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Studies on brain mechanisms of jaw movements
| . Analysis of jaw movements from the cortical jaw
motor area and amygdala in the rabbit

(Ao 01)F36|ﬁlﬂ/|xﬂ_l:]_"" LfAS (1959) IKMWTRE L)
B A M {E (Tsukamoro-Shusaku)*

Cortical and subcortical structures of a rabbit which induce jaw movement were decided
and characters of induced movements from these areas were analyzed.

1) The cortical jaw motor area are strictly circumscribed in the region rostral to the
area insularis and lateral to the area postcentralis. When these areas were stimulated by a
low frequency stimulation only a single twitch of the lower jaw was induced, but by a
higher frequency stimulation -rhythmic chewing-like jaw movement of 4.5 to 5.8 ¢/sec was
induced. Both of these jaw movements showed a predominant deflection of the jaw to the
opening direction. '

A pattern of jaw movements from the internal capsule and from the subthalamus was
almost similar to the cortical one.

From the lateral amygdaloid nucleus a single twitch of the jaw was induced by a low
frequency stimulation of below 4 c/sec, and by a high frequency stimulation a rhythmic
chewing-like jaw movenient of 3.5 to 4.0 ¢/sec was induced. The jaw movement from the
amygdala showed a predominant deflection to jaw closing direction and the rhythm was
similar to that of natural chewing. As compared with the cortical and amygdaloid jaw
movements the latter had a lower threshold and longer latency than the former.

2) The cortical and amygdaloid jaw movements could be elicited independently, and
the destruction of one of these areas did not affect the jaw movement from the other.

3) The descending neural pathway from the cortical jaw motor area to the trigeminal
motor nucleus is assumed to be via the internal capsule, subthalamus and mesencephalic
reticular formation ; while the pathway from the amygdaloid nucleus may be via the
mesencephalic reticular formation and not through the internal capsule and subthalamus.
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Fig. 1.
Diagramatic representation of jaw motor area.
a : Area insularis. :
b : Area postcentralis.
¢ : Bregma.
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Fig. 2. Cortical jaw movements.
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Relationships between latencies of rhythmic jaw:
movements and stimulation frequencies.
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Fig. 10. Jaw movements induced from lateral amygdaloid nucleus.
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Studies on brain mechanisms of jaw mevements
[ . Innervation from the cortical jaw motor area and
amygdaloid nucleus to jaw muscles
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(T'sukamoTto-Shusaku) *

By means of EMG and EEG, the innervation {from the cortical jaw motor area and
from the lateral amygdaloid nucleus to the jaw muscles was studied in the rabbit.

1) By a single shock on either the unilateral cortical jaw motor area, internal capsule,
 subthalamus or deeper part of mesencephalic reticular formation, the digastric muscles
showed marked bilateral electromyographic responses.  However, the masseter did not
respond at all.

2) Upon the low frequency repetitive stimulation of the unilateral cortical jaw motor
area the driving responses of EEG were evoked ipsilaterally in the subthalamus and deeper
part of mesencephalic reticular formation.

3) The corticofugal pathway for jaw movement was speculated by above described
results to have an intercalary center in the subthalamic region after passing through the
internal capsule. This pathway may have a decussation at the level of mesencephalic
reticular formation.

4) Stimulation of either the lateral amygdaloid nucleus or dorsal part of the
mesencephalic reticular formation induced electromyographic response only fram the
ipsilateral masseter.

5) In the dorsal part of the mesencephalic reticular formation, the marked driving of
EEG and after discharge were elicited with the low frequency repetitive stimulation of the
lateral amygdaloid nucleus.

6) The neural descending pathway from the lateral amygdaloid nucleus was traced
in the dorsal part of mesencephalic reticular formation to the trigeminal motor nucleus.
And this pathway showed predominant innervaion to the masseter than the digastric.

Wit Z R A FIT
BLTVDZ ENfigENS.
B £ OGP D & O THT
LD
ML, H

. #

bl

D D) & T 5 SR

Z O BATRET)H &

EWCHEFH LI bDTHD

.2 8& 5 &

AR AT L CHRIES) &
KERIT NS
R 2 TR I
AR X OISR 5 52 &

D T &N B & Ak X D R S b
D& TEOEHFAASAES 2 DAL DT, —
T OWHEIC L > T L2 5 HR SN 2 EHic
Hﬂ)#mﬁhAV’km6,:h620®ﬁ

*kMXMmywnﬁmm“ﬂiwﬂhﬁ#mﬁﬁ
Dept. of Oral-Physiol., Dental School, Osaka Univ,
URF374£11 A 130 )

