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SOME FAMOUS LEFT-HANDERS
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INTRODUCTION 

 

Human  beings  possess  the  ability  to  interact  actively  with  the  

environment  around  them.  Ever  since  the  beginning  of  civilization,  man  

has  learned  to  manipulate  and  create  objects  with  the  help  of  his  limbs. 

Complex and  intricate  activities  are  generally  carried  out  preferentially  

with  one  of  the  two  hands  which  is  said  to  be  the  dominant  limb.  This  

determines  the  handedness  of  the  individual.  

 

 Handedness  is  a  reflection  of  lateralization  of  the  nervous  system  

an  it  does  not  pertain  to  just  right  or  left  handedness.  It  is  a  continuum,  

with  4%  of  the  population  being  truly  left  handed,  30% mixed  handed  

and  66%  right  handed The  direction  of  limb  dominance  is  usually  

established  by  the  age  of  three. The  degree  of  handedness  increases  

rapidly  from  3  to  7  years  and  more  slowly  from  7  to  9  years1. 

 

Evidence  that  left  handed  individuals  prevailed  even  in  the  

prehistoric  times  has  been  found  in  the  cave  paintings  and  fossils  of  the  

Neanderthal  era2. In  a  predominantly  right-handed  world,  left-handers  face  

many  difficulties. Thousands  of  left-handed  people  in  today's  society  have  

to  adapt  to  use  right-handed  tools  and  objects.  Moreover,  left-handers  

have  more  predilection  for  certain  disorders  than  right-handers,  the  

reasons  behind  which  are  not  well  established. 
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 In  order  to  promote  awareness  of  this,  August  13  has  been  

designated  International  left-handers  Day. This  day  celebrates the  

uniqueness  and  differences  of  left-handers3. 

 

There  exist  certain  differences  between  the  functions  of  the  right  

and  the  left  hemispheres  of  the  brain. Each  cerebral  hemisphere  is  

specially  developed  for  certain  cognitive  processes4. This  lateralization  is  

shown  to  be  associated  with  various  factors  such  as  language,  

handedness,  sex,  geographical  regions,  cultures,  etc5.  Dominant  

hemisphere  refers  to  “the  cerebral  hemisphere that  is  more  involved  than  

the  other  in  governing  certain  body  functions  such  as  controlling  the  

arm  and  leg  used  preferentially  in  skilled  movements”6.  

 

The  concept  of  dominant  hemisphere  was  introduced  by  Broca  in  

18607.  In  about  90%  of  the  world  population,  the  left  hemisphere  is  

dominant  and  thus  the  individuals  are  right  handed.  This  proportion  

however  varies  with  geographical  distribution  and  ethnicity5. It  has  been  

found  that  there  is  a  direct  relationship  between  handedness  and  the  

dominant  cerebral  hemisphere8. 

 

Cerebral  asymmetry  or  lateralization  is  responsible   for  the  

establishment  of  the  dominant  hemisphere.  Many  theories  have  been  put  

forward  for  the  determination  of  cerebral  dominance4,8–11.  
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The  most  widely  accepted  explanation  is  the  Right  Shift  Theory  

by  the  British  psychologist  Annett  in  1972,  which  suggests  genetic  

inheritance  of   RS  gene. There  are  two  alleles,  RS+  and RS-.  RS+  is  a  

dominant  allele  that  helps  in  the  development  of  the  motor  cortex  and  

language  areas  of  left  hemisphere.  RS-  however  is  indifferent  and  does  

not  exert  its  influence  in  any  direction11.  This  is  responsible  for  most  of  

the  population  being  right  handed.Handedness  is  a  continuum  and  thus  is  

not  a  simple  characteristic  to  measure.  Oldfield12  in  1971,  devised  the  

Edinburgh  handedness  inventory  to  quantify  the  degree  of  handedness by 

calculating  what  is  known  as  the  laterality  quotient (LQ)  of  an  individual.    

 

For  efficient  motor  performance,  all  the  sensory  input  that  is  

received  has  to  be  processed  thoroughly.  Whether  it  is  visual,  auditory  

or  tactile  information,  it  has  to  reach  both  the  hemispheres  of  the  brain.  

