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Cerebral "P；川icpal-;,・ is in most in只tancesdue to lesion in the motor and premotor 

areas or the frontal lobes. Out of 353 cas引 of cerebral palw, 2 cases showed clinicallv 

the signs of low decerebration and 33 cases the si宮nsof high decerebration. In cases of 

high decerebrate type, voluntary activitv was completeh-abolished and the postural reflexcべ

were steadily demonstrated. ¥Vhen 九了目只 4 and 6 are bilaterally removed, primates, 

including man, are virtually reduced to the thalamic reflex status, exhibiting all the po只－

tural reflexes. Howen•r, in cが esof ι・erebral spastic paralysis showing the signs of para-

plegia, diplegia and hemiple只ia,some part of the precentral area seems to remain intact. 

In these cas明， isolatedmovements are somewhat vigorously performed at the proximal 

joints, thouεh mm・ements which乱reperformed at the distal joints are the flexor and ex・

tvn吋 >rsynergies and, frequentlv, the distal joints are rigidly held in the decerebrate attitudes. 

FULTON proved in monkey that, if in one hemisphere as little as 15 to 20 per cent 

of the agranular frontal cortex remained intact, the animal ultimately regained some degree 

of ¥'Ol:tional movement in all four extremiti引 TAKAHASHIfound in monkev with bilateral 

ablation of area 4 that passive flexion and extension movements of each joint of the affected 

limbs were followed hy flexor and extensor synergies of the adjacent joints. These clinical 

and experimental findings sug只estthat, in spastic paralysis, the extrapyramidal motor areas. 

especially the premotor area, play the role in performance of volitional movement in the 

affected extremiti引

Though many reports have been made concerning the functions of the premotor area, 

there吋illremain several problem只 whichshould be elucidated. The results of an electri-

cal stimulation of the cerebral rnrt ic引 inprimates were reported by C. VoGT, 0. VoGT, 

PENFIELD and others in detail. h< 1 and MURAKAMI also performed experimental study in 

which an electrical stimulation of area 6 a wぉ carriedout under awake state in monkev 

with bilateral ablation of area 4. In ITO and MurnKAMI‘R experiment, three different kinds 

of movement wぞれる evokedfrom many points diffusely scattered over area 6 a: 1) Variou日

combinations 叶 flexor and extensc庁 、vnじ印l引 of the bilateral or contralateral limbs. 2) 

Contnl¥-er;,ion and ipsi¥・ersion of the head and eyes. 3) Turning of the head and eyes 

accompanied withべtcTc・ot,・ped flex or乳n【1exten~or syner只i引 ofthぞ limbsidentical in pattern 

with the tonic ne「krdlexe-;. In casl' accompanil'd with 3), when the head was I川県in・ly
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immobilized, an electrical stimulation of area 6 a no longer e¥・oked re刈J(ll1町 ofthe limbs. 

This fact suggests that when area 4 i<> bilaterally rぞ川rwed,111< l\' t•rnent只 induced from arL・;1 

6 a are followed hv the tonic neck reflexes. It is the purpose of this paper to elucidate 

the neural mechanism responsible for complicated pattern只 ofvoluntary movement, posturむ

and rdlex found in 仁川町 of s1x1stic paralysis. In this experiment, in monkev with hiL1ter:tl 

ablation of area i, re弓ponsese¥・oked by an electrical stimulation of area 6 a with implant巳cl

l'i七・ctrodesunder awake state were observed. Furthermore, the r引 pc川崎、 obtained were 

汀nal,.:zedh,・ bilateral section of the upper three tでn・icalposterior nen・ぞれ川、 andbila1じral

destruction of the fastigial nucleus. 

MATERIALS AND METHODS 

A total of 12 monkeys (rnacaca "¥'llけmolo山）

wert・ used in this experiment. After area 4 w：ト

hihterally removed, Delgado‘只 plateelectrodes Wl・re 

placed on both areas 6 a. Electrodes consisted of刈X

吋Iverwires which were arranged in parall with 

their tips at a distancl' of :=i mm. from one another 

and cemented to昨 ther (Fig. 1). Operation was 

done under thiopenthal sodium anesthesia with the 

aid of a cytoarchitectural map of the prεcentral area 

which was made by ho and MurnKAM!. Responses inducecl 

by an electrical stimulation of area 6 a were observed and 

recorded by movie. And then these animals were div.dee! 

into two groups. In the first group, the upper three cen・ical 

posterior nぞれ’ぞ rr川 tsthrough which the afferent fibers for 

the tonic、 neck reflexes pass were sectioned. In the second 

group, bilateral electrolytic destruction of the fasti広ialnucleus 

of the cerebellum was carried out through stereotacticall¥・ 

oriented electrode. In both groups, respり11可、 evoked h~· 

dectrical stimulation of area 6 a after the second operation 

were compared with those after the first operation. An 

electrical stimulation of area 6 a was performed with a 

60-cycle alternating current at 1 to '.2.5 volts with the animal 

held in a r引 tr;iining chair under awake state (Fig. 2) 

After the animals wereぉ1じrificecl,the cortical stimulation points 

were accurately recorded. In the second εroup, the location 

and the extent of fastigial lesions were routinelv controlled 

on serial histological ？決・けions(Tahle 1). 

