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Effect of force frequency in lumbar oscillation manipulation on therapeutic efficacy: a simulation

study based on the spinal multi-rigid-body model
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Abstract: Objective By establishing a multi-rigid-body mechanical model and using simulation technology, this study aims to investigate the
impact of applied force frequency in lumbar oscillation manipulation on segmental displacement in the lumbar spine, and to explore the response of
intervertebral discs at different levels of degeneration, specifically at the L,-L; and L-S,, to various force frequencies, providing a theoretical basis for
optimizing oscillation manipulation in the intervention of low back pain. Methods A biomechanical model of the lumbar spine was established by
treating vertebral bodies as rigid bodies and intervertebral discs, ligaments, and other soft tissues as springs and dampers. A six-degree-of-freedom
mass-spring-damper system model was constructed. The simulation of intervertebral disc degeneration was performed by adjusting the elastic and
damping coefficients. A simulation model was established using Matlab/Simulink software , with a sine wave variation as the input force to simulate the
effect of different force frequencies on lumbar segmental displacement. The maximum relative displacement of the lumbar segments was recorded under
conditions of non-degenerated intervertebral discs and varying levels of degeneration at L,-Ls and L,-S,, with force frequency changes. Results In the
case of non-degenerated intervertebral discs, the maximum relative displacement of lumbar segments significantly increased within a frequency range
of 2.5-10 Hz as the frequency decreased, while it gradually decreased within the 1-2.5 Hz range. When the intervertebral discs at L,-Lg and L,-S;

degenerated, a force frequency of 2.5 Hz caused the maximum displacement response. As the degree of disc degeneration increased, the maximum

relative displacement of lumbar segments gradually decreased.

(R4 E] B HEA X PRSI  H (PW2024D- Conclusion ~ Within a certain frequency range, lower force
14) ;5 i EZHeaf 1 1 R TR0 H (2025FG15) frequencies lead to greater lumbar displacement, with the best
(Ve R MR, B W, FATE, FE NS REn therapeutic effect achieved at around 2.5 Hz.

RS RBFSE TAE Keywords: intervertebral disc degeneration; lumbodynia; tuina;
2P —Jhm

frequency; biomechanics; traditional Chinese medicine external

LR ] X0 , B AR BRI, AL A5 A 0l 5

therapy
E-mail: liuweifeng197777@163.com



* 50 -

i BE 27 2025 45 59 455 8 ] Shanghai J Tradit Chin Med, Vol.59,No.8, Aug. 2025

TSR © Nk A R SR i E R 2 — |, 4hdt &l
KT E K55 sh Ak g g R) 4R AR S
TS A L DR, UL AE 5 4 A (L) ~ 38 5 EEME (L)
FI L, ~ 575 1 #ITHE (S, ) M ] 48 DB S 0L Bl 41
U S ME ) B K 3 AT YRR 2 A% 5% S
R AR AR 2 ik — DA LA A RN T RE 2 T 5 v A
PRRE M, AT RE S| A ME R 5558 PR 8 45— R B
o PR AL AR

B0 BEEAE ] 4% 1R 28 (IR IT ARG F T LS 2
YRGSy WENRIT T ARG o SR, X SR YT T
S R IR K25 3R )7 T Re R BIVER , TG
SEMIAEFERS s B KU o PRI, JETFARIGYT 2 8 12 8
B, b TR 97 AR R AR R ORI A] R 45 1 ) 27
A, B R I PRI FE R o v B 2 — oA 2K
M GEANA T BT R B 7 Ak 35 RIVE R 21
sl AR R IR —Zafy7 FB . W R 27
VL BB AT RS NEME T RE | 2% A M [R]85 1R A8 5 & 9
R, BRI . R4 B BRI SE HE 27 2% f HE
[ 25 3R A8 AH CRE R o B B S ORI B SR AT A7
FE—L R BRME . i, H AT 5E 2 4 T i X R
i [F1] 25 2 HRE AR B A7 A T 6T AN [ R A
P14 Jmy FAAFE 1) 8 B BT X PR VR T T BRI TR0 X I
HEVRAE T3 A 28 R L 2 R AR e ik i
Ji S =RR 5 ORI AR S o T TC I far AR, A )
SRR 2R ) 516 PRIT R0 ] Y HE 38006 2R i oA
BB . ek, AN [) R A0 R ) A [R] 28 76 245 44 R 2
25 5, W] RE SO TR RN AR . R4, A
TEHESETFIR 00 R 5 A [a) 4518 AR R B2 2 1] (9 e f 5
KR, TSR G, L, SR RE, A
PR MR AR A TR YT AR, AT 38 S 4 &G
7 T 1) 45 2 RO ) IR P A b

