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Anosognosia for hemianaesthesia: A voxel-based 
lesion-symptom mapping study

Lorenzo Pia , Lucia Spinazzola , Francesca Garbarmi , Giulia Bellan , 
Alessandro Piedimonte , Carlotta Fossataro , Alessandro Live Ili ,
Dalila Burin and Anna Berti

A B S T R A C T

Brain-dam aged patients affected by hem ianaesth esia  (i.e., the loss o f tactile  sensibility on 
the contralesional side o f the body) m ay deny their deficits (i.e., anosognosia for tactile 
deficits) even reporting tactile  experience w hen stim uli are delivered on the im paired side. 
So far, descriptive analysis on sm all sam ples o f patients reported th at the insular cortex, 
the in ternal/external capsule, the basal ganglia and the periventricular w hite m atter would 
subserve anosognosia for hem ianaesthesia. Here, we aimed at exam ining in depth the 
anatom o-functional nature o f anosognosia for hem ianaesth esia  by m ean s o f a voxelw ise 
statistical analysis. W e com pared two groups o f left hem iplegic patients due to right brain 
dam ages differing only for the p resence/absence o f anosognosia for left hem ianaesthesia. 
Our findings show ed a lesional cluster confined m ainly to the anterior part o f the putam en. 
According to the cu rrent anatom ical evidence on the neural basis o f sensory expectancies, 
we suggested th a t anosognosia for hem ianaesth esia  m ight be explained as a failure to 
detect the m ism atch  betw een expected and actual tactile  stim ulation.

1. Introduction

A n o so gn o sia  (from  th e  G reek nosos d isea se  an d  gnosis k n o w l
edge; a n -/a - is  a n egativ e  prefix) is th e  la ck  o f  a w a re n e ss  for 
n e u ro lo g ica l/n eu ro p sy ch o lo g ica l d eficits  fo llow in g  fo ca l b ra in  
lesio n s. Su ch  a d en ia l b e h a v io r h a s  b e e n  rep o rted  se lectiv e ly  
for m o to r  (e.g., h em ip leg ia), se n so ry  (co rtica l b lin d n ess , 
h e m ia n o p ia , h e m ia n a e s th e s ia ) , and  cogn itiv e d eficits  (see

P rigatan o, 2010 for a review ), an d  it  h a s  b e e n  ta k e n  as ev id en ce  
o f  m o d ality -sp ecific  d isord ers o f  c o n sc io u sn e ss . Indeed , w h en  
d ifferen t sy m p to m s a re  sim u lta n eo u sly  p re se n t due to  a b ra in  
d am age, p a tie n ts  m a y  b e  u n aw are  o f o n e o f  th e m  b u t aw are o f 
a n o th e r  rev e a lin g  th a t  th e  m o n ito rin g  o f  d ifferen t a sp e c ts  o f 
b e h a v io r is u n d erp in n ed  by  d iscre te  b ra in  m e c h a n ism s  (see 
Berti, Ladavas, & D ella C orte, 1996 for d eta ils  on  th is  poin t).

W ith in  th e  sen so ry  d om ain , an o so g n o sia  for h e m i
a n a e s th e s ia  (h e re in a fte r AHA) is  d iagn osed  w h en  p a tie n ts  are



p ersu ad ed  th a t  th e y  are  still ab le  to  p erce iv e  co n tra le sio n a l 
ta c tile  stim u li d esp ite  th e  fa c t  th a t, d uring th e  stan d ard  
neu ro lo g ica l e x a m in a tio n  w ith  eye c lo sed  th e y  n e v er rep o rt o f 
b e in g  to u ch ed  on th e  a ffe cte d  sid e (Bottin i e t  al., 2009; M arcel, 
2004; M arcel, T eg ner, & N im m o -S m ith , 2004; V allar, B ottin i, & 
P aulesu , 2003, V allar, B ottin i, & S terz i, 2003). AHA p a tie n ts  
m a y  a lso  rep o rt an  a ctu a l ta c tile  se n sa tio n  w h e n  th e y  se e  a 
stim u lu s d elivered  to  th e ir  a n e s th e tic  body p a rts  (Pia, 
G arbarini, F o ssa taro , Forn ia , & Berti, 2013; R om ano, G andola, 
B ottin i, & M aravita , 2014). Su ch  a su b je ctiv e  re p o rt se e m s to 
re fle c t  a rea l su b je ctiv e  e x p e rie n ce  o f to u ch  ra th e r  th a n  a m ere  
v erb al co n fa b u la tio n  an d /o r a b ia s  to sim p ly  rep o rt w h a t is 
se e n , b e ca u se  AHA p a tie n ts  m a y  sh o w  n o rm a l p h ysio log ica l 
re a c tio n s  (i.e., sk in  co n d u cta n ce  re sp o n se  to  in co m in g  stim u li 
d elivered  to  th e ir  a n e s th e tic  body p art; R om an o e t  al., 2014). 
In terestin g ly , ta c tile  se n sa tio n s  arise  w h e n  th e  p h ysica l 
co u n terp a rt is a b s e n t  (Pia, G arbarini, e t  al., 2013; R om ano 
e t  al., 2014).

To th e  b e s t  o f  our know led ge, on ly  tw o stu d ies hav e 
d irectly  ex a m in e d  AHA (M arcel e t  al., 2004; Sp in azzola , Pia, 
Fo legatti, M arch etti, & Berti, 2008). B oth  o f th e m  d em o n 
stra te d  th a t  w h en  h e m ia n a e s th e s ia  (h e re in a fte r  HA) co -o ccu r 
w ith  h e m ip leg ia  (i.e., th e  co m p le te  p ara ly sis  o f  th e  c o n tra le 
s io n a l side o f th e  body; h e re in a fte r  HP), AHA ca n  b e  d isso ci
a ted  from  u n a w a re n e ss  o f  HP (h e re in a fte r  AHP). In o th er 
w ords, p a tie n ts  ca n  d en y  th e ir  co n tra le s io n a l so m a to se n so ry  
d eficits b u t n o t  th e ir  co n tra le s io n a l m o to r d eficits and  v ice  
v ersa . A dd itionally , Sp in azzo la  and  co w o rk ers (Sp inazzo la  
e t  al., 2008) an a ly zed  th e  ind iv id ual le s io n a l p a tte rn  o f four 
p a tie n ts  a ffected  b y  AHA rep ortin g  th a t  les io n s  to  th e  in su lar 
co rte x  and  to  th e  b a s a l ganglia w ere cru cia lly  a sso c ia te d  to 
AHA (see a lso  (R om ano e t  al., 2014) for s im ila r findings). It w as 
su ggested  (Sp in azzo la  e t  al., 2008) th a t  b ra in  d am age w ould  
im p a ir th e  ab ility  to d istin g u ish  b e tw e e n  an  in te rn a l re p re 
se n ta tio n  o f th e  se n sa tio n  and  th e  a ctu a l p ercep tio n  o f th e  
p h y sica l s tim u lu s. T h e  fa lse  b e lie f  o f b e in g  still ab le  to 
p erce iv e  ta c tile  stim u li w ould  arise  from  th e  in ta c t  b ra in  a c 
tiv ity  w ith in  sp ared  a re a s  o f th e  so m a to se n so ry  sy stem .