RESULTS 

Fig. 1 

｜ゴolr--
Plate electr刊 lぃ

Fig. 2 Re,tr"ining chair. 
日町tred es a re c• 川II円tげ｜

、、1th rト l川 ti,・e lamps 
、、hich 江re lighted up 
幻口1tdta11申＂＂I、 、、1th
stimuh tion of corrト ー

pondingιt’I tic.ii point 

Experiment I. Stimulation of area 6日 afterbilateral ablation of area ~1. 

1. s，’mptom雪 followingbilateral ablation of areaιL 

¥Vhen area 4 was bilateral!γ removed from山nadult monl北川 theanimal remained 



312 日本ン卜h宝函況31王子第2号

Table 1. ( lptT,tti,・e Prけceclurが Perfけrmedand Peri川 Iof (JIN Hιl(¥ll日 ofI '"'t＇刊 T,1¥i日 i Find1n日、
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8 (fl;,、、）
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c 1.2 ，， 11 I/ 120 

IB山1ternlI J,,,trnct i 
D 1.2 I 

ドトti日i:il＂’IIιleiト

Lo 

E I 1.0 ，， I II 10 

I/ I ，， 11 

G 1.2 // 6 II 

H II 9 /I 11 

1.8 8 13 

1.3 ノγ 7 ，， 18 

K 1.2 ! // 8 // 14 

1.5 II 日 II p 

in a lateral or crouchin只 positionfor 1 to 2 days after operation. Thereafter, purposeful 

movements reappeared at the proximal joints, which allowed the animal to use the extre-

mi ti引 inrhythmic progression. However，乱ctiwmovements of the distal joints, especially 

of the fingers, were profoundly affected and dexteritvりffiner movements of the fingers 

was never re宗ained. The tonic neck reflexes were demonstrated in 8 out of the 12 mon-

keys for 3 to 4 days after operation and disappeared with the restoration of voluntary 

movement. The rightin只 reii exが wereelicitahle in 9 animals for 5 to 7 days after opera-

tion and disappeared thereafter. The positive supporting reactions of the legs were also 

demonstrated in 8 animals and re汀iained in the刈 me state up to the time of the second 

operation. Durin日 thecourse of experiment, p;1ssivゼ flexionand extension movements of 

each joint of the involved limhs were followed lw flexor and extensor syner問自 ofthe 

adjacent joints (Table 2). 

2. The results of an electrical stimulation of area 6 a in monkev with bilateral ahla-

tion of area 4. 

The rが ulぃofthis experiment were hrieflv summarized in Tahles 3 and l. ¥'anous 

tvp引川 movementwere induced from 99 points in and around areas 6 a of 2 i hemispheres : 

日） Turning of the head and l＇＼’e~ was evoked from 91 of the 99 stimulation points. 

（λmt r川町メionof the head was induced from 87 points and ipsiversion of the head from 

the remainin只 lpoints. 

わ） Turnin只 ofthe head ernkt・rl from 50 oi the 91 stimulation points was followed 
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hy stereotvpγd flexor and extensor syner只iesof the limhs identical in p日ttern with the 

tonic neck rt・イlex刊九1oreover,in stimulation of 35 of the 50 points, the responses evoked 

in the limbs w七rethe typical flexor and extensor synergies of all four limbs ( F 1g. 3) . 

Fiε. 4 is a summarized diagram showing the location of the 35 stimulation points in 24 

hemispheres from which movements of the head and limbs were induced. Furthermore, 

in stimulation of the remaining 15 points, the responses were evoked in one to three limbs. 

In these cases, when the head was passively immobilized, an electrical stimulation evoked 

no response of the limbs. However, if the head was released, turning of the head accom『

panied with movements of the limbs promptly appeared. (Fig. 5). 

c) ¥'ari竹uscombinations of flexor and extensor syner印引 ofthe bilateral or contra-

lateral limbs were evoked fro口18 stimulation points. Moreover, similar responses of the 

limbs accompanied with turning of the head were evoked from 13 points. 

