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Disentangling the Alien and Anarchic Hand - Pacherie

``Anarchic hand'' is the term by which we propose to identify complex goal- ..... underwent callosotomy and, without wanting to, shot his best friend's wife using. 
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C O G N IT IV E N E U R O P S Y C H IA T R Y , 1 9 9 8 , 3 (3 ), 1 9 1 ±2 0 7



D is e n ta n g lin g th e A lie n a n d A n a r c h ic H a n d C le lia M a rc h e tti ``S . M au g e ri’ ’ F ou n d atio n, R e h ab ilita tio n In stitu te o f V e run o , Ita ly



S e rg io D e lla S a la U n ive rsity o f A b erd e en , U K



``A n a rc h ic h a n d’ ’ is the te rm by w hic h w e p r o p o se to ide n tify co m p le x g oa ldire c te d m o v e m e n ts o f a h an d , w h ic h a re pe rf o rm e d a g a ins t th e p atie n t’ s w ill, an d th at c a n no t b e v o lun tar ily inh ib ite d . T h is p h e no m e n on s h ou ld b e d iff er en tia te d fro m th e fe e lin g o f n on b elo ng in g o f a ha n d, k no w n in the lite ra tur e si nc e the r e po rt of B r io n a n d Je d in ak ( 19 7 2) , to w h ic h th e ter m `` a lien h a nd ’ ’ sh ou ld b e r e ta in e d. A n a rc h ic h a n d, w hic h is lin ke d w ith a n te r io r les io n s o f th e c o r p u s ca llo su m a nd the su pp le m e n ta ry m o to r a re a c o ntra la ter a l to the w a y w a r d ha n d, sh o u ld b e co n c eive d as s ` `f ro n ta l’ ’ si g n . A lie n h a nd , w h ic h h as be e n r ep o rted a fter p o st er io r les io n s of th e c o rp u s ca llo su m , p ro ba b ly en c ro a ch ing up o n th e pa r ie ta l c o rtex , s ho u ld b e th ou g h t o f a s a p a rtia l h em iso m a to g n os ia , th at is, a un ila te r al ` `los s o f the kn o w le d g e o r se n se o f o n e’ s ow n b o dy a nd bo d ily c on d itio n ’ ’ (B e a um o n t, K e n e aly, & R o ge rs , 1 99 6 , p . 1 08 ) . T his d istin ctio n w ill e as e th e d e sc rip tion a nd the in te rp r etatio n o f ne w ca se s o f alie n a n d an a rc h ic ha n d an d w ill a vo id so m e o f the co n fu si o n c u rr en tly p re s en t in th e fie ld .



SOME ORDER IN THE ANARCHY A lie n h an d is on e o f th e m o st in trig u ing p h en o m en a in ne u ro lo g y . Its in terp re ta tio n is still d e b ated , an d so m e of th e d isa gre em e nt is d ue to b lurre d de finition s o f the sy m p tom . C lin ic a l p ictu res q uite d iffe ren t fro m o n e a no th er, ca u sed b y lesio n s to d iffe re nt re g io n s o f th e bra in a n d d ue to d iffe re n t ae tio log ie s, a re su bsu m e d u n de r th e la b e l o f ``a lie n ha n d ’ ’ . T h e term , w h ic h u n d erline s th e ``a lien ’ ’ c h ara cteristics of th e sy m p to m , d ate s ba c k to B rio n an d Jed y n ak (1 97 2 ), w h o de fine d ``m a in eÂtra n geÁ re ’ ’ (fo reig n



C o r re s p o n d e n c e a n d re q u e s t fo r re p ri n t s s h o u ld b e s e n t to P ro f es s o r S e rg i o D e lla S a l a, D ep a rtm e n t o f P s y c h o lo g y , U n iv e rsi ty o f A b e rd e en , A B 2 4 2 U B A b e rd ee n , S co tl a n d ; e -m a il : se rg io @ a b er d e e n .a c .u k . W e th a n k G e o rg e W a t so n w h o i n t ro d u c e d u s to L e F a n u ’ s n o v e ls . T h is p a p e r d ra w s e x te n si v e ly fr o m p re v i o u s c o ll ab o ra tiv e w o rk w i th H a n s S p in n le r.
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h a nd , o r stra ng e h a n d, a s th e a u th o rs th em se lv e s tran sla te d th e sign in the E ng lish ab strac t o f the ir p ap e r) as th e failu re to rec o g n ise th e ow n e rship o f o ne ’ s left lim b , w h e n this is h eld b y th e rig ht ou t of v isu a l c on trol. T h ey re p orte d the sig n o f th e m a in eÂtra n g eÁ re in fou r pa tie n ts: thre e a ffec te d by a tum o ur in the p o sterior p a rt o f the c orp u s c allo su m (C C ) a nd the fo ur th p rese n tin g a left 1 p o sterior p a ra c allo sal an g io m a (se e F ig. 1 ). T he pa tie n ts re p o rte d b y B rio n a nd Je dy n a k (1 9 72 , p. 2 6 2 , 1 9 74 ) d id n ot p res en t w ith a n y in v o lu n tary m ov e m e n t: th ey fe lt th e ir le ft ha n d a s a fore ig n b o dy w hic h th e y faile d to re co gn ise. T h eir d esc rip tion of th e sy m p to m is c o m p e lling : L e pa tie n t q u i se tie nt se s m a ins l’ u n e d a n s l’ a u tre d er rieÂre le do s, ne re c o nn a õ Á t pa s l’ a pp a rten a n ce d e la m ain g a uc h e . . . le d eÂfic it n e p o rte p a s su r la re c on n aiss an c e tac tile de la m a in, m a is s ur la re c o n n a iss a nc e d e so n a p pa rt e na n ce . ( T r an sl a tion : T he p a tie nt w h o h o lds h is h a n d s on e w ith in th e oth er b e hind his ba c k d oe s no t r ec o g n ise th e lef t ha n d as h is o w n . . . T he s ig n do e s no t c on si st in th e la c k o f ta c tile re c o g n itio n o f the h a n d a s su c h , b u t in th e la c k o f re c og n itio n o f th e ha n d a s on e ’ s o w n .)



FIG. 1.



R e d ra w in g o f o n e o f t h e s k e tc h es re p o rt ed b y B r io n a n d J e d y n a k ( 1 9 7 2 ) in th e ir



p o s t m o rte m s tu d y o f fo u r p a tie n ts s h o w i n g al ie n h a n d . It a p p e a rs c le a r th a t th e a n g i o m a en c ro ac h e s u p o n t h e p o st e rio r p a rt o f th e c o rp u s c a llo s u m , i n v a d i n g th e s u rr o u n d i n g p a rie t a l co rte x . 1



