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Abstract

To investigate the biomechanical characteristics of normal cervical vertebra C2~C7 segments in
children and the variations in the biomechanical characteristics of the pediatric cervical spine
under different loads. Finite element models of the C2~C7 cervical spine for 6-year-old children
were established based on cervical spine CT data and validated for effectiveness, applying loads of
21 N and 0.5, 1.0, 1.5, 2.0 N'm to the models to analyze the joint range of motion (ROM), vertebral
stress, and intervertebral disc pressure distribution characteristics under different motion condi-
tions of the cervical spine. The ROM and stress values in the C2~C7 cervical spine of two models
exhibit nonlinear increases with the torque increasing during flexion, extension, lateral bending,
and rotation movements. Under 21 N concentrated force and 0.5 N-m torque, the overall ROM of
C2~C7 in the cervical spine of model 1 and model 2 were 8.3°, 19.07°, 25.14°, 28.2° and 10.91°,
20.08°, 18.92° and 27.61°, respectively under flexion, extension, lateral bending and rotation. The
ROM of the two models increased by up to 21.19°, 27.84°, 36.83° and 19.08°, 30.05°, 38.31°, respec-
tively, when the torque of 1.0, 1.5 and 2.0 N'-m was compared with that of 0.5 N'-m. Under 21 N
concentrated force and 0.5 N-m torque, the maximum stress of C2~C7 vertebrae in model 1 and
model 2 were 3.19, 11.75, 5.93, 4.84 MPa and 3.96, 9.81, 6.71, 5.89 MPa in flexion, extension, later-
al bending and rotation, respectively. Compared with 0.5 N-m, the maximum stress increases of
the two models under 1.0, 1.5 and 2.0 N-m torque are 133.54%, 203.76%, 286.21% and 83.33%,
138.38% and 220.20%, respectively. The stress of intervertebral disc in children is the minimum
in flexion and the maximum in extension, and the stress distribution characteristics of vertebral
body and intervertebral disc are basically consistent with previous studies. The ROM and stress
size and distribution characteristics of the two children are similar, the ROM of the cervical spine
of children C2~C7 is larger than that of adults, and the stress value of the vertebral body and in-
tervertebral disc is smaller than that of adults. The difference between the cervical spine of child-
ren and that of adults should be considered in the prevention and treatment of cervical spondylo-
sis in children.

Keywords

Cervical Spine of the Children, C2~C7 Finite Element Model, Different Loads, Biomechanical Study

Copyright © 2024 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 518

JUEESIME 5 BN SIMELESE K . AEBIAAD) ) it EAPERI R 22 5, ) LEINE B ET 4, P fa i
[11, RAHEEIKT, SRAHER 52204805, 45500 ) LE AR AL SHER A1 2 80% [2], HIL
USR] B BRI SO R AIGET 3R LA TR BB B SHEORN 245 HAEKIE B R,
U ) LB ST A9 732 3 W7 5 52 15 A ML T2+ 00 b 22

JLESHEAEY) 22 E Z R AT BB AR T M ImRBE FANEY) )2 S0 5 . W S A5 [3]iH i

DOI: 10.12677/m0s.2024.132130 1382 e RSE TR


https://doi.org/10.12677/mos.2024.132130
http://creativecommons.org/licenses/by/4.0/