In th e  p re se n t p ap er, w e a im ed  a t o b ta in in g  a c lea rer 
a n a to m ica l p ictu re  o f  AHA in  order to  b e tte r  u n d ersta n d  th e  
n a tu re  o f th e  u n a w a re n e ss  b eh av ior. A s first, w e co m p ared  
th e  le s io n a l p a tte rn s  o f groups o f r ig h t b ra in  d am aged  p a tie n ts  
d ifferin g  on ly  for th e  p re se n c e /a b se n c e  o f  AHA. Secon d ly , on 
th e  b a s e s  o f th e  a n a to m ica l p a tte rn  w e draw  in fe re n c e s  abo u t 
th e  fu n ctio n a l m e a n in g  o f th e  d am aged  areas .

2. Materials and methods

2.1. Participants

W e re tro sp ectiv e ly  se le c te d  th e  p a rtic ip a n ts  o f  our stu d y from  
a ser ie s  o f  stro k e  p a tie n ts  w ith  rig h t h e m isp h e ric  lesio n s 
(d o cu m en ted  by  co m p u terized  tom ograp h y) and  no  h is to ry  o f 
su b s ta n ce  a bu se/p rev io u s n eu ro lo g ica l d ise a se s , ad m itted  to 
d iffe re n t re h a b ilita tio n  ce n te rs  from  2005 to  2013. T h e  p re 
re q u is ite  to  b e  in clu d ed  in  th e  stu d y  w as th e  p re se n c e  o f HA. 
A dd itionally , in  order to  focu s exclu siv ely  on  th e  n e u ra l co r
re la te s  AHA, p a tie n ts  a ffe c te d  by  AHP w ere  n o t  inclu d ed . As a 
resu lt, tw e n ty -se v e n  p a tie n ts  (ten  w om en) a ffe c te d  by  HA

(six te e n  w ith  and  e lev en  w ith o u t AHA), p artic ip a ted  in  th e  
stu d y  approved  b y  th e  lo ca l e th ic  co m m itte e  a fte r  sign in g  a 
w ritte n  in fo rm ed  co n se n t. In ord er to p erfo rm  th e  a n a to m ica l 
co m p a riso n s, HA p a tie n ts  w ere  d ivided in to  th re e  su bgroups: 
th o se  w ho su ffered  from  HP (h e re in a fte r  HA_HP group; n =  11), 
th o se  w ho su ffered  from  b o th  HP and  AHA (h ere in a fter 
AHA_HP group; n =  11), and  th o se  w ho su ffered  fro m  AHA only  
(AHA group; n =  5). T h e  th re e  groups did n o t  d iffer (M ann 
W h itn e y  U T e s t  or S tu d en t's  t test) in  te rm s  o f age 
(AHA =  m e a n  69, SD =  7.54; AHA_HP =  m e a n  65.72 , SD =  7.86; 
HA_HP =  m e a n  64 .09 , SD =  13.41. AHA us AHA_HP, p =  .61; AHA 
us HA_HP, p =  .9; AHA_HP us HA_HP, p =  .73), ed u catio n a l level 
(AHA =  m e a n  9.8 , SD =  4 .6 ; AHA_HP =  m e a n  8 .54 , SD =  4 .69 ; 
HA_HP =  m e a n  10.09 , SD =  4 .1 . AHA us AHA_HP, p =  .46; AHA 
us HA_HP, p =  .9; AHA_HP us HA_HP, p =  .42) and  illn e ss  o n se t 
(AHA =  m e a n  55, SD =  37.1 ; AHA_HP =  m e a n  46 .63 , SD =  12.97; 
HA_HP =  m e a n  60 .27 , SD =  33.8. AHA us AHA_HP, p =  .9; AHA 
us HA_HP, p =  .65; AHA_HP us HA_HP, p =  .22).

2.2. Neurological and neuropsychological assessm ent

C o n tra lesio n a l v isu al, m o to r and  ta c tile  d efic its  w ere a ss e sse d  
acco rd in g  to  a stan d ard ized  p ro toco l (B isiach , P attin i, R usconi, 
R icci, & B ernard in i, 1997; B is iach , V allar, Peran i, P apagno, & 
Berti, 1986) in  w h ich  sco re s  ran g e  from  0 (no deficit) to  3 (se 
v ere  deficit). W h a t fo llow s is p a rt o f  th e  ro u tin e  n eu ro lo g ica l 
d iag n osis o f  HA. P a tie n ts  b lind fo ld ed  first re ce iv e  te n  sin gle  
lig h t to u ch  stim u li applied  on th e  dorsal su rfa ce  o f  e ith e r th e  
h a n d s or th e  fe e t (in ran d o m  order). T h e y  h av e  to rep o rt th e  
to u ch  by  an sw erin g  '‘rig h t" or " le ft" . T h e  sco re  is  assig n ed  on 
th e  b a s is  o f th e  p e rfo rm a n ce  o f  h e a lth y  p a rtic ip a n ts  (100%  o f 
d e tectio n s) as fo llow s: sco re  3 =  3 to 0 stim u li a re  rep orted  on 
th e  co n tra le s io n a l lim b; sco re  2 =  7 to  4  stim u li are  rep o rted  on 
th e  co n tra le s io n a l lim b . W h e n  p a tie n ts  sco re  2 (i.e., w ho r e 
p o rted  so m e co n tra le s io n a l stim u li), th e y  are  a d m in istere d  
te n  double (sy m m etrica l and  sim u ltan eo u s) stim u li ('‘right", 
" le ft"  or "rig h t and  le ft"  an sw ers). T h e y  re ce iv e  th e  sco re  1 if  
th e y  rep o rt 7 to  0 stim u li on  th e  co n tra le s io n a l lim b , and  0 if  
th e y  rep o rt 8 to  10.

