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(HE] B Wil D24 by b B2 T RPN R FRR I T K1 L & (surface electromyography ,
sEMG) 518 822 R B i | DUAE HEAE S BRI T I5 80 REKCF10 A sk R M. ik 20244F 6 F 2 2025 4F 12
J1AH5Ek A W1 A0 A8 aQi Ty = fir = B B2 B (AL Hh R 25 D27 B T R Bie A v RLB 27 [R5 B3 2 B T T BIb N B g i DUR 2 AN R B
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YRt WP B 204 o I8 FITRASRTIUE RG-S O0 I8 gl 1 R Ge R R AR A TARHEAL VR E "IN 1 b L 8 i@ i MLHLAR =
B g RIS AE o G R B IR AR S R AR Lk Bl ) 2 2R S EO T T G e . R E U T
(principal component analysis, PCA ) JEA TAFAE B4 , 43 5185 32 F: 0] & L (support vector machine, SVM) | Bl AILZR AR M I i 2 > #7
N T 3203 Ar 2SR, IFXT L =R 28RO . R ZAHZ R E S s F AL A A i 2 25 57 (B P < 0.05),
PCA BATTHk 3 15 85.2% ; Bl ML AR ARSI 43 245 i 0 3 3K 94.7% , Y JE 3 > 5500 7 8 V815 ) 2 21 1 X 43 o ol 256 3K 92.8% .
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Research on quantitative evaluation and pattern recognition of rehabilitative
traditional chinese medicine tuina techniques based on surface electromyography

ZHAO lJie, DENG Xiaohui

(Department of Rehabilitation and Traditional Chinese Medicine, Gong’ an County People’s Hospital,
Jingzhou 434300, Hubei, China)

[ Abstract ] Objective To construct a multidimensional and quantifiable evaluation system for rehabilitation Chinese medicine
tuina techniques, and to explore a pattern recognition method based on surface electromyography (SEMG) and kinematic parameters,
thereby facilitating the automated and objective grading of tuina practitioners’ technique skills. Methods This cross-sectional
observational study recruited sixty right-handed male tuina practitioners and students from the rehabilitation and tuina departments of
three tertiary hospitals in Wuhan, Hubei Province (including the Affiliated Hospital of Hubei University of Chinese Medicine) between
June 2024 and December 2025. Based on predefined criteria of clinical experience and annual operation hours, the subjects were divided
into an experienced group, a skilled group, and a novice group, with 20 subjects in each group. Their upper limb 8-channel SEMG signals
and kinematic data of the wrist and elbow joints during standardized “rolling technique” were synchronously collected using a wireless
SEMG system and an optical motion capture system. Various feature parameters, including time domain, frequency domain, and nonlinear
dynamics, were extracted through intelligent methods and statistically compared. In data processing, principal component analysis (PCA)
was employed for feature dimensionality reduction of parameters. Support vector machine (SVM), random forest, and deep learning
models were applied to subject classification and recognition, respectively, and the classification performance of these three models was
compared. Results  Significant differences were observed in the kinematic and electromyographic feature test results among the three
groups of subjects (all P < 0.05). The cumulative contribution rate of the PCA method reached 85.2%, the accuracy of the random forest
model in classification tasks was as high as 94.7%, and the accuracy of the deep learning model in distinguishing between experienced
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and novice groups was as high as 92.8%. Conclusion The method of integrating multi-channel sSEMG time-frequency-nonlinear features

can play an important role in the assessment of tuina techniques, enabling an objective evaluation of tuina techniques and providing a

theoretical basis for subsequent tuina technique assessment and intelligent clinical quantitative evaluation.