A rte ro v e n o u s m a lfo rm at io n c o n s is ti n g o f a ta n g l e o f d ila t e d v es s e ls .
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T h ere fo re , the sig n o f the a lie n h an d , a s th e a u th o rs a c kn o w led g ed , ca n b e co n sid e re d a circu m scrib ed h em isom ato g no sia , p o ssib ly du e to th e inv o lv e m e n t of th e p arie tal co rtex as w e ll a s to the lesio n o f the C C . C linic al p ic tur es sim ilar to th o se o b serv e d b y B rio n an d Jed y n ak h av e b ee n re p o rte d in pa tie n ts a ffec te d by d iffe ren t dise ase s. F o r e x am ple , V en tu ra, G o ld m a n , a n d H ild eb ra n d (1 9 9 5) d esc rib e d th e fee lin g o f n o nb e lon g ing o f h e r le ft a r m i n a p a t ie n t w i th a ri g h t c a p su lo th a l a m i c h a e m o r rh a g e w it h m e sen c e fa lic e x ten sio n, a n d re ce n tly K a u fer, M en d e z, M isch e l, V e rity , & B e n son (1 9 96 ) re p or te d th e c ase o f a m a n p re sen ting fea ture s o f a d iffu se dy sm y elina tin g d ise ase sh o w in g le ft a lie n arm . In 1 9 7 9, B o g en , d isc u ssin g th e se qu e lae o f c a llo sa l le sion s, tran slate d B rio n 2 an d Jed y na k ’ s sig n as ``a lien ha n d’ ’ . H ow e v e r, in his d efinitio n , h e a d de d th e te rm ``a c tiv e m o to r m isbe h av io ur’ ’ to the e x pe rien c e of n o n be lo ng in g of th e pa tie n ts’ left ``a lie n’ ’ ha n d . B o g e n (1 98 5 , p . 31 3 ) la te r d esc rib ed alie n h a n d a s an a uto n om o u s ha n d w hic h ``b e ha v e s in a w a y w hic h th e p atien t fin d s fore ign , alien , o r a t le a st un c o op e rative ’ ’ . G old b erg , M ay e r, a n d T og lia (1 9 8 1) g av e to th e term ``a lie n ha n d’ ’ y e t a n oth er m ea n in g. In th eir d efin itio n, th e fee lin g of n o t be lo ng in g o f th e h a nd , an d th e p a tie nts’ la c k o f re c o gn itio n o f the ir h a nd , assu m e d b y B rio n an d Je din ak to b e th e ke y fea ture o f alien h a nd , w a s n o t m e n tio n ed . O n the c on trary , th e p re sen c e o f au to n om o u s, w ay w a rd m ov e m e n ts th a t th e ``a lie n ’ ’ ha n d p e rfo rm e d a g ain st the pa tie n t’ s w ill w as d u ly stre ssed . T h e y re p o rte d (1 98 1 , p. 6 8 5) th e ca se o f tw o p a tie n ts w ith inf arc tio n in v o lv in g th e a nte rio r p o rtio n of th e C C a n d th e left m e d ial fro nta l co rte x , a n d refe rred to th e p res en ce o f c o m p le x a n d co -o rdin a te d m o v e m e n ts ``th at a p p ea red to b e disso cia ted fro m co n sc io u s v o litio n ’ ’ . B o th p atien ts c o m p la in ed th a t th e ir ha n d ha d a w ill of its ow n , b u t ne v er d e nie d th a t th e biz arre ha n d w a s th eir o w n . A sim ila r ca se , p a tien t H M , h ad b e en re po rted a s ea rly a s 1 9 08 b y G old stein , w h o na m ed the p he n o m e n on S p o nta n b ew en g u n g en Ð sp o n ta n e ou s m ov e m e n ts (se e F ig . 2 ), an d in te rpre ted it a s th e e ffec t o f the le sio n of th e g y ru s fo rn ica tus (c u rren tly c in g u late gy ru s) of th e h em isp he re c o ntra latera l to the p ath o lo g ica l ha n d . Fro m o u r d isc u ssio n, it is c le a r th at th e tw o sign s ha v e o n ly th e n am e in co m m o n . T h e ab ru p t m o d ifica tio n of th e d efin itio n o f alien h an d , th e m ea n in g o f w h ic h w a s lo st in tran sla tio n, is p artly rep o n sib le fo r th e tax o n o m ic c on fu sio n. In turn , th is term ino lo gic al ta n g le un d e rm in ed th e p o ssib ility o f p ro vid in g a sou n d in te rp reta tio n o f eith e r o f th e se tw o p h en o m e na . W e su gg e st lim itin g th e te rm ``a lie n h an d ’ ’ , w h ich w e ll de sc rib e s the fe elin g o f th e h a nd n o t b ein g re c o gn ised a s on e ’ s o w n , to th e p a rtia l h em iso m a to g no sia rep o rte d b y B rio n a n d Jed y n ak . W e p ro po se inste ad the term ``a n arc hic ha n d’ ’ (D e lla Sa la, M a c he tti, & S p inn le r, 1 9 91 , 1 9 94 ) fo r th e p h en o m en o n firstly de sc rib e d by G o ld ste in 2



In a re c e n t te le v is io n i n t e rv i e w (A .A h u jia : D i sc o v er y C h a n n e l, 1 9 9 7 ), B o g e n a c k n o w le d g e d th at



th is c h o ic e w as u n fo rtu n at e .
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FIG. 2.



G o ld st e in ’ s (1 9 0 9 ) c o ro n a l o u tl in e o f th e p o st m o rt e m s tu d y o f th e b r ai n o f th e p a tie n t H M ,



w h o s e a n a rc h i c h a n d h e re p o rte d a y e a r b e fo re . T h e s o fte n in g (H e r d ) e n c ro a c h e s u p o n th e ri g h t m e d ia l fr o n t al a re a a n d in cl u d e s t h e a n t e rio r p a rt o f t h e c o rp u s c a llo s u m . In h i s p a p e r, G o ld st e in l in k e d th e l e si o n o f th e rig h t c i n g u la te g y ru s (i .e . g y ru s fo rn i ca t u s ) t o th e l e ft a n a rc h i c h an d s ig n sh ow n b y H M .



(G o ld ste in , 19 0 8 , 1 9 09 ; se e D e lla S ala e t a l., 1 9 9 4 fo r a histor ic al re vie w ), a nd re ce n tly resta te d b y B o g e n (1 9 8 5) a n d b y G o ldb e rg et a l. (1 98 1 ). T h is te rm e m p h a sise s be tte r th e ap p are n t se lf-g o v ern m e n t o f th e ha n d w h ich a cts at c ro ss p u rpo se s to th e w ill of th e p atien t, w h o , h o w e v e r, pe rce iv e it as p art o f his/he r ow n body. It a lso o cc u rs to u s th a t in m a n y insta nc e s th e term ``a lie n h an d ’ ’ h a s b e en u se d a s a m isn o m e r to id en tify c lin ic a l sig n s th a t h a ve little in c o m m on w ith e ith er o f th e tw o ph e n om en a a s d e fin ed in th e fore g oin g . F o r in sta n ce , alien h a nd h as b e en u sed to d esc rib e in v o lu n tary m o v em e nts sh ow n b y p a tie nts 3 su fferin g from co rtic o ba sa l d eg e ne ra tio n (G ib b , L u th ert, & M a rsd e n, 1 9 8 9; D o o d y & Ja n ko v ic, 1 99 2 ; R in n e, L ee , T h o m so n , & M a rsd e n , 1 9 9 4) o r o th er 3



S lo w l y p ro g re s si v e b ra i n d is e as e c h a ra c te ri se d b y a p ra x i a , b a la n c e p ro b le m s , m y cl o n u s,



o c u l o m o to r d i so rd er s, a k in e tic -r i g i d s y n d ro m e , v is u o c o n s tr u c tiv e d e fi c its , a n d a t e n d e n c y o f th e p a tie n ts ’ a rm s a n d h an d s to le v i ta te a n d o f t h e ir fin g e rs to w a n d e r li k e t en ta c le s (G ib b , L u th e rt, & M ar sd e n , 1 9 8 9 ).
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de g en e rativ e d isea se s lik e A lzh eim er’ s d e m e n tia (B a ll e t al., 1 9 93 ). T h e pa th olo g ic a l h a nd o f th e se pa tie n ts is se en to w an d er in vo lu nta rily an d to p er fo rm p u rp o se le ss m o v e m e n ts. O f te n , t he a rm le v itate s sp o n ta ne o u sly , som e tim e s w ith te nta c ula r m ov e m e n ts o f th e fin g e rs. F urth erm ore , a dd in g to th e ch a os of d e fin itio n s an d term in o log y , M a g na n i, M az z u cc hi, P ole tti, S c o ditti, 4 an d Pa rm a , (1 98 7 ) m isinte rp re te d as alien h an d , a g rasp in g rea c tio n sh o w n b y a pa tie n t w ith a stro ke in th e left m e d io fro nta l re g io n . In fa ct, th eir p atien t R V ne v er sh o w e d un w a n te d p u rpo se fu l a ction s, b u t o n ly p u rsu it m ov e m e n ts fo llow in g o b jec ts in sp ac e , en d ing w ith a fin al grip , w h ic h he h ad d ifficu lty in re lea sin g. M ore o v er, L e v in e a nd R in n (1 9 8 6) ca lle d a lie n h an d the d efic it sh o w n by a p a tie n t affe cte d b y o ptic ata xia (the fa ilu re to re a ch o r g ra sp an ob jec t in sig h t) w h o w a s u n ab le to e x ert v o lu nta ry c on trol o n u n co o rdin a te d m ov e m e n ts fo llow in g a n in farc tio n in the te rrito ry o f th e righ t po ste rio r c e re b ra l arte ry . A ll th e se la tte r sig n s a re d iffe ren t fro m e ith e r alien o r an a rch ic h a n d , an d sh o uld b e ke p t se p ara te in th e ta xo n o m ie s of in vo lu nta ry m ov e m en ts. T h e m isu se o f the te rm a lie n h a nd as a m isn om er is e ve n m ore e v id e nt in th e po p u lar scien c e p ress an d in th e m ed ia. F o r in sta n c e O liv er S ac k s in a re ce n t pu b lic a tio n c a lls ``alien ’ ’ a p h an to m lim b (1 9 9 5, p . 14 9 ); a n d in a tele visio n do c u m e n ta ry (T he M in d T ra ve ller, B B C 2 , 3 1 O cto b er 19 9 6 ) he d e scrib ed a s a ty p ica l alien h a nd th e in v o lu n tary m ov e m e n ts sho w e d by a p atien t a ffec te d b y th e Pa rk in so n -de m e n tia -m o to rne u ron d ise a se c om p le x of G u a m (se e R ee d a n d B ro d y, 1 97 5 ). M o reo ve r, o th e r sig n s, sim ilar to an a rc h ic h an d , b u t d u e to d iffe re n t le sion s, are rep o rte d in th e lite ratu re. A m o n g th e se it is w o rth m e n tio n in g th e in term an u a l co n flic t (B o ge n , 1 98 5 ; T an a ka , Y o sh id a , K aw a h ata, H a sh im o to, & O ba y ash i, 1 99 6 ) o ften re p or te d in sp lit-b ra in p atien ts, an d first o b serv e d b y A k e laitis (1 94 4 ), w ho lab e lle d it ``d ia g on istic d ysp a rx ia ’ ’ , a n d in te rp re ted it as a psy c h ia tric m an ife sta tio n a c co m p an ied b y ``sch izo id p atte rn o n th e R o rsc h ac h te st’ ’ , o r a lte rn ative ly as a v arien t o f th e ep ile p tic fits b rou g h t o n as a resu lt o f surg e ry. T h is ph e n om e no n co n sists of co -or din ate d c om p le x a ctio ns p erfo rm e d by th e h an d ip sila te ral to th e do m in a n t h e m isp h ere w h ic h c o un tera c ts th o se pla n ne d by the p atien t an d pe rfo rm ed w ith th e d om in a n t h a n d. D ia m e tric ally op p o se d in its c lin ica l e x p re ssio n is th e p h en o m en o n k n o w n a s ``m irro r m o v em e nts’ ’ in w h ic h o ne h an d inv o lun tary m im ic s the o the r w he n th is is pe rform in g a n a ction (T o gg lie b , R o b b , & D ay , 19 9 2 ). M irro r m ov e m e n ts usu a lly o c cu r a fte r lesio ns in v o lv in g the fro nto m e sial c ortex bu t n o t th e co rp u s ca llo su m (e .g . C ha n & R o ss, 1 9 88 ). T o a dd to the ta xo n o m ic co n fu sio n , th e term ``m irro r m o ve m en t’ ’ h a s a lso b ee n u se d in th e litera ture to id e ntify a ssoc iate d m o v em e nts w h ic h a pp e ar in sy m m etric m usc le s on th e o p p osite sid e o f th e 4



