* \
. National Cibrary Bibliothdque national e\ CANAD!Aﬁ THESES TNESES C Y ADIENNES ;
of Canada . @ Canada ON MICROFICHE SUR MICROFICHE
P
\ “
. * /
. . "\
] T ’ KQ\
" ‘ ) ‘ ‘
Name oF autROR vom Df L°AUTEUR DONALD '&VIN GIBSON N n
TITLE OF THESIS. 1/XRE DE (A THESE THE POSSIBLE ROLE OF PERIODONTAL
’ " . RECEPTORS IN THE PRODUCTION OF
g ' MASSETERIC SILENT PERIODS'IN DOG

UNIVERSITY UN/VERSITE

YEAR THIS DEGREE CONFERRED/fNNf[ D'OBTENTION DE CE.GRADE
/

THE UNIVERSITY OF ALBERTA . EDMONTON, ALBERTA.
DEGRES FOR WHICH THESIS WAS PRESENTED / .
G:'ID[ POUR LESU[L CETTE r:?sz FUT PRESENTEE MASTER OF SCIENCE :

1975 L

NAME OF SUPERVISOR/NOM DU DIRECTEUR DE THESE
. .

Permission is hereby granted, to the NATIONAL LIBRARY OF

CANADA to microfilm this thesis and to lend or sell copies

of the film.

The author reserves other publication rights, and neither the

4
thesis nor extensive extracts from it may be printed or other-

wise. reproduced without the author’s written permission.

¢ ,

October 17, 1975

DATED DATF SIGNED/S/GNF.

DR, N.R., THOMAS

L'autorisation est, par la présente, accordée d la BIBLIOTHE-

Q8E NAT(ONALE DU CANADA de microfilmer cette thdse et
e

de préter ou de vendre des exemplaires du film.

L'auteur se réserve les autres droits de publication ni Ia

. ,
.thése ni de longs extraits de celle-ci ne doivent étre imprimég

ou autrement reproduits sans I'autorisation dcrite de /'auteur.

2

-~

PERMANENT ADDRESS 'RESIDENCE FIXE

/¢7d‘*~§;££2£‘=ézzgé;a:*»—

28 Landsburg Road, Bedford, Nova Scotia.

NL-®! 1-74 -



-

INFORMATION TO USERS
: \ ’ 4 ’ !
THIS DISSERTATION HAS BEEN

- MICROFILMED EXACTLY AS RECEIVEQ

I

-

This copy was produced from a micro-
fiche copy of the original document.

The quality -of the copy is heavily
dependent upon the quality of the
original thesis submitted for
microfilming. Every.effort has
been made to ensure the highest
quazgty of reproduction possible.
PLEASE NOTE: Some pages may have
indistinct print. Filmed as
received.

Canadian Theses Division
Cataloguing Branch (
National Libraty of Canada
Ottawa, Canada K1A  ON4

. Ottawa, Canad:/,

. - /
AV}S AUX USAGERS
. AN .

LA THESE A ETE MICROF ILMEE
TELLE QUE NOUS I.'AVONS RECUE -

~ -

Cette copie a &té faite 3 partir
d'une microfiche di document
original. La qualité de la copie
dépend grandemgnt de la qualité
de la thdse soumise pour le
microfimage. - Nous avons tout
fait pour assurer une qualite
supérieure de reproduction.

NOTA BENE: La qualité d'impression
de certaines pages peut laisser 3} .
désirer. MicrofiImée telle que
nous 1‘avons regue. '

s

Di tion du catalogage
BibTioth2que nationale du Canada
K1A ON4

Di:;;ion des theses canadiennes



., THE UNIVERSITY OF® ALBERTA

r
}

- r—

.
.

o | |
, < - . THE POSSIBLE ROLE OF pnk;poonTAL
- RECEPTORS IN THE PRODUCTIOJ OF

MASSETERIC SILENT PERIODS IN DOG

. -
- v

- BY
L )
¢

o
C DONALD KEVIN GIBSON
) v o ‘.JJ

'y
! ). A THESIS

-~ .
SUBMITTED TO THE %?CULT%;;F GRADUATE STUDIES AND RESEARCH

IN PAR¥IAL FULFILME

OF THE ,REQUIREMENTS FOR THE DEGREE OF,

TER OF SCIENCE
IN ' .

IOLOGY |

\

EDMONTON, ALBERTA

SPRING, 1976



~4

’rna"uuxvpnsz\rror ALBERTA -
FACULTY OF GRADUATE STUDIES AND RESE’RCH\ s

>

The undersigned certifyAthat they have reed and

recommend to the/Paculty of Graduate Studies and Research,

for acceptance, a thesis entitled.

The Possible Role of Periodontal

</ Receptors in the Production of

’

» Masseteric S11ent Peexoda\}n Dog4

submitted by Donald Kevin G1b§on in partial fulfilment of

the requirements for the degree of Master of Sc1ence in

Oral Biology.

N : Supervisor J//’,
& A

Ll gm e

Externa{/ixamln

-



To my wife, Marie, and.our sons
S :
Kevin, Timothy and Steven

iv



. The pprposo of this study was to 1nvsstigato tho
~toli.of p.riodontnl rccoptors in producing the silent p.niod
q-socintod with.tooth contact in tho qlssctcr muscles ot the

. Y
doq. - Two nondkol dogs vere used. - e

A Occlusal intqrtoroncoo wvere plscod on the. riqht (;
‘cuséid tooth thoroby disoccluding the romsining tcsth. he
animal was 1nduc0d to produco a chewing motion cansipg con-
___;;‘that the cuspid intcrfotenco which conplotod a circuit
‘to mark the time of occluslbﬂts The sledtromyographic acti-
vity wds recorded beforo and after infiltration of local s
¥ esthetic around the occludinq frspidfteeth T .t
‘ The pteanesthetic silent periods had a mean lat--
ency of 26.0 t 3.4 mxlliseconds and a,nean duration of '
23.5 t 2.9 milllseconds. The local gnesthetlc inflltration
abolished the silent periods. . \

Thls study suggests that silent periods seen upon

/

tooth contact 1n the masseter muscle of dOg may be attri-

At

buted to periddontal receptors.

-
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. CHAPTER Qam -
'\, INTRODUCTION .
— The phylioloqic proools of -n.ticction is a com~
Plex nouhdhulculnr ptocdgl, the control of which is not em-
tiroly undo:-tood. In nd&ition to the active force qonora-
ting mechanism’ Qf tho nnctigatory uy-tcn there al-o appoarn
to be a self yroeoctua m.\‘r-tu (Ahum, 1969) . '!'a an
‘elcctromyogran of the nandibnlnr olovatinq musclesd (nupozior
hcad of lateral pterygoid (Grant, 1973; Hcﬂa;kra, 1973), .
masseter, medial pterygoid and thPOtalio) there appears a
silent period in the electrical adtivity of the nulclol as~-
sociated with initial tooth contact. during the occlv.&l
phase of the masticatory cycle (Grifﬁin and Mgnro, 1969).
It has been assumed (Hannam et ai 1970) that tho\\i}cnt
period mechanism prevents excessive and destructive torcoc‘
from belng delivered to the teeth, tgeir supporting struc+
tures and the temporomandibular joint. The silent periods
in the mgngibular elevator musclei in humans with good oc-
Clusion of the teeth are fewer in number, and of shottori |
duration than those in patients with temporomandibular
-joint dysfunction and occlusal dysharmonies (B.lqott. et al,
1971). Therefore, the clinical significance of an ud%et-
standing of the origin of the silent period in the pandi-
bular elevator muscles is apparent.
. Initiation of the silent period in the mandibulat

elevator muscles ha;~3ben attributed to the following:

(1) temporomandibular joint rec.ptogg (Kawamura,

Y .