P ORERELEH Ui, By, TR
E, H"'W'J?ﬁ‘(“&fi BTt Lco LR
Boedb ﬁﬁ%rm%ﬁw~ﬁﬁiémﬁﬁ
zm&umﬁmwme%_m%(mm%)

L OSBRI W4 U BIKEE HE
BT & - THRSk L. MBI g a9 &



26 . VA

B Ml LT AR 150 ¢ OBUHER 7 v L & + X
T — VATER & 7o, S r X2 i%10-15V
(BRFG), FHGEMM 1-2 msec YTk WLIEHIY &
TR ERMT I B A R s . ERIECEH
MM L L C R — A I L 7 TR 200 & ik
SR A A, WAL, HEHT - AR AT
5 BT 2 5T AL 1Y ) B & U0 2 BT IEHR
WAy Y a ST Ik - THBRETE L.
TATHE R R OGS ICRIDBTFLET 5 P E
PEMEES AP, —HERTE—NEER
SEBE DGR, KM BEIOBRD 5 iEH
e X oD F Lo RE I & 17 - T Bl
FFofe. ERECE, BIEO AT o LR e 2
F— VRN & RS L TRy, 202
AOPREEZ 2.0mm H 5k 2.5 mm [KfE
CIEATFICRETE L stereotaxically (o3I & Y %
I L7, KUY RIS & Ok
URE 2 L, B SEEIR I bR < driving
BT 50 % b - C IR T S &
DRHEIMIE & 120 0% 75 5 16 C b 5 & M
Ufe. 7 o lMIRDERL 2 AT 2 Bl L,
2 T O & RIEFE S Lic . SERR T #,
s & OB o0 BT I AL AR I HR TR Lz

I = & 5 &

1. BESONHCLYBRSNIEHE

R LIS Lie & & K — R PE)fE (Area
insularis OW{HI-C Area postcentralis @ 4}-{ll)
EEIEHIY LB S, WE IR & 9 8.5-9.0
msec D FKIRF COATEIC M RIS 7% 70 & &
oo Lo LB VAT & RO R s o Tz
T SV G 5 0 I B b W3R AN A5 & IS seH A @

ZOME L, AIEOWKIEOIRMIT b St

FBEVKTH 720, FIGHREE O b 0
T REEREBOEN ST,

— P AL D IE P C i, [ 2 AR Lt
&, THIUSETRENT & D B 8.0-8.5 msee TIX
B SR, L L2 OHRGERKED
RSB OB & F U < Mo 53K
UL O b SPIKTH o7, EBBOK
BRED RN -T2,

ST O AR AR B R B9 B FgE I

Digaatric(

Digastrio (R},

Masseter(L)_

Maspoter(R)

* Fig. 1. )
Electromyographic responses of jaw miiscles from
the right cortical “jaw motor area.

Digaatric(L),

Digastrio(R) g

Masseter(L) o

Masseter{R

Eloo BV \;\N\/W\/\/\ 1000 ¢/s

. Fig. 2.
Electromyographic responses of jaw muscles from .
the right internal capsule.
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pigastric(L) i Maase.ter(L)

Masseter(R)N

pigastrio(R) g

Masseter(L)

g0 v TR 20 /s

Masseter(R)

EIOO nv mlooo /8 Fig. 4.
Electromyographic responses of jaw muscles [rom
) Fig. 3. the left lateral amygdaloid nucleus.
Electromyographic responses of jaw muscles from A small wave in the recording of digastric muscle
the right subthalamus. (L) is a spontaneous activity and not a evoked one.
Dorsal part Deeper part

Digastric (1)

Digastric(R)y

Masseter(L)v

Masseter(R)g

Fig. 5.
Electromyographic responses of jaw muscles from the left mesencephalic reticular formation.
Left side is a recording from a spot about 7.0 mm deep from the dorsal surface of the

midbrain. Right side is a recording from a spot about 10.0 mm deep from the dorsul
surface of the midbrain.
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Electromyographic responses of jaw muscles from
the left trigeminal motor nucleus.
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Effects of electrocoagulation of the cerebral
_peduncles on cortically evoked jaw responses.
R : stimulated side
L t contralateral side
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Fig. 8. Effects of unilateral cortical ablation.
' R : contralateral side
L : stimulated side
Before treatment First section
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Digastric(R) .
. 1

I : first section (at the level of subthalamus)
II: second section (at the level of mesencephalic
retiocular formation) .

Fig. 9. Effects of transection of brain.
R : contralateral side
L : stimulated side
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Fig. 10.
The recording sites of EEG upon the stimulation of the cortical jaw miotor area.