T h e te rm g r a sp in g re a c tio n `` c o v e rs a ra n g e o f b e h a v io u rs w h ic h sh a re w i th th e g ra s p re fle x th e



te n d e n cy t o ta k e h o ld o f t h e o b je c t s tim u lu s , b u t a re d iffe re n tia te d b y th e t y p e o f s tim u la ti o n s u ita b le to e lic i t th e m . . .’ ’ (D e R en z i & B a rb ie ri, 1 9 9 2 , p .2 9 5 ).
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b o dy , w h en e ve r o n e sid e is m o ve d v o lu n tarily. T h e se m o v em en ts a re n o rm a l in c h ild ren a n d oc c ur in c o m p lex g e ne tic sy n d rom es (e.g . se e H e rm sd o erfe r, D a n ek , W in ter, M a rq ua rd t, & M ai, 1 9 9 5 ). T o in te rp ret a p h en o m en o n , it is first n ec es sary to p ro vid e a d efin itio n th at d e lin ea tes its spe cific ity .



DEFINITION OF ANARCHIC HAND A n a rc h ic h an d de fin e s th e oc cu rre n ce o f co m ple x m o ve m e n ts of an u pp e r lim b w h ic h a re c le a rly g o al-direc te d a n d w e ll e x ec u ted b ut u n in ten d e d (D e lla S a la et a l., 1 9 9 4 ). T he se u n w a n te d m o ve m e n ts c an n ot b e v o lu n ta rily in terru p te d a nd m ig h t in terfe re w ith th e d e sire d a ctio n s c arried o u t b y the o th e r (h e althy ) h an d . T he p a tie nts a re aw a re o f the b iza rre a n d p ote ntially ha z ard o u s be h av io ur o f th eir h an d b ut c a nn o t in h ib it it. T h e y o ften re fe r to th e fee lin g th a t o n e of th eir h a nd s b eh av e s a s if it h as a w ill o f its ow n , b u t ne v er d e n y tha t this ca p ric io u s h a nd is pa rt o f th eir o w n b o dy . T h e b e w ild erm en t c o m e s fro m th e su rp risin g a nd u n w an ted a ction s, no t fro m a se nsa tion o f la ck o f be lon g in g o f th e ha n d . A n arc h ic h a nd is a p h en o m e no n so b iza rre th a t it v e rge s o n the c o m ic. O n e o f o u r p atien ts (G P ) o nc e , a t din n er, m u c h to h e r d ism ay sa w h e r le ft ha n d ta k ing so m e fish b on e s fro m lefto v ers an d p u ttin g th em in to h e r m ou th (D e lla S a la e t a l., 19 9 4 ). A n o th e r p atien t o f o urs (G C ) o fte n co m p la ine d tha t h e r h a n d did w h at it w a nte d to d o , an d tried to co n trol its w a y w ard b e h av iou r b y h itting it vio le n tly o r talk in g to it in an g er a n d fru stration (D ella S a la e t a l., 1 9 9 1). P ark in (1 9 96 ) re po rte d th a t h is p atien t, M P (P ar kin & B arry , 1 99 1 , p . 17 5 ) h a d p rob le m s in c h oo sin g te le v isio n ch a nn e ls, be ca u se ``n o soo n e r h a d th e rig ht ha n d se lec ted o n e sta tio n th e le ft h a nd w o uld p re ss a no th er b u tto n ’ ’ . G ive n its o d d ne ss, th e sy m p tom also e n th rals p eo p le w ho are n o n ex p e rt in n e uro sc ie n ce . E x am p le s o f an a rc h ic h an d s c an b e fo u nd in no v e ls a n d film s a lik e. T he rea d ers m ig h t re m e m b e r the sce n e fro m D r. S tra n ge lov e , the irrev e ren t m o v ie th a t S ta n le y K u b ric k b ase d o n th e no v el by Pe ter G e o rge (1 9 63 ), in w hic h a G erm an -A m e ric a n m ad n u cle ar scie ntist (p la y ed b y P e ter S e lle rs) w as th ro ttled b y h is righ t h a nd a n d started to sla p it to d efe n d him se lf. T he sim ilarity b e tw e e n S e lle rs’ p erfo rm a nc e an d the p h en o m en o lo g y ob serv ed in s o m e p a tie n ts is o v e rw h e lm in g . S o m u c h s o th a t ``D r. S tra n g e lo v e sy n dr om e’ ’ h as b e en p rop o se d , a lb e it u nsu c c essfu lly (p ro b a b ly b ec a u se o f a n o nc in ep h ile re v ie w er ) as a d esc rip tiv e lab e l for the a lie n h a n d sy n dro m e (B oller , pe rs. co m m . 1 9 9 3). P e rh ap s less w ell k n o w n a re o th e r d e scrip tio n s. M a uric e R en a rd (1 92 9 ) w ro te a sto ry a b ou t a pia n ist w h o se m u tilate d h an d s h a ve be e n su rgic ally su b stitute d b y th o se o f a c rim ina l, an d w h ich ap p ar en tly a cte d o n the ir o w n w ill; the m o vie go e r m ig h t re m e m b er so m e film s tak e n fro m th is sto ry, a m o n g th e m , th e fa m o u s M a d L o ve (1 9 3 5) starrin g P e ter L o rre , or the m ore re c en t T h e H a n d s o f O rlac , d ire c te d b y E .T . G rev ille (1 9 60 ). Ju lio C o rta z ar (1 9 7 9/1 9 7 4 ) p ortray e d a g irl w ho se ha n d ``d oe s no t w a n t to liste n a nd
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som e tim e s to h er c o nste rna tio n d o es w h a tev er it lik e s’ ’ (ou r tran slatio n). A s ea rly as 18 6 3 , S h e rid a n L e F a n u w r ote ab o u t a ``d isem b o die d’ ’ ha n d w h ic h trie d to c ho k e th e ha p le ss p erso n it w a s pe rse cu tin g , a th e m e tak e n u p b y S a m R a im i in h is ho rro r m o vie E v il D e ad 2 : D ea d b y D a w n (1 9 8 7), w h o sh o t th e sc e ne o f ac tor B ru ce C a m pb e ll b e in g stra n gle d by a d ise m b o d ied h an d . S im ilarly m a ca b re is th e ``B iz a rre situa tio n s’ ’ in W illia m B o y d ’ s c o llec tio n of sho rt sto ries, O n th e Ya n k ee statio n (1 9 88 ). B o y d ’ s ch a rac te r is a p a tien t w h o un d e rw e n t ca llo so tom y an d , w ith ou t w a nting to , sh o t h is be st frie nd ’ s w ife u sin g his le ft (a n arc hic ) h an d . In d ee d , th e p he n om en o n is p ec u lia r en o u gh to b e de sc rib e d e ve n in th e p o p ula r p re ss d e vo te d to the gro te squ e (e .g . B iza rre , U K July /A ug u st 19 9 7 , p p . 66 ±6 7 ), a nd d isc u ssed in te le v isio n sho w s d ed ic ate d to th e un u su a l (e.g . A . A ju ja , D isco v ery C h an n el).



