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Abstract

BACKGROUND: Both rhesus monkeys and humans belong to primates, and their cervical vertebra structure, physiological function and living conditions are
very similar to those of human beings. However, there are few studies on the finite element analysis of the whole cervical vertebra of rhesus monkeys.
OBIJECTIVE: To establish the C,—T, finite element model of cervical vertebrae of adult rhesus monkeys and to make a comparative study between the finite
element models of cervical vertebrae of adult rhesus monkeys and human cervical vertebrae in order to find out the difference.

METHODS: A 7-year-old adult male rhesus monkey was selected and scanned by multi-slice spiral CT in the Imaging Department of the affiliated Hospital of
Inner Mongolia Medical University in December 2019. The original CT data of cervical vertebrae were introduced into Mimics21.0 to establish a preliminary
three-dimensional model, and the geometric structure of the model was optimized by Cero to get the simulation three-dimensional model of cervical
vertebrae. The assembly model was imported into Hypermesh for tetrahedral gridding to divide the tissue grids of various segments, intervertebral discs and
ligaments of cervical vertebrae. Then the finite element model of cervical vertebra was constructed by Abaqus&ANSYS, and the validity was verified by referring

to the relevant finite element model literature.

RESULTS AND CONCLUSION: The three-dimensional finite element model of cervical vertebra of rhesus monkey (including C,—T, and six intervertebral discs
and related ligaments) was successfully established, with a total of 536 215 elements and 461 915 nodes. The overall simulation of the model was high, and
the fine structure was restored with high precision, resulting in a high biological simulation performance. Comparing the range of motion of this model with
that of human cervical vertebra model, we found that the flexion and extension of this model were smaller than those of normal adults (P < 0.05), and left and
right lateral bending of C, ;, C,, and Cq, segments was smaller than the range of standard deviation as reported (P < 0.05). However, axial rotation showed no
significant difference as compared with the value reported previously (P > 0.05). To conclude, there is a great difference in the exercise efficiency between the
finite element models of rhesus monkey cervical vertebra and human cervical vertebra, which can provide a theoretical basis for the study of rhesus monkey

cervical vertebra modeling.

Key words: adult rhesus monkey; whole cervical vertebra; finite element analysis; digital model; human
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Table 1 | Material parameters of the model”®

Btk HE R (MPa) HRALL
SR 12 000 0.29
AR 450 0.29
Z2HR 500 0.40
Bt 1 0.49
EARZi B2 110 0.30
HIESkiH 10 0.30
PE 10 0.30
CEN G 10 0.30
HEPH 15 0.30
R 15 0.30
BB 15 0.30
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Table 2 | Statistics of the number of nodes in the normal model of the
whole cervical vertebra of adult rhesus monkeys

WE g R LS E it
G 43055 65374 DY T A
c 27424 41511 AIRES
G 24726 37620 IUNTEES
C, 29208 44186 DY 4
C, 29 669 45068 NGEES
C 29 490 44998 DY 4
C 29095 44379 Y T A
c 22271 34155 Y T A
T 24118 36 774 DU i ¢

Y I 1695 3780 VY i A
i 804 1749 INTEEN
W 576 1284 Y T A
b 274 084 61037 Tension only truss

2.2 BRBEAFAME (CT,) ZEA RABRRNE T @ ESHELER
R AT FORE SIMEAE J AR S A 025 < i v e 1 1 00 (i
BNE S SR LE . R B 5 (s 3l B T R
BT 28R S Co WS IIARHEZ R (FR 3). BEAR
M5 ZE MR, Coan Coun Cop TR A M JE HVE B
NTZ 2R PR ], AR B ISAE TR S B2 N (3R
4). AEIURR Fe A el ) 2 3 B E XA A 228 SR BB
Z M (% 5)

%3 | BRGIESHERIE + BREAERNE RIIE ()
Table 3 | Specific range of motion of each cervical vertebral segment in
rhesus monkeys during flexion and extension and its verification

B PANJABIZE P ITO A B BRIRAE U SIEEIEAE T RIS T gk 2021
1998 2004 2005 2014 2018
C,-C, 27.4%3.7 27.5¢7.7 27.1#42 293 24.4 14.98
C,-C, 24.4%5.6 15.3t4.2 164451 227 26.9 12.82
C,C, 6.8£1.4 9.0:40 8.8:21 9.7 7.1 3.00
C,-C, 8.2¢4.7 10.0£4.5 9734 107 9.1 3.78
CCs 9.8£4.0 143155 13.844.7 82 10.6 4.58
CC, 10.4%5.2 14580 141161 9.1 7.8 4.62
CC, 8.0£4.3 15.243.1 149435 7.9 6.0 3.42
cT, 6.9:2.4  7.6:2.6 7.6 3.05
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Table 4 | Specific range of motion of each cervical vertebral segment in
rhesus monkeys during left and right lateral flexion and its verification

B PANJABI 25 ™ TO 25 09 pama M spmeges U S fE A 0 kg 2021
1998 2004 2005 2014 2018
C,-C, 9.1+15 7.7£2.1 7.812.4 8.0 6.728 102 10.40
C,-C, 6.5%2.3 11.6+10.4 8.914.5 7.2 9.349 595 6.40
C,-C; 9.6%1.8 9.7t4.3 8.4+3.8 7.4 10.692 770 2.98
C,-C, 9.0+1.9 8.615.9 8.0+3.5 7.0 12.283780 5.31
C,—C; 9.3%1.7 8.1+3.8 7.5£3.7 6.6 9.051 207 6.05
C,—C; 6.5%1.5 49+2.1 4.812.4 6.0 8.114 717 4.78
C—C, 5.4%15 6.813.3 3.9+2.1 6.0 5.280613 2.84
C-T, 3.9+2.1 2.9+1.4 4.927 859 2.50
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Figure 1 | Operating interface of Mimics 21.0 software for rhesus monkey
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Figure 2 | Geometric models of cervical vertebra reconstruction in rhesus
monkeys
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reconstruction of adult rhesus monkeys adult rhesus monkeys
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