Fig. 6 is a summarized diagram showing the location of the 99 stimulation points in 24 

hemispheres from which various kinds of movement were induced. As seen in this figure, 

these stimulation points of six kinds are diffusely scattered in and around area 6 a mingled 

with one another. From these facts, it is thought that area 6日 ismade up of sev出 1!

small circumscribed anatomically and functionally homologous areas, each of which is capa-

ble of inducing movements of the head and limbs. 

Experiment II. Electrical stimulation of area 6 a in monkey with bibteral ablation 

of are在 4and bilateral section of the upper three cnviじ；iiposterior 

nerve roots. 

In 3 monkeys with bilateral ablation of日rea4, turning of the head accompanied with 

flexor and extansor synergies of all four limbs identical in pattern with the tonic neck re-

flexes was evoked by an electrical stimulation of 11 points. In these monkeys, the same 

cortical points as those inducing movements mentioned above ¥Verぞ againstimulated after 

bilateral section of the upper three cervical posterior nerve roots. 

1. Symptoms following the second operation. 

Voluntary activity which had heen regained after the first operation, bilateral ablation 

of山rl';1 I, remained unchan貯 ιlafter bilateral section of the upper three cen・ic:il posterior 
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Kr3 ~.o L‘ Lr 2 i 1.:.: F ¥'! 

Kr l 1.2 ' 
I E i Lr .1 1.0 i E Ill 

Kr6 :2.0 i乙 E i F ! F LIコπ 1.0 E F E F M 

Kl I* J.'.2 t‘ 

F I F i E E I 

LI 3 :2.0 i ( F F E : E 

Kl 3 1.2 LI I l，忌 E Ill 

Kl 6 1.2 （． 
E F E I F t :..1 

Code .'¥ddn・" "I >.J, 111い、、 andElectrけ【le: Large letter' 'tand l11r monkey, small ktt川、 forside 

。fhemisphere, and numbers for electrode number. 

C ：λch-n'"" mりvementof the head. I . I 1川、刊・，1、c・ movem臼】t'd tlic head. 

F E,tc11'1＇川 F ・ Fle,u川 λ1 T11111仁 11~c1、 rdle＂・＇引け kcdin all f11ur limbs. 

m T111111・ ""'・k 1elle：－.小引けkeelmけneto three limbs 

Table 4 R出 pons白 olMord仏、 to汁 lllltll.1!11’11"I .¥w11 6aιdt《rBilat町汁I.¥liLrt1onりI. ¥rc.i '1. 

I心不！”川、れ i¥u111l>t"r ＇》IStimulation l'11111t 

1 l",1ntr川円、iり11of the h出1cl.111d ，.、い
コι＇＂11tr川守トIT川 (or l[N、町、1TJ11r of the head and r ¥I、‘lffl川1p;111Jt"ll 、、1th

flexor and t「lt'll叫川町IJLrgiぞ、＂Ithe limbs ident1山 lIllい.1llt111 、、1tl1thr 

tonic neck rel le町、

.! I l./.e'I”川、，.， of all four limbs. 

h I I＼亡、pt川司、 111 ＇川iet" three li111li、

3. Various c1 Hnl川Jd(IT刷、＂Iflexor and extensor sy11c1gicsけ1bilateral t’！日川

tralateral hml》、

I. Various rn111li111.itu川トけfflex《irand extensor叫 ncrgic、olbilateral or rnn→ 

tralateral '1111!" ;ic山＞lll[J江111ed"1tl1 turning of the head. 

Total 

.¥ 日

Fig. 3 入J，川、川 K. .-¥, l'r1st11rc before stimulation. B, 

Turning TJf head and I lじM 》！日nd exte11吋江川l1l'1gies

けi four limbs identical in patt町 n with the ti】11ic

necl、：dlcx仁、日luch .ire induced h、、timulationof 

point K16 in arc:1 6‘i 

28 

35 

15 

8 

13 

99 
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Fig 4 ろummariLeddiagra口1showing the lrn:at1<J11 "f 35 ,timulation points in ~ I hemispheres from wl11ι，， 

turning of the head accompanied with、、11cr以ic111りvernentsof the li111b, identical in pattern 、、1th the 

tonic neck reflexes "''" evoked. 

主

A B ぐ

Fig. 5 Mり11！札、礼 入， Posture I背 f,，，.史 、l1111td;il11111in monkey with bilateral .1!-.l.111<>11 けfarea !. B, ¥Vhen 

111℃ head is imm•わilizecl ， ι＂ ＂ ピ｜町 lrl山｜、t111111lation"1 f＞》int.-¥ 15 evれke,norト I＇川 、仁 川 thelimbs. C. ＼～hrn 

the heacl i,; released, turning of the lie.1CI and flexor and extensor引 11erげ iesof all four Jim！同identicalin 
M 

pattern、、iththe いniじ neckrcf!e"" are prurntl、induced.
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，〆・ arcuatus ， 
(Sulcus 
precentra Ii s inf. 