[ Key words ] Surface electromyography; Traditional Chinese medicine massage; Quantitative evaluation; Pattern recognition;

Machine learning; Biomechanics
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PSR AR SRS TR T8I 11 JLE4E SEMG fEiz
g R TR M AL A 2 U A 2 B
o BN IRERE sSEMG EHE SRR N, EA
FEX BB E NN IR ROR I B BT ik
OIRT A 5 RE Tk T R NLHLRAAE . SR i BT BF 5
2 Jr PR T B — Tk D B UURE s g B 4 B ST 0 A
B2 - ILA BT R G R A B 2
SRS AR ZURAE I 18 S e s R O vk
AT RGNS RE A RIS
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NBEERE) e =R LA &= w0 i 4 R T35 PR SN
b Kemp e SR 60 A AR I RIURR T AR/~ >

AR PR S AR X TR IS RN A 60 44 521075 73
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(1)sEMG K% 245 : K Delsys Trigno Wireless
EMG R4, % 22 e 5 VUL AL SRS 5 9 Sl A1 )
BT, Al 8 MG AR 3 S R AR AT O IR LAR LA
19 SEMG {55« JE Sk WL L= 3K WL = A WL i w13
JUU A S A AL A0 f ot JUL A A0 i e UL A0
JUo FRUAR B A% 4 BR UL A TSR PPl 2 1 UL e, P T AR
WAL I H (Surface Electromyography for Non—invasive
Assessment of Muscles , SENIAM ) 77 bR E . KBRS
242 000 Hz, 47 38 I J% 10 ~ 500 Hz, fii A BLHL >
100 GO LA L > 100 dB.

(2)iz sl RS : K H Vicon Vero L 42718
B RS B 10 5 2.2 MR E TGk, REER
100 Hzo 7ESZ38F A b4 B PERR 3 ORI S
JebRic s, HE S BRI
RATHY A A R AN EE

(3) [ 25 5 Bl R4V B 48] Vicon [A] 25 £ 52
BLIUHR 2 58 -5 12 Sl 4§18 28 0 B ) ) B0 5, B8 %
A S AEA#HIE T Vicon Nexus 2.0 54521l
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R RN ZH 2
1.3 SEIGRER

HRERR SR IR AT 1 A 3, 45
il 7Ot B, A R 4R AE (25+1)°C0 B AR
e



- 140 - WY 2g TR 2R ) 2026 4E56 47 4550 2 1)

EMHhFEERETRE

(DWEE ShrE  ZE W2 5y, f ikik
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(2)F B S5k A Bt o s SRS T
WL M , 4728 30 s B 217 5ok B 2 0ea ik,
A UL I (U — fb B AL e et 58

(3) “VRIEBAEAT 55« 2 E T T B
E DI DR VR LA THRAE o E3E B 1 min, FFLATE
BT i 2454 3 min, [A] 22 R4 sSEMG 532 8l 22 5K
W, 5234, HIRIAR S 5 min.
1.4 {55418 545FR

i i MATLAB R2023b #1715 5 4k BE, 3 72 4n
T o DsEMG {55 5 WAL B AR K IEAT 4 By B ARR e
i 8 U (20 ~ 450 Hz) 47 BHUE % (49 ~ 51 Hz) |, Jf i
AR . QFFE BRI : A8 B R AE A0 R
fiE AEZe M Bl T2 RRAE S D R PEARAE . B2 24
FE$ 2 38 3 145 B 1)) 915 B0 O U B BOT- 2 4
VENR A | F B I UG A 115 5 R e 2 3z 3l
I Lyapunov i £ S5 41

1.5 ZITEFE

i 1k SPSS 26.0 # A4 3E AT B s v o
Shapiro—Wilk K5 36 117 1E 25 M K 56, 1% 22 4% & 3
BbRE2E (xs) R o FFG IR 701 9 B R 5
KL 28 5 22 43 B it A7 41 1) BG4 Al TE 28 20 ok
Kruskal-Wallis H K% (« = 0.05) o X} i R AE 17
Z-score t3 {fE fbL , 2k H F B 43 2 #r (principal
component analysis, PCA) 17 [ 2 40 21 5 2 B R 1T
TR > 80% W) E LSy o 4% 713 LUK A A B
BLAT RIS SRR o AL EE AR I 3 ) A% 4 R
55 P28 SR uE AR A S 80, fE b 7 MK AR B PR AL
BRIVERE . A I BEHLAR AR B Y Gini B2 PESEFR
PEAG & FFIERT 23 2 B BTRREE
2 H#R
2.1 ZAZFREFEBIFIEST

2R E FEB SR A LR 1, BER A
TESSE F R EAE, BAGAIRZ W) FH R 2%
(P<0.001).