Most  of  the  information  that  is  transferred  across  the   two  hemispheres  

is  via  the  corpus callossum13.  The  corpus  callosum,  also  known  as  the  

callosal  commissure,  is  a  wide  bundle  of  white  matter  that  lies  beneath  

the  cerebral  cortex  near  the  longitudinal  fissure.  The  left  and  right  

cerebral  hemispheres  are  interconnected  by  this  bundle  and  it  facilitates  

effective  communication  between  the  two  sides.  It  forms  the  greatest  part  

of  the  brain’s  white  matter  and  is  comprised  of  nearly  200–250  million  

neuronal  projections13. 
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Much  of  the  information  regarding  inter  hemispheric  transfer  have  

been  obtained  by  studies  carried  out  in  split  brain  patients7,14. This  refers  

to  epileptic  patients  whose  corpus  callosum  has  been  surgically  resected  

to  prevent  the  spread  of  seizures  to  the  other  hemisphere.  This  leads  to  

the  inability  of  one  hemisphere  to  perceive  and  access  information  that  

is  selectively  presented  to  only  the  other  hemisphere. 

 

“Inter  hemispheric  transfer  time  (IHTT) refers  to  the  speed  with  

which  information  is  transferred  between  the  two  hemispheres”. There  

exists  directional  asymmetry  in  the  IHTT.  In  normal  right  handed  males  

it  is  shorter  from  right  to  left  hemispheres  than  from  left  to  right. This  

difference  can  be  attributed  to  the  hemispheric  lateralization  and  

difference  in  the  neuronal  architecture15.  However,  left  handers  have  

shown  to  have  a  more  symmetric  organization.  

 

Previous  studies  have  shown  that  there  is  less  lateralization  of  the  

brain  in  left  handed  individuals7,9,11.  This  may  be  explained  by  the  right  

shift  theory  as  left  handers  do  not  receive  the  genes  required  for  

establishing  the  cerebral  asymmetry.  Therefore,  it  is  expected  that  there  

will  be  a  difference  in  the  IHTT  in  left  handers  when  compared  to  right  

handers. 
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 In humans,  first  estimations  of  IHTT  were  done  with  the  help  of  

reaction  time  (RT)  studies16.  It  involves  the  application  of  the  

Poffenberger  Paradigm  which  measures  the  Crossed  -  Uncrossed  

Difference (CUD).  One  visual  hemi field  is  stimulated  and  the  reaction  

time  for  the  responses  from  ipsilateral  and  contralateral  hand  are  

measured.  CUD  is  calculated  by  the  difference  between  the  two.  

 

 Even  though  the  RT  method  has  been  used  for  many  studies,  it  

has  several  limitations16.  First  of  all,  it  involves  a  motor  response,  for  

which  the  motor  pathway  must  be  intact.  Moreover,  when  one  

hemisphere  is  simulated  at  a  time,  the  design  is  such  that  only  one  hand  

can  respond.  So,  simultaneous  responses  of  the  two  hemisphere  cannot  

be  measured.  To  overcome  these,  electrophysiological  methods  using  

evoked  potentials  were  used  to  measure  the  IHTT. The  stimuli  used  were  

either  auditory,  visual  or  somatosensory4,7,9,11.  

 

Recent  studies  have  also  employed  the  functional  MRI (fMRI)  and  

other  neuroimaging  methods  to  measure  IHTT14,15.The  Visually  Evoked  

Potential (VEP)  Method  involves  projection  of  visual  stimuli  selectively  

to  one  half  of  the  visual  field  and  measuring  the  response  produced  in  

both  the  visual  cortices  simultaneously.  The  difference  between  the  

latency  of  the  P100,  which  is  the  positive  wave,    gives  the  CUD  which  

is  the  measure  of  IHTT.  
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 Saron  and  Davidson  have  shown  that  reliable  values  of  IHTT  can  

be  obtained  in  response  to  hemi field  stimulation  using  checkerboard  

pattern16. 

 

The  importance  of  IHTT  is  that,  inter  hemispheric  interaction  may  

play  a  role  in  the  development  of  certain  disorders  such  as  dyslexia,  

schizophrenia,  autism,  psychopathic  behaviour  etc16–18.There  may  exist  a  

difference  among  the  left  and  the  right  handers  in  the  predilection  for  

such  disorders.  