A fter th e  m o to r and  so m a to se n so ry  ex a m in a tio n , AHA and  
AHP w ere ev alu ated  acco rd in g  to  a s tan d ard  p ro to co l (Pia, 
G arbarini, e t  al., 2013; R om ano e t al., 2014; Sp in azzo la , B ellan , 
Pia, & Berti, 2014). For th e  d iag n osis o f  AHA, HA p a tie n ts  
w ere  first a ss e sse d  w ith  fou r q u e stio n s  re la ted  to  ta c tile  
p ercep tio n  (see  Sp in azzo la  e t  al., 2014  for d etails), tw o fo r th e  
u p p er lim b (How is se n sa tio n  in  y ou r arm ?, A re you ab le  to 
p erce iv e  a lig h t to u ch  on  y ou r le ft  han d ?) and  tw o fo r th e  low er 
lim b (How is  se n sa tio n  in  y ou r leg?; A re you  able  to p erce iv e  a 
lig h t to u ch  on  y ou r le ft  foot?). For e a c h  q u estio n , HA p a tie n ts  
h ad  to  ra te  th e ir  ow n p ercep tu a l a b ilities by  m e a n s  o f a v erbal 
ju d g m e n t: n o rm a l p ercep tio n , p ercep tio n  w ith  d ifficu lties, no 
p ercep tio n . A w aren ess  o f th e  p o ten tia l ab ility  to feel s e n s a 
tio n s  w as sco red  co m p a rin g  th e  ex a m in e r 's  ju d g m e n t w ith  th e  
p a tien t's  se lf-ev a lu a tio n , as fo llow s: no  AHA (sco re  0, full 
acco rd  in  all q u estio n s), m o d era te  AHA (sco re  1, d isa g re e m e n t 
in  o n e  or tw o q u estio n s), sev e re  AHA (sco re  2, d isa g re e m e n t in 
all q u estio n s). AHA w as d iagn osed  w ith  sco re  1 or 2 (0 w as 
th e  cu t-o ff  sco re  s in ce  h e a lth y  p a rtic ip a n ts  and  p a tie n ts  
w ith o u t HA do n o t  sh ow  an y  d isa g reem e n t; Sp in azzo la  e t  al., 
2014).



A dditionally , th e  ab ility  to  rep o rt ta c tile  stim u li delivered  to 
th e  a ffected  sid e w as ev a lu ated  (yes/no  answ ers) a lso  w ith  
ey es op en. T h e  sa m e  se q u e n ce  o f lig h t to u ch  stim u li applied  to 
b o th  th e  lim b s (ten  tr ia ls  each ) o f th e  n eu ro lo g ica l e x a m  w as 
ad m in istere d . T h e  d iscrep an cy  b e tw e e n  th e  ab ility  to  p erce iv e  
stim u li w ith  op en  or c losed  ey es w as sco red  su b tra ctin g  th e  
n u m b er o f  rep orted  stim u li during  th e  eye c losed  ev alu ation  
from  th o se  o f  th e  eyes o p en  ev a lu atio n  as fo llow s: 0 =  no 
p o sitiv e d ifferen ce , 1 =  d ifferen ce  on e to five, 2 =  d ifferen ce  
five to  te n . T h ere  w as a full h ig h  c o n sis te n cy  b e tw e e n  th e s e  
sco re s  and  th o se  ob ta in ed  from  th e  in terv iew , n a m ely  ea ch  
p a rtic ip a n t ob ta in ed  th e  sa m e  sco re  w ith  th e  fou r q u estio n s 
and  w ith  th e  o n -lin e  ev a lu atio n  (i.e., w ith  o p en  eyes).

H an d ed n ess w as a ss e sse d  w ith  th e  Edinburg in v en tory  
(Oldfield, 1971), w h e re a s  p atien ts ' sc re e n in g  for global cognitive 
fu n ctio n in g  w as ev a lu ated  w ith  th e  Ita lian  v ers io n  o f th e  M ini 
M en tal S ta te  E xa m in a tio n  (M easso e t  al., 1993). L eft e x tra p 
erso n a l and  p erso n al n e g le c t  w ere a ss e sse d  w ith  th e  b e h a v 
io ra l/co n v en tio n a l sca le s  o f th e  B ehavioral In a tte n tio n  T e s t 
(W ilson, C ockbu rn , & H alligan, 1987) and  w ith  th e  B is iach  and  
co -w ork ers p roced u re (B isiach , Peran i, V allar, & Berti, 1986), 
resp ectiv e ly . T h e  th re e  groups (i.e., AHA, AHA_HP and  HA_HP) 
did n o t d iffer (M ann W h itn e y  U T e s t  or Stu d en t's  t test) in  te rm s 
o f  MMSE sco re  (AHA =  26.03 , SD =  2.37; AHA_HP =  m e a n  26.93, 
SD =  2.81; HA_HP =  m e a n  25.76, SD =  3.2. AHA us AHA_HP,

p  =  .45; AHA us HA_HP, p  =  .81; AHA_HP us HA_HP, p  =  .37), BITC 
sco re  (AHA =  m e a n  94.6 , SD =  57.05; AHA_HP =  m e a n  95.36, 
SD =  48 .16 ; HA_HP =  m e a n  91 .18 , SD =  50.94. AHA us AHA_HP, 
p  =  .82; AHA us HA_HP, p  =  .94; AHA_HP us HA_HP, p  =  84), BITB 
sco re  (AHA =  m e a n  52.8, SD =  28.22; AHA_HP =  m e a n  51.9, 
SD =  25.64; HA_HP =  m e a n  49 .72 , SD =  28.6. AHA us AHA_HP, 
p  =  .95; AHA us HA_HP, p  =  .95; AHA_HP us HA_HP, p  =  .85) and  
B is iach  sco re  (AHA m e a n  =  0, SD =  0; AHA_HP =  m e a n  72, 
SD =  1.1; HA_HP =  m e a n  63, SD =  1.2. AHA us AHA_HP, p  =  .15; 
AHA us HA_HP, p  =  .24; AHA_HP us HA_HP, p  =  .78) (D em o- 
grap h ical, n eu ro lo g ica l and  n eu ro p sy ch o log ica l d a ta  o f  p a 
tie n ts  a re  rep orted  in  T able  1).

