Research Papers [iiEkik=y

D) )] £t s iR
Progress in Biochemistry and Biophysics
' 'j 2021,48(9):1077~1086

www.pibb.ac.cn

FERMBEENERIZEN B T B ES 17

BRoxYV HORY RFRY L) smE'Y BREEY IRri
(V AL ERE Kps s AR B, JEET 1000845 2 HIFACHE KA AR S SRS H S50 s, LI 2002405
Y RMEREEbGa R, B 200438 ¢ JL IR E KRS B SRR R AE TR E A S A, LA 100084)

WE AR TRENE D MBEAR, SRV & PR RBR UL S B o i f s s, 5T Hbp 2R
UL AR LA S0 AR A T TP B, . 12 44 K2t 20 S L 2 Tl 2 7 o 3 R 4 b K T3 25 90 58 SR AR IR sh AV 0 25 K i . s
) A R A A2 33 I A I LT s M LAk 1) 4 P 2R 1 LA 5 AR Sh P IS i g . 3 T U A M R i A L 5 5 1 3 i2
SEITEERAL, SRR ZARE TR T EAR T 252 B, XTI NI, 2 P55 B 4 FilicHs g 55 20 7240 g
B35 (7x4) ANizshon, BAMUNLE S (9£5) MiEsh o, B0k E L (pulse-to-noise ratio,
PNR) y30.1 dB, b5 fifefish 6 56 KT 90%. I P JUL 17 79 o it 28 R i 5 07 22 1] ) S 347 A0 26 PE 43 53100 (0.79+40.08) il
(0.80+0.08), JEAMMMLAPHFRRIZRFE S 1 22 RIS BIAHSCHE S 5100 (0.85£0.05) F1 (0.85+0.06) . £¢ En] WL, LT HLH />
fEH AR AES IR AN [ & J7RETF KERILIA A2 S e G 8, - HAg s BT i e AR 5 R sh A 1 s BEAR DG, F5E

SR TR | B s g B AL A4

KEER R, BTG, BRAME, g
FE4SYES R377.5

BEEAIC (motor unit, MU) EAIKIZEh RS
LR SR B AR Y 25 A D RE B, 5 as sl
2270 (motor neuron) LA R #R 28 70 I S BC I T A1
WLEF4E 1 2 s 2o i SO B RE A & th A
SAREINA, Hh s BRIEE TR RS L
FINLA IR BNE B, . s s & oo i s LA 218 i
B SCRE IR 4E, 5 R NE geldq If =01 .
iz &) ¥ 0 3 1 B {2 (motor unit action potential ,
MUAP) &z EocH A LA dEshE L7 1Y
B, WA BB RREFH U 2 B SRR T
Ja, ATV RS, BREERTIEES
(surface electromyography, sEMG) . [Ktt,
WLHLZE & AR sh a2k sl w5 8, Mgk 2
N TR ST . IR . R IZRLA A
kAN L

B2, TR FIRERE ) W
ETE, RENBAG 5 IFARETE e S W 20K 3 5
B DT T ILHL A5 rh B A s Sl R Sl A A,
NN —E R L WA 2T G 80 . o 1 se ik

4
7

DOI: 10.16476/j.pibb.2021.0033

N 11 RO < <9 O = O T | R R o
(electromyography decomposition) 7 AR & i
K. ST WLHL - AR AT ARSI 32 3l BT i S
HL K e, $RECMUAP B, AT X #h 25 H A
PRIE BT oA 0 UH A R R B R R AR T
Xz gl B a2 AL 3, C AL
PEPRSE AN D Hh AR 89128 R

20 tH 22 20 4E A%, WL WL (intramuscular
electromyography) 45 H T %1z 3l B oo il fL 1%
B E A A AR B ILA N, MUAP AT DL
PR AER, ke TARBIRMB A Zm 0k
ARk, WUNHUHL /R A i, ©4emT LASEER
MUAP A 3t e A2, i TALAALE A S0
fRAPER R PR, WUNILHCRETERERN, H
MEVASEELZ M I AR A . B A (R AR B T TS
SACPRER M R, SRR R 4 1 R T
R,

Tel: 15501019518, E-mail: xiaodongliu 2010@163.com
Wk H 9 : 2021-02-03, #5232 HH: 2021-04-01




+1078- EMUEEEYEER

Prog. Biochem. Biophys. 2021; 48 (9

BIfFERSMLoT R S SR T AT RE . T H IR
(blind source separation) - '®' =f i Hg DL fiQ
(template matching) "2 HEZE | £ F i At 55075 9 A
gedEil, I BEZ N FIRGPIRES T 152 T 5%
WE P AT UL, RN EA T, #
VR . 8 mu ORSEI A, A B T 2 is
BIHTT.

s o Y1) /IR i N 1 W R ey |
RIS, e IRE . MAA AR . REIAE
PR EZEr SRR Y o HEE S 4. i
P st v BN P A G s L S B | B ¥ A R N
AFSaE 220 3k, AWML RS IR 73T AL
IR ARTEIC AR R E AR T S WL RRE )
PodkpE B HR DA 9 2 001 T — R Ik
A&, XE—SHERRIEZIPIRE CRITHEE . &J1K
/N) TFIE ST BOR R = AR DG . BB AR
AFR IS T s th A s sh oo, JF HiBER
18 Bl BT T R AR AR i AN B

K, AHFRNECSE: a 0rifEsfEh A
7] & 7RSS KGR WL PR A2 31 5 0 ) il e o A 1
b. THEANF R IR T2 s onny rla Rt . X
LU 28 REAE AL R AR 1 7 L PR U305 A A T iy

1 WMREFE

1.1 #HRITK

PEE 12 24 KA AR X4 . Fir BRGS0
SR TCART T TR, Tt s LA PR
Y, TESEITT 34N H TCATAT 500 5 A SV 46
P ARSI IE TR, Ir AR 2 2 & 7502
BSLIAR . IMEEORE, IR CEE TR
B AL EGM/RERE T . X R IEAN
WA S

Table 1 Summary of subjects’ information

Age Height /m
22+2 1.75+0.04

Body mass /kg
72.5+4.6
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Fig. 1 Illustration of experimental setup

(D The multi-channel amplifier. @ Grid 1 for medial vastus muscle.