(1969 . m« gpouonu typn o! -‘M" lpv.

- heen douonotuhl 1n tln “pouhtnu‘ Adganents of the. tﬂ-
poromandibular joint cm.nu.u ana wyre, 1965). 8

N (2) stimulation of unch -pm ® ejither by
aqgdibule’ rdcund upon tooth mct ( .‘ aymuc zeflexm)
or by phyueal vutation gm tm

(3) Golqt t.ndon nxgan onse (WQ 1964) .

4) mecw. in the perigdontal liga=~
ments of the teeth {(Rennam ot‘ al, 1969).” '

Studies into the possible Fole of the periodontal
ligmnt receptors have produoo‘ m!nctinq results. The .,
1nitlation of the :ilent p.:!.od has M attributédd to lt.:l.-

Jlation of periodontal ligameht receptors (Hamnam and Mat-
tyew:, 1969; Griffin and nun:n, 1969), while Hannam et al
(1970) and Matthews and !0 . (1970) have 4ipdicated that the
periodontal ligament receptors may not‘%)c' associated.

\ ‘ It is the purpose of this :tuﬂy to iuvontiqata
thc\\ role of the pe:iodontal r.o.ptorl in producing tho

’sil‘nt period in the mascctor mcles of the dog.



"mo‘ntrnm-mtulhumm!w M
ﬁnaic dnit of . ontihation s’ ; el

" adon and terminai brancties and an;uuxo uh-ro nppuod ly ;‘
" these branches. 0." L
The mOtor axons synapes vith ﬂn -\uclo ttbo:- at
the nouronu-culat jqnctton This lynqpt$c juncttoa is called
the end plate. x.:l.qht and oueeroa'nic:oleopo thutqauooo
have shown that the axon ends as a iphorical cnlltg.-.nt
callod the ‘.ynaptic knob' or pt‘cynlptic‘:.tnlnll. .!hl ,
presynaptic termina)l is -opa:neod from thc po:t‘yn.ptLthtd.
by a narrow gap, the synaptic clott. ./
The presynaptic terminal contains ﬁxqo w:
‘of vesicles known as synaptic vesicles. Thesd vi;tél+l con-
tain the transmitter substance, acetylcholine, which is xe-
| leased into thc synaptic cleft upon excitation. 25&;
triggers" depolarization of the muscle fib.r. D'poil‘l&l;A
tion of the muscle fiber occurs producinq an action poten-
tial that sprcads along thc muscle fiber. As the action:
potential passes along the muﬂclo fiber it -obllizqs the
calcium, in the form of calcium ions, which Yis bound to the

reticulum extending along the sides of the muscle fibder.
( .



.uq of. m 3 -uuuoqu W !nu “
&» .
m’iu pmun lm mou sleny e

.
3

-'nn "mt»;.gy oz"’unw Lo hew
.naod ‘; nttnnlattnn tfon i‘!l'il!ﬁ! rncoptort 'ill'al Cbl- .
qi uaden orqauo IA( musqle -pwoo. The Golqi M ll'b |
L‘vuuy located at the mm junctica of the
'oriqin and insersjon of a nuscle (um:. 1967). 'nny have
been described (uau.’ﬁ*‘ﬂnv“u slow -mang. tension '
r‘c.mtl with a hiﬂ threshold to tch. Ioout studies
of the Golgi‘organ (dtuart Y-8 I70; Alnses, 1967) have
_Fevealed 2 low threshold to Andicating. a regulatory
rolo for the xoc.ptor. Hhtn l spale is -nbjoctod to ex- ,
treme -;rctn' the couu orges: ""!'“ produces Lmbguoa
of the motoneurohs inn.rvatinq i -ﬂpclo. 15. sudden tn-
. " laxftion of the muscle Causes p tap& incrom in its |
longth. This mechanism Apparw mtoctt the tendonous
attachmeént of the muscle to the m (Ghyton. 19“). °

Th mc)o spindle is a .mianzod roum: qhich

y 4

contairis ner and muscle structures and’ therefore has .

Y ) .
afferent and ef nt. hm.rvat.:loa. The afferent nerves car-
ry propriqceptive information from the -u-clo %o’ tho oontrnl

" nervous tyntcn. The efferent inmervation produeol cont:lc-

v
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t@on of the intrafusal fibe::. The muscle spindle;-mAin-
tain muscle téyus and initiate the ;eflex response to musgle
Stretch (Guyton, 1966; Bessette et al, 1971).

Considerable work has been done to determine the
neural mechanism which controls contraction and coordination
of the masticatory muscles. Sherriggton (1917) described
the jaw opening and the jaw closing reflexes in the decere--
brate cat preparation. Electrical stimulation or blynt
pressure applied to the gingiva or the anterijor region of
the hard palate as well as pressure applied to the crown of -
a tooth evoked the jaw opening reflex. Putting fluid in the
mouth to elicit a reflex swallow or stroking the dorsum of
the tongue near its tip evoked the jaw closing reflex.
Sherringgon considered these jaw reflex movements to be the -
basic mechanism of mastication. .

A jaw jerk reflex evoked by striking the lower jéw

has been described by Corbin and Harrison (1940) as)A true

Stretch reflex initiated by proprioceptive stimuli. They
traced proprioceptive impulses‘ffS;Lstretched masseter /;
N i ’d .

muscles into the mésencephalic.root of the trigeminal nerve.

A discrete lesion in the caudal portion of the mesenc halic pu
root of the trigeminal nerve abolished the jaw jerk reflex

on the ipsilateral side. There was no affect on the other

Jaw reflexes such as jaw closing during reflex swallowing or

jaw opening by noxious stimulation (;:rrison and Corbin,

1942) .

The spastic condition of the mandibular elevator

&




muscles in the decerebrate dog was attributed to muscle
supersensitivitf to stretch and not to active jaw clenching
(Kawamura et al, 1958). Destruction of the mesencephalic
trigeminal nucleus abolished the spastic state of the mandi-~-
bular elevator muscles.by interrupting the transmission of
proprioceptive impulses from ﬁhe jaw muscles to the motor

hY

nucleus of the qgigeminal nerve. .Jaw depression evoke? a

response._.of sMbrt latency and slow adaptation that was as-

sumed é::z}sult from stimulation of the muscle spindle af-

ferents in the jaw closing muscles. The control'Qf tonus

of the j;w closing muscles and the degree of mandibular

depression upon opening the mouth was attributed to the mes-
A

encephalic nucleus of the trigeminal nerve.’

Two innervation patterns for the mandibular cusp®d
teeth of the cat have been described by Kizior et al (1968).
They include small free endiﬁélfibers and specialized ovoid
encapsulated receptors that are innervated b§ large myelin-
ated and nonmyelinated fibers. The free ending or alveolar
fibers are associated with the pain response resulting from
heavy forces, in excess of 1100 grams, applied to the teeth.
They enter the periodongal ligament through foramen‘sh the
élveolar bone and are located thfoughout the ligameént. The
fibers innervating the specialized receptors are responsive
to light forces, less than 500 gréms, applied to the teeth.
They enter the ligament from the apical region of the

alveolus with the receptors confined to the apical third of

the ligament.