A5 B 5% 38 ok N7 2 WK ) 2E B R G2 F Matlab/
Simulink {fj ELEEA B 1, ~ Lo L, ~ S, HEH] 5% & 4
N [ IR AR B, AN ) A I 355 #2125 1 i 0 At
XGRSl 5 B IR AT LU
UL B ok R b B EEME 0 2= e N, Sk HE IR YT Ak
PRI
1 WHRAE
1.1 IR A A FEA &S RN NI, K
MEFELAR L, i moy, A 26 kg L, ~ LB m,~ms 5351 Ry
0.170.0.114.0.114.0.114,0.114 kg, ¥ JEHE 1F 5 HE 5] 2%
1S 16 235 & 2 20045 40 Ry DA 1 32 2 38 58 R BHLJE i 2

B ET 6 B T - - B E RGENEHEAE W) ) A
BRI 1) o o SRR B RELK, R K ~K 5
12K '50,40.35.30,30.45 kN - m™'"> BHJE FI B JE £ %L
Cop 1 C~C 53 K 570.41.39.29.29 .36 Nes-m™''?
REAERIFTE B M 0] 53R AR PR K o B B sibE T
WA R W) )2 o SRy (BRI 9 M ) 53R A8 5| A g
AR AR 55 A iR 5 T 1k B A S e A 451 B
SR R AN BE JE R B0 3G K 25% .50% . 75% . 100%
125% 150% , AU [R IR AR R

My - f(x)
m,
"y [——]
m,
m

Bl1 RE-HE-FRRARME LY ) FHEA

JEHERMRE I S =4E75 B B EE 7 1), BRI & Ik
D WO T VR T 0 G4 i Ok O 1) 1) 22 i 0 D R
FEFEER AL NG ARNL UL I 7= A A 85 U0 1 43 7 o TR F
FIRERTTS  HEM] SCT ZERLAT LAJA#E NI R 307 AL
o ARG I PR 250 SR A ox o g5 R R W] e AR 5
GARADE B BT 3 E EAEARHR 2 B ik B vh A 4526 200
LR (DN A 1 ) S e A B B, 3580 01 I8 By
Bo) o PRI AT 53 SR A AR AR o A T s U0 1 g 4
A7 B W U0 1) g AR Ry EEARE A Y 1) g A 7 0 7
RGN T

MX + CX + KX = F(1) (1)

M.C.K 73512k 6 x 6 B4 5 6 B4 | BHLJe 56 [ AR
FEFR I, F (0) R W0l 1 M B X L RS I . HAE 4
VipSE

my, 0 0 0 0 0]
0 m 0 0 0 0
yo| © 0 m o0 0 0 (2)
0 0 0 m 0 O
0 0 0 0 m O
L0 0 0 0 0 m




« 51 -

iR BE 22 2025 AR5 59 #2456 8 #] Shanghai J Tradit Chin Med, Vol.59,No.8, Aug. 2025

kThn _kThn 0
—kn, ko, + ky —k,
K= 0 -k, k, +k,
0 0 -k,
0 0 0
L 0 0 0
Cho ~Crpo 0
—Cmo  Cmho T €y —C
C= 0 —k, ¢, + ¢,
0 0 -c,
0 0 0
L O 0 0
’
Xz[xTh(»’xl’xZ’x3’x4’x5] (5)
F(t)=[£(1),0,0,0,0,0]" (6)

I B iDL VAN DB RO R NN [E1R7 2 S
e RGBS LR (5 LR Je i 7 AR i) 5 SOIRES
fi] o (8 738, RIVE SOIRAS 4t

0=l

1 = [xl,xz,x3,x4,x5,x6,xi,x;,x§,x2,x;,xg:|
21
(7)
TR B AR S AL B BRI AR E Z (1) = 0, Bl = OB
(] i 22 A RS AE 1R 0, SR IR K o0 T Rl Al o R3S
J5 R A 7

Z'(t)=AZ(t) + BF (1) (8)
Y(t)=DZ(t) + EF(t)
sob gawp =] e L A
O()XG
B= } AHERED = [14,4  Og., |, HLEAE
M71 6x6
%Ezosxso