ANATOMO-FUNCTIONAL ARCHITECTURE OF ANARCHIC HAND S ev e ral a na tom o -fun c tio n al h y p oth ese s h a ve b e en p u t forw a rd to a cc o un t fo r an a rch ic h a nd . F o r m a ny y ea rs a sec tion o f th e c orp u s ca llo su m (C C ), e ith e r surg ica l o r du e to a p a th o lo gic al p ro ce ss, h a s b ee n h eld resp o n sible for th e ph e n om e no n (B o g en , 1 9 8 5). H o w e ve r, a c a re fu l a na lysis o f th e lite ratu re sh o w s th a t in all ca se s o f a na rch ic h a n d w ith a lesio n a lle g e dly lim ite d to th e C C , sig n s an d sym p to m s of c ortica l in v olv em e nt a re also d uly rep o rte d (fo r a rev ie w se e D e lla S ala e t al., 19 9 4 ). Fo r in stan c e, so m e of th e se p atien ts also p rese n ted w ith 5 tra n sco rtic a l m oto r ap h as ia (a lso k n o w n a s sup p lem e nta ry m oto r are a a ph a sia ) or tra n sien t h e m ipa re sis (L e ig ua rd a, S ta rk stein , & B erth ie r, 1 98 9 ; T an a ka , Iw a sa , & Y o sh ida , 1 99 0 ; W atso n & H e ilm a n, 1 9 8 3). M o reo v e r, if th e iso late d le sion o f th e c o rpu s c allos um suffic es to e lic it the sign , th e a n arc h ic h an d m u st alw ay s b e ip sila te ra l to the h em isp he re d o m in an t fo r pra xis (i.e . th e le ft h a nd in rig h t-h a n de rs). T h is a ssu m p tio n h a s b e en disp u te d b y th e o bse rv atio n of rig h tha n d ed p a tien ts w ith a rig h t an a rc h ic h a n d (D e lla S a la e t al., 1 99 1 ; G old b erg e t al., 19 8 1 ; M c N a b b , C arro ll, & M astag lia, 1 9 8 8). R e c en tly , a p atie n t h a s b ee n re p o rte d w h o sh o w e d a c lea r rig ht-sid e d d o m in an c e for pra x is b ut n e v erthe le ss ha d a left (i.e . c o n tra latera l to p ra x is) a na rch ic h an d (M arc h etti & D e lla S a la , 19 9 7 ). T h e ca llo sa l h yp o th esis is a lso co n ten tio u s o n o th e r g ro un d s: It see m s un like ly th at a d isc on n ec tio n o f th e p rim a ry m o to r co rte x from th e p a rie tal a re a s w h e re th e m o tor en g ra m s are su pp o se d ly se ate d co u ld g iv e rise to a ``p ositive ’ ’ sig n (i.e . th e a p p ea ran c e of n o n ap ra xic inv o lun ta ry m o ve m en ts) inste ad o f a ``n e ga tive ’ ’ sig n (i.e. th e ap rax ic p e rfo rm a n c e o f vo lu n ta ry m ov e m en ts), w hic h w o u ld m im ic th e e ffec t o f a le sio n o f th e sa m e a re a s (h o w ev e r, c ase A W ,



5



Im p a i rm en t o f la n g u a g e c h a ra ct e ris ed b y th e re l a tiv e ly g o o d a b i li ty t o re p e a t s p o k e n l a n g u a g e ,



re la tiv e ly w e ll -p r es e rv ed c o m p re h e n sio n , n o n fl u e n t v e rb a l o u tp u t , an d d iffi c u l ty in n a m i n g b u t w h ic h b e n e fits fr o m c u e s . Its p a th o lo g y is lo c a te d i n t h e d o m i n a n t fr o n ta l lo b e (B e n s o n , 1 9 9 3 ).
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re ce n tly re p orted by B a y ne s, T ra m o , R ee ve s, & G a z za n iga , 1 99 7 , sho w e d cle ar left a na rch ic ha n d a fter a stro k e o f th e C C , bu t he r co rtic a l le sio n s ap p ar en tly w e re c on fin ed to p o sterior a rea s, sp a rin g th e fro n tal lob e s). A n a cc o u n t alter na tiv e to th e p u re C C lesio n h y p o th e sis p o stu la te s th e n e ed o f a do u b le le sio n o f b oth the c o rpu s c a llo sum a n d th e m e d ia l fron tal c o rte x (in 6 p a rtic ula r th e sup p le m e nta ry m o tor a rea : S M A ) fo r an a rch ic h a nd to e m e rge (D ella S ala e t a l., 1 9 9 1; G o ld b e rg e t al., 1 9 8 1). T h e SM A lie s in th e m ed ial su rfac e o f the fro n tal lo b e (see F ig. 3 ) a n d c orre spo n d s la rg e ly to th e m ed ial p o rtio n o f B ro dm a n n’ s (1 9 0 9) a rea 6 . Its ro le in th e o rg an isa tio n , sto ra ge , a nd g e ne ra tio n of a ctio ns re c en tly a rou se d a g rea t d ea l of in te re st (L uÈ de rs, 1 9 9 6; P ica rd & S tric k, 1 99 6 ; Z ille s, e t al., 19 9 5 ). T he v ariou s d isho m o ge n eo u s su b reg io ns o f th e S M A a re in te rco n ne c ted stro n g ly w ith o ne a no th er a nd th e p reS M A is also he av ily lin k ed to th e p re fro n tal c ortex (B a te s & G o ldm a n-R a kic , 1 9 93 ; L up p in o, M atelli, & R izz o latti, 1 99 0 ), w h e re th e d e cision s o f w h at to do a n d w h e n to do it a re p rob a b ly tak e n (P a ssing h a m , 19 9 6 ). U n fo rtu n ately , th e a na to m ic al an d n eu ro ph y sio lo g ica l spe cifica tio n s a dd little to o u r u n d e rsta n d in g o f th e m ec h a n ism s g iv in g ris e t o a n ar c h ic h a n d . F u rthe rm o re , th e le sio n s sho w n by pa tie n ts a re n orm a lly to o larg e to a llo w a n y fin e-g rain e d a na to m o -fun c tio n al c orre lative sp ec u la tion . F o r th e sa ke o f ou r arg u m e n t it su ffic es to rem in d the re a de rs th a t the m o to r fu n ction s o f th e S M A a re su p po rte d b y n eu roa n ato m ic al (T a n ji, 19 9 4 ), a nd stim u lation stu die s (L im e t al., 1 99 4 ; Pe n fie ld & W e lch , 19 5 1 ); b y ev o k ed p o te n tia l in ve stig a tio n s (D e ec k e, 1 9 87 ), b y a na lyse s of re g io n a l b lo o d flo w a nd P E T stud ies (D eib er et al., 1 9 91 ; L a rsso n , G u ly a s, & R o lan d , 1 99 6 ; R o la n d , L arse n , L a sse n & S k in h o j, 19 8 0 ), a s w e ll a s b y fu n ctio na l M R I (R ao et a l., 1 9 93 ). A ll the se stu d ies c o nv e rge in de m on stratin g th at th e S M A s store a nd o r g a n is e m o to r s u b r o u t in e s ( G o ld b e r g , 1 9 8 5 ) re la te d to i n te r n a l d ri v e s (p red ic tiv e m o v e m e n ts) (H alsb a n d, Ito , T an ji, 1 99 3 ). T he p rem oto r m e d ia l syste m s c en tred o n th e SM A s a re c o nn e cte d w ith a late ral m oto r sy ste m (c en tred o n a re g io n so m etim e s refe rred to a s p rem o tor c o rte x: P M C ). T h is la tera l syste m is c o n sid e red to b e re sp o nsib le fo r th e so c alle d ``re sp o nsiv e m ov e m e n ts’ ’ w h ic h a re g e ne rate d in re spo n se to e x te rn al stim u li (M u sh ia k e , In ase , & T an ji, 1 9 91 ; R iz z ola tti, M a telli, & P a v esi, 19 8 3 ). A w o rd o f ca utio n , it ha s to b e re m e m b e red th a t th e fun c tio n al d isso c iation b e tw e e n in tern a lly a n d ex te rna lly trig ge re d m o v em e nt is no t a b solu te (B ru st, 1 9 9 6 ; R e m y , Z ilb o v ic iu s, L e ro y w i llin g , S y ro ta, & S am s o n , 1 9 9 4 ) . T h e c o ord in ation o f m an u al a ctiv ities de p en d s u p on th e b alan c e o f th e m e d ia l a nd th e la te ra l syste m s. T h e re is so m e a g re e m e n t (F e in be rg , S c h in d ler, Fla na g a n & H a b er, 1 9 92 ; G old b erg , 1 9 8 5) tha t an ar ch ic h an d resu lts fro m the im b ala n ce o f th is co m p le x m e ch a n ism : A le sion of th e SM A le av e s the c o ntra la tera l ha n d a t 6