， 
I 
I ， 
I 

Fig. 6 Summarized diagram sho、、・ingthe j，巴1t1けnof 99叫1mulati<Jnpoints inコlliemi、p}ll'I出 from、、hich
山 riflLISkinds of movement日・ereinducl'rl. Tlir・＂・戸） inトofsix kinds are diffu可 h 叱 dtlLTl'riin川【laround 
area 6a mingled日 ith'me another. 

~. C.•11tr；刊行、 j ，》11 of the h白 dand e）ト

• cυntraversion of the head accompanied ¥¥'itli fie~けr and extensor、ynerg1い ofthe limbs iιlentical 
in pattern、、ith the tonic neck reflexes. 

・!1川町川け11川 thehead accompanied "it h flexor and れ te1i,or叫 nerg1esof the limb：、 ident1calrn 
pdttcrn川ththe tonic neck refle町、
Vλflけuscombinations of flexor and e~tensor 日nergi明。i the bilateral or contraL1tnd! limbs. 
Various cornb111atl＜’＇＂ of flexor and e入ten・寸》r叫 ner日1い＇d the bilateral ＇町山川 tr;cl.1terallimbs ac-
kリmpaniedwith contra、er叶<Jn＇》ithe head. 

込iVarious c111nbinat1<＇口、けtflexor and , .入It'll＂川、＼ lllf日1いりfthe flexor and c~tc1ts<>t s¥・1tergtcs of the 
bilateral limbs accompanied日・1thipsi、町、1けIL',f the head. 

nerve roots. The animals were able to run or climb, feed with their hands and carried 

out other fairly well executed movements of moderate complピxity.

~－ Results of an electrical stimulation of area 6 a. 

The results of an electrical stimulation of area 6 a after the second operation were 

~umrnarized in Table 5. In stimulation of 10 of the 11 pointヘturning of the Ii仁川d1川、

no longer followed by response of the limbs (Fig. 7) and, in stimulationυf the rじIl l<lirト

ing one point, it was followed lヲvslight extension of one upper limb. 

Experiment III. Electrical stimulation of area 6 a in monl、町v with bilateral ablation 

of area 4 and bilateral destruction of the cerebellar fastigial nuclew～ 

In 9 monkeys with bilateral ablation of area -1, turning of the head accompanied with 

flexor and extensor :-;ynヒr印刷 identicalin pattern with the tonic neck reflexes wa~ じHiked
by an じlヒ仁tricalstimulation of 24 points. In these monkeys, the same じortical points a~ 
those inducing movements mentioned above were again stimulated after bilateral destruc-

tion of the fastigial nucleus. 
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’Table 5. 

日本外科宝函日31巻第2号

l心、ulトリfStimulation of .¥r山 6ain :V1• 》 11 ！、引、\'Ith Bilateral .-¥blation olλr"" I 

and Bilateralえ＂l'tion of the l l pper Three L、円、1c.d !'o,ten• >r ：－.；ιr、じ］.（，川b

l°< Ki(' .¥rill＇＇＇り f

i¥I,,nk＜、、 and

Electnxles 

.-¥r 5 

.-¥I 2 

¥I 5 

Br I 

Bl l 

Bl 3 

L' r 6 

Cl 1 

Cl 2 

Cl 5 

Cl 6 

lくい！”川、亡、 りiλJoni、円 to Stirnu- R目 pon哩 sof Monkey to Stimulation of .-¥m1 6a after 
lation of . ¥re.1 6a .ifter Bilateral Section of Bilateral Upper Three I’•»ll'rn>1 L、円、1cal
Removal of .-¥m1」 NerveI<rxit' 

Responses 

ドt’ur
Ik ι1d 

Limbs 

Stimula-
ti on 
v《，Jt，《l日t

cv) I 

1.0 

1.0 

1.0 

1目。

1.0 

1.0 
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1.0 

1.0 

1.0 

1.0 
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l" >ril' .-¥ddre'' ＜》fi'vl"'1k灯、 andIうle<廿υdes:L1r同白 letters、L111clf<>r Ill<’nl乱、 叶 n,illktt< I、iりrside of 

hemisphere, and numbers ！＜》reb・tr吋enu ml背 r. (' しIn-川口i mけvementof the head. i¥J : T<>111c 

neck reflexes. 

