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D ISTR IBUTIDN OF FDRCES IN MAND IBULAR MUSCLES 

D ISTRIBUCE SIL  VE SVALECH DOLNÍ ČEL IST I  

Petr týl  M o , Cais  S o , Petrovičová B o  

Práce zkoumá rozdě l ení s i l  ve žvýkacích svalech do lní  čel i s t i  p ř i  

symetr ickém a asymetrickém kousání potravy . Znalost rozdělení s i l  

v e  svalech j e  dúlež itá nejen v e  stomatologické protetice , a l e  

v chirurg i i  obl ičejového skeletu , j akož i v dětské s toma tol ogi i 

p ř i  poruše k loubního výbě žku . 
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The present paper i nvestiga tes the distribution of  f orces i n  the chew-

i ng musc les of the l owe r jaw .  Symme tric and asymme tric  pa tterns of food 

mastication a re inc luded i n  the case of cor rect phys iological  func t i oning 

o f  the musc les  and typical malfunctions of  the lower jaw w i th reduced force 

action in some musc les . Knowl edge of the values and d i s t r ibution of forces 

C resul t ing from occ lusion ) is  essential  not only for the selection of a 

suitable denture i n  dentistry , but a l so in facial  skele ton surgery and in 

i nfant  stoma tology when t reat ing defects of  the arth r i t i c  p rocess . 

Mechanical s timul i i  are verv important for the ske leton ' s  development 

and permanent regenera tion .  Paramount is  the force action in the muscles a t-

tached to appropr iate  loca tions and parts of the facial skeleton . l f , for 

example , the arthritic  process of  the lower j aw is  damaged i n  inf ancy , the 

mechanical action up on the lowe r jaw of the muscles d iverges f rom the phy-

sio logical optimum . The p rogressive evolution of deformat ions results in 
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damaged geometrical configuration of the whole lowerjaw .  lhe extent of 

these deforma tions may even bring about the 1 055 o f  symmetry of  the whole 

facial  skeleton . lhe geometrical assymetry of  the skeleton may be ac

conpanied by the assymetry of  forces in the indiv idual muscles . lhe present 

paper a ttempts to contr ibute to a better understanding of  the biomechanical 

s ide of the problem and to  provide necessary underly ing data for  the thera

py . 

Methodology af the work 

5elected as a mechanica l model a f  the system cansist ing a f  the mandible , 

the mandibular  joint and the chewing musc les is the perfectly  rigid  ba lcony 

g i rder which is  supported by an ideal cy l indr ical hinge and suspended on 

Hookean elastic bars . lhe sys tem has ane degree of f reedom since the girder 

can only turn about the l a teral axis which passes thraugh the centers of  the 

mandibu l a r  joints . 

We remark that the actual behaviaur  of the muscles is more camplex than 

that of the Hookean elastic bars and that the chosen model does not account 

for the isotonic and i sometric actians of the muscles . Nevertheless , we can 

expect tha t the mode l would ref lect the essential  features af rea l i ty at 

least in  a qua l i t a t i ve manner , i . e .  it would provide p l ausible informat i an 

on the distribution o f  the maximum f arces acting upon the lower j aw .  

lhe model and the orientat ion af  the axes are sketched i n  F i g . 1 .  lhe 

muscles are denoted as Sl , 52 , • • •  , 55 on the lef t-hand side ,  and as Sl , 52 , 

53 , • • •  55 on the right-hand side , in the fallowing orde r :  

5 1 ,51 m .  masseter ( pars superf icia l i s )  

52 ,52 m .  masse ter ( pars profunda ) 

53 ,53 m .  temporal i s  

54 ,"5'4 m .  p terygoideus medialls  

55 ,55 m .  p terygoideus lateralis  
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We assume that the s t i ffnesses of the elastic  bars a re proportiona l to 

te cross-sect ion areas of the muscles . These areas were determined in the 

I ns t i tute of Anatomy of the Medical Facul ty , Charles Univers i ty ,  Prague , as 

the mean values resul ting f rom measurements which were carried aut on three 

i nd ividual s .  

These loading patterns were considered i n  analysis : 

I .  F = F = JOD N on the second molar on the left  and on the righ t  ( F i g . 2 ) j  

I I .  2F 2 x JOD N on the f i rs t  inc issors ( F i g . J ) ;  

I I I .  F 300 N on the second molar on the left ( assymetric loading ) ; 

I V .  F 300 N on the righ t .  

F ig . 2  
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Fig . 3  

The effects o f  these loadings were invest iga ted i n  the case of 

a )  the complete system o f  muscles , and 

b )  the muscular sys tem with various defects . 

The mechanical p roblem was formulated in terms of the ma trix  struc

tura l analys i s .  The f orces in the muscles were determined from the condi

t ion o f  the  equi l ibrium o f  the moments abou t  the l a teral axis y,  the re

maining equ i l ibrium cond i tions provided the reactions in the mandibular 

joints . A FORTRAN programme was implemented on the lCl 4-72  computer . The 

programme permits changes in both the anatomie data ( the cha racteristics 

of the musc les and the jaws ) and the physiological data ( position and value 

o f  forces on occlusion ) .  

Conclusions 

Exerting equivalent  forces , wh i ich are active  on food mast ication at  

the  locat ions o f  the  left  and right molar� , tne  mos t loaded stressed muscle 

is  the m.  masseter ( pars superf i c i a l is ) , followed by m.  masseter ( pars pro

funda ) and m . tempora l i s . 

Petrtýl M . , doc . lng . OrSc . , Cais  S . , Ooc . lng . CSc . , Petrovičová B . , Ing . CSc . 

Depar tment o f  Structural Analysis , Faculty of Civil  Engineering , Czech 

Technical Univers ity i n  Prague , 

Thákurova 7 ,  166  29 Prague 6 