\
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Anderson et al (1970) suggegtéd that periodontal
reg_ptors could initiate reflex jaw opening only when forces
on'the teeth reached potentially daméging levels.

Kawamura and Nishiyama (1966) determined the
topographic organization of the loqations iﬂ the trigeminal
sensory nuclei that respond to pressure on each toot? in
the cat. Most locations in the sensory nuclei of the iri-
geminal nerve responded to pressure on the teeth applied
*from any direction but some locations only résponded to
pressure in a specific direction. Some spots in the sen-
sory nuclei received afferents from several teeth wi;h the
cuspid tooth having the most densely distributed neurons.
This suggests that ﬁhe periodontal.ligz?ent of the canine
tooth in the cat has a largér number sf sensory geceptors
than the otﬁer teeth.

The trigeminal mesencephalic nucleus of the cat
has three types of neurons (Jerge, 1963). 'One group inner-
vates the muscle spindles of the masseter, temporalis and
medial pterygoid muscles. Another group innervates the
dental pressoreceptors of a single tooth. The last group
innervates the dental pressoreceptors of two or more ad-
jacent teeth and in some cases the contiguous gingival
areas. Activation of the cells described w&g/gnly from
homolateral fields. \

The pressoreceptors responsive to a single tooth
were termed type I and were mainly slow adapting receptors,

requiring 0.65 to 3.0 seconds for the spike frequency
). )



to decline to zero. The threshold ot these receptors was
deﬁendent upon the dixection of the stiﬂhlus. Pressofecep-
tors innervating two or more teeth were tﬂ:med type II and
‘had a more complex peripheral field, probably requiring
branching axons. From two to six teeth were inne;vated by
this type of p;esso:eceptor with each tooth displaying a
preferred direction of stimulus application. The thresholds
were higher for this type of presgsoreceptor chpa;ed with
type I and they tsxe classified as rapid adaptinq rece?tors
but the adaptation time was not presented. Both recéptor
types were associated with the same tooth types, in conérast
to findings by Thomas (1970). He found that fagt pr;;sore-
ceptor affeﬁ’pts were associated with the incisor periodon-
tium and the monosynaptic reflex invblved in positioning the>
incisor teeth for incision. Slow pressoreceptor afferents
were associated with the molar periodontium and a polysyn-
aptic reflex inyélving the mandibular depressor musculature
which probably effect mastication. According to Thomas
(1970), "two functionally distinct pressoreceptors project
to the mesencephalic nucleus V via fast ana slow fibers res- -
pectively", providing flexibility to the mastication pro-v
cess. He also stated that "the muscle spindle afferent
neurons located in the mesencephalic nucleus V e*ert an in-
hibitory influence over oral receptor afferent neurons in
the same nucleus". This would facilitate alternation from

the opening to the closing reflex.

The reciprocal relationship in the brain stem



-

among af?!rent impulzec‘frOm each jaw muscle in the cat
has bech reported (Kawamuré et al, 1960). The iﬂbrease in

the electrical activity in the trigeminal motor nucleus

evoked by stretching a jaw muscle was reciprocaily 3Phihihid_

by stretching the antagonistic muscle. vﬂowéver,' e'rdclp-
rocal inhfbitory responses leading to the ttigéﬁingl moto- |
neuron interactions were not observed in the mesencephaiic

trigeminal nucleus. The inhibitory effects were assumed to

be. mediated by afferent nerve_;ibets from' the muscle spin-

q1es. However, the propriaceptive mechanism of ‘the temporo-

mandibular joint may also exert a strong influence on the
control of the activit}eé of the jaw muscles (Kawamura and
Majima, 1964).

Matsunami and Kubota (1972) used mOnkeyé to deter-
mine whether the muscle spindle afférent activiiy resulting
from efferent fusimotsr neuron activity in a voluntary Pove-
ment, preceded skeletomotor neuron activity. They found
that fusimotor activity occurred during both isometric and
isotonic masseter muscle contraction. Theif results demon-
strated that'efferént ﬁpindle innervation did not precede
skeletomotor innervation of these muscles following stimu-
lation of the motor cort':ex in primates. w . ’

Yemm (1971) has revealed that the activitx of the
masseter and temporal musé&es increases duridg experimental
stress. This was attributed to activity in the gamnﬁ/hotor

system initiated by higher centers of the central nervous

system. Alpha and gamma fibers are often activated simul-

.
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_tanooucly (Matthews, 1972). Taylor and Davoy (1960) hav.
domonsttated alpha-qanma co-activaeion in the jov nn.cl.l‘
of the cat. The discharge of opindlo afferents 1ncroasod
during nuacle contraction and doc:.a-od whon the munclo re- |
laxed. This indicated that.plpha and gamma fiborl were fir-
ing together since the npindles would otherwioo have been
ailent during mu-cle conttauon (Sear-, 1964). :!'hc pos-

ﬂjible sympathetic innervation of muscle spindlcl was unlike-
ly (ﬂatthew:, 1972). Boyd (1962) failod to demonatrate such
an innervation although Barker (1948) reported that the -~
spindles had a rich blood supply with capillarien adjacont
to the intrafusal fibers. ’ ’

Lund and Dellow (1971) studied the effect of in-

" teractive stimuli on rhythmicol mastioatory movqpento in
rabbits. They found that rhythmical mandibular movements
were uﬁuc’ when subthreshold stimulation at central neural
sites known to establish the Jaw rhythm, were coupled with
fac1latory concurrent peripheral stimulation such as an in-
traoral input simulating a food bolus. Inhibition of jaw»
rhythm was obtained when peripheral stimulation such as
noxious paw-pinching, stroné pressure to a maxillary inci-
Sor or rectal distension was coupled with the central qy;éal
stimulation. The described augmentatory and iohibitory.ef-
fects were unaffected by decerebration and removal of the
cerebellum, which demonstrated that the interactions were

not dependent gn ascending-descending,4oops involving higher

centers. The rhythmical ohewing resulting from central



v . : L Y ,
) ltinulction of the back of ghe mouth assumed to bo

through activution of a brain stem pattern qon.tator. such
¥

4 mechanism would be important in init ation and maintonlncc

of rhythmical masticatiion and lucking. ‘ ' “.'
Saveral workers (Goldborq, 1972; Schaerer et al,

1967) have demonlttat.d that'thc activity of the mandibulat

- elevator muscles is intlu.nced by the occXusal r-yatIOnuhip
of the teeth. Occlulal interference- increase the numbor '

(DeBoever, 1969) and duration (Bessette et al, 1971) of 311-
ent periods. Atkinson and. Shcphcrd (1973) dcmon-trated tho

need for an occlusal stop which provides for a correct verti-

cal dimension in order to obtain a normal masticatory cycle.
The occlusal stop may be natural or artif1c1a1 and the pre-

sqnse of a periodontal membrane did not appear essential for
normal mastication. ‘Temporomandibular joint dstnnqtion

may be directly related tooocclusal dysfunction (Bessette

et al, 1971). Griffin And Munro (1971) have shown that the

latency of the silent period in the'mass.tcr muscle is sig-

nificantly shorter in patients with toupOro.andlbular joint

;-dyvfulction indicating that a facxlato:y mechanism may be

Ty -Oi;i;&t"iq- .

