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一次運動野と運動前野(運動連合野）

｛Motor  Area and Premotor Area （Motor Association Area)｝



ニューロン（神経細胞）

と シナプス（継ぎ目）



姿勢調節系と脳





Reorganization and plasticity in 
the adult brain during learning of

Motor skills

Julien Doyon and Habib Benali

Current opinion in Neurobiology 2005,

15;161-167

Revised model of Doyon and Ungerleider 
(2002)

1: fast (early) learning stage( single session)

2: slow (later) stage (several sessions)

3: consolidation stage (6> hrs)

4: automatic stage (less skill, resistent ,time    

delay)

5: retention stage 





４－２－３－１－３－４－２, button press

NOVEL vs SKILLED

PUSH; 4Hz





Effective size:

Supplimentary motor area—SMA; 
contralateral superior frontal gyrus—SFG-c; 
ipsilateral superior frontal gyrus—SFG-i;
contralateral precentral gyrus—PrCG-c; 
Ipsilateral precentral gyrus—M1-i; 
cingulate—Cing; 
contralateral postcentral gyrus—PoCG-c;
ipsilateral postcentral gyrus—PoCG-i; 
contralateral superior parietallobe—SPL-c; 
ipsilateral superior parietal lobe—SPL-i; 
contralateral inferior parietal lobe—IPL-c; 
ipsilateral inferior parietal lobe—IPL-i; 
contralateral cerebellum—Cer-c;
ipsilateral cerebellum—Cer-i; 
caudate—caud; 
contralateral putamen—Put-c; 
ipsilateralputamen—Put-i; 
contralateral thalamus—Thal-c;
ipsilateral thalamus—Thal-i.

Effect size of the local maxima within volumes of interest 
during NOVICE and SKILLED execution and motor imagery.
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SMA      SFG-c     PrCG-c SFG-i      PrCG-i Cingulate
補足運動野 上前頭回 中心前回 上前頭回 中心前回 帯状回

c－対側 i－同側

Novel-Move   Novel-Image    Skilled Move   Skilled Image

Novel-M; c-M1,S1 & PMv,  c,i-SMA

Novel-Image; same areas, less

Skilled-M; i- homogous Skilled-M; c>i



i>e

e>i

Novel condition

i>e

Skilled condition

e>i

SMA,Cingulate,c-M1

Pc, pre-, post-, 
SMA, SPL

imagery

execution

execution

imagery



Ｇ. Fritsch und J. E. Hitzig,  Uber die elektrische 
Erregbarheit des Grosshirns. (Arch.f. Anat. Physiol. u 
wiss. Med., 1870, 330-332)

Gustav Theodor Fritsch

(1８38-1927)

Fritsch und Hitzig

運動野の発見（イヌ）



運動前野が運動調節に関与すると
いう報告－－－

セレンデイップな発見（１９６９年夏）





ヨザルの運
動野「左」

後肢の指

前肢の指

内側

外側

後側前側

ICMS

(脳内自己刺激）

浅沼広と酒田英夫

（1957)







ある所へ手を持っ
て行くと、運動野
ニューロンは、方向
指示の運動情報を
持っている（シュワ
－ツら、１９８６）



運動学習の初期に運動前野ニューロンが働く



視覚運動シーケンスの学習の時、前補
足運動野がまず働く（Ｓａｋａｉら、１９９８）

彦坂興秀の課外授業(眼
と精神」（2003）医学書院



図１．



大脳皮質の機能再現の分布

階層的再現

ブロードマンの
細胞構築地図
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（上下の色の濃さは対応）



Munkは、コイヌで両側視覚野を壊したら、物を

認識できない

が見えると考え、別のところがはたらくと考え、
Restitutionと呼んだ(1881)。



１９ページ下、第２０講、１４５
ページ



The theory that structures either adjacent or remote from 
the injured area can assume the function of the damaged 
cortex, often referred to as vicariation of function or 
substitution (Munk 1881), has gained additional support 
due to recent examples of functional plasticity after injury. 
One study using microelectrode stimulation techniques 
showed that areas adjacent to damaged portions of motor 
cortex reorganize after behaviorally contingent electrical 
stimulation of the ventral tegmentum in rats (Castro-
Alamancos et al. 1992). Another study using 
microelectrode-recording techniques showed that changes 
in functional representations in somatosensory cortex
parallel sensorimotor skill recovery from stroke in adult 
monkeys, although it is unclear whether improvements 
reflect a recovery to normal preoperative strategies or the 
development of new compensatory behavioral strategies 
(Xerri et al. 1998).







リスザルが餌台の穴か
らペレットを取る

（ヌードら、１９９６）
指の伸展

指の屈曲

指の屈曲と手首の伸展

指の伸展

前腕の回外



Nudo（ヌード） et al.､ Science 1996; 272;1791

Neural Substrates for the Effects of 
Rehabilitative Training on Motor 

Recovery 
After Ischemic Infarct

リスザルの運動野の手指領域
に乏血性梗塞のあと、リハで手
指の麻痺が回復するが手首の
領域がはたらくようになった。

代行作用 （Vicariation)



梗塞後の指訓練の経過



手を使う使わないで、
運動野再現が変わる

（リスザル）



Reorganization of Movement
Representation in Area 4 after  focal 
ischemic infarctｓ

R.J . Nudo and G.W. Millikn J Neurophysiol 75: 2144-2149,1996.