KRk 2%

HEERAS . SIASHHSE A RICSE IR I 3 & )L CA~Ch HUMEMBAFRIEE . R8Ty RO, H)LE
I RE I SRS Li R[0T T LB AN SN SME C6~C7 15 B A PRI AL AEAN [7) B qef 26 18
LR WA BN ET YR o KA RN AR (22 5%, 48 BRI BT T LB SHERORN B 5 52 07 . (EP
HBEIE T 5N B, JoikmErf s k) L8 SUHE ) 250 70 545 k1. Dong 25 [5]% 57 10 % ) L #3914 C0~C2.C4~C5
A C6~CT7 AT BUHIA BRTHAL, 7 s 46 ) L3 S0HE Je A i O Zhise, 9 P sk o/ F R SR 2 45 4%
MIIRENE R R TSR BB IR K YE . B SURSE[6]E T CT MRS 7 AA HSLNINAZ 6 % )L 3 430
HEATPROCARAY, L imhes P S 3 T LB S A 4 g i S A D LI BT 7E o L S [7]0F 4 F LB SUHE
CA4~C5 MEIRIRLDIRR AT i P9 [ 5 A BR TR A BEAT SEA0 I 6, DA AT XU BME 5 AR BUE AN IR R GEAE JLE T
SPUHE R A [ 58 o R0 S, (HSEIe AR AR E3EAT, SURERZ Gk, Luck SF[8]XT4EYR 20
2 14 5 1)) L 37 RREASEAT I 3O, IRAT T S50HE AL A I 2 AT 7T 32 96 BBl A ) LB SUHE O A
JEE RN T B AR RG22 E Y . Ouyang S5 [91@ 1 2~12 % L SKEU AR AR AR B BN 18 J R 25 oty 52
W Te, FAT ) LESHEF LIRS AR 737379 726 £ 171 N AT 20 £3 mm, =il )L 2 S50HE 458
v SE AR . AR AT T REAS 2 ) L ST A fHRF PR AN 3208, (EXECAERAG RN /7. ARS8 M) 7
FWARL . Jug SFE[1013R T 1 —BISIHE L 17 BUERR VIR S5 1T HE S ARIRET S A€ 1) 4 5 U1, A NSiHE N
SEARRERLLF Y ) LB A AR E I, W) LEIMEOR G TIREE ¥ 2% . HAlT, BP0 LE UL 11 B
TR e HL B SR AR AL ORI LD o
AT LEIEH HME CT BRI 6 2 JLE C2~C7 A MR yeHiRy, Ll A FIHEA T i A

M2 5hefeiazh, i HER ROM. HER R ) AIHE ] £ B 1 ) 73 A RFAE 2347 ) LEE SIUME A= 4 0 22, O
JUBESUMEAE M) 3 20 FE LA R i AR08 (0 T ¥ 9T 4 B R 1K 4l

2. ¥ 55%
2.1 MRIRE

YREUR B IEH BLICHUMERR 0 6 % JLEHME CT H1H EZ, 254 0.625 mm, ¥ H776#% % DICOM
e

2.2. ARTERNET

Y )LEHME CT BET N Mimics BAFHRIL C2~C7 ATBAE BRI SRR, 44 H i & R 1 Rt
A2 (B 1KY T 6 0 B EL, MR 2 RIET 6 % 22 3), { ] Geomagic H XS SEARBE AL AT LT AL AL 2,
KH HyperMesh #4511 53 DU TR X A% o JL3E C2~C7 BUAMEREAL G4 . B2 JoT & FARTHE AR R 254
BEt%. LFHEIN. JRERASH . AP S BV, B . BRIAIWD A AR LI S AL R
HIEEEBRCE Y 0.35 mm,  AKHE BUE N SIME S HE T UAAT EE A5 0.7 [10148 780, AR ME ) B 45 44 ) 23 oAz Al 21 4
e, TR RERL L T YRR R A AR AR, LR 0.42 mm [4]. /NSRRI -
T %A, FEEYE R KON 0.01 [12], Wi BLE AT oo, JLESHE C2~C7 ARTHA NI 1 fron, Xt JLEH
HERLR & S5k B B AN RHE 1, BAASHOLAL 1[4] [6] [13] [14] [15].