'w. .ff ,' Ahlgren (1967) described the chewing cycle in
;hfee phases as follows: »
(ﬁ‘: the opening phase consisting of mandibular
dé%ession; ~
(2}1 the closing phase consisting of mandibular ele-

vation; and »

L

11
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(3J‘ the occlusal phase duting weﬁfh time the teeth
are in contact in habitual occlulion.‘ Ahlgren and Owall
(1970) studied tgo relationship between muscular activity
and chewing force during mastication in human subjects ana:
found that ghe maximallchewing force occurred during the oc-
clusal phase. The mean time interval between maximum force
~ané the start of the openiﬂg phase was 69 milliseconds. The
chewing force outlasted the occlusal phase. Furthermore,
the peak electromyographi activity preceded the maximal

chcwing force by 41 millij&cond., with the chewing force
outialtin§ the.electromyographic activity. ’ '

Jaw reflex pathways are il;ustrated in fi;;{e,one.
The jawljerk reflex has been described as a monosynapt{c re-
flex initiated by sudden stretch of the manéibular elevator
muscles (Goldberg, 1971). _Proprioceptive impulses from éhe
muscle spindles are ‘carried to unipolar neurons locatﬁd in
the mesencephalic trigeminal nucleus in the mid brain.
Processes from these neurons synapse in the trigeminal mo-
tor nucleus producing excitation of the alpha motoneurons
that innervate the mandibular elevator muscles. The result-
ing muscular response is a synchronized conﬁraction¥d§ the .
muscle fibers (Goldberg, 1971):

. Stimulation of perioéontal receptors produces in-
hibition of the mandibular élevator muscles. Afferent im- /”‘.
pulses from periphéral periodontal receptors are warried to
higher centers by the superior and inferior dental branches

L J
of the maxillary and mandibular divisions of the trigeminal
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JAW REFLEX PATHWAYS

Motor nuc. V

Y |

Digastfic muscle Sup. colliculus .

Inf. colliculus

™ palatal réebptot

s

. Neuron in Gasserian ganglion
© - Mandibular div. v

Figure 1: A. Muscle spindles initiate the myotatic reflex of
the jaw elevator muscles. The reflex pathway is monosynaptic
involving mesencephalic nucleus cells and motoneurons in the
trigeminal motor nucleus. B and C illustrate possible path-
ways of the jaw opening reflex. B. The cell bodies of perio-
dontal receptors are located in the mesencephalic nucleus.
Interneurons in the suptatrigéﬂinal nucleus make the reflex ; -y
polysynaptic. C. Receptors with cell bodies located in the &
Gasserian ganglion project to-the main sensory nucleus V.

The disymaptic pathway involves motoneurons in the trigem-
inal moto® nucleus. A more complicated reflex pathway may
involve interneurons in the supratrigeminal sucleus.
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nerve (Griffin ar:d Munro,. 1969). At least Wthwayl may
be involved in this process. In one pathvax the poriodontlj
receptors have their cell bodies in the m.lcncophalic nuc-
leus V. Processes from tpese heurons synapse with neurons
in the supratriggminal’nucleul which préjcct to the trigem-
inal motor nucleus. Impulses from the periodontal rccoptorl

cause inhibition of the ajpha motoneurons that innerdate tho

mandibular elevator muscles.

In the other pathway, the cell bsdies of the pcr -
odontal receptors are located in the Gasserian q&'nqli k
Processes from these neurons synapse with neurons in thc
main sensory nucleus V which project to the trigeminal motor
nucleus. A more complex Pathway may involve interneurons
in the supratrigeminal nucf§us (Jerge, 1964).

B. Electromyography"

[

The inherent electrica‘.rctivity associated with
muscle contraction provides the basis of electromyography.
The asynchronous depolarization of many muscle fibers during
muscle contraction produces many action potentials. The al-
gebraic summation of these electr?fcal potentials can be de-
tected by sensitive electrodes in or near the muscle (Bas-
majian, 1967). | .

Fine wire or needle electrodes may be placed in
the muscle but action potentials are only received from the
immediate muscle fibers which.mqy not accurately represent

the muscle function (Carlsoo, 1952). Larger subcutaneous

plate electrodes may be attached directly onto the muscle
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to record action potentials from a larger number of muscle
fibers. The wire or needle and plate electrodes have the
disadvantage that they may be painful ko the subject and
that during function, the muscle under investigation is dies-
turbed by the electrode which may alter muscle function.
Surface electrodes attached to the skin over the muscle

to be studied eliminate the disadvantages of the former
electrodes. The surface electrodes receive electrical
activity from a larger area of the muscle which nor§ ac-
curately describes thefunction of the entire musole.

Since electromyographic techniques permit the
study of muscle activity without disturbiﬁq‘th. muscle, they
were of value in determining the relationship between dental
occlusion apd the activity of the muscles of mastication
(Ahlgren, 1966; ﬂoller, 1966). Electromyography has been
used to determine changes in jaw muscle aeﬁivity assdci;t.dg'f
with orthodontic correction of malocclusion (Moyer, 1949). "(
Griffin and Munro (1971) used electromyography to study the
action of the massete; and anterior temporalis muscles in
patients with temporomandibular joint dysfunction. |

Since occlusal dysfunction alters the activity of-
the masticatory muscles (Bessette et al, 1971), electromyo-

graphy assumes an important role in diagnosis.

C. The Silent Period

./ The term, silent period, is used to describe the
electrical indctivity seen in the electromyogram of skelstal

muscle following adequate electrical or mechanical ntﬁ‘ill-

v
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tion of the muscle. The phenomenon vas first. dolqz:und A
Hoffman (1922) who oomidond it to be nm!nceory state ot
the motoneurons in ‘o spinal eord, & theory lmozud by ,
Moldaver (1936)._ Gasser (1939) attribyted the silent .‘rtbd
to the positive after potential. tollowinq the diuchutgn of
the motoneurons. s '

'“D.nny-nrown (19 tound that d.at!orontinq the
v-u.clo qr.atly ro‘ucod the silent pesiod. He eonclul.‘ ehat
the rofractorinou of the notomutoﬁc could only be 1@11«-
ted with & small portion of she sildat peried and that e
"grcatoct part of the silent period was due to nt!oroni(’hl-
charge caused by the tendon jerk. Matthews (1933) cuppurtiﬂ
this thoéry when he described a pause, similar to tho llxpnt
period, in the rogular discharge of inpullol fron the mus-
Cle spindles during a muscle twitch. However, Hoff et al
(1934) demonstrated that deafferenting a muscle did not al-
ter the duration of thc silent period. : ‘4. '

More recently, Matthews (1964) stated other fac-
tors in addition tQ mulcle spindles which may be reaponsiblo

for the silent period. They include the activation of Go}yi

tendon organs either electrically or by tension during mus-
cular contraction which produce inhibitorx‘impulso. that are
carried via group 1B fibers to the motoneurons. In addition,
tb,-inéervation of chshaﬁ’cel;s by motor axoht through re-
current collaterals may provide inhibitory impulses to the
motoneurons. However, Renshaw loops have not been demon-

strated in the mandibular elevator muscles.

