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1. Introduction

Anaomy and physiology of nedk spineis quite well known but knowledge about biomecdanicad
aspeds as soft tissue mechanicd influenceon skeletal system is not satisfied. Espedally correlation
between spine movement, internd forces and muscles roles demands predse interdisciplinary
reseaches, engaged medicd and technicd scientists. Activity of nedk musclesis very important for
heal and cervicd vertebraemovement during physiologicd and acddents situaions Many science
inditutions focus reseaches on nek mustles influence on heal behaviour during situions
corresponding to road acddents lessattention concentrate on physiologicd aspeds. Improvement of
knowledge about correlation beween dynamics, human body behaviour and internal cervicd
phenomenacould contribute to the defenceagaing spinefail ures. The best information aboutabove
mentioned correlation could be obtained during test on voluntees but experimenting on people is
usudly impossble becaise of its dangerous chaader moreover nowadays not exist suitable
technique Another way to study the behaviour of the human body and internd interadionsduring
different stuaionsis the mathematicd moddling. Thisis proposl anoninvasive method [1,2].

The general aim of the presented reseaches is creaion dynamicd 3-dimensond modd suitable
for andysis of correlationsbeween hea movement and internd dynamicd forces.

2. Modélling research

Moddling process was precaled by studies on anatomy of human cervicd spine, propeaties of
paticular elements and kinds of living organisms modéeli ng. 3—dimensond dynamicd modéd of
human cervicd spine as author program was creaed on the basis of multibodymethodobgy. Modd
congsts of (figure 1a):

— hea, seven cavicd vertebrae are treaed as 6 degrees of freedom rigid elements and
immovable trunk, movement of the elements is depended on muscles, intervertebral discs,
facd joints and ligaments adivity,

— muscles are divided in two main groups first degp muscles treaed as nondinea spring
dumper elements and second group main muscles responsble for heal and vertebrae
movement. Muscles of seacond group are represented by forces cdculating on the basis of
optimizaion methods codficients was deermined on the basis of experimental MRI and
EMG methods

— intervertebral disc is divided into isolated segments, representing anulus fibrosus as
nonlinea spring el ement ading during extenson and compresson and nudeus pulposus
as nonlinea spring - damper dement ading only during compresson,

— facd joints is treaed as nonlinea spring — damper element taking into condderation
relative motion possbility of conneded vertebrag additiond resisting moment appeas
when physiologicd relative motion béween néghbou vertebraeis excealed,

— ligaments are divided in parall el stripsading as forces only during eonggtion,

The modd was verified on the basis of experimental reseaches as compaison of vertebrae
relative motion and adion of muscles (figure 1b).. Necessary information aboutmaterial parameters
were obtained from tests on edmens of cadaver spines (figure 1¢).
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Experimental research: b) MRI scans of cervicd spineduiing movement in middle saggital plane
¢) test on pacenen of cadaver spinewith use of speda device

3. Results

Two variants of spine loading were analysed: during physiologicd heal flexion movement and
during situaion corresponding to car heal-on collision (8kmph velodty of acddent). Figure 2
presents maximal forces ingght examples anaomicd pats for two vaiants.
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Figure 2 Comparison of maximal forces indghtanaomicd pats
for physiologicd adivity and acédent Stuation

4. Conclusions

Nedk musles it is very complicaed system. Andysis of biomechanicd aspeds of relations
beween movement, internd readions and muscles forces demands to cary out comnon
expeimental and modédli ng reseaches. Presented modd al ows to carry out numericd simulation
of dynamicd forces indde anaomicd parts of human cervicd spine Ned loading andysisin case
of two variants physiologicd adivity and car collision reveded increase of internd forces abou
five times.
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