2.3. Lesion mapping and analysis

P atien ts ' le s io n  lo ca tio n s  w ere  id en tified  th ro u g h  MRI or CT 
sca n s . L esion s w ere  m ap p ed  on to  th e  1 m m 3 M N I152 stan d ard  
sp ace  th ro u g h  a co m p u terized  te ch n iq u e . Im age m a n ip u la 
tio n s  w ere ach iev ed  w ith  th e  so ftw a re  M RIcron (Rorden & 
B rett, 2000). F irst, th e  MNI te m p la te  w as ro ta ted  on  co ron al, 
sa g itta l and  h o rizo n ta l p la n es acco rd in g  to  th e  p atien t's  sca n  
angle. Seco n d , a sk illed  ra te r  (LP), m a n u a lly  m ap p ed  th e  lesio n  
on to  e a c h  co rresp o n d en t te m p la te  s lice , w h e re a s  a seco n d  
sk illed  ra te r  (AP) d o u b le -ch eck ed  for th e  a ccu ra cy  o f th e  
tra c in g s for e a ch  p a tie n t (in th e  on ly  on e  ca se  o f

Table 1 -  Demographical, neurological and neuropsychological data. Id =  patients' Identification number. Gen =  Gender 
(M =  Male, F =  Female). Edu =  Education (years of formal education). Aet =  Etiology (H =  hemorrhage, I =  ischemia,
M =  meningioma). Ons =  Onset (days between the disease and the first day of the assessment). MMSE =  Mini Mental State 
Examination (0-30). BITC =  Behavioral Inattention Test-Conventional subtest (0-146, cut off 129). BITB Behavioral 
Inattention Test-Behavioral subtest (0-81, cut off 67). Flu =  Bisiach test (0-3, cut off 2). Vis =  Visual deficits (0-3, cut off 2, the 
two values refer to the upper and lower quadrant, respectively). Mot =  Motor deficits (0-3, cut off 2, the two values refer to 
the upper and lower limb, respectively). Som =  Somatosensory deficits (0-3, cut off 2, the two values refer to the upper and 
lower limb, respectively). AHA =  Anosognosia for hemianaesthesia (0-2, cut off 1, the two values refer to the upper and 
lower limb, respectively), n.a. =  not available.

Id Group Age Gen Edu A et Ons MMSE BITC BITB B is iach V is M ot Som AHA

l AHA 76 F 7 E 51 26.7 134 69 0 1-1 0-0 2-2 1-1
2 AHA 61 M 18 I 26 22.46 140 76 0 3-3 0-0 2-3 1-2
3 AHA 64 M 8 E 23 26.49 17 8 0 0-0 0-0 3-0 2-0
4 AHA 66 M 8 I 115 25.53 132 69 0 3-3 0-0 2-0 1-0
5 AHA 78 M 8 I 60 29 50 42 0 0-0 0-0 3-3 2-2
6 AHA_HP 61 M 4 I 28 20.27 145 81 2 n.a. 3-3 3-3 2-2
7 AHA_HP 65 M 8 I 30 30 133 68 0 0-0 3-3 3-2 0-1
8 AHA_HP 70 F 8 E 60 30 23 16 1 0-0 3-3 3-3 2-1
9 AHA_HP 50 F 18 I 40 29 139 79 0 0-0 3-3 3-3 2-2
10 AHA_HP 82 M 8 I 45 27 89 46 0 0-0 3-3 2-2 2-2
11 AHA_HP 72 F 5 I 60 28 66 60 0 0-0 3-3 3-3 2-2
12 AHA_HP 62 F 8 I 40 28 64 48 0 0-0 3-3 3-3 2-2
13 AHA_HP 64 M 5 I 40 26 141 76 0 0-0 3-3 2-2 2-2
14 AHA_HP 68 M 5 I 70 25 14 1 3 3-3 3-3 3-3 2-2
15 AHA_HP 64 M 17 I 50 25 135 40 2 3-3 3-3 3-3 2-2
16 AHA_HP 65 M 8 I 50 28 100 56 0 0-0 3-3 3-3 2-2
17 HA_HP 66 M 8 E 55 28.53 19 6 0 0-0 3-2 3-3 0-0
18 HA_HP 67 M 8 I 131 26 133 68 0 0-0 3-3 2-0 0-0
19 HA_HP 77 F 17 E 35 28 140 73 0 0-0 3-3 3-3 0-0
20 HA_HP 55 M 5 I 30 17.9 17 8 3 0-0 3-3 3-3 0-0
21 HA_HP 37 F 18 I 50 30 91 53 0 0-0 3-3 3-3 0-0
22 HA_HP 68 M 8 I 30 28 131 79 1 0-0 3-3 2-2 0-0
23 HA_HP 79 F 13 I 112 24 141 80 0 3-3 3-3 3-3 0-0
24 HA_HP 70 F 8 I 70 25 51 37 3 3-3 3-3 3-3 0-0
25 HA_HP 64 M 9 E 41 25 94 45 0 0-0 3-3 3-3 0-0
26 HA_HP 45 M 8 I 72 26 41 20 0 3-3 3-3 3-3 0-0
27 HA_HP 77 F 9 E 37 25 145 78 0 0-0 2-2 3-3 0-0



d isa g reem e n t, an  in te rs e c tio n  lesio n  m ap  w as used). Third , 
th e  m a p s w ere  b a c k  ro ta ted  in to  th e  stan d ard  sp ace.

W e first c re a ted  tw o sep a ra te  les io n s  overlap , n a m ely  
AHA_HP and  HA_HP groups. T h en , w e su b tra cted  HA_HP from  
AHA_HP. T h e  co m p a riso n  b e tw e e n  th e  tw o groups w as ob
ta in e d  by  m e a n s  o f a v o x e l-b y -v o x e l L ieb erm eister te s t  (p <  .01 
FDR co rrectio n ) as im p lem en ted  in  th e  NPM in clu d ed  in  MRI- 
cro n  (Rorden, K arn ath , & B onilha, 2007).

Secon d , w e p u t in  co n fro n t th e  ob ta in ed  re su lts  w ith  th e  
le s io n s  ov erlap  o f  th e  five p u re AHA p a tie n ts  (AHA p a tie n ts  
w ith o u t HP). Q u an tita tiv e e s t im a te s  o f grey and  w h ite  m a tte r  
reg ion s in v o lv em en t w ere  o b ta in ed  by  su p erim p osin g  th e  
A n a to m ica l L abeling  m ap  te m p la te  AAL (Tzourio-M azoyer 
e t  al., 2002) and  th e  JH U -w hite m a tte r  te m p la te  (Hua e t  al., 
2008).

3. Results

Fig. 1A and  B sh o w  th e  lesio n  ov erlap p ing  o f  AHA_HP and  
HA_HP groups, resp ectiv e ly , w h e re a s  T ab le  2A and  B rep ort 
th e ir  q u a n tita tiv e  estim a te . T h e  AHA_HP group sh ow ed  a 
le s io n a l p a tte rn  m a in ly  invo lv in g  th e  in su la , th e  cau d ate  n u 
cleu s, th e  p o sterio r lim b o f in te rn a l cap su le , th e  p u ta m en , th e  
su p erior co ro n a  rad ia ta , th e  su p erior fro n to -o cc ip ita l fa s c ic 
u lu s and  th e  su p erio r lon g itu d in al fa sc icu lu s. T h e  HA_HP 
group d isp layed  a le s io n a l p a tte rn  m a in ly  invo lv in g  th e  in su la , 
th e  su p erior co ro n a  ra d ia ta  and  th e  su p erior lon gitu d inal 
fa sc icu lu s.