,1‘\
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Oranit (1983) ltntod thatht.a¢on oc'anl prodqpo
T 1 w.n“ m%u
1nh1b1tioa 1n ayn potonourtuo nal oscttotion of nutl-

genist motomeurona. Angel, lbvl.: and lannone CIDCS) uotn.

human subjects showed that the sileat period oould aoe be *

attributed to the discharge o! Golgi tendon oxq&nl. inhibi~
tion througu the Renshaw ocells or the -ynch:ontu.d dincha:gu
of -otonquron.. They also reported that roctptocu; inner-

. Vation was not responsibls for initiation di the silent per-

iod since it often occurred botoro -ctioa[ tantialse appoa:-
ed in the antagoaistic -aocmo The ntl.ut 'ntini lll: L
currcd whon the muscle was porlittod to shorten, which pre-
.lunnbly unloaded the muscle spindles.. S

In addition to the -1'hani--u mentio .. rccoptori
located in the mporomandibular joint flavanura et al,
1964; Greenfield and Wyke, 1966) and 1nLtho boriodont.l
structures of thc teeth \nanna;n and Matthews, 1969) may also
elicit silont pcrio‘. ip the main clcvator muscles of the
mandxhl. (Goldbotq, 1971).

‘ Ahlgren (1969) determined that the -13.n: period
in the masseter and temporalis muscles ippoar;d at a time
cortesponding to initial tooth contact duriep chewing. He
supported the view of Angel et al (1965) that the Golgi ten-

don organs were not responsible for the silent poriod.

Granit (1955) found that the duration of.the silefflt period &

following the myotatic reflex of leg muscle wac fron 50 to
100 milliseconds and Ahlgren (1969) reportcd a similar Qura-~
[ 4

tion of 100 millisgfonds for the jaw muscles. Ahlgren

% -
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I .3.4'!"\'#4;.,&5.:“ (1969) foumd. that
auoqum Vith tooth contact wes
only .17.8 lilltidcond- duttnq ohcvtnq and 15.3 milliseconde
during bttinq;‘ rurtbotlbtc. the ltloae pexiod in the -no—'
seter and to-pdcalin In.oxnc u.unlly uppocr-d bo!or. the
“peak tension developed ip ‘these. muscles vhill the um
from Golgi tgedon organs increased with.lnctoasod tension.
oy (mss 23auid. han the ssteminsl hemelogy:.
gi tondon organ-and potiodontnl receptor and
the inhibitory c!!oce of ‘the latter -ugyolt the possibility

between the G

‘that periodontal ligament receptors perform for'the masti-
catory mu-cloaaao-., if not all, the functions Golgi toqeoa
organs do for other somatic muscles.

Griffin and Munro (1969) described the electromyo-
graphic activity of the jav closing muscles in tﬁc op§n~
clo.e-clench cycle in man. n-each cycle they found a sil-
ent period in each of the main mandibular olovator muscles
of about 13 milliseconds with a latent period of the same
Quration measured from the time of initiﬂl tooth contact.
Both the onset and the termination of the silent period were
! abrupt. ) e

Hannam et al (1969) studied the changes in th.
activity of the masseter muscle following tooth contact in
man and reported that the returm of activity following the

silent period (elicited by having the shbjects tap their

\

’$ ', ‘J tu ohetmu du'-'
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teeth together in centric occlusion) was variable, being
dependent upon the voluntary efforis of the subject.
Munro and Griffin (1970) sgpported Ahlgren's
(1969) obserVati. ) ‘concerning the silent period .in the mas-
seter and ant_erii%temporalis muscles in man, They believed
that tooth contact produced reflex inhibition of the mandi-
bular elevator muscles.
In a study of the electromyograms of the masseter

1=

muséles in edentulous subjects, Matthews and Yemm (1970)

re

demonstrated a silent period following tooth contact in sub- .

jects.wearing full dentures simikar to thatein subjects with
natural teeth. They concluded that the‘silent period does
not necessarily depend upon stimulation of the mechanorecep-
tors of ﬁhe periodontal ligaments of the teeth. Further
work by Hannam et al (1970) added support to that conclu-

They found that mechanical stimulation of a tooth
produced a silent period in the masseter muscle while the
muscle maintained steady activity with the subject biting
on a hollow rubber bung. Local anesthetic applied around

s

the tooth failed to abolish the silent period. A similar
response 1in tﬂe masseter muscle was obtained by tapping the
chin to evoke a jaw jerk reflex and by tapping a metal disc
attached to the forehead of the subject. This result was
explained as follows: "In those experiments in which a
single upper tooth was tapped, the spindles appear to have
been stimulated by vibration transmitted through bone since

a similar response could be obtained by vibsating the skull

19
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over the frontal bone. During chewing and tooth tépping the
spindles may have been excited similarly by vibrations set
up at the moment of tooth contact or altergatively by slight
rebound of the mandible which could have‘;tretched the ele-
vator mus?les." L

Hannam and Matthews (1969) evoked a. jaw qpening
reflex upon mechanical stimulation of a maxillary canine
tooth in cat. The response proved independent of stimulus
durgtan, and was not altered by removal of gingiva includ-
ing palatal mucosa from around the tooth or by extirpation
of the pulp tissue. However, the respon: - to the mechanical
stimulus was abolished following infiltration of local an-
esthetic over the root of the canine. They concluded that
jaw\muscle activity following tooth stimulation was influ-
enced by mechanoreceptors in the periodontal ligament and
not by receptors in the gingiva, palate or pulp.

Yemm (;972) reported a similarity between the
silent period seen upon tooth contact and that seen fol-
lowing the jaw jerk response. The silent period response
evoked in the masseter muscle by eléctrical stimulation of
oral mucus membrane in man had a latency ¥nd duration simi-
lar to the silent periQd seen in the jaw je;k response.
Yerm (1972) suggest~d that the silent period associated
with tooth contact may have a dual origin with contributions

from both the muscle spindles of the mandibular elevator
muscles and the perlodontal ligament receptors.

The u2/9ad1ng reflex in the mastlcatory muscles

»
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has been examined (Hannam et al, 1968; Gill, 1970) as well
as electrical and mechanigal stimulation of various oral
structures including the éeeth, palate aAd gingiva {(Thexton,
1973; Bessette et al, 1974, Sessle and schmitt, 1972). How-
ever, the results of the studies to date do not clearly.de-
monstrate the mechanlsm responsible for the sxlent peribds
observed in the electromyograms of the mandibular elevator
muscles in man during mastication. The role of periodontal

receptors ln the production of silent periods in the ele-

vator muscles of the matdible is not clearly understood.



CHAPTER THREE

METHODOLOGY
_ *
A. Subjects

The subjects for this study consisted of two, two
year old mongrel dogs, one of each sex. The average weight
of the male dog was ‘ilograms while that of the female
dog was 15 kilograms. The animals were maintained by the

Animal Services Department of the University of Alberta.

B. Appliances

The intraoral appliances émployed in this study'
consisted of a cast gold'band, custom madQntp fit the right
maxillary canine tooth and a preformed human deciduous in-
cisor stainless steel crown (#77 - Unitek Corp., Monrqvia,
California), which was adapted to the opPosihg mandibular
canine Footh. ’

The gold band was constructed with a plafform
directed anteriorly and ending one millimeter from\Fhe_ad-
jacent anterior tooth as illusttated in Figure 2. Three
feet of hoék—up wire with thermoplastic insulation (#8523,
Belden Corp., Chicago, Illinois) was soldered to the labial
sur face néar the gingival border of each appli e.