 

There  have  been  studies  exploring  the  relationship  between  

handedness  and  IHTT  using  RT  methods  but  very  few  studies  so  far  

that  use  VEP.  Bearing  in  mind  the  superiority  of  the  evoked  potential  

methods  over  the  reaction  time  method,  this  study  aims  in  calculation  of  

IHTT  in left  and  right  handers  and  analysing  the  differences  if  any. 
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AIMS AND OBJECTIVES 

 

 To  classify  the  subjects  as  right-  and  left-  handers  by calculating  

the  laterality  quotient  using  the  Edinburgh  Handedness  Inventory  

 

 To  obtain  the  latency  of  Visually  Evoked  Potentials  by  hemi field  

stimulation  in  both  groups 

 

 To  calculate  the  Inter-hemispheric  Transfer  Time  from  right-to-left  

as  well  as  left-to-right  using  the  P100  and  N145  latency  data  

obtained  and  to  verify  the  differences  between  the  two  latencies 

 

 To  Compare  the  IHTT  among  both  groups  using  the  P100  data   

 

 To  find  if  there  exists  any  directional  asymmetry  in  IHTT  in  left-  

and  right-handers 

 

 To  assess  the  relationship  between  degree  of  handedness  and  

IHTT.
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REVIEW  OF  LITERATURE 

 

 The  concept  of  handedness  has  been  an  intriguing  topic  for  many  

years  now.  What  is  the  need  for  a  dominant  hemisphere?  What  is  the  

relationship  between  cerebral  dominance,  speech  and  handedness?  What  

is  the  basis  behind  this  lateralisation?  These  are  some  questions  of  major  

interest  in  the  field  of  neurobiology.  This  subject  has  triggered  sparks  of  

interest  in  evolutionary  biologists,  physiologists,  neurophysicians,  

psychologists  and  geneticist  alike. 

 

 Handedness  is  a  peculiar  characteristic  of  human  beings  and  some  

higher  primates.  Similarly,  language  is  also  a  property  that  is  almost  

exclusive  to  human  beings  alone.  This  unique  occurrence  of  handedness  

in  human  beings  and  its  relationship  with  language  and  cerebral  

dominance  suggests  that,  understanding  more  in  detail  about  the  biology  

of  handedness  will  pave  way  to  deal  with  many  unanswered  questions  in  

neurobiology  that  concerns  hemispheric  dominance.  This  study  is  an  

attempt  to  take  a  step  forward  in  exploring  the  biology  of  handedness by  

studying  the  variable  namely  inter-hemispheric  transfer  time  and  

analysing  the  differences,  if  any,  among  right-handed  and  left  handed  

individuals. 
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CEREBRAL DOMINANCE AND HANDEDNESS FROM 
A HISTORICAL PERSPECTIVE 
 
 There  has  been  evidence  of  handedness  in  the  prehistoric  era  as  

shown  by  anthropological  studies.  At  the  population  level,  right  

handedness  seems  to  have  prevailed,  as  evidenced  by  the  manner  in  

which  tools  were  carved  and  cave  paintings  were  created  using  stencils2. 

 

Evidence  for  co-existence  of  left-  and  right-handers  have  been  

described  since  5000  years  back. Historical  data  about  left-handers  are 

surprisingly  rare  and  most  of  the  data  are  indirect  evidences.  Oldest  data  

on  human  handedness  are  those  of  Toth  who  found  that  majority  of  

Homo  habilis  were  right-handed.  Overall  incidence  of  left-handedness  in  

entire  history  was  found  to  be  8%  as  shown  by  sculptures,  drawings  and  

paintings5.   

 

Jean  Baptiste  Bouillaud,  a  French  physician  was one  of  the  earliest  

proponents  of  hemispheric  lateralization.  He  suggested  that,  because  a  

number  of  tasks  are  performed  using  the  right  hand,  the  left  hemisphere  

was  the  dominant  one.  He  also  put  forward  that  language  was  localized  

in  the  left  hemisphere.  This  theory  was  carried  on  by  Simon  Alexandre  

Ernest  Aubertin,  Bouillaud’s son-in-law7.



 

 
 

PAUL BROCA 

 
 

ROGER SPERRY
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A  ground-breaking  discovery  was  made  by  Paul  Broca  in  1861,  

when  he  localised  the  area  for  speech  in  the  third  left  frontal  

convolution.  His  findings  were  based  on  the  studies  on  a  single  patient  

who  was  aphasic  and  could  utter  only  one  word,  namely  ‘Tan’.  Broca  

declared  that  we  speak  with  our  left  brain7.  This  case  and  several  

similar  cases  became  the  basis  behind  the  earliest  theories  of  hemispheric  

lateralization. Following  these  observations,  a  number  of  questions  were  

raised  on  the  subject  of  lateralisation  of  cerebral  functions,  asymmetry  of  

cerebral  hemispheres,  language  dominance  and  handedness. 

 

Another  important  milestone  that  was  established  in  this  field  was  

by  Roger  Sperry  and  colleagues.  Sperry  was  a  neurobiologist  and  

neuropsychologist  whose  work  was  based  on  split  brain  animals.  