Fig. 1C sh o w s th e  le s io n  p lo t su b tra ctio n  b e tw e e n  th e  tw o 
groups, w h erea s T ab le  2C d isp lays its  q u a n tita tiv e  estim a te . 
T h e  su b tra ctio n  an a ly sis  sh ow ed  th a t  th e  a n te r io r  lim b o f th e  
in te rn a l cap su le , th e  p allid u m , th e  p u ta m en  and  th e  u n c in a te  
fa sc icu lu s w ere d am aged  a t le a s t  th e  50% m o re  freq u en tly  in 
th e  AHA_HP group re s p e c t to  HA_HP group. It is w orth  
n o tic in g  th a t  th e  rev e rse  su b tra ctio n  sh ow ed  th a t  no  reg ion s 
w ere  in ju red  a t le a s t  50% m o re  in  th e  HA_HP, re s p e c t to 
AHA_HP, groups.

T h e  V o x el-b y -v o x el te s t  co m p arin g  th e  tw o groups w ith  
b in o m ia l d a ta  (Fig. 2A an d  T ab le  3A) rev e a led  a c lu s te r  m ain ly  
invo lv in g  th e  a n te r io r  p u ta m en , w ith  a m in o r in v o lv em en t o f 
th e  u n c in a te  fa sc icu lu s (and  a v ery  sm all in v o lv em en t o f  th e  
pallid um , p a rt o f  th e  le n tifo rm  n u cle u s  to g e th e r  w ith  th e  p u 
ta m en ). In th e  group o f five pure AHA p a tie n ts , th e  lesio n a l 
p a tte rn  m a in ly  involved  th e  in su la , th e  p o stce n tra l gyrus, th e  
ro lan d ic  o p ercu lu m , th e  su p erior lon g itu d in al fa sc icu lu s, th e  
su p ram arg in a l gyrus an d  th e  p u ta m e n  (Fig. 2B and  T ab le  3B).

4. Discussion

W ith  th e  p re se n t in v estig a tio n , w e a im ed  a t finding th e  
n e u ra l co rre la te s  o f an o so g n o sia  fo r h e m ia n a e s th e s ia . By 
m e a n s  o f a v o x e lw ise  s ta tis tic a l an a ly sis , w e d irectly  
co m p ared  HA_HP group le s io n  p lo ts to AHA_HP group lesio n  
p lots. T h e  resu lts  w ere also  ev alu ated  in  re la tio n sh ip  w ith  
th e  le s io n  p lots o f  a sm all group o f p a tie n ts  a ffe c te d  b y  a pure 
form  o f  AHA (i.e., p a tie n ts  a ffe c te d  by  u n a w a re n e ss  o f th e

Fig. 1 -  Overlays of regional lesion plots of the AHA_HP (A) and HA_HP (B) groups. The frequency is represented trough a 
color scale ranging from black (lesion in one patient) to red (lesion in eleven patients). Subtraction of regional lesion plots (C). 
Regions damaged more frequently in the AHA_HP group respect to HA_HP group are displayed in warm colors, from dark 
red to white. MNI coordinates of each transverse section are reported.



Table 2 -  Quantitative estimate of the regional lesion plots of the AHA_HP (A) and the HA_HP groups (B). Region overlaps in 
three patients or more in at least one of the two groups are reported. For each region, the percentage of lesioned voxels 
(Region %), the number of patients (Patients #) and MNI coordinates are reported, Quantitative estimate of the subtraction of 
regional lesion plots (C). Only brain regions that were damaged the 50% or more frequently in the AHA_HP group respect to 
HA_HP group are reported. For each region, the number of lesioned voxels (Voxels %), the percentage of lesioned voxels 
(Region %), the percentage of patients (Patients %) and MNI coordinates (MNI) are reported.

G rey/W hite m a tte r (A) AHA_HP (B) HA_HP

R egion % P a tien ts  # MNI R egion % P a tie n ts  # MNI

X Y Z X Y Z

Amygdala 67 5 31 0 -1 2 8 2 36 3 -2 5
Angular 93 5 42 -5 0 22 77 5 42 -5 0 22
Anterior_cor_rad 79 6 23 20 5 33 4 25 22 9
Anterior_limb_int_cap 92 7 22 7 13 71 4 21 - 5 18
Calcarine 0 0 0 0 0 18 3 28 -6 9 6
Caudate 54 8 21 4 21 44 5 20 -1 2 21
Fornix 21 3 30 -1 6 -1 0 0 0 0 0 0
Frontal_Inf_Ope 95 6 39 17 5 97 6 48 12 0
Frontal_Inf_Orb 85 4 46 19 -1 2 77 5 52 19 - 9
Frontal_Inf_Tri 89 5 46 21 0 87 5 47 19 3
Frontal_Mid 82 4 49 43 11 40 2 41 41 3
Frontal_Sup 80 3 24 48 23 14 2 30 3 47
Heschl 100 7 42 -1 6 6 100 6 41 -2 1 5
Hippocampus 21 4 36 -2 1 - 6 3 2 35 -1 9 - 8
Insula 100 9 31 -1 7 16 99 8 31 -1 6 20
Occipital_Inf 3 2 49 -7 4 - 3 8 3 33 -8 1 0
Occipital_Mid 77 4 49 -6 7 25 80 3 33 -8 0 0
Occipital_Sup 22 3 34 -7 1 41 0 0 0 0 0
Olfactory 43 3 26 9 -1 2 0 0 0 0 0
Pallidum 100 7 28 - 4 - 3 56 3 28 - 3 - 5
Parietal_Inf 92 4 52 -4 8 38 31 3 37 -5 0 38
Postcentral 83 4 53 - 6 25 68 5 60 -1 6 19
Posterior_corona_rad 30 7 27 -2 4 20 39 7 29 -2 4 23
Posterior_limb_int_cap 86 8 26 -1 1 18 55 6 26 -1 2 16
Posterior_tha 29 3 37 -5 2 - 3 62 3 27 -7 2 5
Precentral 85 5 37 3 29 70 3 58 10 16
Putamen 100 9 24 6 4 84 6 36 1 - 2
Retrolenticular_part 66 5 26 -2 1 2 42 3 37 -3 4 5
Rolan dic_Oper 100 7 38 - 4 13 98 7 42 - 2 10
Sagittal_stratum 57 5 43 -2 8 -1 0 27 2 39 -1 8 - 9
Superior_corona_rad 88 9 29 -1 8 20 77 8 27 -1 8 21
Superior_fronto-occi_fas 95 8 21 7 20 100 4 17 - 6 19
Superior_long_fas 100 8 30 - 4 19 100 8 31 -1 6 22
SupraMarginal 91 5 47 -4 2 22 76 6 46 -3 5 29
Temporal_Inf 46 4 56 -1 6 -1 8 30 3 53 - 6 -2 7
Temporal_Gyurus_Mid 92 5 48 - 8 -1 8 88 5 46 0 -1 6
Temporal_Pole_Mid 78 4 47 3 -1 7 75 5 52 15 -2 2
Temporal_Pole_Sup 89 6 44 4 -1 7 87 6 54 9 0
Temporal_Gyrus_Sup 94 7 41 -1 4 3 95 7 43 - 9 - 5
Thalamus 55 6 22 -1 9 13 20 3 22 -1 8 6
Uncinate_fasc 92 6 33 2 -1 4 0 0 0 0 0