In order to fabricate the gold band extraorally,
an impression was required so that a positive reproduction
of the maxillary arch could be obtained. The tray for the Nl
impression material was fabricated directly in the dog's

mouth. Two sheets of baseplate wax (Truwax, Dentsply In-

Cx™
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Figure 2: Illustration of lnxilllty‘clﬁlah ipplilnct in po-

sition on the model. A, lateral view. B, occlusal view.
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ternational Inc., York, Pennsylvania) were softened under

warm water and élaced to cover the maxiilary arch and pal-
ate. ‘The powder and liquigfof an orthodontic acrylic resin
(L.D. Caulk Co., Toronto, Ontario) were mixed to the dough
stage and then adapted over the wax in the dog s mouth. The
wax prevented the acrylic from becoming trapped in‘the un-
dercut areas of the geoth and p;ovidcd an acrylic tray of
adequate size to take the impression. After the acrylic be-
gan to set it was removqp from the mouth, along with the wax,
and placed in hot water to hasten the set. When the acrylic
was set all of the wax was removed and the tray was trimmed
to the desired form. The impression portiof of the tray was
perforated with numerous two millimeter holes that were ‘uni-
formly distributed to provide for the retention of the im-~
pression material in the tray. The impression materi#l was
Aan irreversible hydrocollo;d (Jeltrate, L.D. Caulk Co.).
The impression was poured with stone (Velmix,

Kerr Sybron Corp., Romulus, Michigan) to provide the repro-
duction of the maxillary arch. The gold band was first

made ih wax on the modél, removed from the model and
invested, burned éut and then cast in gold. After polish-
ing, the band was ready for use in the dog’s mouth. The
appliances were held in place on the canine teeth by a zinc
phosphate cement (Orthocem, L.D. Caulk Co.).

C. Instrumentation

Silver-silver chloride surface electrodes (#650--

951, Beckman Instruments Inc., Fullerton, Califorhia) were
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employed to pick up th\hflactrical activity ln sach of thc
masseter muscles dhd provide the 1nput to two differontial
Preamplifiers (Grass Mdlil P15B). The amplifier frequency
response range was set at a lower limit of 100 Hz and an
upper limit of 1000 Hz and the amplifier gain was set at
1060. The amplifier outputs were recorded on separate chan-
nels of a four track FM tape recorder Thermionjc Model TDR3
with a bandwxdtampf 2500 Hz) at a tape speed of 15 inches
per second and kb)xtored through a four channel amplifier
(Tektronix Type 3A74, yith time base Type 2B67) on a four
trace storage oscilloscope (Tektronix Type 564).

The direct'current circuit indicating the time of
occlusion consisted of the wire leads from the intraoral
appliances forming a simple series circuit operated by a. 1.5
volt battery. Th§ {ntraoral appliances produced an open-
close switch action. This circuit was connected directly to
one channel of the tape recorder and monitored along with
the masseter muscles. A mlcrophone prov1ded input to the
fourth channel of the tape recorder permitting an audio

”
record of experimental progress. A block diagram illustrat-

ing tge apparatus arrangement during recording is presented
in Figure 3. ‘ )

The data was averaged by an analogue computer
‘(Biomac 1000, ‘Data Laboratories Ltd., London, England). The
recorded huscle activity was full wave rectified fo providé

a signal which was unidirectional from ground potential in

order that all components of the signal would sum in the

25
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aversqinq‘process. The full wave rectifier also doubled

the amplifier output voltage amplitude. After rectifica-
tion, the signals from the two‘malséter muscles servoa as
two inputs to the computer averaging program, while the di-
rect current pulse generated by contact of the intraoral
appliances served to trigger the sweep phase of the averag-
ing process. The computer'wal sct'in the external trigger
mode. This meant that if the time interval between succesb-
ive trigger pulses was less than the sweep timé, the second
Pulse would initiate a new éweep cycle. The duration of the
sweep cycle was 80 milliseconds. Each sample consisted of
32 consecutive sweeps (consec;tive tooth taps) avéraged Sy
the computer; The averaged result was displayed on the
~cathode ray tube of the computer and photographed with an
\oscilloscope ‘Camera (Tektronix Model C12) to provide a
permanent visible record.

- D. Procedure

One h&&f}hour Prior to each work session with the
dog, 10 milligrams of acétpromazine (Atravet, Ayérst Labor-
atories, Montreal, Quebec) was administered intramuscularly
using a gispaiﬁble 25 gauge needle and a 5 cubic centimeter
syringe (Becton Dickinson Co., Clarkson, Ontario).

As the animal became familar with the laboratory
environment and experimental procedﬁres, the administration
of acetpromazine was not required. During recording of data
on tape, local anesthetic was the only drug administered.

The impression of the maxillary arch was obtained

27




with the animal under éeneral ane-thpsia. Pentothal sodium
(Nembut&l; Abbott Laboratories, Montreil, Quebec) was admin-
istered intravenously (30 milligrams per kiloqiam_of body
weight) using a disposable 21 gauge needle and a 10 cubic
centimeter syringe, to render the animal unconcious. This
permitted intubation and connection to the general anesthes-
ia apparatus (The Ohio Mfg. Co., Minneapolis, Minnesota),
supplying oxygen and.fluothane (Halothane, Halocarbon ﬁtd.,
Malton, Ontario).

The following procedure was employed for each
electromyOgraphic trial and recording session. 'The hair
over the masseter muscles and the.saggital crest was
removed with aﬁ electric clipper to permit attachment of the
surface electrodes to the skin. Early attempts to remove
the hair to the skin level by using depilating agents or
shaving cream and safety razor produced a skin surface with
a film of clear inflammatory exudate due to the irritation
of the procedure. The exudate interferred with the adhesion
of the e}ectro&es and the reception of the electrical
activity from the muscles. The areas of electrode)attach-
ment were thoroughly cleaned with ninety-five percent
ethanol aﬁd dried. To facilitate conduction of electrical
action potentials from the skin to the electrode, a conduct-
ing medium (Synapse, Med Tek Corp., Northbrook, Illinois)
was placedrin the concavities of the electrodes. The elect-
rodes were attached to the skin using adhesive collars

(#650451, Beckman Instruments Inc.) in a standardized manner

28
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with two electrodes overlying each masseter muscle and a
single ground electrode attached over the saggital crest, as
illustrated in Figure 4A. The interelectrode distance
between centers was three quarters of an inch for the muscle
electrodes, which were centrally located on the long a£il of
each masseter muscfz and equidistant from the transverse
axis. ' v , . :

The intraoral appliances were placed‘on the right
cuspid teeth while the animal was biting on a wooden stick
to keep the mouth open. The cuspid té@th involved were
dried with gauze sponges and then the appliances were lined
inside with a zinc phosphate cement (Oréhé&‘m;'L.D. Caulk
Co.) to supply.appliance retention. They vgrc then seated
into place %n the teeth and held until the EAitial setting
of the cement occurred, usually 3 to 5 minutes. The intra-
oral appliances are illustrated in FPidyre 4B.