Rl ZHZFREZTZEHNFSELLER (kbs)

SR WA (n=20) A% (n=20) W14 (n=20) FIH P
PEAERA (WK /min) 152.3+10.5" 136.8+9.2" 115.6+11.7 87.649 <0.001
W (°) 62.4+5.8" 55.1+4.3" 48.7+6.2 45318 <0.001
A (s) 312.7+25.4° 278.9+22.1 221.5+30.6 92.179 <0.001
MAHEIEE (s) 498.6+45.7" 432.3+38.9" 367.4+52.3 75.409 <0.001
i Lyapunov 15 4% 0.12+0.03" 0.21+0.05" 0.35+0.08 66.736 <0.001
M H S S R 0.18+0.04" 0.25+0.05* 0.4120.09 59.817 <0.001

W SWERANE, P<0.01; SEIRALK, *P<0.05,

22 =HZFIRE SEMG RS
22.1 BB BRI
BERAAENE =K JUU AR T Ak AL L RA0 f e L)
Fr e Ak 23 WL HL {H (integrated electromyography,
®2 ZAZREBIAAIREN EMG(%MVC-s) EEEE (x5)

iEMG) 5z 7, H Y 3 5 T4 (¥ P <0.001)
ERARE S WU BR HEAL IEMG B K T2kl 1
VPR (PP <0.001)(F£2),

LA IR (n=20) B (n=20) WA (n=20) F P
=3k 153221 22.7+3.4* 28.9+4.5 52.368 <0.001
Bl =R ML 45.6+5.8 38.2+4.9* 30.545.2 48.906 <0.001

A fg Ak AL 52.3+6.7° 43.5+5.6 35.846.1 47.149 <0.001
SR i e JUL 48.9+5.97 40.1%5.0 32.4+4.8 50.677 <0.001

W AEMG: BUMILEE; %MVC-s: SR H TGN E I - B SPI2E4lbis, "P<0.001; SPRA R, *P<0.01,

A ZAXE AR LN DR RRAE AW AT A 1L 22 S JULIA) b 835 o T S R A ) o
ELAE BT R (R 3) , IRA SEMGAE S HIME 20 (P<0.05) , R BIH L ATE 3l 19 5 A B2 o v, pfi 42
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Pl A2 LA B[R] 23 Ard i A 60 R R A
(non—negative matrix factorization, NMF ) £ it i 3 />

EE PRI SR B P R R B A M R AR, AR

B AE AN [ $5 1: T J0 ) 22 S 28 B3 /s 5 T ) = 21
W B BN ATRE B B R, S /s A7 LE LA
S 2 A B S AR A

R3 REHEEKFHESEREETNIEL LS B RMERHEXT EE (xts)

A 4k Ei=gan BERAL R e N S
FEA K 1.819+0.118  1.692+0.145  1.249+0.148 0.003 0.032 0.045
AL PEIRE (552 40%)
AL 2.149+0.199  1.945+0.220  1.679+0.176 <0.001 0.025 0.046
NMF 42 Ut e 3.000£0.001  3.000+0.001  3.386+0.412 0.041 1.000 0.047
PARIVERRAE CULP ErE)
YA EASFRZE 0.079+£0.016  0.121+0.031  0.208+0.047 <0.001 0.012 0.008
e NMF: AR
23 PCASZRATTMRE L5y —
Sty S T S 4 YN N A ® TR
XoF 0 36 H 1 25 S G B RRIE 4T PCA L RT3 3 w10 . = B
FLAT B 22 TR IK 85.2% . AR ES AT ( > 0.8) < re N s P
FEAE (PR 1) 4 43 Bl i 44 PC1ORE O LR 28 i 1A gg N -
T« FZ L= UL A LAY SEMG BTk 5 PC2 i 0 . wd
(A AR D ) « 5 A P05 R L2 03 PR
i Lyapunov 8 % | *F ¥4 31 3% Jji 2% (median power g% 1otk . . }’.! .
frequency , MPF) ¥ & #424 5k s PC3 (R 22 LA 3 T
3 -2 -1 0 1 2 3

D)« F2 B8l UL AR AR | i [ ASE R wi ik 52 5 22 ot
ko RL3AS T 15 70 AR AR ORI, Al L 3 20
FEA S R 25 8] o B 3 (181 2) .