G rey/W hite m a tte r (C) AHA_HP m in u s HA_HP

R egion % P a tien ts  % MNI

X Y Z

Anterior_limb_int_cap 86 55 22 7 13
Pallidum 100 64 22 6 1
Putamen 98 73 24 12 0
Uncinate_fasc 92 55 33 2 -1 4

ta c tile  im p a irm e n t w ith o u t a n y  m o to r deficits). Our resu lts  
sh ow ed  th a t  th e  a n terio r p a rt o f  th e  p u ta m en , and , to a m u ch  
le ss  e x te n t  th e  u n c in a te  fa sc icu lu s and  p allid u m , se e m  to  b e  
c ru cia l fo r th e  e m e rg e n ce  o f an o so g n o s ia  for 
h e m ia n a e s th e s ia .

As w e m en tio n e d  above, so far only tw o stud ies rep orted  
d ata abo u t th e  neural b a s is  o f ano so g nosia  for h e m ia n a e s th e s ia  
(Rom ano e t  al., 2014; Sp in azzola  et al., 2008). Both o f th em  
em ployed  th e  trad ition al overlay lesion  p lot tech n iq u e  on sm all 
sam p les o f p atien ts. Specifically, Sp inazzola  and  cow orkers



Fig. 2 -  (A) Brain regions significantly associated to AHA (AHA_HP group us HA_HP group). All voxels which survived to the 
binomial test are displayed. The color scale represents Z-Libermesiter scores. (B) Overlays of regional lesion plots of the AHA 
group. The frequency is represented trough a color scale ranging from black (lesion in one patient) to red (lesion in five 
patients).

(Spinazzola e t  al., 2008) analyzed  th e  lesion  overlap o f four AHA 
p atien ts. T h ey  found th a t  all p a tien ts h ad  in  co m m o n  lesion s to 
th e  p u tam en , th e  in su lar cortex , th e  in tern a l and  th e  ex tern al 
cap su le. Sim ilarly , R om ano and  cow orkers (Rom ano e t  al., 2014) 
analyzed  th e  lesion al p attern  o f five AHA p atien ts and  rep orted  
th a t  fou r had  lesion s to  th e  in su lar cortex , th e  basa l ganglia and 
th e  p eriven tricu lar w hite  m atter. It is  w orth  no tic in g  th a t  Sp i
n azzo la  and  cow orkers (Spinazzola e t  al., 2008) su ggested  also  a 
p re lim in ary  exp lan atio n  o f ta ctile  u n aw aren ess on  th e  b a s is  of 
th e  in terp reta tio n  o f u n aw aren ess  for m o to r deficits. It h as 
b e en  suggested  th a t an o so g n osia  for h em ip leg ia  is  a dom ain 
specific d isorder o f m on itorin g  vo lu ntary  action s. A d am age to 
th e  co rtical n etw ork  su bserv ing m o to r a w aren ess in  th e  lateral 
p rem oto r (Berti e t  al., 2005; V ocat, Stau b, Stroppini, & 
V u illeum ier, 2010) or in su lar (Berti e t  al., 2005; Fotopoulou, 
Pem igo, M aeda, Rudd, & K opelm an, 2010; K arnath , Baier, & 
N agele, 2005; M oro, P em igo, Zapparoli, Cordioli, & Aglioti, 
2011; V o cat e t  al., 2010) co rtex  (but see  also Fotopoulou e t  al., 
2010 for a p rev alen ce o f b a sa l ganglia dam ages), w ould p re
v e n t d istingu ishing b e tw een  in tend ed  and  actu al m o v em en t 
execu tio n , lead ing to u n aw aren ess  o f  th e  deficit. A dditionally, a 
spared  activ ity  o f th e  bra in  stru ctu res th a t im p lem en t th e  
in ten tio n -p rog ram m in g  sy stem  (see H eilm an, B arrett, & Adair, 
1998 for th e  first m o to r in ten tio n a l th eo ry  o f AHP) w ould induce 
th e  p atien ts ' fa lse  b e lie f  o f  b e in g  still able to  m ove (Garbarini & 
Pia, 2013; G arbarini, P ied im onte, D otta, Pia, & Berti, 2013; Pia 
e t  al., 2013). A ccordingly, Sp inazzola  and  cow orkers 
(Spinazzola e t  al., 2008) p roposed  th a t  in  AHA th e  bra in  dam age 
w ould p rev en t to d istingu ish  b e tw een  an  in tern al re p resen ta 
tio n  o f th e  sen sa tio n  arisin g  from  exp ectation s/p rev io u s exp e
rien ce  o f ta ctile  p ercep tion  and  th e  rea l actu al p ercep tio n  o f th e  
ph ysical stim u lus. T h e fa lse  b e lie f  o f b e in g  still able to perceive 
ta ctile  stim u li m ig h t th e n  arise from  th e  in ta c t  b ra in  activ ity  of

th e  spared  a reas w ith in  th e  so m ato sen so ry  sy stem . As for th e  
denial o f m o to r deficit, th e  fa lse  b e lie f  w ould b e  cau sed  by  an  
actu al neu ral signal.