リスザル手の運動野に乏血
梗塞を起こして、手を動かさ
ないと、指が動かせなくなる

梗塞前梗塞前 梗塞後梗塞後33ヶ月ヶ月



Constraint-
Induced
movement 
therapy

強制使用法

制限運動療法





Light source fibers 
(N=9)
Detectors 
(N=12)Miyai I, et al. NeuroImage 2001;14:1186-92.

近赤外線法で、脳の局所
ヘモグロビン濃度変化を
測る

近赤外線投射で脳
の血流変化を測定
する



歩行時の脳賦活歩行時の脳賦活 ~ ~ 健常人健常人

Miyai I, et al. NeuroImage 2001;14:1186-92.



L

70歳 男性

脳梗塞発作
106 日目

58歳 男性

脳梗塞発作
102 日目

71歳 男性

脳梗塞発作
112日目

Premotor Cortex Is Involved in Restoration of Gait in Stroke
Ichiro Miyai, M.D., Ph.D. 1, Hajime Yagura, M.D. 1, Ichiro Oda, Ph.D. 2, Ikuo Konishi, Ph.D. 2, 

Hideo Eda, Ph.D. 3, Tsunehiko Suzuki, M.D., Ph.D. 1, and Kisou Kubota, M.D., Ph.D. 1.

Control Facilitation

Control

Facilitation

運動前野の働くことが歩行回復に重要運動前野の働くことが歩行回復に重要
ヒトでの遠隔代行作用の最初の報告ヒトでの遠隔代行作用の最初の報告
(Remote (Remote VicariationVicariation))

(Ann Neurol 2002:52;188-94. )



Stroke.34:2866(2003)



The theory that structures either adjacent or remote from 
the injured area can assume the function of the damaged 
cortex, often referred to as vicariation of function or 
substitution (Munk 1881), has gained additional support 
due to recent examples of functional plasticity after injury. 
One study using microelectrode stimulation techniques 
showed that areas adjacent to damaged portions of motor 
cortex reorganize after behaviorally contingent electrical 
stimulation of the ventral tegmentum in rats (Castro-
Alamancos et al. 1992). Another study using 
microelectrode-recording techniques showed that changes 
in functional representations in somatosensory cortex
parallel sensorimotor skill recovery from stroke in adult 
monkeys, although it is unclear whether improvements 
reflect a recovery to normal preoperative strategies or the 
development of new compensatory behavioral strategies 
(Xerri et al. 1998).



Reorganization of Remote Cortical Regions After Ischemic 
Brain Injury： Potential Substrate for Stroke Recovery

J Neurophysiol 89: 3205-3214 (2003)

S.B. Frost, S. Barbay, K.M. Friel, E.J. Plautz and R.J. Nudo

リスザルの運動野（リスザルの運動野（M1)M1)に人工梗塞をつくると、反対側の手指が動かせなくなる（対側麻痺）に人工梗塞をつくると、反対側の手指が動かせなくなる（対側麻痺）
リハビリテーション訓練をすると指が動かせるようになる。リハビリテーション訓練をすると指が動かせるようになる。 腹側運動前野（腹側運動前野（PMVPMV）が大きくなる）が大きくなる

ーーーー遠隔代行作用の報告ーー遠隔代行作用の報告



運動野（運動野（M1)M1)の手の再現部位に梗塞を起したあと、リハビリテーション訓練の手の再現部位に梗塞を起したあと、リハビリテーション訓練

（２ヶ月）で、腹側運動前野（（２ヶ月）で、腹側運動前野（VPM)VPM)の手の再現部位が大きくなった。の手の再現部位が大きくなった。



BDA－

Biotinylated

Dextan
Amine

J. Neurosci. ,2005,25:10167-10179







Fig. 1. Cortical reorganization following lesion in M1. 

A, Cartoon showing a simplified hypothetical network including the M1 digit 
representation (red), the M1 wrist/forearm representation (green), and other cortical 
areas of the ipsilateral and contralateral hemispheres. Within M1, at the border of 
the digit representation, a neuron (in reality a population of neurons) receives inputs 
from both the digit representation and the wrist/forearm representation. Prior to the 
lesion, this neuron is included within the digit representation. Facilitatory
projections from the M1 digit representation to the premotor cortex (PM) in the 
same hemisphere also contribute to the definition of PM digit representation borders. 
Finally, callosal projections from M1 also contribute to the definition of M1 and PM 
digit representation borders through facilitation of inhibitory interneurons. 
Rectangles are M1 representations; circles are premotor representations. 