N e u ro a n a to m i c a ll y m in d e d re a d e rs a re re fe rr e d t o c o m p re h e n s iv e te x t b o o k s o n th e to p ic , s u ch as



L uÈ d e rs’ s (1 9 9 6 ).
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T h e p rim a ry m o to r ar e a (M I) , th e p re m o to r c o rt e x ( P M C ), a n d th e s u p p le m e n ta ry m o to r



a re a (S M A ) i n th e d o rs a l (a b o v e ) a n d m es i al (b e lo w ) s u rf a c e o f th e le ft h e m is p h e re o f a m o n k e y . (R e d ra w n fr o m B ro d a l ’ s, 1 9 9 2 , fi g . 9 .7 .)



th e m e rc y of ex tern a l stim u li w hic h o pe rate th rou g h the P M C , an d the refo re be h av e s an a rc h ic a lly . T h is in terp reta tio n is sup p o rte d b y th e fin d ing s o f stud ie s in v e stig atin g th e re fle x iv e sac ca d es in b ra in -le sion e d p atien ts. T h e se inv e stig a tio n s d e m o n strated th at p atien ts w ith le sio n s in the m ed ial asp e cts o f th e fro n ta l lo b e s are un a ble to in h ib it re flex ive o cu lo m o to r re sp on se s to stim u li p res en ted in th e co n tralate ra l v isu a l h e m ifie ld (P a us e t al., 19 9 1 ).
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C on v o lute d p ost-h o c c o m pro m ise s b etw e en th e fron tal a n d the c a llo sal h y po th ese s to inte rp re t a na rch ic h a nd h av e b e en pro p o sed (e.g . F e inb e rg e t a l., 1 9 92 ; see also C h an & R oss, 1 9 9 7, fo r furth er fra c tio na tion o f the syn d ro m e ). A c co rd ing to su c h h y po th ese s, the fro n tal a n arc hic h a nd w ou ld a lw a ys b e the righ t an d th e ca llo sa l th e left. T he ``fro n tal’ ’ a n arc h ic h an d sig n w ou ld a lw a y s b e a sso cia te d w ith g ra sp in g an d co m pu lsiv e m a n ip u lation o f to o ls, w he re as the ``ca llo sa l’ ’ a n arc h ic h an d b eh a vio ur w o u ld b e ch a ra c terised b y in te rm an u al c o nflict. H ow e v er, left a n arc h ic h a nd s co u ple d w ith ``fro nta l’ ’ sig n s c an b e g lea n ed fro m th e lite ratu re (D e lla S a la e t al., 1 99 4 ; G o ld b er g & B lo o m , 1 9 9 0; G o ld s te in , 1 9 0 9 ; T ro j a n o , C re s c i, L a n z il lo , E le fa n te , & C a ru s o , 1 9 9 3 ) . F u rthe rm o re , follow in g th is lo g ic, a p atien t w ith a lesio n e nc ro a ch ing u p on b o th th e C C an d th e le ft SM A sho u ld sho w tw o d iffe ren t k ind s of a n ar ch ic h a nd : a le ft ca llo sa l a n d a rig h t fron tal. P a tie nts w ith th is sp e cific c om b in a tio n o f lesio n s d o n ot sh o w th e pre dic te d sy m p to m a tolo g y (e.g . D ella S ala et a l., 19 9 1 ). U n til su ch a p atien t is re p or te d , the p rin c ip le of O c c am ’ s ra zo r su g g ests k e ep ing th ese frac tio n atio n h y p oth ese s o n ho ld.



CONCLUSIONS In as m u ch as it is d ue to th e re le ase of th e late ral syste m fro m the in h ibitio n o f th e m e dia l sy stem , an arc h ic ha n d ca n b e c on c e iv e d as a fro n ta l ``re le a se sig n ’ ’ . A n a rc h ic ha n d sh are s som e c ha rac te ristic s w ith th ese sig n s: d ep e n de n ce on e n viro n m e nta l trig ge rs, im pu lsiv en e ss, irrep re ssib ility . W e d isa g re e w ith T an a ka e t a l. (1 9 96 ), w h o c la im th a t a n arc hic h a nd ca n b e tra ce d b a ck sim ply to a 7 c o m p lex fo rm of g ra spin g o r g ro p ing , be c au se its a c tio n s are c lea rly g o a ld ire c ted . W e m ain tain th at it sho u ld b e co n c eiv ed as a fra g m en t o f th e fro n tal m oto r sy nd ro m e (D ella Sa la e t a l., 1 9 91 , 19 9 4 ). T he term ``alien h a nd ’ ’ inste ad sh o uld b e u se d so lely in c on n e ctio n w ith th e h e m iso m a to g n o sic -lik e sym p to m o f th e lac k o f re co g n itio n o f on e ’ s ow n h an d , link e d to m o re po sterio r le sion s. E ve n if o ne a cc e p ts th is tax o n o m y , sev era l q u estio n s re m ain u na n sw ere d a nd m an y to p ics a re still o pe n to d eb a te .



THOUGHTS FOR FUTURE INVESTIGATIONS Chronic vs. Acute Anarchic Hand A c on ten tio n a b o ut a na rc hic h an d co n c ern s the loc u s o f le sion d e em ed n e ce ssary a n d su ffic ien t so th at th e sy m p to m be c om e s c hro n ic. T w o d iffe re n t h y p oth ese s h a ve b ee n p u t fo rw ard . G o ld b e rg a nd B lo o m (1 9 90 ) su gg e sted th a t re co v ery m ig h t be d u e to a c o m p en sa to ry m ec h an ism fro m th e in tac t h e m isp h ere : S M A fro m th e n o n da m a g e d h e m isp h ere w ou ld ta k e o v er th e c o ntro l of th e pro x im al 7



G ro p i n g is a s u b t y p e o f g ra sp in g r ea c ti o n e li ci te d b y `` a p ro g re ss iv e re tre a t o f th e st im u lu s, a s th e



