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Biomechanics analysis of the effect of axial loading on the in vivo movement of the lower lumbar
spine during flexion and extension in sitting position/KOU Bowen, ZHANG Zepei, LIU Jianchao, et
al//Chinese Journal of Spine and Spinal Cord, 2022, 32(7): 631-638

[Abstract] Objectives: To study the the effect of axial loading on the motion characteristics of the lumbar
spine during flexion and extension in the sitting position. Methods: Ten subjects were included in the study,
five males and five females, aged 31(26, 34) years, with a body mass index(BMI) of 22.5(22.0, 23.4)kg/m>. CT
images of the L3-S vertebrae in the supine position were acquired and 3D reconstructed. Transient images of
the L3-S1 segments in upright, maximum flexion and extension sitting positions were acquired in dual fluoro-
scopic imaging system (DFIS). The images were aligned with the 3D model in the Rhinoceros software envi-

ronment. Relative displacement distances and relative rotation angles of vertebrae from supine to upright sit-
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ting position were measured. Range of motion(ROMs) of the vertebrae from maximum flexion to maximum ex-
tension in sitting position under physiological conditions and additional axial load(bearing a 10kg special vest)
were measured and compared. And the differences in lumbar ROMs from upright sitting to maximum flexion
and maximum extension sitting positions were compared. Results: from
supine to upright sitting position, L5 displaced 1.4 (0.6, 2.4)mm dorsally relative to SI, and rotated 11.4°
(10.2°, 17.9°) in flexion and L3/4 and LA4/5 rotated 0.8°(-2.1°, 3.8°) and 4.4°(-1.0°, 8.9°) in the sagittal

plane. The rotation magnitudes of L3/4 and L4/5 were with no significant difference from L5/S1(P>0.05). Dur-

In the physiological sitting position,

ing anterior flexion and posterior extension, the displacement of each segment of 1.3-S1 in the left-right di-
rection was 2.0(1.6, 2.5)mm, 1.8(1.0, 2.4)mm, and 5.9(3.7, 6.4)mm, respectively; the displacement in the prox-
1.2)mm, 0.7(0.6, 1.3) mm, 3.3(1.7, 4.0)mm, and the displacements of
L5/S1 in the left-right and proximal—distal directions were significantly different from those of L3/4 and 14/5
(P<0.05); during the movement from neutral sitting to maximum posterior extension sitting,
of each segment of L3-S1 in the left-right direction were 0.7(0.3, 1.4)mm, 0.5(0.3, 0.6)mm, 2.6(1.3, 3.8)mm;
the rotation degrees in the sagittal plane were 4.2°(1.1°, 5.6°), 2.2°(1.4°, 3.3°), and 9.5°(4.6°,

tively. Comparing with physiological sitting position, after additional axial loading, the rotation of L5/S1 in the

imal and distal directions was 1.0(0.7,

the displacements

12.2°), respec-

sagittal plane decreased by 1.2° and cranial-caudal direction compressed by 1.5 mm from supine to upright
sitting; during flexion and extension, the displacements of L5/S1 reduced by 2.8, 4.1, and 1.3mm at anterior—
posterior, left-right, and proximal—distal directions respectively; from upright sitting to maximum extension sit-
ting, the rotation ranges of L5/S1 reduced by 6.1°(P=0.038).

sitting position, the lower lumbar spine tends to be the forward flexion position. There is a greater mobility of

Conclusions: Converting from supine to neutral
L5/S1 in physiological sitting forward flexion and back extension motion. With additional axial loading, L5/S1

mobility decreases. Comparing with L5/S1, the effects on kinematic parameters of additional axial loading on
L3/4 and LA4/5 during flexion and extension motion in sitting position are less.
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Figure 1 3D reconstruction of L3-S1 based on CT imaging technology in MIMICS software environment Figure 2 a
The subject in the maximum flexion sitting position while keeping body stability b The subject in upright sitting position

¢ The subject in the maximum extension sitting position
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Figure 3 Each 3D vertebral model was separately translated and rotated
until their contours matched the corresponding vertebral bony contours
captured on the two fluoroscopic images Figure 4 Reproduction of the
transient spatial states of the L3 -S1 vertebrae in the subject’s body in
upright, flexion and extension in Rhinoceros Figure 5 a The geometric
centers of the upper and lower endplates of each vertebra were selected and

defined as the origin of the right—angle coordinate system b A coordinate

system was established, with X-axis pointing to the left, Y-axis pointing to the dorsal side, and Z-axis pointing to the
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T, 7E N 28055 1l 1) 2 0mp I o 7 380 i R il Ak fir
T, L5/S1 e 7 11 il 45 A 383 33 Bl sk /s 6.1°
(P=0.038) , it —2& , AN bb 1 S5 KT it~ Sz il
Hf ST — S RS A A 2o B v R Bl B ) 2
M A B A AR AR FE TS O ) b L3/4 (7