PC1 (58.7%)|PC2 (22.4%)| PC1(4.1%)
WA LEMG 0.85 0.12 0.05
= NHEMG 0.82 0.10 0.08
Bl Lyapunov 541 0.10 0.85 0.15
MPF % 0.15 0.60 0.10
FEAR R Me ) L) 0.08 0.15 0.80
RIS E I 0.10 0.12 0.72

Bl 1 PCAYFEHTTAERERNE
¥ PCA: FEMr5r#r, PCL: BONBERGRER T, PC2: BIfETY
ZROEVEH T PC3: MZNLAYMEE T iEMG: Bl L
MPF: “F-¥)3u%

24 EHIRHIEBIMERE

AR5 SRR N DI B 0 PR RE B4
W4, BEPLARARBIY 0 7 RV RE SN , — 4R T
22 M 4% (one—dimensional convolutional neural network ,
1D-CNN) 7E I aUAE | 3R BRI b T BEALARAK , SCH 0]
15l (support vector machine, SVM) Bl E Ik o 0>
JUUHERL RE DA 1 A Sl 5 22 48 5 M R 34 SR Ak BT ik

PCLAZODIUERGRER T (f#R 7 2%: 58.7%)
B2 AEFEEEKEHRERIESEPCARAE
. PCA: FRSHHr; PCL: O HUBESREN 15 PC2: B
ZER e T

K.
F4 AESEEREMTINE FROERELEER (%)
TR HiRIEES TGRS HEIZR  F -score
SVM 91.7 92.1 91.5 91.8
BEBLARbK 94.7 95.0 94.4 94.7
1D-CNN 92.8 932 92.5 92.8

. SVM: R &iHL; 1D-CNN: —Zids a2 4

N 3 O R B HE R SE T Al i A L
iEMG %13 Lyapunov 8 8 7E4fE & T8 PPN Hh &
P27 SRR DA AR Sy DX O3 HE S T 1 Y
fiE, XL 51l PR PR ARAT
3 g

AT D2 AT AR P EREE T
AR R IR T 5T sEMG 512 82 S5
AP T . WIFEE RN, i i 5 1 al A3 3L
X AR 25K -F RS S T IA PR S it
T AR BT R RSO BT A IR
AT — @ Jet R AR Gk
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GinisE 2L R AL
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4. MPF: V¥4, iEMG: BUMILHL(E.

3.1 FEAZENENNZEHEZNAEGIERE

FEURERAE A RPN I R R AR g T e P
PAPE R , 2 I 2 i SR 2 JUL A L 45 2R
WEFE R B, BE TR A B g 1 RO ILRE SR RE X 7 15 0
W Hgh 1k A ORI - U L e (e LA 5
PR B IR LUR SRS A8 SO, B R BRI sk
AT RNV RS S o R i YK S 30 i
M, 5 ETE, TR T8, BT
FrI LGS AT G, B T AL 4 R
K

“HETERE LI TR R A RO T TR
X Bl I 2 A R B s R R . AR B Lyapunov 4
KO A A S R, SR R R R, LA
WM T, X2 SR A S IR . 1)
A A Sk R A 2 S AT A T A - B
R BB T B B, T A5 R TR R BRI TR
a1k ARZeNESh Iy R AL — 2 R BRI AL
DA T ) I 1 R % o S P A TR 2 R
HNCEAE Z2aiE ol Uk S WG EEN: - S R VN T
H ISR

AW TEAE o FEARUEAL IS0 25 PF 1, 20 b 15
GRARE S BRI R TR 1" B 2 IR HAT Sk 8
SR -z s P ER . X EERAE T FA R
YRR AW 1A e U B L AR, 0 2
TET B+ HH R T B W J— I E BRI
i PRS2 B o, TR AN R 17 A o 5 6 ) S o
ARG BRI IE AR AR RE R Bl s Y A |
PEAT IR ARG T B S R RO o e e R] AR
BIFSE T i AL ) I AR B & T A S8 A T T