h a n d a p p ro a c h e s it ’ ’ (D e R e n z i & B a rb ie ri , 1 9 9 2 , p .2 9 5 ): th e p a ti en t’ s h a n d in s ti n c ti v e ly p u rs u e s th e s ti m u l u s .
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se g m e n ts o f th e ip sila te ra l a rm . A b ila te ra l d am a g e w o u ld h in d er th is co m pe n sato ry pro ce ss a nd a na rch ic h a n d w o u ld b ec o m e ch ro n ic . S u ch a pre d ic tion se em s to be su p po rte d b y the b ila tera l ca se rep o rte d b y G a sq u oin e (1 9 9 3 ). H ow e v er, c a se s o f an a rc h ic h an d follo w in g u nilate ra l le sio n h a ve b ee n ob se rv ed n in e m o n th s (T ro jan o e t a l., 1 99 3 ) to e ig h t y e ars (D e lla S a la et a l., 19 9 4 ) a fte r the b rain d a m a ge , an d n o co m p en sa tio n o cc u rre d . D e lla S a la e t al. (1 9 9 1 ) p ro po s ed inste ad tha t a c allo sal lesio n m ig h t b e su ffic ien t for the a na rc hic ha n d to a pp e ar, b u t a sim u lta n eo u s le sio n to b o th th e c o rpu s ca llo su m an d th e S M A sh o uld b e p re sen t fo r th e sig n to b ec o m e c h ron ic . Pa p ag n o an d M a rsile (1 9 9 3 ) u p ho ld th is h yp o th esis a n d h in te d at th e ro le ex e rte d b y th e size o f th e ca llo sa l lesio n. T h ey m a inta ine d th at in th e p rese n ce o f a m e siof ro n tal le sio n , a co e xisting c a llo sal d am ag e sh ou ld in v o lv e a t lea st th e an te rio r tw o -third s o f it, in ord e r to im p e de an y rec o ve ry . T h e role of th e c allo sal le sio n fo r an a rch ic h a nd to ch ro n ic ise is fu rth e r v a lid ate d b y th e c ase of a p atien t, L B , w h om w e h av e re c en tly o b se rv e d. L B , a left-ha n d ed m an h ad a stro ke in th e rig h t m es ia l fro n ta l co rtex d o cu m en ted b y C T a n d S P E C T sca ns , sh o w ed le ft-sid ed m o to r n eg lec t an d le ft a na rc hic h a n d. H is le sio n spa re d th e co rp u s c a llo su m . H e d id n o t sh o w clinic al sig n s o f c a llo sal d isco n n ec tion . H ow e v e r, h is a na rch ic h an d sig n w a s ve ry o v e rt: H e w as a fra id o f fa llin g a slee p be ca u se h is ha n d w o u ld attem p t to sm o th er h im ; h e re so rte d ta lkin g to h is h a nd , to w hic h h e attrib u ted its o w n w ill, sco ldin g it, stirrin g it u p o r c he rish in g it, to m a k e it to p erfo rm a c co rd ing to h is de sires. T h e sign w a s c o u ple d w ith a n o v erw h e lm in g gra sp ing , a clea r gro p ing , an d sev e ral in stan c e s o f m o to r p e rs ev e ratio n . T w o m o nth s later the a na rch ic ha n d rec o v ere d, b u t th e o the r sig ns p ersisted . C a se L B sup p o rts th e n o tio n tha t an a rch ic h an d m a y arise fro m lesio n c o nfin e d to th e m es io fron tal c orte x w itho u t an y c allosa l in v o lv e m en t (L e ig u a rda , S ta rk ste in , & B e rth ier, 19 9 3 ; M cN a bb e t al., 1 98 8 ; T ro jan o e t al., 19 9 3 ). S o m e fu rth e r in sig ht in to th e re latio nsh ip be tw ee n a na rch ic h an d a nd its a na to m ica l c ou n te rp a rt m ig h t d eriv e fro m asse ssin g va riou s pa tie n ts in a g ro u p stu dy . In fa ct, sev e ra l a u th o rs re po rtin g th e effe cts o f lesio ns to the a n te rior c o m m un ic ating a rte ry te rrito ry d o n o t m e n tio n an a rch ic h an d , w h ic h is no t an ea sy sign to o v erloo k (B o g ou ssla v sky a nd R e g li, 19 9 0 ; Irle , 1 9 92 ; S te n h o use e t a l., 1 9 9 1). It w o u ld b e inte re sting to in v e stig ate th e d iffe re n ce be tw e e n th e lesio n site s o f pa tie n ts w ho p rese n t w ith a na rch ic ha n d a n d th ose w h o do n ot (fo r a sim ila r ap p ro a ch o n o the r fro n tal sig n s se e D e R e n zi & B arb ie ri, 1 9 9 2 a n d D e R e n zi, C a va lle ri, & F a cc h in i, 1 9 96 ), to fo llo w u p th e p atien ts lo n gitud in a lly to asse ss th e co rrela tio n b etw ee n p re sen c e of th e sym p tom an d in terv a l fro m o n se t, an d to lo o k fo r ev id en c e o f a na rch ic fo o t (C h a n e t al., 19 9 6 ; D e lla S ala e t al., 1 9 9 4 ).



A Cognitive Account of Anarchic Hand T h e hy p o the sis o utlin ed in th e fo re g oin g is in lin e w ith the id ea tha t a na rch ic ha n d m ig ht b e c o n ce iv e d as a fra g m e n t o f the fron ta l m oto r syn d ro m e w hic h
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m an ifests itself as u tilisa tio n b eh a vio u r (L h e rm itte , 1 9 8 3 ) w h e n fully b lo w n . U tilisa tio n b eh a vio u r d e fin e s th e sp on tan e o us o cc u rren c e o f co m ple x c om p u lsiv e m o to r ac tio n s, p erfo rm ed w ith b o th ha n ds, a c co rd ing to a n a pp ro p ria te m oto r p ro g ram , w hic h, ho w e v er, a re ina p p rop riate w ith in th e c o nte xt a nd trig g e red en tire ly b y e x te rn al stim u li (L he rm itte, 1 9 8 6). It h a s be e n inte rp re ted in co g nitiv e term s a s a d e fic it o f th e sup e rviso ry syste m w ith in th e fra m e o f re fe re nc e o f th e N orm an an d S h allic e m od e l o f ac tio n co n tro l (B ra z ze lli, C o lo m b o, D e lla Sa la, & S p in nle r, 1 99 4 ; S h a llice , B urg e ss, S h on , & B o x te r, 1 9 89 ). T his o v errid in g su p erv iso ry syste m h a s b e en m ap p e d on to th e pre fro n ta l n e uro n al ne tw o rk (N o rm an & S h a llice , 1 98 6 ; S h allic e , 19 8 8 ), c o n ce ive d a s ``the se at o f h ig h le ve l p ro ce sse s tha t m o du la te lo w e r le ve l on e s’ ’ (S h allic e & B u rg e ss, 19 9 6 , p . 14 0 5 ). U tilisa tio n b eh a vio u r h as b e en a cc o u n te d for by p o stula tin g th at in th e a bse n ce of a w ork in g su pe rv iso ry sy ste m , p erc ep tu al in pu ts (en v iro n m e n tal trig g ers) w ill ac tiv a te u n in h ib ited a ction sc h em ata: T h e sim p le sigh t o f a n o bje c t w ill a ctiva te th e sc h em ata o f th e ac tio n link e d w ith th at o b je c t (B raz z elli et al., 1 9 94 ; D ella S a la, 1 9 9 5 ; Sh a llice e t a l., 19 8 9 ). R ec e ntly a frac tio n a tio n of the su pe rv iso ry sy ste m h a s b e en p rop o se d (e .g . S h allice & B u rg e ss, 1 9 9 6). A na rch ic h a n d m a y th us b e in te rpre te d in c og n itiv e te rm s a s an u n ila tera l m a n ifestatio n o f th e sup e rv iso ry sy stem de ra ng e m e n t (D ella S a la et a l., 1 9 9 4). If on e a cc ep ts this w o rk in g h y po the sis, th en o n e ha s to assu m e th at th e an a to m ic a l m a pp in g o f the d iffe ren t fra ctio ns of th e su p erv iso ry sy stem sh o uld c o nfo rm w ith fu n ctio na l h em isp h e ric diffe ren ce s. In d e ed , w ith in the frac tio n a tio n hy p o th e sis, pa in s h a ve alrea d y b e en tak e n to c o nsid e r so m e p o ssible he m isp h eric differe n ce s in th e a n ato m ic al m a p p in g o f th e va rio u s su b sys te m s (Sh a llice & B u rg e ss, 19 9 6 ; Sh a llic e e t a l., 1 9 94 ). T h e inte rp re tatio n o f a n arc hic h an d w ithin th e fram e of th e m o d e l of ac tio n c o ntro l, p o stu la te s th at th e su pe rv iso ry syste m is sp lit w ithin th e tw o fro n ta l lob e s a n d m on itors ac tio n s th ro u g h a n inte rac tio n o f its tw o h alv e s. O f co u rse , th is spe c u la tio n n e ed s su p po rt from futu re d e ta ile d sin g le c ase stu d ies. A n a lte rn ative a cc ou n t o f a lie n h an d is th e intrigu in g h y po th e sis tha t th e re m ay b e tw o c o nsc io usn e sse s in a sing le in d iv id u a l. T h is n otio n de rive s fro m sp lit-b rain e xp e rim e nts (S p e rry , 1 98 2 ), w h ic h co u ld be se e n to ov e rtu rn the id e a itself of a ``ho listic m ind ’ ’ (fo r a c ritic a l re vie w se e Ja co b so n , 1 99 5 , c ha p ter 2 .1 1 ). T h is sta rtlin g a ssu m p tion le d re sea rch e rs to m a inta in th a t a na rc hic h a nd c o uld b e d u e to th e righ t h e m isp he re, la ck in g la n g ua g e a nd m e m o ry, a tte m p ting to a ssert its in d ep e nd e n ce usin g tac tile a n d v isu a l m od e s (B ay n e s e t a l., 19 9 7 ). H o w ev e r, it is d iffic u lt to rec o n cile th e e xp e rim en tal a nd o b serv atio n al ev ide n ce o f an a rch ic h a nd w ith th e h y po th esis th at th e tw o h em isp he res m ig h t b e e q uip p ed w ith tw o in d e p en d en t sp he re s o f co n scio us ne ss. If th is w ere th e ca se , w h y do a n arc h ic h an d p a tie nts a lw a y s c on sid er on e an d th e sa m e h an d , le ft o r righ t, a s w e ird ? T h ey are a lw a y s w e ll a w a re o f th eir od d be h av io u r a nd c o nsc io usly try to o v erru le th e un w a n te d ac tion b y a pp e asin g the w ay w a rd h an d . A s to th e rig h t he m isp h ere co g n itiv e syste m in de p e nd e nc e h yp o th esis, it ru n s
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in to tro ub le s in ac c ou n ting for rig ht-side s an a rch ic h a nd a fte r le ft h e m isp he re le sion s in rig h t-h a nd e rs (D e lla S ala et al., 1 99 1 ; G o ld be rg et al., 19 8 1 ). In c on c lusio n , a na rch ic h a nd c an b e a cc o u n te d fo r in c og n itiv e te rm s a s a lac k of in hib itio n o f a n un w a n te d ac tio n trig g ere d b y e nv iro nm e nta l stim u li a n d co n flic tin g w ith th e co n scio us ly se t o v era ll g o al. M a n u s c rip t re c e iv e d 2 S ep te m b e r 1 9 9 7 R e v is e d m an u sc ri p t re c e iv e d 9 M a rc h 1 9 9 8
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m o v e m e n t. N e u r o r e p o r t, 7 , 4 6 3 ±4 6 8 . L e F an u , S . (1 9 9 2 ). T h e h o u s e in t h e c h u r c h ya r d . C h a p te r 1 2 : S o m e o d d fa c ts a b o u t t h e t ile d h o u s e Ð b e in g a n a u th en ti c n a rr a t iv e o f th e g h o s t o f a h a n d . B e lfa s t: A p p le tr ee P re s s. (O rig in a l w o rk p u b l is h ed 1 8 6 3 ). L e ig u a rd a , R ., S t a rk s te i n , S ., & B e rth ie r, M . (1 9 8 9 ). A n t e rio r c a ll o s a l h a e m o rr a g e . A p a rti a l in t e re m is p h e ri c d is c o n n e c tio n s y n d ro m e . B ra in , 1 1 2 , 1 0 1 9 ±1 0 3 7 . L e ig u a rd a , R ., S ta rk s te in , S ., N o g u es , M ., B e rt h i e r, M ., & A rb e la iz , R . ( 1 9 9 3 ). P a ro x y sm a l a lie n h a n d s y n d ro m e . J o u r n a l o f N e u r o l o g y , N e u r o s u rg e r y a n d P s yc h ia tr y , 5 6 , 7 8 8 ±7 9 2 . L e v in e , D ., & R i n n , W .E . (1 9 8 6 ). O p t ic o s e n s o ry at a x i a a n d a li e n h a n d s y n d r o m e a fte r p o s te rio r ce re b ra l a rte ry t e rrito ry in fa rc tio n . N e u r o l o g y, 3 6 , 1 0 9 4 ±1 0 9 7 . L h e rm itt e, F . (1 9 8 3 ). `U ti lis a ti o n b e h a v i o u r’ a n d it s re la ti o n to le s io n s o f t h e fr o n ta l l o b e s . B r a in , 1 0 6 , 2 3 7 ±2 5 5 . L h e rm itt e, F . (1 9 8 6 ). H u m a n a u to n o m y a n d th e fr o n ta l lo b e s : II . P a ti en t b e h av io r in c o m p le x a n d so c ia l si tu a tio n s : th e `e n v iro n m e n ta l d e p en d en cy sy n d ro m e ’ . A n n a ls o f N e u ro lo g y , 1 9 , 3 3 5 ± 34 3. L im , S .H ., D in n e r, D .S ., P i ll ay , P .K ., L uÈ d e rs , H ., M o rris , H .H ., K l em , G ., W y lli e, E ., & A w a rd , I.A . (1 9 9 4 ). F u n c ti o n a l a n a to m y o f t h e h u m a n s u p p l e m en ta ry s e n s o rim o t o r a re a : re su lt s o f ex tra o p e ra tiv e e le c tri ca l s ti m u l at io n . E le c tr o e n ce p h a lo g ra p h y a n d C l in ic a l N e u r o p h ys i o lo g y , 9 1 , 1 7 9 ±1 9 3 . L uÈ d e r s, H .O ., ( E d .) (1 9 9 6 ). S u p p l e m e n t a r y s e n s o r m o t o r a r e a . A d v a n c e s i n



