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Effects of Inclined Axial Compressive Force and Flexion Moment on
Lumbosacral Shear Stiffness: An in vifro Biomechanical Study
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Abstract; Objective To investigate the effects of inclined axial compressive force and flexion moment on the
anterior and posterior shear stiffness of the lumbosacral segment. Methods Six fresh-frozen human cadaveric
L5-S1 segments were tested under intact and two progressively impaired structural conditions. intact, a 4-mm
bilateral facet joint gap, and anterior discectomy with nucleus pulposus removal plus circumferential release of the
inner annular fibers (disc injury). A 300 N axial compressive force was applied either vertically downward or with
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a 10° or 20° anterior inclination through the disc’ s shear center. Anterior (0 N to 250 N) and posterior (=50 N to
0 N) shear tests were conducted using a material testing machine. These tests were repeated under a 5 N-m
flexion moment. The relative motion between L5 and S1 was measured using a three-dimensional motion capture
system. Results In the intact state, the inclination of the axial compressive force did not significantly alter
anterior or posterior shear stiffness. However, the application of a flexion moment increased anterior shear
stiffness by 49.3%. Progressive structural damage resulted in incremental increases in anteroposterior shear
translation and corresponding reductions in stiffness. Notably, under combined loading with axial compression
and flexion moment, anterior stiffness decreased from 939 N/mm (intact) to 224 N/mm (disc injury), while
posterior stiffness decreased from 572 N/mm to 217 N/mm. Within the low-load range, no significant differences
in shear stiffness were observed across any structural conditions, regardless of axial force inclination or combined
with a flexion moment. Conclusions This study supports the clinical view that retro-inclination of the pelvis serves
as a compensatory mechanism to enhance segmental shear stability. However, this compensatory capacity

gradually diminishes and ultimately fails as spinal degeneration progresses.
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HORES 1.2.3 30588 ANETT 4 mm (BB MEN] SR 03RS s 58 BRI, ™ P<0.01, " P<0.05( FIF) ,

Wil 25 A AR U BB , 17 B 1 T B 11 M1 B 34 FEAR3IR 25 B4 SF X4 i 55 U0 K RE 4 501 R B & 58%
AR B 25 J TG 20 X, 7 B ali il 7] 5 47 28k oy 33% ;72 A AT JIFEVEFR B bt 4 1 7 2 i 5
YERT M T 52 3RS /N 4 mm (8] B RIAE ] YIRIEE 4> SRR 37% 24% (WFE 1) .

*F1 BIEVINE(n=6)

Tab.1 Anterior shear stiffness B4 . N/mm
R (°) il 4 A AT AR R SR A S Nom BB R
| A2 KA 3 VN WA 2 RE3
0 502+178 363+206 229+131 10331094 357+172 189+64
10 721733 406+254 225+196 924+650 314202 223+93
20 665+655 316157 167£65 861563 377191 261115
YR 629+512 362+198 207+134 939+718 349+177 224+88

AL % 100 58 33 100 37 24




ERAEMNE F40E F5H 20255108

1154

Journal of Medical Biomechanics, Vol. 40 No. 5, Oct. 2025

ot T B 5 24 PR 25 0 i BY 1), il 1] 4 28 Ay
HAE, FERT 5T U W B I A i 2 e AR it N /i JE o 4E
JERTRT YIRS T 49.3% (H 2 RN B 3%

~2.5 == ON- ~
T SNm 2 0.8
E20F g
z Z 06
Zist - ~ <
2 ‘ I I sosll |
B0+ =
= =
205 i I I 502
= 0.0 = 0.0

0 10 20

i ) R 47 R AT ABURE A BE/(°)
() EEERE

0 10 20
i 1) P 47 R AT AU A BE/(°)
(b) /NEFHi4 mmEIBUIRAS

XFF/NIEAT 4 mm (1] 52 R0 (8] £ 453 475 0K 285 gl )
2 A BRI 5 AT AR R B
FAR R A AT BT TN (UL 3)

o
[

0.4 r
03F
02F
0.1

B IR EE/(kN-mm™)

0.0

0 10 20
ol 17 S A AT AR A /()
(o) HERBB IR

B3 EHRETHEEFRBFTHES S N-m BIENEER TR VIRIELL R

Fig.3 Comparison of anterior shear stiffness under axial compressive force alone with axial

compressive force combined with a 5 N-m flexion moment

(a) Under intact condition,

(b) Under 4 mm facet-joint gap condition, (c¢) Under disc injury condition
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