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Abstract: Whiplash injuries often occur in motor vehicle collision accidents. This injury frequently occurs in the
cervical region. However, the reason for this has not yet been clarified. In this study, a multi-body neck model
with muscles was designed. Some muscles in the model were preloaded; these were previously determined using
the concept of the follower load. Cervical spinal vertebrae, discs, and muscles were designed in accordance with
the human cervical spine. The purpose of this study was to investigate the effect of preloads on muscles. The
results imply that the whiplash model with preloaded muscles simulates practical situations more closely than
models without preloads.
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Table 2 Properties of cervical muscles

Extension, Rotation 3o &2 3| do] 7}sla, Z+
5 a5 W2 I AR PN A= Bz ©
d ¥F A Al FAdS AA A5 2l Muscle group  Origin Insertion PCSAZ Preload"”
Ve WSl el FHolws AFE e Ak F (ont)
el EAS 3d387] 3% F0E9  Stiffness Longus capitis | C3~C6 OC;;}:;M 0.75 |30N(c6-head)
i =3 of At ]
<t damping 8kS Table 10] VreRiRiT: Longus colli Cl1 C3~C5 0.75 2.6N(c1-c3)
5.4N(cl-c5)
Table 1 Properties of cervical disc joint Scalenes C3~C7 | ribl, 2| 2.39 -
Joint 4 4 Sternocleidomastoid Clavicula| mastoid 2 -
Stiffness” Damping®” rsternal | process
location B
Intetransversarii | C3~T1 | C2~C7 1.6 -
Head - C1 | 0.476Nm/deg | 26 Nmms/deg
Rotatores 312 | coec7 | o5 |13ONEeS)
Cl - C2 10 Nm/deg 26 Nmms/deg ’ 9N(c5-c6)
. 12N(c3-c4
C2 - C3 3.3 Nm/deg 26 Nmms/deg Interspinales C3~T1 | C2~C7 0.5 3 4.5N((§6-cc7))
C3-C4 5 Nm/deg 26 Nmms/deg Multifidus | C2~C7 | C3~T2 | 0.5 | 4.5N(c2-c3)
C4 - C5 2.5 Nm/deg 26 Nmms/deg Semlsplgalls T1oT5 | cocs 5 i
CCrvicis
C5 - C6 3.3 Nm/deg 26 Nmms/deg v
Splenius capitis | C7~T3 occtpra 1.25 -
C6 - C7 2.5 Nm/deg 26 Nmms/deg bone
C7 - Tl 5 Nm/deg 26 Nmms/deg Trapezius C3~C7 | scapula | 2 -
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Fig. 1 Human neck model with cervical muscles
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Table 3 Cervical muscle strain data

muscle name non-preloaded  preloaded

[location] msucle(%) muscle(%) Gap
Intetransversarii
C3 -C4 1291 13.48 0.57
C4 - C5 20.12 20.84 0.72
C5 - Co6 19.57 20.74 1.17
C6 - C7 26.23 30.46 4.23
Rotatores
C3-cC4 3.73 3.88 0.15
C4 - C5 6.60 6.83 0.23
C5 - Co6 7.29 8.35 1.06
C6 - C7 7.88 9.99 2.11
Interspinales
C3-cC4 18.08 18.89 0.81
C4 - C5 24.46 25.34 0.88
C5 - Co6 37.42 38.78 1.36
C6 - C7 24.67 29.59 4.92
Multifidus
C2 -C4 6.63 6.68 0.05
C3 -C5 11.80 12.26 0.46
C4 - Co 14.29 15.62 1.33
C5 - C7 17.74 20.26 2.52
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