This transeverse section indicates the plane of 2 mm posterior to the anteroposterior. zero

. plane through Bregma.
CC : Corpus callosum
CORT : Cerebral cortex.
FF : Fimbria of fornix
FX : Fornix
HPC : Hippocampus
C : Internal capsule
ML : N. mammillaris lateralis
MM : N.Mammillaris mecialis

MT : Mammillo-thalamic tract
OT : Optic tract

PED : Basis pedunculi

SMA : Supramammillary area
STH : Subthalamus

VA : N. ventralis anterior
VEN : Ventricle

IV : Third ventricle
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Fig. 11.
Potentials in the subthalamic regions elicited by stimulation of the cortical jaw motor
area.

a : The recording from the lateral electrode
b : The recording from the medial electrode
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. Fig. 12.
The recording sites of EEG upon the stimulation of the cortical jaw motor area.
This transeverse section indicates the plane of 8 mm posterior to the anteroposterior zero

plane through Bregma. -

BIC : Brachium of inferior colliculus
BSC : Brachium of superior colliculus
CG : Central grey

CS : Corticospinal tract

IPN : N. interpeduncularis

LLN : N. of lateral lemniscus

LM : Medial lemniscus

MG : Medial geniculate body

PC : Posterior commissure

PRT : Pretectal nuclei

RF : Reticular formation

RN : Red nucleus '

SC : Superior colliculus

VTD : Ventral tegmental decussation
M : Oculomotor nerve
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Fig. 13.

Potentials in the mesencephalic reticular formation elicited by stimulation of the cortical

jaw motor area. )
a : The recording from the medial electrode
b : The recording from the-lateral electrode
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Fig. 14.
The recording sites of EEG upon the stimulation of the lateral amygdaloid nucleus.
This transeverse section indicates the plane of 9 mm posterior to the anteroposterior zero

plane through Bregma.
CG : Central grey

- CS : Corticospinal tract
CSC : Commissure of superior colliculus
DBC: Decussation of brachium conjunctivum
LL : Lateral lemniscus
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RF : Reticular formation

SC : Superior colliculus

I : Oculomotor nerve

I E RSN R R A T v v
EREZXLND, K LRE, NE, B
NEHR 3o & O P AR AR v o0 B Al < T INER
TR A S WS AT BRI B GR 2 BE I & iz
5, KAMEHSEEIEIC R kA v
2 E#%D 2 LB LURESIETHEY 513 RS
T 2 41 L C SR N A Sl o0 = 2 i T
WA v AV ARG ONEZ ENEZBNS.
FV o U KINE R BREB A 5 O TR
M NA, BRI X O AR R &
BaborEZTL. :
R B EEEOE & i L TR S EIE
DRISEIMMA KR Th »7c. ZOYHEE VHE
ZIEFE T R L D KREh TV 58,

FWEES L VEMNTHLIZEEMTE - T v



S e AR AR R B B B 0

g

10 ¢/s stimulation 6 o/a stimulation
depth +1 :

bwﬂmmfwmwmmmwmwmwwvwhhvaMwNwwhwmﬁmmm
ot ‘o t 'y

depth O

e M\({ -ty e

WAWWM(‘WWW WW\NW/LWN\N-/WW
4

depth -1

gl -

» VMM”WWWWW\M7 B Y ALY N B Y
: . 1 $ o

depth ~2

MMWMWWWWW
bww W/\NJ\/\:MM

[50 M

(A
1 sec

Fig. 15. .
Potentials in the mesencephahc reticular formation elicited by stimulation of the lateral
amygdalmd nucleus. i
: The recording from the lateral electrode
b : The recording from the medial electrode
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Studies on brain mechanisms of jaw movement
JI. Regulation of jaw movements from the caudate nucleus

(Tsukamoto-Shusaku) *
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Effects of stimulation of the caudate nucleus to jaw movements were analyzed in an
anesthetized cat. The results are as follows:

1) There were two distinctly different regions of ventral and dorsal ventro~medial
portions of the caudate nucleus and the former region mainly effected to the jaw movements
from the cortical stimulation and the latter region had close relation with the jaw reflexes.

2) The chewing like jaw movement was induced by a high frequency stimulation of
the cortical jaw motor area of the animal and a single jaw twitch was induced by a low
frequency stimulation of the same cortical area. This rhythmic jaw movement was inhibited
and the jaw twitch was facilitated by the stimulation of the ventral parts of the caudate
nucleus. However, the stimulation of the dorsal parts of the caudate nucleus inhibited the
linguo-mandibular reflex and facilitated the jaw jerk reflex. These eflects were more easily
induced under deep anesthetic condition of the animal.