D ifferen tly  from  th e  sm all sa m p les o f th e  tw o above- 
m e n tio n e d  stu d ies, h e re  w e em p loyed  a le s io n  su b tra ctio n  
te ch n iq u e  on  larg er sa m p les o f  p a tie n ts . W ith  re s p e c t to  th e  
ov erlay  le s io n  p lo t te ch n iq u e , th is  ap p ro ach  ca n  id en tify  th e  
n e u ra l c o rre la te s  o f  a given b e h a v io r by  co m p a rin g  th e  ov erlay  
le s io n  p lot o f  p a tie n ts  w ith , and  p a tie n ts  w ith ou t, th e  d efic it o f 
in te re s t. In o th e r  w ord s, i f  groups d iffer on ly  for th e  critica l 
deficit, th e  m eth o d  is ab le  to  d istin g u ish  b e tw e e n  s tru ctu res  
th a t  are  on ly  o ften  d am aged  from  stru c tu re s  th a t  are  sp e c if
ica lly  req u ired  for th e  fu n ctio n  o f in te re s t  (Rorden e t  al., 2007). 
A ccordingly , w e re tro sp ectiv e ly  se le c te d  p a tie n ts  a ffected  by 
HA w ith  or w ith o u t AHA (but no  AHP). It is  w orth  n o tic in g  th a t  
th e  groups on w h ich  w e p erfo rm ed  a n a to m ica l co m p a riso n s 
did n o t  d iffered  in  te rm s o f so cio -d em o g rap h ic  and  th e  o th er 
n e u ro p sy ch o lo g ica l m e a su re s . H ence, ea ch  v ariab le , e x ce p t 
AHA, w ere b a la n ce d  a m o n g  groups. Our a n a to m ica l resu lts  
are  co n s is te n t  w ith  p rev io u s lite ra tu re  (R om ano e t al., 2014; 
Sp in azzo la  e t  al., 2008). H ow ever, th e y  su g gest th a t  a sp ecific  
stru ctu re , n a m e ly  th e  a n terio r p u ta m en , could  b e  th e  n eu ra l 
b a s is  for th e  em e rg e n c e  o f  AHA.

T rad ition ally , th e  p u ta m en  h a s  b e e n  su bdiv ided  in to  tw o 
d is tin c t reg ion s, n a m e ly  th e  a n te r io r  part, m o re  co n n e cte d  
w ith  th e  p re m o to r co rte x  and  th e  a n terio r c in g u la te  co rtex , 
and  th e  p o sterio r p art, m o re  lin k ed  to  th e  se n so rim o to r  co rtex  
and  th e  cereb e llu m  (e.g., A lexan d er, D eLong, & Strick , 1986; 
F e rn a n d e z -S e a ra , A z n arez-S an ad o , M engual, Loayza, & 
P astor, 2009). A ltera tio n  o f  th e  a n terio r p u ta m e n  fu n ctio n in g  
h a s  b e e n  a sso cia te d  to  d iffe re n t d isea ses . D y sk in esias, for 
in s ta n ce , h av e  b e e n  lin k ed  to  a s ig n ifican t d en sity  d e cre a se  o f 
th e  d op am in e  D2 re c e p to rs  w ith in  th e  a n terio r p u ta m en



Table 3 -  (A) Quantitative estimate of the brain structures 
significantly associated to AHA (AHA_HP group us HA_HP 
group). For each brain structure, the number of clustering 
voxels, z score, and MNI coordinates of the center of mass 
are reported. Quantitative estimate of the regional lesion 
plots of the AHA group (B). Region overlaps in at least three 
patients or more are reported. For each region, the 
percentage of lesioned voxels (Region %), the number of 
patients (Patients #) and MNI coordinates are reported.

(N adeau, C ouch, D ev ane, & Sh u kla , 1995). R edu ced  v o lu m e o f 
th e  a n ter io r p u ta m e n  h a s  b e e n  rep o rted  in  H u ntin gton 's d is
e a se  (B o h n en  e t  al., 2000) w h e re a s  red u ced  d en sity  s e e m s to 
su b serv e  co gn itiv e im p a irm e n ts  o ften  ob serv ed  in  sp in o ce r
eb e lla r a ta x ia  (Braga-N eto e t  al., 2012). Su rfa ce  ab n o rm a lities  
o f  th e  a n terio r p u ta m e n  h av e  b e e n  rep orted  in  te e n a g e rs  w ith  
A tten tio n  D eficit H yp eractiv ity  D isord er (B ied erm an  e t  al., 
2008). T h e  a n te r io r  p u ta m en  h a s  b e e n  foun d to  b e  involved  
in  d iffe re n t fu n ctio n s: se le c tio n  o f  v o lu n tary  m o v e m e n ts  
(G erard in e t  al., 2004), m o to r le a rn in g  (M iyachi, H ikosaka, 
M iy ash ita , K aradi, & Rand, 1997), re a so n in g  (M elrose, Poulin, 
& S tern , 2007) co g n itiv e/v isu o m o to r sk ill-learn in g , 
(B eau ch am p , D agher, A ston , & D oyon, 2003; F loyer-Lea & 
M atth ew s, 2004), cogn itiv e '‘sh ift"(M cC lure, B erns, & 
M ontague, 2003) and  g en eral a tte n tio n  (Rom o, S ca rn a ti, & 
S ch u ltz , 1992).

In terestin g ly , th e  a n te r io r  p u ta m e n  s e e m s to  b e  involved  
a lso  in  p red ictio n  errors (O 'D oherty e t  al., 2004), in clu d in g  error

re sp o n se s  to th e  u n e x p e c te d  a b s e n c e  o f  in p u t (den O uden, 
F risto n , D aw , M cIn tosh , & S tep h an , 2009). A ccordingly , a 
re c e n t  fMRI stud y  (Langner e t  al., 2011) rep orted  th a t  an terio r 
p u ta m en  w as a ctiv a ted  by  th e  o m iss io n s  o f  e x p e cted  sen so ry  
stim u li, ta c tile , au d ito ry  or v isu a l (indeed , fu rth e r activ a tio n s 
o f th e  p o sterio r p u ta m en  w ere th o u g h t to  re fle c t m o to r p rep 
a ra tio n , ra th e r  th a n  sen so ry  ex p e cta tio n s). A dd itionally , e x 
p e c ta n c ie s  o f ta c tile  stim u li lead ed  to in cre a se d  activ itie s  in  th e  
so m a to se n so ry  co rtice s  and  d ea ctiv a tio n s in  v isu a l/au d itory  
co rtices . T h e s e  d ata  su g gest th a t  th e  b ra in  re p re se n ts  ta c tile -  
sp ecific  in fo rm a tio n  w ith in  b o th  th e  so m a to s e n s o ry  and  
o th e r  sen so ry  d o m ain s in  ord er to  p rioritize  th e  e la b o ra tio n  o f 
th e  sp ecific  stim u li and  o p tim ize  th e  d etectio n  b e fo re  th e  ta rg e t 
e v e n t o ccu rs . T h en , th e  b ra in  co m p a res sp e cific ity  o f  th e  e x 
p e c ta tio n s  w ith  th e  sp ecific ity  o f th e  actu a l stim u la tio n  and  th e  
a n terio r p u ta m e n  w ou ld  su b serv e  o m iss io n -re la te d  B ayesian  
su rp rise  acco rd in g  to  th e  sp e cific ity  o f  th e  p re d ictio n s (Langner 
e t  al., 2011). In terestin g ly , th is  id ea  is re m in is c e n t  o f a re c e n t  
in te rp re ta tio n  o f  AHP in  te rm s  o f  im b a la n c e s  b e tw e e n  a ctu a l 
ex p e rie n ce s  o f th e  body and  prior e x p e c ta n c ie s  o f  body sig n als 
(Fotopoulou, 2014, 2012).