.¥ B 

Fi耳 7 入1・・111、円（＇ .＼。！な、，，>ll吐 e、oked li1 an electn山｜

、tirnulationりfr川 intCl l ol area 6a after hi lateral ablation 

ol arぞi卜 Co11lr川＇C1'iけnof head accompanied with fll's•>r 

an《I＇入 illN>I叫！Hrι1れ olall four lunlb 1clγIll！ι11 m patt肝 n

with ti"' t• 旧ic Ii札 l、Iけた町、＂可℃ IL B, Resp<旧seevok町 1

｜円、t1111ulatiりnof point Cl lιii ter bilateral吐ιli<山 ofthe 

upper three cer・11c;il !• "t' ，－；，げ I川、じい川ト （，旧trave"1'>11 '>I 

till' he川ii、日り longer loll.，、、円lhi' ＂＇白、！”＞ JN・ of the limbs 



只TIMl↑I. ¥TIO¥' OF THE PRE:¥i< !TOI ~ .-¥J'i':.¥ 321 

Table 6. Result出 ofStimul孔tionof .¥re"' 6：‘1 in ,¥1, l什！、門研ithBilateral .¥lilati什nof . ¥ '"" ・1 

and with Bil.11≪ral Destruction円fthe ド4川 i日i:il¥'1.1deu,. 

: Re台P《】11川、けlMonke、toS1nnu-
i lntionけf.¥rr.1 6aυftl'r Bilat ~ ral 
RemoYal ,,fλm1 4 
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（‘，，［，. Adィ，，.，.，、 of:¥!11111、川、；111dElectr"'I＂：、、 Lrr日el川tn＇叶 ＇＂＂ fけrmonke1・、mnII letters for町le

of hf'misphere, .md number for electrode number. t ・ .. ¥rh円、刊で 111りvement＇》lthe head. 

I Jp，，、円、，u、movem町1!r .r the head. h’I : Tonic neck reflexes. E E '1什トj，川 F : Flexion 

1. 内’mptom、followingthe second operation. 

In all 9 monkeys, ¥Olitional activity which had heen re同 inedafter bilateral ablation 

of area 4 was completely abolished for about 3 days after the second operation, bilateral 

destruction of the fastigial nucleus. Se¥'er;il days thereafter, the animals were able to propel 

themselv引 incrouching position. Finally, the animals became able to 刊汁lk in <1taxic 

fashion with gros日 aberrationof movement, frequently fell down. Tht>y could not run or 

climb during the course of experiment. 

2. Results of an electrical stimulation of area 6 a. 

The results of this experiment were summarized in Table 6. As shown in 1his table, 

in stimulation of 11 of the 24 points, turnin広 ofthe head was 110 longer accompanied 
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A B 

日本外科宝函第34巻第2号

Fig, 9 Ph＜巾引r;iphshmYing bi later日！日》mpleted＜叶司
ruction of the f;i,-11戸1alnucleu、

Fig. 8 λlけnkeyド λl Re、pけn'eevoked l川＞t1mul札tionりtCorti山｜戸川ntFl~ ;ifter hilatt・r;il ahlat1on of area l 
（、ontr;i刊 r-.;1onof the head accomp＜εmied ¥¥"ith fle:-.or and nten同汀同nergi引けifour limlト identicalin pattern 
"ith the tonic neck reflexes 品、肘n R, Iくれl川口町 evokedh、、timu I日tionof cortical point F15 after bilateral 
dト tnll"t1onof the f;"t＇日JJlnucleus. Contraver川onl、no1《旧日erfollowed l刊 r円 pけnseof the limbs 

with response of the limbs (Fig. 8）日nd,in qimulation of the remaining 13 points, it was 

followed by reduced re弓ponseO'of one to four limbs. 人fterthese animals were sacrificed, 

the location and the l'Xtent of fastigial l刊 ionswere controlled on serial histoloどicalsec” 

tions. In貯 neral,in the ca.;;es in which re叩onseof the limbs w川 abolished,the histolo-

gical sections also proved complete destruction of both fastigial nuclei, as shown in Fig. 9. 

On the other hand, in remaining仁川引 inwhich turning of the head was still followed by 

respon'-'e of one to four limbs, the histological sections prm・ed partial or no destruction of 

the nuclei. 

DISCt:SSION 

¥Vhen the motor and premotor area只 arebil乱terallyremoved from an adult monkev, 

rnluntary acti¥・it¥' is completely abolished and the animal is reduced to the high decereb・

rate status. Howt・n-r, if some part of the frontal motor area remains intact, the animal 

ultimately reg;1ins some degree of gross voluntary m川 ・ementin all four limbs. The move-

ments which are performピdunder these circumstances reveal the叩氏ific functions of the 

remaining part of thぞ frontalextrapyramidal area. 