23 IMRFHEE

) LE #HE C2~C7 A IR oA 5 N Abaqus BB T 26 F R B, [l 2 C7 MEAK R LAZ SR 6
AN IFEEBE, BRRET AT C2 bu—F A, EZ AN 20N\ FRIEF J1FFRE XL Y. Z
7 M N£0.5. 1.0. 1.5, 2.0 N-m [FAE, AR L8 S00AE (1) A . ()25 A 4% 32 5[ 16]

DOI: 10.12677/m0s.2024.132130 1383 e RSE TR


https://doi.org/10.12677/mos.2024.132130

3. &R 5vHe
3.1. EBFHMIEUE

JLHFiME C2~C7 B BRITHMRAE 21 N 49 /31 1.5 N-m H14E F % T4 ROM 5 # 37 %5[3] (3
% )L#). Basa Z5[17]. Toosizadeh Z5[18]43 FR yC &% Panjabi Z5[19]. Ito Z5[20] 8 1A 5256 K4 1 Eb s 45 SR 4
2 7R o JEARI AR AL 1 5HBEAY 2 #) Cpzv Cagn Case Csgn Co.7ROM 4351104 12.75°, 10.79°, 10.9° . 9.86°
9.61°fi1 13.08°. 16.10°. 13.85°. 11.56°. 7.9°, H: Ce,ROM 5 Luck Z5[21)Wf 7 6 % )L 38 B AR S a6 45
ROy AIARZE 13.12°, 14.83°, 17 B S0 AN A BT 8 e A 1IROM i 10.41°, 9.56°, 12.91°,
12.22°, 8.64°, HEM 2 MHLLHIEINT 13.06%. 9.52%. 3.33%. —10.64%. 3.13%, W% C3,ROM HLt
BRI T 3 % ) LE > 1.17°, 0.74°; I, $i8 1C54. Cor T7EX ROM BEMIK T-HEA 2, Co.,ROM
5 Li 2[4 70 6 % )LEEAE 2.0 N-m 404145~ ROM J&/b 3.95°, 3.53°, FEAAF K, WilE% ROM k4
R, BN 0.27°, ROM HU{E 2 S HEMR T )L 28 S0MESE /) (A Acks e, Tahmid S5[22]8F 58
W LRI () S8 2% A T AN R 5238 2 [BIHE IR0V 30 A7 AE — 5 IR X il

(a) C2~C7 B oHR
BT KR R FERE g

k%
B

— L
AP —

328

JE A piylki sy

Tk FRESR
(b) HEfARLH (c) HMERIEELH

Figure 1. Finite element model of children’s cervical vertebrae C2~C7
1. JLEH#E C2~-C7 HIRTiER

Table 1. Material properties of C2~C7 finite element model of cervical vertebra in children
1. JLESMHE C2~C7 BIRTHEEMRIEM

ZERIAA TR ¥ I /MPa TARALL i A/mm? ST St
B JRE 9960 0.3 - C3D4
FA B 456 0.2 - C3D4

J A 3500 0.3 - C3D4
AR/ 2N 2.5 0.4 - C3D4
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Hit% 1.4 0.49 - C3D4
AR 19.302 0.3 - C3D6
A K 25 0.3 - C3D6
N7k 10.25 0.3 6.0 T3D2
SR 10.25 0.3 5.0 T3D2
T 6.63 0.3 46.0 T3D2
B 2.07 0.3 5.0 T3D2
R 2.93 0.3 10.0 T3D2
b ki 2.93 0.3 10.0 T3D2
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Figure 2. Comparison of ROM results in pediatric C2~C7 cervical spine segments
[El 2. J)LEm#HE C2~C7 TR X TIETNE LRI

3.2. #EER S

JLE# C2~C7 HHERBL Y 7552 210 N A 1.5 N-m # A iy, 7ERTE S MRt Tol R AR N )=
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Figure 3. Stress distribution in C2~C7 vertebrae of children under different motions
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Figure 4. Stress distribution in C2~C7 intervertebral discs of children under

different motions
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B, S FE R MVMS B, 5 AR MVMS 7ER[E T R K/ e RAHFI[31]. B 1 30
#E C2~C7 HEA& 0.5 N-m FRIJE. JEfi. (2 FBEFEE MVMS 237324 3.19. 11.75. 5.93. 4.84 MPa, #T.
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