R 1 B PEMLEE L O A fir B % BEHE TS B O G0 7% F e A

MAETTE RS Mt 2K 0.7mm (P=0.001) ; 78
G MR b 1374 LA/5 T A AR 00 e i AR R R T
JE AR LR, T LS/ST A Fi e A AR v e R AR AR
JEAfE R/ 6.9°(P=0.017) 54k T8 5 1) 2 i
T AT S AN BT S AR iE shad B e ZERT R
J7 18 b T4/5 FifJa ik A v AL 8 A Ak R e
0.9mm (P=0.048),1.3/4 i Ji % 5 {8 71 e 5% /1N
2.1°;1L5/S1 TET et 12 78 v 1) 57 B IR B85 R 2 £ 2
g R T 5 it #

[P50(P25,P75)]

Table 1 Displacement and rotation of each lumbar segment changing from supine to sitting position

A B A A A B4l 1) 28 A A A3
Sitting under physiological load Sitting under additional axial load
L3/4 14/5 1.3/4 14/5 L5/S1
Fi# (mm)
Displacement
HI 5 77 18]
Anterior—posterior 0.4(0.1,0.6) -0.3(-0.8,0.5) 1.4(0.6,2.4) 0.4(0.1,0.6) -0.4(-1.5,0.2) 0.4(0.1,1.1)
ijrﬁﬁm -0.2(-0.6,0.3) -1.9(-2.3,-0.6) -1.3(-3.1,-0.9) -09(-1.8,-0.7) -1.5(-3.3,-0.2) -1.7(-34,-0.2)
eft-right
3T 318 3ty 7 [7)
Proximaldistal -0.8(-0.8,-0.6) -0.4(-0.9,-0.2) -0.2(-2.2,0.3) -0.6(-0.8,-0.4) -1.0(-1.3,-04) -1.7(-2.1,0)
BERs ()
Rotation
IR T e i
Floxion—extension 0.8(-0.9,3.0) 4.4(-1.0,8.9) 11.4(10.2,17.9) 3.0(1.1,3.2) 3.8(-2.8,11.4) 10.2(7.8,12.4)
SR T 2 A
Lefiright bending -0.2(-1.0,2.1) 1.2(-3.1,3.1) -0.2(-0.8,1.0) -0.7(-1.9,2.9) 0(-3.0,1.8) -0.4(-1.6,24)
P 24 B 04(-05,14)  02(-27,06)  04(-0.1,2.0) -04(-08,05) -1.1(-36,09)  0.4(-0.7,0.6)

Left-right twisting

F2 AEBHAMGIMNHERTHLCIHEREESHNETRIEENENE

[P50(P25,P75)]

Table 2 ROM of each segment of 1.3-S1 during anterior flexion and extension movements in sitting position under

physiological and additional axial loads

A B R A A 3L A Al i i A £
Sitting under physiological load Sitting under additional axial load
L3/4 LA/S5 L3/4 L4/5 L5/S1
f % (mm)
Displacement
HJR 7 1)
Anterior—posterior 1.5(1.1,1.8) 1.8(0.7,2.0) 3.9(1.9,5.0) 1.5(0.5,1.9) 1.8(1.6,2.5) 1.1(0.8,2.7)
el 20(1.6,25)  18(1,240)  59(37,64)" 30(24.41)  17(16.22)  18(08,44)
eft-right
AT 328 3 J7 18] @
Proximal—distal 1.0(0.7,1.2) 0.7(0.6,1.3) 3.3(1.7,4.0)" 1.0(0.8,1.5) 1.4(1.0,1.4) 2.0(0.6,2.8)
e ()
Rotation
% IR T fip
Flexion—extension ~~ -0(6:3,11.7) 4.8(4.1,93)  11.4(7.1,16.7) 50(42,102)  74(68.,75) 8.6(5.4,9.1)
Jeb IR T A A
Lefi—right be:ding 2.6(0.9,2.7) 3.3(2.3,39) 2.0(1.2,2.2) 3.3(2.8,3.6) 1.9(1.5,3.3) 2.1(1.1,2.2)
AP I 22 A 5.5(2.7,5.6) 3.5(2.0,5.6) 3.6(2.6,3.9) 3.1(2.4,4.0) 3.7(2.1,4.8) 4.2(2.3,45)

Left—right twisting
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AL 5 5K BRI AER B EOS-X 2k iR R AR T
NG R RS R Ny VAL VAN VAR Y VA = /A
X & EERE-FERRUESHNER,
Fryer 258K T WO PE MRI B 9T 1 6 431 fift B 75 4F
AR TR AR A A B ) 48 73 FE (9 AE 4 . Berry 25181
o FFF s rE MR DU 374347 1 13 A A Aor
TN Y JeE I o T o A R R B A AR 18] £ 17 ek
A5 . Axelsson FEUCR 28 i B NVHER G 1 X £k
F 5% 5 B 3 DAV BiMSE 5] Al A7 B AfE 11 25 i) iz 2
S8,