The electrical leads from the surface electrodes )
and the intraoral appliances were connected to the recording
equipment. The animal was induced to produce a che&ing
motion by inserting\a few drops of local anesthetic, mepvi¥
caine, (Carbocaine, Cook Waite Laboratories, Aurora, Ontar-
io) into its mouth. The electrical activity of both masse-
ter muscles as well as the time of tooth contact during the
jaw.movements were recorded on tape. Then 54 milligrams of
mepevicaine were adminfistered by infiltration around each

¥ight cuspid tooth, using a 25 gauge needle, 1.8 milliliter

anesthetic carpules apnd a regular aspirating type dental
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Ten minutes after the local anesthetic agent was

»

administered, a pulp tester: (Vitapulp, The Pelton and Crane
Co., Charlotte, North Carolindysas used to provide an indi-
cation of the degree of anesthesia obtained. The stimulus
intensity of the pulp tester could be increased on a scale
from 1 to 10. The contralateral cuspid in each arch served
as the control. All cuspid teeth were dii.ﬂ for the test.
While the animal responded to a setting of 2 for the control
teeth, a setting of 6 oﬁmlhe anesthetized teeth failed to
elicit a response. Mechanical probing of the gingiva around

the cuspid teeth on both sides of each arch provided similar

. .

responses. This was interpreted as having adequate anesthe-
sia for this study. ,

The animal was again induced to produce a chewing
motion as beforé, and the recording procedure was repeated.
At the end of each experimental session with a dog, all

electrodes and applianceS'were removed and the areas of

their attachment were cleaned.
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. RESULTS

‘ " The Preaneathetic tesults of the latoncy and .11-

ont period for the right and 1.£ﬁ>nnnnotor -uaclc- ato pro- "

- . Y

lontod in Fiquro S. .
PREANESTHETIC RESULTS

. Y ! * v

Sample Latont‘§§;;od Silent Period
(mill;-ocondc) (milliseconds)
) : “@® o
Right* Left Right Left
Masseter Masseter Masseter ' Masseter
1 -30 26 18 24
2 26 24 22 24
3 27 20 21 28
4 26 22 30 26
S 34 24 22 20
X ¢t S.D. 28.6 ¢ 3.4 23.5 t 2.3 ° 22.6 : 4.4 24.4 ¢ 2.9 °

"Figure S: Preanesthetic results for latent and silent per-
iods for right and left masseter muscles.

- The mean latency of €he'right masseter muscle was
28.6 ¢ 3.4 milliseconds. This was 5.1 -illi-econd. longer
than the mean latency of the left uaaso‘nt muscle. The
mean duration of the silent period in the right -naoqbor .
muscle was 22.6 t+ 4.4 milliseconds whgph"ni 1.8 milligec- .
onds shorter than that in .the left masseter iusclo.

An illustration of the preanesthetic results is

32
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presented in Figure 6 which demonstrates the initial myo-
tatic reflex, the latency and silent .period of both mas-
seter muscles. The éean time of the myotatic reflex res-
ponse was found to be 9.7 t 1.8 milliseconds in the pre-
anestheﬁic animal and’13.0 *+ 1.7 milliseconds at ten min-
utes post anesthesia. 1In eachcéase the left masseter mus-
cle revealed a stretch reflex response that was slightly
shorter (1 millisecond) than that of the right masseter
muscle. |

Figure 7A is inserted simply to illustrate silent
periods associated with normal hastication in the dog. This
electromyogram shows raw data obtained by monitoring both
masseter muscles of the dog during mastication of dog bis-
cuits. No local anesthetic or intraoral appliancdes were in-
volved at that time. Figure 7B is included to demonstrate
a preanesthetic unrectified sample which has been averaged
by the computer. ‘

The post anesthetic findings are illustrated in
Figure 8. No sillent periods are present in the electrical
activity of cither masseter muscle. The initial myotatic
response to tooth contact is still present in the post an-
esthetic record. This sftretch reflex was increased in amp-
litude and time due to loss of pefiodontal afferent activi-

ty. This result was consistently obtained in both dogs and
Id

1s based on 244 recordings.
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Figure 6: Preanesthetic records of two computer averaged

samples illustrating the latent and silent periads, The top »
display in each photograph is from the right masseter muscle
(appliance side). The bottom display is from the left mas-

seter mukcle. :
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Figure 7: A, illustration of silent periods (see arrows) in
the dog recorded during normal mastication. B, illustration
of preanesthetic unrectified computer averaged sample.
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Figure 8: Postanesthetic records of two computer averaged
samples illustrating the absence of silent periods. The top
display in each photograph is from the right masseter muscle
(appliance side). The bottom display is from the left mas-
seter muscle. '



CHAPTER FIVE
' DISCUSSION AND CONCLUSION

The results of thié study were in general agree-
ment with the flndings of+Sessle (1972) , Sessle and Schmitt"
(1972) and Goldberg (1971) which support the view that
periodontal raeceptors initiate the silent period in the mas-
seter musql#s associated with tooth contact. The masseteric
silent pegg’ds associated with tooth contact in this study
were abollshed by local anesthetic infiltration around the
occluding cuspid teeth. Sessle and Schmitt (1972) demon-
strated reduction and abolition of the silent period in hu-
man.masseter‘muscles following administration of 1qca1 anes-
thetic to mechanically stimulated maxillary central incisors.
Masseteric silent pgriods in the present study on dogs were
evoked by tooth stimulation regulting from functional mandi-
bular movements which more closely represents natural masti-
cation. Goldberg (1971)‘found a marked decrease in the mas-
seteéric silent period duraéion following infiltration of
local anesthetic around mechanically stihulated maxillary
central incisors. During stimulation of the incisor, the
subject was biting on cotton wood sticks placed between the
mol;r teeth. The stimulus was applied in a labio-lingual
direction to the crown of the incisor, normal to its long
axis. The method of stimulus application and biting on the
sticks may have permitted stiﬁulation of some receptors of

adjacent or posterior teeth thus preventing abolition of the

silent period.
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In contrast to these results, Hannam et a;'(1970)
found that local anesthetic failed to abolish the inhibition
of ﬁhe masseter muscles following stimulation of maxillary
incisor teeth in human subjects. However, they used only
0.5 milliliters of local anesthetic (lidocaine) which was
about one quarter of that used by Sessle and Schmitt (1972)
or Goldberg (1971) and may have been an 1nsuff1¢1ent amount
to anesthe:\ge all of the involved perlodontal receptors.

In the present study 2.7 milliliters of 2 percent mepiva-
caine hydrochloride containing 1:20,000 neocobefrin (a vaso-
constrictor) was infiltrated around both right canine teeth

in the dog. Mepivacaine was used in this study because it

remains more localized in the tissues, compared with lido-

caine (Sutherland, 1970). 1In addition, it is claimed to be
less toxic,ymore potent and longer acting than lidocaine
even though both local anesthetics are xylidides (Grollman
and Grollman, 1970).

Matthews and Yemm (1970) found silent periods with
similar latency and duratien in subjects with natural denti~'
tions and those wearlng full dentures. No attempt was made
to anesthetize all of the denture bearing area to determine
receptor locations. Theii study raises the question con-
cerning the fate of periodontal receptors upon extraction
of the teeth. ‘Do all of the receptors degenerate or do some
adapt to a new role such as inoreasing gingival sensitivity?
Matthews and Yemm (1970) suggested that receptors in the

mucus membrane were stimulated by contact between the full
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dentures'to proche siient petiods.in the mandibular.ole-
vator muscles.

, Hannam and Matthews (1969) have demonstrated in
cat that the receptors associated with the jaw opening re-
flex were not located in the pulp, gingiva or palatal mu-
cosa of the teeth. They found that mechanical stimulation
of a maxillary canide always elicited a rgflex jaw openinq;
response. ¢ The gingival tissue was removed to expose72 mil-~
limeters of Bone around the canine. The response to}the |
mechanical stimulation of the canine was undiminished. The
Pulp tissue of the canine was then removed and stimulation
of the tooth was repeated.  There was no alteration in the
response to the stimulus. At this p01nt in the experiment,
ﬁWIth the pulp and gingival tissues removed, local anesthetic
was 1nf11trated over the root of the canine. The tooth was
mechanically stimulated as before and the response was
found to be abolished. ’

The results of that study were important to the
present investigation by indicaiing that the receptors as-
socxated with jaw muscle activity were not located in the
pulp or glnglval tissues. With these tissues excluded, the
remaining periodontal structures assume more importance as
possible sites of the receptors associated with the silentv
~period. Since the masticatory systems of the cat and dog |
are anatomically similar, it is assumed, and remains to be

demonstrated, that the findings of Hannam and Matthews

(1969) in the cat are true for the dog.



