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Biomechanical study on oblique-pulling manipulation in traditional
Chinese medicine for treating lumbar intervertebral disc protrusion

DOU Meng-lin', FANG Zhou', ZHOU Nan*, YAO Wei' (1. Department of Mechanics and Engi-
neering Science, Fudan University, Shanghai 200433, China; 2. Tuina Department, Yueyang Hospital of Inte-
grated Traditional Chinese and Western Medicine, Shanghai University of Traditional Chinese Medcine, Shang-
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Abstract: Objective To analyze and study the biomechanical model of oblique-pulling manipulation in traditional
Chinese medicine for the treatment of lumbar disc disease such as intervertebral disc protrusion, and compare the
mechanical properties of two different manipulations, i. e. traditional oblique-pulling manipulation under impulse
excitation and improved oblique-pulling manipulation under harmonic excitation. Methods The vertebra was set
as rigid body, while the intervertebral disk and surrounding ligaments as viscoelastic body. A vibration system
with 5-degree freedom for simulating lumbar L1-L5 was established. The basic vibration equation was solved
using analytical method. Results The effect of improved oblique-pulling manipulation was related to the frequen-
cy of harmonic excitation. If the frequency of harmonic excitation was not higher than 1, the maximum displace-
ment of the diseased segment under harmonic excitation was larger than that of traditional oblique-pulling manipu-
lation under impulse excitation. With the lesion location shifted downward, the damage ratio (DR) under harmon-
ic excitation was gradually decreased as compare to that under impulse excitation, indicating the safety of the im-
proved oblique-pulling manipulation increasing. Conclusions The curative effect of oblique-pulling manipulation
under harmonic excitation at the frequency lower than 1 was better than that of traditional oblique-pulling manipula-
tion under impulse excitation, especially in that the medical injury can be controlled by oblique-pulling manipulation
under harmonic excitation at the frequency no higher than 1.
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Fig.1 Biomechanical model of lumbar and lumbar manipulation
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Fig.2 Relative displacement-time curve of each segment for improved oblique-pulling manipulation under harmonic excitation

B3 s R Bk skl T 450 B AR B o AR
W S AE ok PR e 221 (o = 0) 45715 Be AR A 28 K
TG I ZN A ARXT IS o A R AR FH A 45 SR A
[i] , JOK el 4% BEAR X 057 8% B Y B AR U 1) b i
HK.

LAl 2 3l s, ke R ARVEVE R 4519 BoA X
FLRS BTk il T 4% 59 B AR A

Mk B v T B R R Y BRI 1 A KA X A7

¥ o P4 Fir 7 g PRI B RS 0L A 4545 BEdm RAH XS
BiA%, m] LS R S P AR 97 2R

AP 4 af UK B, o <1 A g 35 9 2l R
i, 4% 1 BURORAA (588 24 T Bk b i il 1 G 4
LB ERRARAL RS, s i B B R
BRI R (0 =1.5,0 =2) , FEH R A
O3 Bt KA AL H /N T Bk b Ui e Gediid B i
BRI LA 5 24 1 1 ) A R — i AR



2EW, % HEMMRTRATIERBERHENEY NEFRR
DOU Meng-lin, et al. Biomechanical study on oblique-pulling manipulation in traditional Chinese medicine for
treating lumbar intervertebral disc protrusion 307

30

ﬁ‘[ﬁ/mm

0

3 BRRBUR) E SEIR A 1 A RS T B AR T AL RS- B 18] 2%

5.067.567.5

B [a]/s

Fig.3 Relative displacement-time curve of each segment for traditional oblique-pulling manipulation under impulse excitation
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Fig.4 Maximum displacement of each segment under harmonic excitation at different frequencies and impulse excitation
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Fig.5 Maximum displacement of diseased segment under harmonic excitation and impulse excitation at different frequencies

segment, (b) Diseased 12 segment, (c) Diseased L3 segment, (d) Diseased [4 segment, (e) Diseased L5 segment

2.3 RRFENZEESHT

s RIGTT P A B, AEREMENE I i R rh, 7Y
3 726 1 B ) [ B 3 875G T 0 A g 72 5 B ™ A 5
W R R/, IR 728 3 B 7™ A T 288 14 [ g o A g 28
T B AR, 7E I R RN BE A

“#ifitt (damage ratio, DR) ™2 A - G 1 25
AL 1 BN A 15 Bt KA (75 75
RO BURRIXM RS R LU AE 15100 e T B e Tk
XN E R, Wik b, &1 T
IR AR B AR BN A TR R L