It is general!¥' recognized that faradic叫irnulationof area 6 art, the posterior part of 

the premotor area, gives rise contralaterallv to isolated mm・ements of the individual muscles, 

similar in character to those obtained from are;i 4, and area 6 a1ゴ， therostal part叶 the

premotor ;irea, yields, in addition to stereotyped movements of the limbs, characteristic 

ach-ersive mnn:ments of the head and trunk ; turning of the head and ey円 tothe opposite 

side, with rotation of the trunk in the same direction. And also from the posterior part 

of area 6 ;1ぺ；1specific ipsilateral area was found by Bue、Y. Furthermore, by making a 

superficial incision of the t川 rtexbetween area 6 <11t and area ・f, the movements of indi¥'i・

dual muscles elicitable from area 6江川 are abolished, but certain of the sustained move-

menh remain. In D1二:--.JNY-BRO＼＼でど5 experience, the only consistent movement following 

ablation ofυrea 4 plu只 the、tnpre只ionwerl' the stereotyped flexion and extension 1110¥℃ー

ments of the fore and hind limbs司；inclfrom the more anterior parts of area 6 adwrsivじ
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mo¥'ementぇ ofhead and L'¥'Lべ. IT<>, :¥ll'"・¥h: . .¥¥11 and the pre、t'Illauthor performed experi-

ment日lstudy in which area 6 a was stimubtecl with implanted plate l'iectrorle、under

awake condition in monl、l'¥' wi1h bilateral ablation of area 4. The result只 ofthis .;;turk 

are summarized as follows 

1) Contra\·t·r~ion of the head ancl lツes wa~ induced from man¥・ poinl、 【liffusely

只catteredυ＼・er area 6 a and also ips1¥'ers1011 of the head αncl l'¥' 刊 was 仁川okt'<I from only 

a few points of thi只 samearea. l¥!loreover, turnin氏。fthe head was freι1uently followed liy 

flexor ancl L'Xtens< >r叩nergi刊 ofthe limhs identical in p;1ttern with the tonic neck rけlexl's.

2) ¥"arious combinations of flexor and extl'nsor問ner只iesof the bilateral or contra-

lateral limbs were evoked from points sparse!¥- scattered over area 6 a. Furthermore, 

similar movements of the limbs were frequently accompanied with turning of the head. 

It is probable that the combined movements mentioned above are mducecl lw simultaneou.;; 

stimulation of two points havinεdifferent kinds of function of which the one is capable 

of inducing movement of the head and the other capable of inducinεmovement of the limhs. 

3) These cortical stimulation points of different kinds were cliffuベelvscattered 川 l'f

area 6a mingled with one another, ancl some of them were located around ;1rl':1 6a，川

Area Sa 

NI 

nerve root 

~ 
Upper cervical 

Vertebrae 

Fig. 10 Diagram、hr川 in日 m'l1r;i[ mechanism r肝
ponsihle for turnin耳 1ii the head ＂＂口、 mp汁＂＂＂＇
with the tonic neck refl＂＇＂、 ]111p11l吋 ヘ 汁口封in日
from area 6a :m白 Ir汁nsmittedthrough extrapy r;i-
midal patlrnι目、 from川町 6a，、＂＇ 111te"titiλI nu-
仁le11s.t" the '"'' vical同 g1m・nt、ofthe、p111;i[cりrd,
causing turnin巨 ofthe head、、hichi、J,,[Jn¥¥'edl川
the tome neck rd［，.，ト

ぇhけwnin Fig. 6. 

In this experiment, furthermore, an-

alysi只 ofthe neural mechanism responsible 

lけr combined movements of turnin巳 of

head ancl flexor and七xtensorS¥'flt'fどl明 of

the limbs identical in pattern with the 

tonic neck reflexes was done. In this 

condition, when the head was passi＼・ぞh-

immobilized, cortical 叫imulationinduced 

no response of the limbs and, 1110了ぞ（）＼＇l'f、

the r引 pりn蛇 Q of the limbs were abolished 

hy bilateral section of the upper three 

山 n・ic;t! posterior nerve roots or bilateral 

destruction of the fastigial nucleus. 

Rademaker found that the postural refle-

xes were well demonstrated in dogs and 

cats with total chronic cerehellectomy. 

On the other hand, it has been realizl'd 

that the cerebellum act六 a宍 are只ulatorof 

the intensity of the postural discharge. 