% SRR G U RHIOE VI 18] J1008 5 TE5Z I XHE
PIBRAUN, EPEIE R P A R A T

f(t)=4.9><sin(0)t—7;)+4.9 (9)

BV A S d R AR 7 0 9.8 N, A T=2 m/w , 4R
=1/T , AHIF 58 308 3 BRAE f (o) 9 30 300 0 30 ke 28 4 A 30
HH 1
1.2 # 3 Matlab/Simulink 45 A& £ & F] H Matlab/
Simulink 3, G 7 W1 2 Jir 78 09 0 LA | 150 5 5 A5
WZH BRRIVE D1 R i AR From Workspace 1Y
S8 ZHLA B C.D B AE B State-Space H1 4% 2
B ; B 7 BT R I TR] S 0, 28 1k i 1a) S VR 0 Y
ZE ] HARBOA RIS

0 0 0
0 0 0
—k, 0 0 (3)
b, +k, -k, 0
—k, ky+k, -k,
0 -k, k, + k]
0 0 0
0 0 0
-, 0 0 (4)
¢, + ¢, —c, 0
—k, c; + ¢y —c,
0 -, ¢y + cs
I R o
y'=Cx+Du
W (i{(osr;)la & State-Space Scope
u/dt—Wldu/di—W -
Derivative Derivative 1  Scope 1
B2 Matlab/Simulink 45 FLAE A
2 HR

2.1 FEAEE A RRE TR MEAMER] AR AR U VR
TR EAEAS T B B KA S B iR 1 s . 4
VE I S5 %75 2.5 ~ 10 Hz(T= 0.1 ~ 0.4) 5, L, Fl L. HEAA
5 B R RS Bt A 1 FH T3 03 T e T2 T o
MAEH SIHRIE ~ 2.5 Hz(T= 0.4 ~ 1.0) B, L, A1 L AEAA
5 B KA B & A HI B8 0 Rz i N

F1 RREADRETL, ~ L& Be) s KA A5

Fi 2 /Hz JE /s Ll/mm Lz/mm L3/mm L4/mm LS/mm
10.00 0.1 0.25 0.29 0.34 0.34 0.23
5.00 0.2 0.31 0.36 0.42 0.42 0.28
3.33 0.3 0.48 0.56 0.65 0.65 0.43
2.50 0.4 1.52 1.75 2.04 2.05 1.37
2.00 0.5 0.67 0.77 0.90 0.90 0.60
1.67 0.6 0.40 0.46 0.54 0.54 0.36
1.43 0.7 0.35 0.40 0.47 0.47 0.32
1.25 0.8 0.33 0.37 0.44 0.44 0.29
1.11 0.9 0.30 0.35 0.40 0.40 0.27
1.00 1.0 0.28 0.32 0.38 0.38 0.25
L AR

22 JRMEM A ART YL, ~ LML ~S HEME A
AN TRIRE B AR AR IS, el ARV T 038 A 451 B 1)
R R A& 3 s . FERT A T, B L, ~ L
FI L, ~ S AE ] 8538 AR 2 B ane] , X5 4F H I3 455 7E 2.5 Hz
(T=0.4) I}, JEARE 415 BERO AL iR B KAE . BEHE 1R
FIHF M 10 Hz F [ 2.5 Hz (T=0.4) I}, {37 5% 1% i 1



« 52

PSSR C N VECE R (R PR s N R A Sl

iR B 224 AR 2025 AR5 59 #2568 #] Shanghai J Tradit Chin Med, Vol.59,No.8, Aug. 2025