LSRR A AR T BTGl A B
B AMIE S E R RE T o IX A 22 g 1 T8 3
AL AR RE T IR AL B T A .
32 HMEENTFNESERIAMNRENEX SR

T GE Py MR L K AT 70 A7 AR LR
R UEAS — 1) TR AL K T J2 9 A0 v A 2 J £ L 2900
TE. BEAEOFE B E 20 sEMG FAR  [HZ40R £5
T B — 5 T 0 R BRI T L
H T R RCR ISR — TR Rk ALY
50 B A v AR JULHL A S e SR A R
FEE IR 45 4 S AR TR I B IR TR X
SEAIF A o R AR T A I AR AT RE
AL B3 22 )5 BRI s s 55 ] BRURRAL

R Z R ARS8 T =R . OB
FONTP RPN " e 11 “ S BEPPAG " o ANBIFTE R GE s
sEMG 53z sl SRS & TR AL ARE A 510
WA NUA RIS, IS T FEE A S 5ER%
B, AN T U 25 o BT PN (R R A%
ORISR T o sk iR Tl is <. K
A B S AT AR TR ARIEAL ) TR, A RE
FEA L B ERE PP AU B TFHA RT3k
IO, T ST “ B AL TAES B AR IR RS 7280 2
AR AT HESCHR . Q70 M 4k I B — R = " [ &
BERh - SIREEAZ IR o 5 22 L (L s i
PR Bn B W AN TR] = AR SR 2 R 4 T
18 B E SR B RASR I T AR LA B 1 A R FIL
PRI PERRAE o 9 G SRR BN T AR B g
AT B X RO AR = Tk R . AT
YRS IS S 2 A P T 200 i 4 2 3B RE R 2 e 1k
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EJIE R, PR A RS B8 AL G e M
WERHUE T AR . GRARBEAR T H L ]
RN AT EE A T R LR RS LR
SIBRI A By R R G, ST X T IE AR KT =
KB (94.7%) % WAL I 43 9, S A& GO N 1.4
06 s TR R ] () BT A A R . STk i
PRVT T 3T sEMG M AMLIFA AR | H L 222 F 4
JEERL A P RETEAG L 1T &2 28 AR T 1L B R A 4t
P ARERRIT KRR B 1 A SRR
W RG7 355E T RO HARIEER . Aokgifm
FHALIREAR T SR RS AR HH F AL A
PEAL B F ) 255 i e
33 AMRBBRERKFKARE

AWFFEAFAE LT TR PR O R 52560 % 4544 T 1A%
W TS, A HEAL LRI 3R BE 5 L S I IR S S A2 7
255 AR T AE I R PR Hh 580 UE AR Y 1) 17 Ak RE T o
QFEARYI N B, HAUIGE T RIL” , RARTNAL
PEBAE S I — P Rk 7 RR T S A A O T
Bio QML I BRI AT — 004k, Blan 51 AT
TR A B S 1) 3 S8 B AR RHAIE

FHAMFFE AT 1) 34 T7 IR A : QYA )38 BRI ST,
W) 27 5 U 2 i Lo A0 A48 s o] ) % SRR T
iE s QB R T AL FRIE 5 I R AL b i DG IG , 2
S TSR A RN T O R A R
FRAE” 5 BREAE “S7 RCPE " W 552 7 ) R B I 2
e — 25 AR5 B X AR | 20UHE S5 AN [ BB A7 B I, ¢
TRBRAE A SR 155 VR 4 A% O URE R RE ™ 3
VERRE PR SRR S50, DI A BRIt g it
167 RO A AR s @ FF R ARBUA A 485 X T2
BCEEEIE A IR S LA AN B RN T v
SLHFE M ZSE B S5 B IR B .

ZE b ARSI T LU L RE A% O G
ST 5 N TR 2T S5 IR BIHESE
R TR I R AL B RS AL SR e

Bl D PR Bt T B E FI AT AT B BOR AR, R A Sl 4
AR QYA " ] R s B2
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