The results of this experiment also pr川じ

that the cerebellum exert a great influence 

upon the postural ref！山仁川． From tht刊ピ

facts, it l只 revealedthat activitil叫《ifthe 

center for the postural reflexesαre released 

liy ablation of area 4 so that turning of 

the head ド followed h¥・ the tonic neck 
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reflex引（Fig.10). 

The neural mechanism of characteristic 1x1ttern~ of ,・nluntary movement, po只tureand 

reflex found in ~pa ：ぇtic 1x1rλh-sis in man should he considered on the hasis of the results 

什btainedfrom these experiments. As proved lw FuL TON, when areas 4 and 6 are hilaterall~· 

remm・ecl from an adult monke＼’， the animal is reduced to the thalamic reflex status. 

However, if in one hemisphere some p札口 of the agranular frontal cortex remains intact, 

the animal regains some degree of volitional movement in all four limhs. This is the 

same also in man. Volitional movements performed under this condition depend upon 

the integrity of the frontal extra1】vrnmidalmotor area, particularly of area 6a. As proved 

in thi：式 study,area 6a is made up of崎 wr;d small circumscribed anatomically and fun-

ctionally homoloεous areas, each of which is capahle of producing turning of head and 

げ nergiじ mm・ementsof the limhs. Impul、引 arising from re矢pecti ,.e functional units of 

e1rea 6a are transmitted through the extrap＼’ramidal pathways from area 6a, via the inter-

stitial nucleus and reticular suhstance, to the泊 me吋只mentsof the spinal cord. There『

fore, when Nりmepart nf area 6a is dama貯 cl,the functional deficit is easily compensated for 

hv tht' part remaininξintact. ¥' olitional mmでmemsperformed under this condition are 

flexor and extt'n川 rS¥"ner只l引 九lore川町，礼、 proved in this 只tucly,it is clear that the 

char〔wteri刈icattitudes assumed bv the affected extremities, such as flexion of the upper 

extremity ;md extension of the lower extremitv, are induced Iηthe postural reflexes. 

In spastic condition, there is a competition hetween the volitional acti,・itγof extrapyramiclal 

けriginand the postural reflexes. 

In the next place, the function of higher centers controlling the frontal motor area 

ma¥・ be hriefl，「 considered. It is伊 nerallv recognized that hoth motor and premotor 

are川 areunder control of the ideomotor area located in thぞ supramarginalεyru只 ofthe 

JX山eta!Johe, as品川＼ nin Fi広・ 11. The ideom＜川了汁reainitiates complicated pattern：。

FRONTAL 

Thoughtful 
consiaeration 
of idea 

PREMOTOR AREA 

Fig 11 

The polt<・rn り11111pll＼：、円 in the brnin for origin：ι1ti11g :ind く河川trollin日mりt川 funct11m><. 

action 
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musculer actiYity. The premotor area probably contains many potentially o虻 illatingc1ト

cuits and, when oscillation is initiated in one of thピsccircuitへtheresulting im1〕ul~e~

cause a particular pattern of movement to occur somewhere in the I J<Jdv・ Theprefrontal 

lobe operates in a~sociation with the ideomotor area and gnostic area, common integrate 

area in the angular 同＇rus,to help determine the sequence of muscular functions a'> well 

a只 thesequence of other thought processes of the hrain. 

From this point of、iピw,it i;;, thought that ¥¥'hen some part of the frontal motor 

area is damaged, the ideomotor area oper川出 mconjunction with the prefronral lobe tq 

cause the frontal ex1 rapyramidal part remaining intact to I unction effectively in the place 

of the part damagt:d. 

SU:¥1'.¥U.RY礼ND CO'.'<CLUSIりN

1) In 12 monkeys (macaca cynomologa）日・1thbilateral rピmovalof area 4, "rea 6a 

was stimulated with implanted Delgach＞メ plateelectrodes under awal化 state. The res ult ~ 

obtained were as follows a）どりntr川げ叫onof the head and eyes was e¥okecl from many 

diffusely scattert:cl over area 6 a and also ipsiversion of the head and eves from only a 

few points of this same area.九loreo,・er,turning of the head was frequently followed h¥・ 

flexor and extensor synergies of the limbs identical in pattern with the tonic neck reflexe～ 

b) ¥' arious combinations of tiゼxorand extensor可nげ阿倍 ofthe bilateral or contralateral 

limbs were evoked from points、parsely.;;cattered m-er area 6a. Furthermore, similar mo・

vements of the limbs were frequently accompanied with turning of the head. It is pro-

bable that thじ combinedmovements mentioned above are inducl'cl by simultaneous 対i111 u-

lation of two points having different kinds of function of which the one is capable of 

inducing movement of the head and the other capable of inducing movement of the limbs. 

c) These cortical stimulation points of different kinds werピ diffuselv虻 attered over area 

6a mingled with one another, and some of them were located around area 6a. This fact 

suggests that area 6a 1s made up of柑 1ぞれd~ma ll じircumscribed anatomically and functionally 

homologous areas, each of which is capable of inducing mり＼＂l'l1K'l1い ofthe head and limbs. 