HE 1) A L~ LsFHLs~$13B 25 25%
0.1s

fl ] XS TR T 1R T R — B

HEW) £ La~ LsFILs~ SR AE50%

—_— L 0.1s L
L0s 2Smm 025 — L T 02s Le
2.0 mm — 2.0 mm )
1.5 mm i} 1.5 mm j 73
1.0 mm 0 —_— Ls Ls
09s 0.5 .3 s 09s
08s Q 04 08
0.7s 055 0.7s 0.5s
0.6s 0.6
HE ] S La~ LS L5~ 1B 25 759% — L MEN] 2 La~ LS Ls~$1 B 25100% Li
0.1s —_L 0.1s L,
L0 ZSmm 02s — L Los Zomm 025 La
2.0 mm Ls 2.0 mm T4
1.5 mm — Ls 1.5 mm Ls
1.0 mm 03 10 mm
0.9s 0.5 mm_ = 09s 0.5 mm_ 03
0.8s 04s 08s 04s
0.7s 055 0.7 055
0.6s 0.6s
HEMR] 8 La~ LsFILs~ 17828 1259 — M 1) 8% La~ LsFI Ls~ 11828 1509 .
0l1s L' 0.1s LI
— 2 2
Los  ZSmm 025 3 igs 2w 025 L
2.0 mm ’ 2.0 mm -2 3
1.5 mm Ly 1.5 mm Ly
— s Ls
035 1.0 mm 03
09s i 0.9 0.5 mm__ -
c:ikl
0.8s 04s 08s 0.4s
0.7s 0.5 0.7 0.5s
0.6 0.6s

T LR JEAE S S Bk
B3 REMRARET L, ~ Lo L~ S M 10 4 B A2 B R T B BEAR 43 £ 80 % K AR T4 45

MHER L, ~ LA L, ~ S, & A AS TR FE BE A 1B AR i)
PSR FH 7 B9 R L, A0 L HEAA T B Y B KA N7 7%
FE A R B B SE AN 4 Fr s . TGS IR AR R EE AT,

LA LA BEAEAE T 10030 2.5 Ha (T=0.4) I 3
B R KA LR o [RII, Bl AR AL R JEE (N, 5 K
(AL BTN

JEHEL T B AR AL 15 LS B BT AL
20
15
10
£ £
®10 8
k=] k2l
05
0.5
00 0.1 02 03 04 05 06 07 08 0.9 1.0 00 0.1 0.2 03 04 05 06 09 10
V& s s
B4 KRR HAET L, ~ LA 5 R R R % 0 L Ao LR Bl 5% ka4



« 53 .

iR BE 22 2025 AR5 59 #2456 8 #] Shanghai J Tradit Chin Med, Vol.59,No.8, Aug. 2025

3 Tt

ARG AT B RIRT T EHER & = A
Jiti 3 451 R M 45 1 B RS B s2 ), BF SR A5 SR R
VR ) AR & AR AR AR B 45 19 B ) B R AR X B
TEAE ] S H0 R K 2.5 ~ 10 Hz I}, Fifi 2 450 R 1 F B i i
RN WAE 1 ~ 2.5 Ha Bt D) il 25 59 23 () A 1 240 457 U
AN o 3 WA — S A0 3R N AR 1 itk g A g
FUHEE RMNEMEA R . X — KPR, FEHERIT T,
TE BB A i )RR TR SR RO A B

E—2E R R, YMER AL L, ~ LM Ly ~ S, R AEAS
(i) i 1 R A T M 251 B 1) e KA X 57 RS ZEAE
JIEE R 2.5 He W AR BN . S A 58 4518 1)
AHME FRATRE T E A A SCER BB 58 R, & B
SR ST S R S A ST 2RI T
R X BT A% G0 ik b s nh 4 AR R T8 IORh Y ek R
AR (EHESR = T8, R BUEMENR 1 = Tk
FEJiE T AR A 1 ~ 2.5 Hz BRI B a7 i, B
LAAVEE R . X RN R, MR
2P0 o BE A 2 T BE S HE (R B AR ) ) 2R R SO
X 2 iR o) S AL 25 VAR OG o BRI, MER] 4
IBAE 2 S FCH g AR 5B A, 1 2 T ME a4
W 285 (PG /D, REOLR R 8 M= TA ]
DA 3 2o R A 1] 95 11 PN SR R e i st LT g, X
7 Ak 2 5 e A 1) 355 09 A= ) 0 22 R A A 7K 32 8 A
018 J02 3 43 A A e AR 2 T S i FEEAFE (14) e PR A R
TP A AR i P vh mT Bk bR 25 A R 1, M LA
ARAE THER £ . fERARAY I )R T Tk
FE A BT A 25 b A FH A ) 5, 2 G R 0 4 4 1) 8
MBS, DT 05 IEAME B T RE o RN, 24t ) 4 it g
BF VR 0 AT e Tk 7 A% s BIME R 3, S BUARTTRICR
Ao WA I B B, S T n it ) R 5
HE [1] 255 ) [5G 430 38 2 () AT REAE7E SR IR NG . )it 77 4
SR 32 T HE 18] 285 110 T8 A A0 S B, BEAE 7 A i K A A7 )
N, AT IR B B A ATR YT RO . ARBIFGE R I, it 71 4t
N 2.5 Hz I, HEEVRYT RO BT, 35X W BE 55k H] £ 1Y)
[ A A0 25 R DG JE , AT 2 A ) 5 PN 50 245 4 1) o)
FESE . IEIRAFSE " R FEPR 3 TR0 R 60 ~ 120
U /min I B8 R0k el T 97 RO A, W4 I
2.5 Hz SR, LAk, L, ~ Ly Fl Ly ~ S A [a] 45 2 2 HE 1R AR
Y 1 R DX 3, R A8 o A o A S e 1 1 5 e I oy
o P IEHEEIRTT X A CBRETY B iR T
TR T BE T ZE N AR AN AR o N A ] 508 AR
A R MR AR O] DAGE Y i, DA o A 1 5