n eu ro log y, 7 0 .



P h i la d el p h ia , P A : L ip p i n c o tt -R a v e n . L u p p in o , G ., M a te ll i, M ., & R iz z o lat ti, G . (1 9 9 0 ). C o rt ic o -c o rt ic a l c o n n e c tio n s o f t w o e le c tro p h y s io lo g ic a l ly i d e n ti fie d a rm re p re s e n ta ti o n s i n t h e m e s ia l a g r an u la r fr o n ta l c o rte x . E x p e r im e n ta l B r a in R e s e a r c h , 8 2 , 2 1 4 ±2 1 8 . M a g n a n i, G ., M a zz u c c h i, A ., P o l e tti , A ., S c o td itt i, U ., & P ar m a , M . ( 1 9 8 7 ). In v o l u n ta ry g ra s p i n g an d g ro p i n g re sp o n s e s t o s p a ce -r el a ted v is u a l s t im u l i. M o v e m e n t D is o r d e rs , 2 , 9 ±2 3 . M a rc h e t ti, C ., & D e ll a S a l a, S . (1 9 9 7 ) . O n c ro ss e d a p ra x ia . D es c ri p t io n o f a r ig h t- h a n d e d a p ra x ic p a ti e n t w i th ri g h t s u p p le m e n ta ry m o t o r a re a d am a g e C o r te x , 3 3 , 3 4 1 ±3 5 4 . M c N a b b , A .W ., C a rr o l l, W .M ., & M a s ta g lia , F .L . (1 9 8 8 ). ` `A l ie n h a n d ’ ’ a n d lo s s o f b im a n u al co o rd i n a ti o n a fte r d o m i n a n t an te ri o r c e re b ra l a rte ry te rrit o ry in fa rc ti o n . J o u r n a l o f N e u r o l o g y , N e u r o su r g e ry a n d P sy c h ia tr y, 5 1 , 2 1 8 ±2 2 2 . M u s h i a k e , H ., In a s e , M ., &