@ Grid 2 for lateralis vastus muscle
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Fig. 2 Motor unit activities during different contraction conditions

(a) the force of knee flexion. (b) and (c) illustrates 4 EMQG signals and the decomposition results of medial vastus muscle and lateralis vastus muscle

respectively. Different MUSTs are depicted with different colors.
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Table 2 Decomposition results of medial vastus muscle

Task Contraction Number of PNR/dB Discharge rate/Hz Threshold/%
level/% MUs Recruitment Steady Decruitment Recruitment Decruitment

Task 1 10 442 27.0+£5.3 14.1£11.4 25.2+16.2 13.2£12.9 4.0+3.5 4.3+3.6
30 643 31.7£3.9 9.7£7.8 20.9+14.9 9.3£8.2 16.948.2 14.448.2
50 8+3 31.0£3.5 8.4+6.4 22.2+11.8 9.0+8.7 25.2+14.7 29.9+16.5
70 10+£6 31.3£3.5 11.7£9.1 22.7+14.0 11.7£9.2 38.8+13.5 45.9+16.8

Task 2 10 443 30+4.9 24.0+21.4 28.9+21.7 27.0+22.7 4.244.6 4.745.1
30 74 29.5+4.7 11.3+8.3 24.2+16.7 15.6+10.9 13.9£10.6 12.2+11.4
50 8+3 31.2+3.4 14.9£12.5 21.2+14.9 13.0£11.9 27.0+18.1 28.6+16.4
70 8+3 31.4+3.6 13.7£10.4 20.8+15.0 15.2£10.2 41.9+194 42.2+20.1
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Table 3 Decomposition results of lateralis vastus muscle
Task Contraction Number of PNR/dB Discharge rate/Hz Threshold/%
level/% MUs Recruitment Steady Decruitment Recruitment Decruitment
Task 1 10 6+5 26.6£5.0 12.1£10.5 27.4+183 11.6+11.1 45438 53442
30 843 30.54+4.7 10.1+8.4 22.8+15.8 9.6+10.5 15.0+8.4 14.949.9
50 9+3 31.6+3.9 9.5+7.8 20.1+14.5 8.449.3 22.7+11.4 28.2+15.6
70 10+4 31.7+£3.5 9.1£5.5 20.0+13.2 8.7+6.9 38.3+14.9 43.2+19.5
Task 2 10 11£11 25.1+5.1 25.0£16.5 33.1+19.8 24.9+17.6 3.4+3.6 42+52
30 6+3 31.3£3.2 12.5+13.1 19.5+16.1 14.0+11.3 17.3+8.2 15.3£9.6
50 1245 30.7+4.0 13.2+10.0 21.3+16.1 13.1+8.7 29.4+15.7 28.0+14.6
70 1145 30.4+£3.9 15.2+13.0 24.2+16.2 14.8+9.8 39.0+20.4 40.0+20.8
TR iR W CR A X TAESS 1, 7R 10%
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Fig.3 The matching results across different tasks
Each color depicts the proportion of matched motor units divided by

the total motor units identified in the trials of vertical axis.
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Fig.4 The correlation between the force of knee extension and features

(a, b) The example results of medial vastus muscle (a) and lateralis vastus muscle (b) in Task 1. (c,d) The example results of medial vastus muscle (c)

and lateralis vastus muscle (d) in Task 2. : Force; «eeees :RMS; - - : PCA; —: CST.
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Fig. 5 The results of correlation analysis between the force of knee extension and features
(a) and (b) illustrate the results of correlation analysis in Task 1 and Task 2 respectively. Grid 1 and Grid 2 correspond to medial vastus muscle and
lateralis vastus muscle respectively. [ll: CST; ll: PCA; [: RMS.
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Fig. 6 The effect of the number of identified motor units
and the PNRs on the correlation coefficient with the force
(a, b) and (c, d) illustrate the results from medial vastus muscle and

lateralis vastus muscle respectively.
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Analysis of Motor Unit Activities Decoded During Knee Isometric Extension
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Abstract This work aims to characterize the accuracy of decoded motor unit activities during multiple
contraction conditions based on electromyography (EMG) decomposition techniques, and to evaluate the
performance of extracted neural features for the estimation of muscle activation. Twelve healthy undergraduates
participated in the experiments to perform the isometric contraction of knee extension with four levels. The high-
density EMG signals were decomposed into motor unit spike trains based on convolution kernel compensation.
Two neural features were extracted for the cross-correlation analysis with force. On average, (7+4) motor units
were identified from the medial vastus muscle (MVM), while (9+5) motor units were identified from the lateralis
vastus muscle (LVM). The average pulse-to-noise ratio (PNR) was 30.1 dB, corresponding to the decomposition
accuracy of over 90%. The average correlation coefficient between the two neural features of MVM and the force
was (0.79+0.08) and (0.80+0.08), respectively, while the average correlation coefficient of LVM was (0.85+0.05)
and (0.85+0.06), respectively. These results demonstrate the feasibility of the identification of motor unit activities
under various contraction conditions, and the strong correlation between neural features and force indicates the

application of decomposition techniques in rehabilitation, exercise training, and human-machine interfacing.
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