- 3) By the stimulation of the dorsal parts of the caudate nucleus, spontaneous unit
discharges from the trigeminal motor nucleus which innervates the masseter muscle were
facilitated, but the activities of the spot which innervates the occipitomandibular muscle
were inhibited.

4) When the ventral parts of the caudate nucleus were stimulated, desynchronization
and driving of EEG were recorded from the anterior sylvian gyrus (cortical jaw motor area).
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Fig. 1.
Schematic representation of points in caudate
" nucleus which facilitate or inhibit jaw movements.
Q : spot showing effects on cortically induced jaw

movements.
A :spot showing effects on peripherally induced
jaw reflex movements.
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Effects of stimulation of ventral part of caudate nucleus to cortically induced jaw movements.
Ca : stimulation of caudate nucleus. Co: stimulation of cortical jaw motor area.
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Fig. 3.
Effects of stimulation of ventral part of caudate nucleus to cortically induced jaw movements.
Ca : stimulation of caudate nucleus.  Co :stimulation of cortical jaw motor area.



Eiof

1mchi%@ﬁ%Wmé¥muMkéﬁt
(B

FHRPEGC & 0 R LR LT
JEPRARN UL 90 AFEE & 100 o/seciC [El7E L 10V
LD 20 VOISR & B L A8 A L RN o
Wi L A EE LR LS ER ) o1 (B 4
B EEEREE 20V ICEE L, HUIMSH
iK% S0c/sec LW 1000c¢/sec £ TR L& ®7
BELICREE R » -7 (R4 TFER).

" Comtrol

10 V.

’TQ -

720!V const.

50 ¢/s

100 . ¢/e const.

SGHLBY o R R BEREC YT B ETE I 289

FEORE oI L 0 EER LA THEBK Y
WL L Rk (100 c/sec, 7-15V) I
e aERb Sk -7 (X5)

2. RREERBHMHEOXE

BT EIC & D 5% L 7o MMRERTRE
Wi AR (K1 =AF) & 100 c/secT
AL 7B A, TR 15V 2Tk, 20V
(A R L C L BRER) Y X AMbIhice
B DI TENI o7 (X6 LB £/ 6

20 V.

15 V.

a5 BeC.

Fig. 4. .
Effects of stimulation of ventral part of caudate nucleus to linguomandibular reflex.

Ca : stimulation of caudate nucleus.
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Effects of stimulation of ventral part of caudate nucleus to jaw jerk reflex.

Ca: stimulation of caudate nucleus.

Jp: jaw percussion.
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Effects of stimulation of dorsal part of caudate nucleus to cortically induced jaw movements.

Ca : stimulation of caudate nucleus. Co : stimulation of cortical jaw motor area.
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Effects of stimulation of dorsal part of caudate nucleus to linguomandibular and jaw jerk reﬂe\
To : stimulation of tongue. Ip:jaw percussion.

Ca : stimulation of caudate nucleus.
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Electrical activities from anterior sylvian gyrus and anterior sigmoid gyrus driven by 100 c/s.
. 10c¢/s and 6¢/s stimulation of dorsal part of caudate nucleus.

A :electrical activity of anterior sylvian gyrus.

B :electrical activity of anterior sigmoid gyrus.
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Fig. 10.

Effects of atlmuhlmn of ventral part of caudate nucleus to cortically induced jaw movement
~and to electrical activities of anterior sylvian gyrus and anterior sigmoid gyrus under light

anesthesia.

Co : stimulation of cortical jaw motor area.

Ca : stimulation of caudate nucleus.

A :electrical activity- of anterior sylvian gyrus.

B :electrical activity of anterior sigmoid gyrus.
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Fig. 11.
Effects of stimulation of ventral part of caudate nucleus to cortically induced jaw movement
and to electrical activities of anterior sylvian gvrus and anterior sigmoid gyrus under deep

anesthesia.
Co : stimulation of cortical jaw motor area.
Ca : stimulation of caudate nucleus.

A :electrical activity of antervior sylvian gvrus.
B: electrical activity of anterior sigmoid gyrus.
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Effects of stimulation of dorsal part of caudate nucleus to activities of trigeminal

motor nucleus whech respond to jaw closing muscle.

] :stretch of masseter muscle.

{} : stimuiation of caudate nucleus.
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Fig. 13.
Effects of stimulation of dorsal part of caudate nucleus to activities of trigeminal
motor nucleus which respond to jaw opening muscle.
1 : stretch of occipito-mandibular muscle.
{J : stimulation of caudate nucleus.
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