B E 5 TR TR AR R A R U SRR AR
DA S B2 AR A1 7 %ok L 52 2 FROAE [ 5801 ) B 4 25
2L I

A AW 1 P BBR o HE R T A AL 1R
AT B AKE (A AE—LE R BRTE . B e, AT
TECBEHE AR S WA, 3R] RE S PR B A7 E i 25 . SEPR
b HEAROEAR e A RA AR IR T R 2 Rt —
AL o R, AP S 18 T HEE T LU 7,
1115 220 1 Al B H B VE T o FESE PR B HE AT il
[ 37 77t A BEXPG T AR AR B . AL, AR
FEHY P BLA5 R 75 Bl i I R — P Bl . R
HAIFTE 0] 2 PE S S AT A AR A B ) g S A
A5G i RS , BE— PRV [ HE S Tk 00 ) 24 4
SRR B2, DT 3 5 4 221236 TR A9 I PR

Sk

[ 1] GBD 2017 Disease and Injury Incidence and Prevalence Collaborators.
Global, regional,, and national incidence, prevalence, and years lived
with disability for 354 diseases and injuries for 195 countries and
territories,, 1990-2017: a systematic analysis for the Global Burden of
Disease Study 2017[J]. Lancet, 2018, 392(10159): 1789-1858.
JOAQUIM A F, GHIZONI E, TEDESCHI H, et al. Fundamentals of

—
o
[—

neurosurgery [ M]. Berlin: Springer International Publishing, 2019:
211-220.

[ 3] YANG S, ZHANG F, MA J, et al. Intervertebral disc ageing and
degeneration: The antiapoptotic effect of oestrogen [J]. Ageing Res
Rev, 2020, 57: 100978.

[ 4] PENG B G. Pathophysiology, diagnosis, and treatment of discogenic
low back pain[.”. World J Orthop, 2013, 4(2): 42-52.

[5] ZHAO C Q, WANG L M, JIANG L S, et al. The cell biology of
intervertebral disc aging and degeneration [J]. Ageing Res Rev,
2007, 6(3): 247-261.

[ 6] FhAME, 2980 X F0, 5 ARy T AR ] 5 58 LI 9 £ P AL
HAFLI). P E 2 AL B, 2025, 23(6) : 168-170.

[7 ] 3330 e 4 S 7 A 9] 25 5t RE VR 7 T A o FHARCR D], S8 3
KP4, 2025, 48(1): 100-102.

[ 8] ZEmPF AE K, sk, 55 . i SR 7 IEHE ] 5 58 9 p pL F 52
(1. PaH B 2, 2024, 37(4) : 97-100.

[ 9] SRAENRE, AR, B, 55 T 2 WA T 2 AR AR A SRR Y
ARl ) BERA Y )12, 2021, 36(2) : 277-283.

[10] KELLER T S, COLLOCA C J, BELIVEAU J G. Force-deformation
response of the lumbar spine: a sagittal plane model of posteroanterior
manipulation and mobilization [J]. Clin Biomech (Bristol), 2002, 17
(3): 185-196.

(1] BRI, TS 1L, A5 AL iERe T0R6 7 184 T PENEHE T It O HETR]
BIPAHTL) hAerh BE 224, 2019, 34(4) : 1395-1400.

[12] AR 6, 2l % 2011 ~ 2015 4F BEMG 55 L R AT B AL
BEBRE BT L) . sh A R 2 25, 2018, 20(4) : 327-330.

(F#% 63 W)