On th e s e  b a s e s , w e p ro p ose a p o ssib le  in te rp re ta tio n  o f 
an o so g n o sia  for h e m ia n a e s th e s ia . T a ctile -sp e c ific  e x p e c 
ta n c ie s  w ould  b e  g en era ted  w ith in  sp ared  so m a to se n so ry  
co rtices . In terestin g ly , th e  o v erlays o f  reg io n al le s io n  p lo t o f 
b o th  AHA_HP (Fig. 1A and  T ab le  2A) and  AHA (Fig. 2B and  
T ab le  3B) groups sh o w ed  th a t  th e s e  stru ctu re s  w ere in ta c t  or 
a t  le a s t  p artia lly  sp ared . T h e  su b se q u e n t co m p a riso n  b e tw een  
e x p e cta n c ie s  and  (ab sen ce) o f  p erce iv ed  stim u li w ou ld  n o t  be  
p o ssib le  due to a n te r io r  p u ta m en  lesio n s. A ccord ingly , th is  
p a rt o f  th e  p u ta m en  is th e  m a in  b ra in  s tru ctu re  em erg in g  from  
th e  co m p a riso n  b e tw e e n  AHA_HP and  HA_HP groups (Figs. 1C 
and  2A, T ab le  2C and  3A). Indeed  a m in o r in v o lv em en t w as 
rep orted  also  for th e  u n c in a te  fa sc icu lu s. In terestin g ly , th e s e  
fib er tra c t  h a s  b e e n  re la ted  to im p aired  error m o n ito rin g  
during v isu a l lo ca tio n  o f o b je c ts  (M etzler-B ad deley , Jo n es, 
B e laro u ssi, A ggleton, & O 'Sullivan, 2011). T h e  a n terio r p u ta 
m e n  w as a lso  d am aged  in  tw o AHA p a tie n ts  (Fig. 2B, T ab le  3B). 
T h e  co n se q u e n c e s  o f n o t  b e in g  able  to  d e te c t th e  m is m a tch  
b e tw e e n  an  ex p e cte d  ta c tile  se n sa tio n  and  its  a c tu a l a b se n ce  
w ould  lead  p a tie n ts  to re ly  en tire ly  on  th e ir  ta c tile  sen so ry  
e x p e cta n c ie s  (i.e., rep o rtin g  ta c tile  s tim u li in  a b s e n ce  o f ta ctile  
p ercep tio n ) d evelo p ing  a fa lse  b e lie f  o f  b e in g  able  to  feel th e  
stim u li (see  also  Pia, Cavallo, & G arbarin i, 2014).

W e m u st c lea rly  ack now led g e th a t  ou r in te rp re ta tio n  is 
still a t  sp e cu la tiv e  level. D irec t n e u ro im ag in g  ev id en ce  (e.g., 
fMRI or EEG) o f activ itie s  du ring th e  e x p e c ta n c ie s  o f ta ctile  
stim u li are  b a re ly  req u ired  in  order to stre n g th e n  ou r c o n 
clu s io n s . A dd itionally , fu tu re  stu d ies  sh ou ld  also  ob ta in  m ore  
in  d ep th  d ata  ab o u t so m a to se n so ry  p ro ce ss in g  as, for 
in s ta n ce , ta c tile  th re sh o ld /d isc rim in a tio n  w h e n  stim u li are 
delivered  or n o t  delivered , p ro p rio cep tio n , p ain  p ercep tio n  
and  so  on . F inally , in  ou r sa m p le  o f h e m ia n a e s th e s ic  p a tie n ts  
w ith  a p u re form  o f an o so g n o sia , th e  a n terio r p u ta m e n  w as 
c learly  d am aged  in  tw o p a tie n ts  (out o f  five). A lth ou gh  CT sca n  
ca n  h ig h ly  u n d e re stim a te  th e  e x te n t  o f th e  su b a cu te  d isrup 
tive e ffe c ts  p rod u ced  by  a stro k e  on  th e  a re a s  su rro u n d in g  th e  
le s io n  (e.g., a n te r io r  p u tam en ) or "h id e" fu n ctio n a l d ia sch isis  
(e.g., b e tw e e n  sp ared  so m a to se n so ry  a rea s and  a n terio r p u 
ta m en ), w e certa in ly  n e ed  to  c o lle c t  m o re  ca se s  o f p u re AHA in

G rey/W hite m a tte r (A) AHA_HP us HA_HP

R egion % z sco re

X

MNI

Y Z

Putamen 17 3.58 24 12 0
Pallidum 1 3.2 22 6 1
Uncinate_fasciculus 8 2.83 33 2 -1 4

G rey/W hite m a tte r (B) AHA

Region % P a tien ts  # MNI

X Y Z

Angular 55 2 40 -5 7 22
Anterior_limb_int_cap 42 2 13 11 - 5
Caudate 19 2 13 11 - 9
Frontal_Inf_Ope 85 2 62 14 4
Frontal_Mid 37 2 32 2 36
Heschl 99 2 43 -1 7 5
Insula 92 3 37 -2 8 22
Occipital_Mid 20 2 34 -6 2 33
Pallidum 47 2 14 10 - 4
Parietal_Inf 67 2 44 -4 5 38
Postcentral 71 3 51 -2 1 31
Posterior_cor_rad 35 2 30 -5 0 19
Posterior_limb_int_cap 43 2 24 -2 2 10
Precentral 37 3 40 -1 4 36
Putamen 91 2 16 14 -1 0
Rectus 4 2 19 15 -1 1
Retrolenticular_part 48 2 25 -2 4 10
Rolan dic_Oper 97 3 42 -3 4 22
Superior_corona_rad 53 3 30 -1 3 24
Superior_long_fas 96 3 32 -1 9 24
SupraMarginal 71 3 46 -3 6 23
Temporal_Mid 35 2 41 -5 7 21
Temporal_Pole_Sup 11 2 56 5 - 3
Temporal_Sup 76 3 51 -3 8 22
Thalamus 18 2 23 -2 3 11



ord er to h av e  a full a n a to m ica l a cco u n t o f  an o so g n o sia  for 
h e m ia n a e s th e s ia .
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