2) In monkcγin which turning of the head and eyes accompanied with fl目。rand 

extensor s¥・ner以ies of the limbs identical in pattern with the tonic neck reflexes was 

evoked, the responses of the limbs were abolished by bilateral section of the upper three 

じげ＼ iιλl posterior nen・ヒ roots or bilateral destruction of the Lt~t igial nucleus of the uピrt・-

bellurn. These facts provt・ that acti¥・ities of the brain stem reticular formation are 

rゼleasじdby ablation of area 4 so that the movじ111じntsinitiated from area 6a are followecl 

by the postural reflexe公

3) On the basis of these resultヘtheneural mechanism n：印｛川河blefor charactt:n刈ll'

patterns of、olunt;ir¥・ movじIllピnt,posture and reflex found in sp山 ticparalysis in man ＂＇＇ト

considered. 

The author wishc・,-to e>.pre's his sincere appreciation t• > Prof. Dr. TLTSUO ho ¥.Dep;irtment of ( J1 thopaed1cs, 
I<ド山 Uni同 rsityλkd1c.1l:-X:hool) r .. r hiお山ntinualguidancesはndencouragements during the course of thi凶 study
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和文抄録

：『＇，t.長f{iの運動制切除後iこJjさげる前運動領の

電気刺激に対する J≫iJ,L; 

（広島ノ三l孔’与’子’：，・，，，やj彰外科学教室）

刀く 山

]. 12匹のカニグイザルの両側大脳皮質分野4を切

除したのちP 分野6alご’，[j;極をi置き3 この1哀を観然台

に回〉とし，党内11！状態に於て’rli:’4・U'J，放を行なった. 99点

の刺｛肢によってii；のような結取引 ’｝られた． i ） 分野

6a及びその前方；＇；j；に亘ってllti正する多数の点から，

頭の｜勾反動動Ifrj，；こ｜句同運動 I；）；，＼角1dされた．ス屡々こ

の頭の回転運動に随伴して緊様性壁画反射と同一型式の

Ii伎の屈伸運動が誘発された． i1 l比較的少数の散在

する料数点から， ／Ji_対側又は両側上下肢に種々の組合

せの屈伸運動が誘発された. iii）又同様の肢の屈伸迷

動は1,g々 頭の回転運動を随伴した．これは恐らし 』l

肢の迷動を，；君子6する,i.'、〔 と頭の回4民主｛励を誘発する点が

同時にがJ.＇＼（ されておこったと思われる．

2. i）にのべたような頭の回転運動に随伴して ーl

肢に緊張性強反射と同一型式の屈伸運動が議発される

よう な j~に対してF 上位 3本の瀕随神経後線の両側切

l飢えは小脳室頂核の両側破壊を行な勺と， .[ !J主の反応：

ぶ消火した．このことは，上記の 4肢のIdらが頭の回

転迷！助によって二次的に誘発されるi紫綬性l正fj.Jである

五 t占

ことを証p息する．

3. 上記のよ うな種々の運動を誘発する皮？［利政点

は分野 6a 及びその前方 ，：j；（ こ宣って散在し且つ二i~ 、に

混ぜ匡している．このことから， 分野6aは頭の回転巡

動を誘発する点と 4肢の巡動を誘発する点を含むと こ

ろのP 解剖的及び機能的に類似の性質を有する幾つか

の小領域から成り立っているとちえらi.:. ;.;, . 

4.以上の事実か ら，分野 6aの・；＇：j;

j材合にこはまP 7、1，われた機能はそれと類似の構進と機能

を有するMd忽で長Eつた ；~；分によつて ft償されると考－え

るこ と3：出来る．ス分野 Jが障害された場合には，’人

η々i.1.た凶山ili:llりは分野6によって代償されるふ， ょ

のさい姿勢l止射の中枢の機能がその抑制から解放され

ているために，分野6から誘発される運動に随伴して

盗勢反射が誘発される．それ故にp 分野4が障害さJ

た場合にlt，催底肢ではp 錐体外路性凶υ1ili:fll1と姿勢

lぇ引の絞り合いが起ると考えられる．

五 上記のことはp 痘性麻癖に見られる特，{jJ)j型動

＇＼~式，校f立 役ぴ！止jHの 仲村隊泌 をよく説明す じ ．