Yemm (1969, 1971) has shown that muscle activity
in humans waL inflﬁenced by emotional stress. The altera-
.tion in muscle activity was aﬁtributed to activity in the
g&mma motor system initiated by higher centers in the cent-
ral nervous system. Hanqam et al (1969) hav; demon-t;ated
that masseter muscle activity followiné tooth cont;ct was
variable and depenébnt upon the voluntary efforts of the
subject.

2:is study attempts to avoid thf&: problems by us-
ing experi

ntal animals. The dog was chosén“as the subject

for this study because the temporomandibular joint in the
dog is a simple hinge type joint with restrigted mandibular
movement. The absence of lateral jaw movements avoids ex-
traneous muscle activity which may otherwise have altered
the electromyographic results of this study. The Qimple
open-close movement of the joint permits placement of occlu-

sal interferences on the teeth such that occlusal contact

%lways occurs at the same spot. The dog is a readily avail-

able animal and was of adequate size for this study. The
author is not aware of previous masseteric silent period
studies in the dog. This study provides the basis for fut-
ure investigations into pathways and higher centers associa-~
ted with the silent period in the masseter muscles of dog.
The Qbolition of silent periods in this study sup-
ports the view that the Golgi tendon organs were not respon-
sible for the silent period seen in the masseter muscle upon

tooth contact. The nature of‘the local anesthetic to be
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localized in the tissues and the distant location of the
inf‘tration ‘from the masseter muscles in the dog indicates
the Golgi organs and their nervous innervation were not af-
fected by the anesthetic. 1In addition, the presence of the
myotatic reflex before and after local anesthetic adminis-
tration verifies that the masseter muscles and their neural
innervation were not affected by the local anesthetic. This
is in contrast to the results of Bessette et al (1974).
They administered block anésthesia to the four dental quad-
rants in human subjects. Following anesthesia the jaw jerk
response in the subjects was greatly diminished. This could
be attributed to diffusion of the local anesthetic from the
area of the mandibular foramen to thgwmandibular notch.
Direct involvement of the masseteric nerves may have oc-
curred as they pass laterally through the mandibular notch
to reach the medial éurface of the masseter muscles. -

. Munro and Griffin (1970) found the mean latent and
silent period of the masseteF ruscle in man: to be about 13
milliseconds, while Yu et alh(l973) reported a latency of 18§
to 20 milliseconds and a duration of 8 to 18 milliseconds
follewing innocuous stimulation of facial and intraoral
sites. Noxious stimulation of the same areas produced a
response with avlatency of 40 to 50 milliseconds and a dura-
tion of 15 to 35'milliseconds. Bessette et al (1971) re-
ported that patients with temporomandibular joint dysfunc-
tion resulting from occlusal dysharmonies had a mean silent

4
period of 60 milliseconds (with a range from 23 to 152

-



42

L |

"
milliseconds. ‘

" The silent period in this study had a mean latgncy

of 25.9 t 3.9 milliseconds and a mean duration of 23.5 ¢
3.7 milliseconds in the dog with occlusal dysfunction. This
durétion was within the range stated by Bessette et al
{1971) and agreed with that found by Yu et\al (1973) during
noxious intr@oral stimulation. The latency of this study
was less than that found by Yu et al (1973) during noxious
stimulation but greater than their latency associated with
innocuous stimulation.

Munro and Basmajian (1971) reported that during
the silent periocd in the mandibular elevator muscles, the
‘digastric muscle revealed electromyographic activity. How-
ever, the mandibular depressor muscles (anterior and poster-
ior digastric, inferior head of lateral pterygoid and mylo-
hyoid) were without muscle spindles (Dmytruk, 1974). Thomas
(1975) has suggested that periodontal receptors may sérve
for the mandibular Qgpressor‘muscles the function that
muscle spindles provide for the mandibular elevator muscles.

Goldberg (1972) found that the jaw jerk response
was diminished when subjects clenched in the intercuspal
position'According to Goldberg (1972) the periodontal re-
ceptors produced inhibition of the mandibular elevator nus-
cles thereby reducin; the jaw jerk response. He stated that
"If inhibitory influences from periodontél receptors sup-

press the stretch reflex, then the reflex would be smallest

when many receptors were activated (clench) and largest when
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no receptors were activated (mass muscle contralateral

to biting side in the lateral.posgn)'. However, Moller
(1966) reported that during chewing the massete®, muscle on
the chewing side displayed the greatest activity, and this
study is in agreement with that report. The masseter mus-
. Lle on the side ipsilateral to the intraoral appliances in
this study had the longer latency and shorter silent period
than the nonfunctioning side. The reduced stretch response
during clenching (Goldberg, 1972) may be attributed to the
restricted mandibular movement during the jaw jerk. The
stimulation of muscle spindles would be reduced, thereby
causing a reduced response. . |
In the present study, the shorter la;ency on the
side contralateral to the side with the appliances may be
an adaptive response to protect the integrity of the tempo-
romandibular joiﬁt by preventing torquing Qf the mandible.
Innervation of ‘such a response may originate from receptors
in the fibrous‘éapsule of the temporomandibular joint
(Greenfield and Wyke, 1966). Kawamura and Majima (19€4)
have described regions of the trigeminal sensory nuclei !
which respond to condylar movements. The activities qf
these points in tha trigeminal sensory nuclei had corres-
ponﬂ}ng spots of activity in the homolatgral motor nucleus
of the trigeminal nerve that were reciprocally inhibited or
activated. The longer duration of the silent period on the
side contralateral to the appliances may siﬁilarly act as a

protective mechanism for the temporomandibular joint as well



)\
as the involved teeth and their supporting structures. 7 VO‘
] In conclusion, this study has demonstrated the
silent period associated with to;th contact in the mas-
seter muscle of the dog. Administration of locdl_g‘p.tho-
tic around the occluding teeth caused abolition ctf;hli Y
silent peridd. “This result indicates that qilent periods
seen upon tooth contact in the masseter muscle of the dog
may be attributed to periodontal receptors. The unilateral
occlusal interference in tbe animal produced an apparent
adaptation to the foreign object. This was evident by the
shorter latent period and the longer‘gilent period on the
side contralaferal to that of intraoral appliances. It is
suggested that this response prevents torquing of the man-
dible, thus protecting the temporomandibular joint and de-
creasing the force applied to the occluding teeth.

As with all research, this study leads to further
work. The apparent location of the periphera’ receptors as-
sociated’with the masseteric silent period seen upon toeoth
contact, has now been determined. Further studies should
investigatecthe pathways and higher centers of the central
nervous system associated with this silent period. 'Electro—
lytic lesions in the trigeminal nuclei and nerve resections
may be utilized to determine the pathways and syhaptic,lo-
cations involved with the silent period. The work of Han-
nam and Matthews (1969) should be repe;:Ed‘using the dog to

ascertain the gole of the pulp and gingiva in the production

of masseteric silent periods. Future studies should investi-

»



gate the affect of long term unilateral occlusal interfer-

ences to determine the adaptation response.
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