T a n j i, J . (1 9 9 1 ) . N e u ro n a l ±a c t iv i ty



in



th e



p ri m a te



p re m o t o r,



su p p le m e n tar y , a n d p re c e n t ra l m o to r c o rt e x d u ri n g v i su a ll y g u id e d a n d i n te rn a ll y d et e rm in ed se q u e n ti al m o v e m e n ts . J o u r n a l o f N e u r o p h y s io l o g y , 6 6 , 7 0 5 ±7 1 8 . N o rm a n , D .A ., & S h a l lic e , T . (1 9 8 6 ). A tt e n t io n to a c t io n : w il le d a n d a u to m a ti c c o n tr o l o f b e h av io u r. In G .E . S c h w a rtz & D . S h a p ir o (E d s .) , C o n s c io u s n e s s a n d s el f-r e g u la t io n . N e w Y o rk : P le n u m . P a p a g n o , C ., & M a rs il e , C . (1 9 9 5 ). T ra n s ie n t le ft-s id e d a lie n h a n d w ith ca l lo sa l a n d u n il a te ra l fr a n to -m e s ial d a m a g e : a ca s e s tu d y . N e u ro p sy c h o lo g i a , 3 3 , 1 7 0 3 ±1 7 0 9 . P a rk in A ., & B a rr y , C . (1 9 9 1 ). A li e n h a n d a n d o th e r c o g n i tiv e d e fi c its fo ll o w in g ru p tu re d a n e u ry s m o f t h e a n t e rio r co m m u n ic a tin g ar te ry . B e h a v io r a l N e u r o l o g y, 4 , 1 6 7 ±1 7 9 . P a rk in , A .J . ( 1 9 9 6 ). T h e a lie n h a n d . In P .W . H a ll ig a n & J .C . M a rs h a ll (E d s .) , M et h o d in m a d n e s s : C a s e s tu d ie s in c o g n iti ve n e u r o p s y c h ia tr y (p p . 1 7 3 ±1 8 3 ), H o v e , U K : P s y c h o l o g y P r es s . P a s si n g h am , R .E . (1 9 9 6 ). F u n c tio n a l s p e c ia l iz a ti o n o f t h e s u p p le m e n ta ry m o to r a re a in m o n k e y s
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a n d h u m a n s . In H .O . L uÈ d er s (E d .) , S u p p le m e n ta ry s e n s o ri m o t o r a r ea . A d v a n c e s in n e u ro lo g y, 7 0 (p p . 1 0 5 ±1 1 6 ). P h ila d e lp h i a , P A : L i p p in c o t t-R av e n . P au s , T ., K a lin a , M ., P a t o cÆk o v aÂ, L ., A n g e ro v aÁ , Y ., C er n y , R ., M e c ir, P ., B a u e r, J., & K ra b e c , P . (1 9 9 1 ). M e d i al v s la te ra l fr o n ta l lo b e l e si o n s a n d d iffe re n tia l im p a i rm e n t o f c e n tra l-g a ze fix a ti o n m ai n t e n a n c e in m a n . B r a i n , 1 1 4 , 2 0 5 1 ±2 0 6 7 . P en fie l d , W ., & W e lc h , K . (1 9 5 1 ). T h e s u p p le m e n t ar y m o to r a re a o f th e c e re b r al c o rt e x : A c lin ic a l a n d ex p e rim e n t a l s tu d y . A m e r ic a n M e d ic a l A s so c ia ti o n : A rc h iv e s o f N e u r o lo g y a n d P s y c h i a t ry , 6 6 , 2 8 9 ±3 1 7 . P ic a rd , N ., & S tri c k , P .L . (1 9 9 6 ). M o to r a re a s o f th e m e d i a l w a ll Ð a re v ie w o f t h e i r l o c a ti o n a n d fu n c t io n a l a c tiv a ti o n . C e r eb r a l C o r te x , 6 , 3 4 2 ±3 5 3 . R a o , S .M ., B in d e r, J.R ., B a n d et tin i, P .A ., H a m m e k e, T .A ., Y e t k i n , F .Z ., J e sm a n o w i c z, A ., L i sk , L .M ., M o rris , G .L ., M u e lle r, W .M ., E s tk o w s k i, L .D ., W o n g , E .C ., H a u g h to n , V .M ., & H y d e , J .S . (1 9 9 3 ). F u n c ti o n a l m a g n e ti c re s o n a n c e i m a g i n g o f co m p le x h u m a n m o v e m e n ts . N e u r o lo g y , 4 3 , 2 3 1 1 ±2 3 1 8 . R e e d D .M ., & B ro d y , J .A . (1 9 7 5 ) . A m y o t ro p h i c l at e ra l sc l er o s is a n d p a rk in s o n i sm ±d e m e n ti a o n G u a m , 1 9 4 5 ±1 9 7 2 : I. D e sc ri p t iv e e p i d e m io lo g y . A m e r ic a n Jo u rn a l o f E p i d e m io lo g y , 1 0 1 , 2 8 7 ± 3 01 . R e m y , P ., Z ilb o v ic i u s , M ., L e ro y w il lin g , A ., S y ro ta , A ., & S am s o n , Y . (1 9 9 4 ). M o v e m e n t -re l at e d a n d ta s k -r e la te d a c ti v a t io n s o f m o to r co rt ic a l a re a s. A p o s i tro n e m is s io n to m o g ra p h ic s tu d y . A n n a l s o f N e u r o lo g y, 3 6 , 1 9 ±2 6 . R e n a rd , M . (1 9 2 9 ). T h e h a n d s o f O r la c , (F . C re w e -Jo n e s T ra n s .) . N e w Y o rk : E .P . C u tt o n . R i n n e , J .O ., L e e, M .S ., T h o m s o n , P .D ., & M a rs d e n , C .D . (1 9 9 4 ). C o rt ic o b as a l d e g e n e ra tio n : A c li n i ca l s t u d y o f 3 6 c a s es . B r a i n , 1 1 7 , 1 1 8 3 ±1 1 9 6 . R i z zo la t ti, G ., M a te l li, M ., & P a v e s i, G . (1 9 8 3 ). D e fi c its i n a tte n ti o n a n d m o v e m e n t fo l lo w in g th e re m o v a l o f p o s ta rc u a te (a re a 6 ) a n d p re ar cu a te (a re a 8 ) c o rt e x in m a c a q u e m o n k e y s . B r a in , 1 0 6 , 6 5 5 ±6 7 3 . R o la n d , P .E ., L a rs e n , B ., L a s s e n , N .A ., & S k i n h o j, E . (1 9 8 0 ). S u p p l e m e n t a ry m o to r a re a a n d o th e r c o r tic a l a re as in o rg a n iz a tio n o f v o l u n ta ry m o v em e n ts i n m a n . J o u rn a l o f N e u ro p h y s io l o g y , 4 3 , 1 1 9 ±1 3 6 . S ac k s , O . (1 9 9 5 ) . S c o to m a : F o rg e tti n g a n d n e g le c t i n sc i e n c e . In R .B . S i lv e rs (E d .) , H id d e n h is to r ie s o f s c ie n c e (p p . 1 4 1 ±1 8 7 ). L o n d o n : G ra n ta . S h a ll ic e , T . (1 9 8 8 ). F r o m n e u r o p s y ch o lo g y to m e n ta l s tr u c tu r e. C a m b rid g e , U K : C a m b ri d g e U n i v e rs i ty P re s s . S h a l lic e , T ., &



B u rg e s s, P .W . (1 9 9 6 ). T h e d o m ai n



o f s u p e rv is o ry



p ro c e s s e s a n d



te m p o ra l



o rg a n iz a ti o n o f b eh a v i o u r. P h i lo so p h ic a l T r a n s a ct io n s : B i o lo g ic a l S c ie n c es , 3 5 1 , 1 4 0 5 ±1 4 1 2 . S h a ll ic e , T ., B u rg e s s , P .W ., S h o n , F ., & B o x t e r, D .M . (1 9 8 9 ). T h e o rig in s o f u til iz a tio n b e h a v io u r. B r a in , 1 1 2 , 1 5 8 7 ±1 5 9 8 . S h a ll ic e , T ., F le tc h e r, P ., F rit h , C .D ., G ra sb y , P ., F ra c k o w ia k , R .S .J. , & D o la n , R .J . (1 9 9 4 ). B ra i n re g io n s a ss o c ia te d w i th th e a c q u i s iti o n a n d re trie v al o f v e rb a l e p is o d i c m em o ry . N a t u r e , 3 8 6 , 6 3 3 ±6 3 5 . S p e rr y , R .W . (1 9 8 2 ). F o re b ra in c o m m is s u ro to m y a n d c o n s c io u s a w ar en es s . In J . O rb ac h (E d .) , N e u ro p sy c h o lo g y a fter L a s h l e y (p p . 4 9 7 ±5 2 2 ), H il ls d a l e, N J : E rlb a u m . T an a k a, Y ., Iw a sa , H ., & Y o s h i d a , M . (1 9 9 0 ). D i ag n o s ti c d y s p ra x i a : c a s e r ep o rt a n d m o v e m e n tre la t ed p o te n ti al s . N eu r o l o g y, 4 0 , 6 5 7 ±6 6 1 . T an a k a, Y ., Y o s h id a , A ., K a w a h a ta , N ., H a sh im o to , R ., & O b a y a sh i, T . (1 9 9 6 ) . D ia g o n is ti c d y s p ra x i a. C l in ic a l ch a ra c te ris tic s , re s p o n si b l e le s io n a n d p o s si b l e u n d e rly in g m e c h a n ism . B r a i n , 1 1 9 , 8 5 9 ±8 7 3 . T an ji , J . (1 9 9 4 ). T h e s u p p l e m en ta ry m o t o r a re a in th e c e re b r al c o rt e x . N eu r o s c ie n c e R e s e a r c h , 1 9 , 2 5 1 ±2 6 8 . T ro j an o , L ., C re s ci , C ., L a n z ill o , B ., E l e fa n te , R ., & C a ru s o , G . (1 9 9 3 ) . H o w m a n y a li e n h a n d s y n d ro m e s ? F o l lo w - u p s t u d y o f a c a se . N eu r o l o g y, 4 3 , 2 7 1 0 ±2 7 1 2 .
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V en tu ra , M .G ., G o l d m a n , S ., & H il d e b ra n d , J. (1 9 9 5 ). A l ie n h a n d s y n d ro m e w ith o u t a c o rp u s ca l lo su m le s io n J o u r n a l o f N e u r o lo g y , N eu r o s u r g e r y a n d P s yc h ia try , 5 8 , 7 3 5 ±7 3 7 . W a ts o n , R .T ., & H ei lm a n , K .M . (1 9 8 3 ). C a ll o s a l a p r ax ia . B r a i n , 1 0 6 , 3 9 1 ±4 0 3 . Z il le s , K ., S c h l a u g , G ., G e y e r, S ., L u p p i n o , G ., M a te l li, M ., Q u , M ., S c h l ei c h e r, A ., & S ch o rm a n n , T . (1 9 9 5 ). M a p p i n g o f h u m a n a n d m a c aq u e s e n s o rim o t o r a re a s b y i n t eg ra ti n g a rc h ite c to n ic , tra n s m it te r re c ep to r, M R I a n d P E T d a ta . Jo u rn a l o f A n a t o m y , 1 8 7 , 5 1 5 ±5 3 7 .
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