I3 1 Al A, LL g A2 i, [k i 1% Sediok T
DR /N R8s ke R 40 T DR L2 g A8 i, fiff
Mo =0.8.12.3 fa il ¥, DR /T ik ohifah e )
POL ;s R L1 BeOr BB A, TS Uah ke R
¥ DR B/ T Bk bl (2 S 4k DR; 24 LS fi e
BB @ =3 RAAh, HAR i A i i ok R 4% DR
/T Rk U L Gk DR i PR S # UL B4 I A
KT LA ~S5 LS ~ ST, BAEC AL iy 14 il LS
B, R 1 R it LRV VR B R ARk DR g
A/NF BRp e Ge ik DR

®1 FEVTERFAEBEALATEEEFEMRGIT

Tab.1 Damage ratio of different diseased segments under harmon-

(a) Diseased L1

ic excitation and impulse excitation at different frequencies

DR

ERES Ul
Ll 575 12 9578 13 9%72F L4 JR7AE LS w7
Jiiw Iy 1.4828 2.7350 3.0918 2.6034 2.0685
%4 (w=0.3) 3.8037 3.1253 2.3669 2.1206 1.9417
S (w=0.5) 4.0029 3.1253 2.5391 2.1824 1.9140
%) (w=0.8) 2.0610 2.1728 2.5611 2.4857 1.8129
%S (0=1.0) 1.8667 2.4251 3.5448 2.5289 1.9390
&% (w=1.5) 2.7538 3.0278 2.7929 4.3229 1.3939
i (0=2.0) 2.0522 1.9453 3.2195 2.4272 1.5253
i) (w=3.0) 3.3654 2.3590 3.3636 4.3256 3.4444

b 7515 B, TR R AR DR /N Tk b i 52
Bk DR B T2 i
ZRAT 2.2 W ST BT RAS Y ) 28 Ve e
B o<1 A0 TRT I i R R D8 T bk Dl
FegEtid B BAR A% o

3 i

RSO EAMER P B SRR TR HEA T AR a2



2EW, % HEMMRTRATIERBERHENEY NEFRR
DOU Meng-lin, et al. Biomechanical study on oblique-pulling manipulation in traditional Chinese medicine for
treating lumbar intervertebral disc protrusion 309

WFFE , ST RORILA75 L I 5 T X ik el A% G 45
VA R VTR B R AR Tk AT X L

LERFRI, TR 2 R ORI TR IR A
TAETEOL T ] o<1 BRI SR 2k R AR, e
T B KM LR AR AT R il (e G405 T ) e
RAXHLAS s B 11 TR A K (0 = 1.5, 0 =
2) TR ALY Bt KA A% K /N T K b U 12 e 4
AT BEOEAS 5 25 TR 00 AR 0 R B — o A
(w=3) L35 B R BB 58 42 /IN Tk il 1%
G T 451 BURR A%

AFEPOE T 0 DR S0 A K, BRY
KA, B AL BT RS RIS ek R 3k DR XS
FOT I el A% GE 4501 72 T K, B2 v v
4 L1 AR, SRS e AR T DR #RK Tk ik
WL SE0E T DR 25 LS 2R, BR 0 =3 LIS,
TR 2 R AGE T DR /N T K i i % G ik
DR, SIS TN 20 R ARG B B — E DL H

LR T5 R RS B B AL T RO R
i TSR, AT LA ] o <1 5 ) 1 30l
R PE ARG IR b ] BEA EAFCR

B FEWAFAE LT A Z Ak - O r 2 4
SR IR B AR 1AL R RHRAE
AR BSOS AL R ol o, T EL XA A A= 41 5% TR
AR T BB BEAT T 204, e MU Tk ek

RIS , 4 Ja s R R A F 7 L O TR A T
AT 5 AR SO By e N X ] B4, Ko A ] A4y
LR ML VERLIE #% , 5 0E— D I, fiff 2 o
FE N SRR i R s @A SCHY 5182 BlIS
B EE R, I 75 1 PR B S8AE , (EL AT il PRAFESE 4 fit
2%,

S

(1] Pegs. fEgeEl M. ust: RER B, 2003 6.
(2] . B e R M. Jbst: ARZEE

41,2006 124.

[3] T4 WMAMEERMIM]. JF: IDARBAEOR A,
1995 32.

(4] EFEA. HEFHEFIMI] dbat: E P EZ L, 2003.
201.

(5] ZEfriR, ZEmid, mhailr. o BE VA I7 MEAR: (B) 48 52 ) AE 1
IR 8 Ml [J]. PR SR, 1993, 3
(6): 257.

(6] % 5. AHRELIRE=REAA 12 Hifd [J]. &ES
B 5, 1991, 4. 20-22.

(7] SRZR0H, o, BOR). MEEHE MU A7 AR 0E 0 el R B AR
[J]. #%ES5]S, 2003, 19(4) : 6-7.

[8] AL, HEht, WA, 52308 e ¥k 3h R 5t sl J1 24 M o v bk
[ J]. K2, 2001, 20(7) ; 22-25.

(9] E3rse. g5Mzh i [(M]. L. 5B RSt 1993
109-117.