M T 5 7 vk T BRI, 3k B AF 5T BT 4R A5 1 A
1 i HEMEAS 324 S8R 2 R BR T — AT,

MEAE =425 B P 932 8l T g5 0 53 b X BB RS
KZ 2 UNEMESE AR e Xt %, Nk &8 &
AT A B AE B A bR IC W ok W & W ME 2 3 % 5
B, DX B B MM B CH A R S5 A, A )
B NI 1B Bl 2E BUE BEATRE IR 2 B AR SR
H IR H ) DFIS 3 G2 g 2k USSR A A — 0
BLMEMETE = de2s P L B AR S, JRRExT Hiz
Bl 2 U A TRE B0 2R AR AR SR BT 1
i a6 H HEE I & AUA 0.3mm Y7 %1%
ZE I 0.7 MG 1R 25, B4 A 1l S B AL A3 52 B B
JEMEIZ B 2F R AER O PR R AT N e 7 IR 5 T
Az R Aar T I A8 A 1) A 7 5T A S T e
Je Az 3 v i B 2 Bl 22 R AIE

Ph LR SE UK B EL 3 ST A, HR ST AR A R
FEAE il B AR5 B, Fryer S50 B A M 2]
SEARAEIE T12~S1 Fif ™ £ -1 249/ )s 8.6°, F i 47 3L
F- 3T 05 iz Bl i A E O A 3G K 720,
Axelsson Z50V % 30 M AR M 3] AR A7 175 )5 7 8] b
L5/S1 i 8 KT L34 Wi, 3Tt o 7 1n] b
L4/5 A B K IYFE4i00 % Berry S8 & BLAE <k
T b, AR AL XS LS/ST 35 BEA R R

R3 EEHGAMEBINAG BT A PR UERRAIECRXEMAMAETRERNFEINE [P50(P25,P75)]

Table 3 ROM of each segment of L3-S1 from upright to maximum flexion and extension sitting under

physiological and axial loads

£ 4% (mm) JieHe ()
Displacement Rotation
AiJ JE 77 1] ZEA5 7 1) AT 328 B J7 18] I R T i i SE AR T A A KT 72 A i
Anterior—posterior Left—right Proximal—distal Flexion—extension  Left-right bending  Left-right twisting
A= B A 37 i i
Flexion sitting in physiological condition
L3/4 1.0(0.8, 1.3) 1.5(0.9,1.9) 0.5(0.4,0.7) 5.0(3.2,6.8) 0.6(0.6,1.0) 2.0(1.6,2.1)
LA/S5 0.8(0.5,0.9) 1.0(0.7,1.0) 0.3(0.3,0.5) 3.5(1.9,6.7) 2.0(1.5,3.0) 1.6(1.0,3.9)
L5/S1 2.3(0.6,2.8) 2.4(1.8,3.0) 1.3(0.7,1.6) 2.6(2.0,3.9) 0.4(0.3,0.4) 1.4(0.9,2.8)
Az AR AV SR iR
Extension sitting in physiological condition
L3/4 0.3(0.1, 0.5) 0.7(0.3,1.4) 0.2(0.2,0.5) 42(1.1,5.6) 0.3(0.2,1.1) 1.8(1.5,3.5)
L4/5 0.8(0.3,1.1) 0.5(0.3,0.5) 0.4(0.2,0.6) 22(14,32) 1.3(0.3,1.4) 1.2(0.2,2.1)
L5/S1 1.1(0.5,2.6) 2.6(1.3,3.8)% 1.5(0.9,2.7) 9.5(4.6,12.2)" 1.5(0.6,1.9) 1.7(0.6,2.5)
AN il i A AL A3 i
Fleixon sitting under axial load
L3/4 0.6(0.4, 0.8) 1.6 (1.0,2.2) 0.5(0.3 ,0.5) 1.6 (1.3 ,2.2) 0.3(0.2 ,1.2) 1.9(1.1,3.2)
LA/S 0.4(0.3,1.0) 0.9(0.6,1.2) 0.8(0.6,0.9) 4.8(1.6,5.0) 14(1.2,1.8) 1.4(0.9,1.7)
L5/S1 0.7(0.4,1.5) 0.4(0.1,2.2) 0.7(0.2,1.1) 4.1(1.6,43) 1.1(0.6,1.1) 2.0(1.4,2.1)
Al 1) A A AR i
Extension sitting under axial load
L3/4 0.9(0.1,1.1) 1.4(1.3,2.2) 0.4(0.3 ,0.8) 3.7(2.7,6.7) 2.7(1.7 ,2.9) 1.1(0.3,1.6)
1L4/5 1.3(1.2,1.4) 0.7(0.6,1.0) 0.5(0.3,0.5) 2.8(2.2,5.2) 0.6(0.2,1.5) 2.6(1.0,3.4)
L5/S1 0.5(0.3,1.3) 0.8(0.5,1.3) 0.4(0.2,1.0) 3.4(2.5,3.7)? 0.8(0.6,0.9) 1.9(1.1,2.4)
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BRI, PR 223 D0 FDR AR A A i
ST EW, A EE G TS R
RV VA3 0 N & o 2 8 ) £ 23 g S (10 71 3 QA LR WAL
IS, Wa SEUORIEGE T B H s 3 57 A7 i iz
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