B, Immediate effect of an M1 digit representation lesion resulting from the 
unmasking of latent connections or recruitment of preexisting alternate parallel 
pathways. Within M1, there is a further loss of digit representation at the border due 
to the preexisting overlap of digit and wrist/forearm networks. A comparable 
reduction of digit representation can be observed in the distant ipsilateral PM area. 
However, the loss of the callosal projections results in a decrease of inhibition by 
the interneurons and thus an increase of the digit representation in both M1 and PM.

C, Potential mechanisms underlying the slower reorganization that occurs in 
association with recovery, learning, and practice. Similar phenomena could occur in
both hemispheres, but they are depicted only in the ipsilesional hemisphere here. 
First (no. 1 in the figure), the later increase of digit representation in M1 and PMv 
could be due to the increase of facilitation of prelesional network or of inhibition on 
adjacent networks. For example, this could be due to changes in receptor density or 
synaptogenesis. Second (no. 2 in the ｆigure), reorganization of the network through 
formation of novel connections and axonal sprouting could play a role.



















JAMA, October 20, 2004—vol. 292, 1853-1861









真似に関係する中心回路

MNS:鏡ニューロン系

STS:上側頭溝

真似学習と社会的ミラー関係

ＢＡ４６（ブロードマン４６野）と運動準備領
域（背側運動野、前補足運動野と上側頭回
が働いて真似学習が起こる。

社会的ミラーニューロン系は、島部（ＢＡ４４），辺縁

系が働く。



サルの運動前野の腹外側部でミラーニューロンが見
付かった（Mirror neuron in PMv (Rizzolatti ら, Cog 
Brain Res 1996）。



赤: (a) 噛むのを見る

(b)リンゴを噛むのを見る

緑: (a)ボールを掴む真似を見る

(b)ボールを掴むのを見る

水: (a) ボールを蹴る真似を見る

(b)ボールを蹴るのを見る

ブッチ―ノらによる（２００１）、

動作を見ると運動前野と頭
頂連合野が、体部位局在的
に、働く。



手の運動を見たときに運動
前野を磁気刺激すると、手
が動く





観察した運動の記憶は運動野に残る

ＴＭＳ

EPB
FPB

10秒１回

親指の運動



図２．３人の被験者の左右の弁蓋部
（黒）を示す。

中央の白点は視覚野。













The hypothesis “ focusing attention on 
walking motor
schemes could modify sensorimotor 
activation of the brain.“
In locomotor imagery tasks before and after 

one week of training consisting of physical 
and mental practice the functional changes in 
the activity of the cerebral areas involved.
Subjects were asked to perform basic tango 
steps, which require specific ways of walking; 
each tango lesson ended with motor imagery 
training of the performed steps. 
Training determines an expansion of active 
bilateral motor areas during locomotor
imagery, with a reduction of visuospatial 
activation in the posterior right brain, 
suggesting a decreased role of visual imagery 
processes in the post-training period.





Decision-making and the frontal lobes

Volz KG, Schuboltz RI, von Cramon DY

Current Opinion in Neurology 2006 19:401-406

Orbital and median PFC—evaluative judgement processes

Lateral PFC—evaluative judgement processes

amalgam problems

transfer problems or

insight problems

Four levels of decisions, depending on predictability of reward probability  and reward variability

1. The first level----recognized as being similar to a previous situation. 

(recognition-primed decision)

2.  The second level--- a decision with a reference to his or her values.         (O/VMPFC)

(stereotyped, ‘Shall I take the fruit salad or go for the crème brulee?’ holistic, intuitive)

3.  The third level----to relate his or her value system to the attributes by incorporating long-term information

(anterior-medial and dorsomedial prefrontal areas)

(Reflective desion often affective or motivational)

4.    The fourth level--- novel or unprecedented
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Fig.4



JAMA, ２００４；２９２；１４４７－１４５３

痴呆

アルツハイマー

脈管系の痴呆

その他の痴呆

2257人、71-93歳、

Honolulu-Asia Aging study



アメリカの看護
師121,700人

2年間追跡



＜１．９MET-ｈｒｓ；特に運動しない, マイル21-30分/で38分/週以下

２.マイル/ 38分 -1、4時間 ３. 1.5-2.8時間 ４. 2.4時間/週



サルが空間的ワーキングメモリ課題をサルが空間的ワーキングメモリ課題を

おこなっているときの、記憶を保持していおこなっているときの、記憶を保持してい

る前頭連合野のニューロン活動の例：る前頭連合野のニューロン活動の例：

久保田ら：久保田ら： J.J. Neurophysiol.Neurophysiol.１９７４１９７４







Frontal polar region was activated by Branching Task

Koechlin et al. Nature 400:418-419, 1999



Branching task Branching task 
( BR; combined, main DR Test, and subroutine G( BR; combined, main DR Test, and subroutine GNG Test)NG Test)
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During the delay period of the DR Test (2), the GO/No-GO Test (3) was performed.
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行動・運動制御の階層性
（Kubota,2004）

手 足

背外側部背外側部
腹内側部腹内側部運動前野運動前野

６野６野

足手


