EREMHE £365 F£2H 20214%54A
Journal of Medical Biomechanics, Vol. 36 No.2, Apr. 2021 277

X E 485 :1004-7220(2021)02-0277-07

ETZREN B EEEERBUENMAHK

katg" FAERY, 3 &, EHRME, KA, % £, 3 &', B
(1. I T BE7A8M 5 52k, I 200003 ; 2. AR, i 200444 ; 3. b {22 2 5
EIFA IR, LI 201318 4. LGP ELRE=MREHFVEES & ER fEERE, L 200437)

WE.BW A5 EIEENASIER L &t 2 — PP 0 %35 S Ak b il A 1 = R AL 5 W ik, 3
X G BOEHEE E RHRE TR . FriE ST 2 WA B - 2B ) ) AR A F A A B (i AT
iz Fl MATLAB/Simulink #7705 B , 540145 21 FEAHE 4517 B A0 B R0 0 2 I 0 28 Ak 1) 155 00 , o A B2 kAT b
A, AR HE A O AR BB TR, AR E RER n, LB B 45715 B e R A X 50 B AR I I 38, 9 4 Hh — i
HIFERR 2, MR A BE ML LW HITZR AT, &R VIR R A I S Rk 1 A I 2549 B dme R
AHX L RS VAT 25 5 5 4R 105 VA ol A A e AL B T M PR B A 51 B 19 o R i 3 34 W 0 /N ok a3 I M e e
PRFAE FABT A B RNE R, 2 f=1~2.5 Hz B #HE S AARROR LUy, BRSO SEAEROCC, /e A 1Rt
1A AEERITT ;2 £=3.33 Hz,n=5 B, EEIRITRCR ST, (0 SLH IEME 45 0 B SZ I WA B R ;2 =5 Haz AT,
W R R R, S IR MEHE S AR L Dk B B R HE T S MR R & & R 25 SR o B AR 4R i —
A LA B IR D5 BRI HEHE S RHIUE IR E S BUNTE L

SR EHEHEERUE ; GBI ; AW 1% e Fikiifb

FESES: R318.01 XEFRERG: A

DOI: 10. 16156/§.1004-7220. 2021. 02. 017

Optimization of Lumbar Oblique-Pulling Manipulation Based on
Multi-Rigid Body Mechanical Model

ZHANG Yanhai'*, CAO Jinfeng*, LU Jie*, LI Yingian', ZHENG Musong', XU Jun®,
LU Qiang*, ZHOU Nan’

(1. School of Medical Instrument and Food Engineering, University of Shanghai for Science and Technology,
Shanghai 200093, China; 2. Periodicals Agency of Shanghai University, Shanghai 200444, China; 3. School of
Medical Instruments, Shanghai University of Medicine & Health Sciences, Shanghai 201318, China;
4. Department of Massage, Yueyang Hospital of Integrated Traditional Chinese and Western Medicine,

Shanghai University of Traditional Chinese Medicine, Shanghai 200437, China)

Abstract; Objective =~ Comprehensively considering the effectiveness and safety of massage, a method for
evaluating the pros and cons of oscillation excitation and pulse excitation for lumbar oblique-pulling manipulation

Y #5 H #7:2020-10-21; &[5 H#A:2020-12-02

E&TH . HRKARFAE L 5 H (82074571, 81574096)
BIEEE . BA, B#4#% , E-mail ; Ivj@ sumhs.edu.cn

PR IR



278

ER4EMPE %365 F2H 202154A

Journal of Medical Biomechanics, Vol. 36 No.2, Apr. 2021

was proposed, and lumbar oblique-pulling manipulation under oscillation excitation was optimized. Methods A
multi-rigid body biomechanical model of thoracolumbar spine was established. The manipulation force was used
as the input force of the model. Using MATLAB/Simulink, variation of the displacement and acceleration of each
lumbar segment with time was simulated. For the optimization of lumbar massage manipulation, the core
elements of massage force, namely, frequency (f) and operand (n) were changed, and then the maximum
relative displacement and maximum acceleration of each lumbar segment were compared. A new index z was
proposed to comprehensively evaluate effectiveness and safety of the manipulation. Results The maximum
relative displacement of each lumbar segment was almost equal when lumbar oblique-pulling manipulation under
two kinds of excitation was applied. For lumbar oblique-pulling manipulation, the maximum acceleration of each
lumbar segment under oscillation excitation was significantly smaller than that under pulse excitation. When the
frequency of massage was 1-2.5 Hz, the overall effect of massage was better, and the overall effect had no
relation with the operands, and the force of massage lasted for one operand; when the frequency of message
was 3. 33 Hz and the operands were more than 5, the massage had the best effect, meanwhile the strength of
each lumbar segment was relatively large; when the frequency of massage exceeded 5 Hz, and the overall
performance of massage was not good. Conclusions Lumbar oblique-pulling manipulation under oscillation
excitation is safer than that under pulse excitation. The research findings provide doctors with a reasonable range
of operating parameters for lumbar oblique-pulling manipulation under pulse excitation.
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