing twice, performing repetitive abdominal muscle
contractions in the no-urine and strong-urine states. Brain activity under the corresponding no-abdominal muscle-contraction task
was used as a baseline to analyze the cortical activities specific to abdominal muscle contractions in these two different states. Re-
sults Abdominal muscle contractions during the strong desire to urinate primarily activated the bilateral pre-motor/supplementary
motor area (BA6), bilateral dorsolateral prefrontal cortex (BA9/46), bilateral frontal pole area (BA10), the anterior portion of the
right inferior frontal gyrus (BA47), the right middle temporal gyrus (BA21), the right primary motor cortex (BA4), and the left
primary somatosensory cortex (BA1/2/3) in conjunction with the left inferior frontal of pars triangularis Broca's area (BA45) (P<
0.05). In contrast, abdominal muscle contractions with no desire to urinate primarily activated the bilateral pre-motor/supplementary
motor area (BA6) (P<0.05), the right primary motor cortex (BA4), the right primary somatosensory cortex (BA1/2/3), the right infe-
rior frontal of pars triangularis Broca's area (BA45), and the right supramarginal gyrus part of Wernicke's area (BA40) (P<0.05).
Compared to the strong urination state, stronger activation of the bilateral premotor/assistive motor area (BA6) was present in the
non-urination state (P<0.05). Compared to the non-urination state, stronger activation of the left dorsolateral prefrontal cortex
(BA46) was present in the strong urination state (P<0.05). Conclusion The primary somatosensory cortex, primary motor cortex,
and pre-motor/supplementary motor area are jointly involved in the regulation of voluntary urination-associated random abdominal
muscle contractions. And further activation of the prefrontal cortex can be induced during abdominal muscle contractions in the
strong urination state, suggesting that the prefrontal cortex plays a positive role in facilitating abdominal muscle movements and ini-
tiating urination following the perception of urinary awareness.

KEY WORDS functional near-infrared spectroscopy; cerebral cortex; abdominal muscle contractions; voiding control; bladder
DOI:10.3724/SP.J.1329.2024.03008

278