Intrigued  by  his  research  on  animals,  he  proceeded  with  his  study  on  

human  beings  in  whom  corpus  callosum  was  sectioned  for  the  treatment  

of  epilepsy.  Various  tests  were  performed  to  analyse  the  function  of  

individual  hemispheres  and  the  corpus  callosum.  His  studies demonstrated  

the  differences  that  exist  between  the  two  hemispheres  as  well  as  the  

interactions  taking  place  between  them14,19.  In  this  regard,  Roger  Sperry  

was  awarded  the  Nobel  prize  in  the  year  1981.  
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It  cannot  be  overemphasised  how  crucial  these  major  

breakthroughs  have  been,  in  arising  many  new  questions  in  neurobiology  

and  opening  up  a  whole  new  range  of  possibilities  for  further  research  

in  the  field  of  cerebral  hemispheric  lateralisation,  dominance,  language  

and  handedness. 

  

ASYMMETRY  OF  THE  CEREBRAL  HEMISPHERES 

The  human  brain  is  structurally  and  functionally  a  complex  organ  

that  controls  sophisticated  functions  like  sensory  and  motor  activities,  

cognition  and    behaviour.  The  cerebral  cortex  has  been  considered  as  the  

seat  of  intelligence  and  conscious  sensation  from  ancient  times.  The  

cerebral  hemispheres  are  the  largest  parts  of  the  human  brain  and  most  

developed  in  man.  Anatomically,  the  cerebral  cortex  is divided  into  lobes  

called  temporal,  frontal,  parietal  and  occipital  lobes,  and  these  areas have  

distinct  and  definite  functions  of  their  own20. 

 

To  quote  Laborde,  as  expressed  in  his  discussion  with  Paul  Broca  

in 1865,  “It  is  difficult  to  admit  that  two  parts  of  the  same  organ  whose  

situations,  size  and  anatomical  structures  were  absolutely  identical  and  

symmetrical,  could  have  completely  different  functions”7. Yet  somehow,  

there  is  a  lot  of  compelling  evidence  for  asymmetry  in  the  brain  as  

described  later  in  this  paper. Some  level  of  asymmetry  is  seen  in  any  

biological  system,  and  this  concept  applies  to  the  brain  as  well.   
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As  recently  as  1968,  it  was  believed  widely  that  there  was  no  

gross  anatomical  asymmetry  in  the  human  brain. At  first  glance  though  

the  two  cerebral  hemispheres  appear  symmetrical, on   close  examination  

however,  there  are  many  differences  with  respect  to  structure,  function,  

chemical composition,  cytoarchitecture  etc.21–23 

 

Structural  Asymmetry 

 Structural  asymmetry  of  the  human  brain  has  been  demonstrated  

even  in  fossil  studies  of  skulls  of  the  early  Hominids,  Neanderthals,  

Homo  erectus  and  other  evolutionarily  primitive  apes.  The  most  

consistent  and  striking  cerebral  asymmetries  of  human  brain  are   found  

in  the  region  of  the  Sylvian  fissures – which  are  commonly  considered  to  

be  of  importance  in  speech  and  language  function. In  humans,  the  

Sylvian  fissure  is  longer  on  the  left  side  and  its  posterior  end  is  more  

often  higher  on  the  right  side  than  the  left24. 

 

Geshwind  and  Levitsky21  demonstrated anatomical  asymmetry  

between  the  right  and  left  hemispheres  in  100  adult  human  brains  

examined  post-mortem,  using  a  camera  and  a  ruler  to  make  

measurements  of  the  area  known  as “ planum  temporale”  which  contains  

the  auditory  association  cortex.   
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According  to  them,  in  65%  of  the  population, the  planum  

temporale  was  larger  on  the  left  side,  in  11%  on  the  right  and  it  was  

symmetrical  in  the  rest.  Later,  lot  of  work  was  done  using  a  variety  of  

techniques  and  many  of  these  confirmed  the  results  and  theses  are  

discussed  briefly  further.  Since  the  planum  temporale  corresponds  to  the  

Wernicke’s  area,  these  anatomical  differences  may  in  fact  have  a  role  in  

determining  the  cerebral  dominance.  The  existence  of  subtle  anatomical  

difference  between  the  two  hemispheres  was  referred  to  as  Geschwind  

hypothesis  and  was  further  investigated  by  Galaburda,  Corsiglia,  Rosen  

and  Sherman,  who  confirmed  the  findings of  asymmetry22.   

 

 The  above  studies  involved  post-mortem  examination  of  the  brain  

samples.  More  recently,  in  vitro  analysis  of  brain  morphology  was  

carried  out  by  Watkins  et  al23  by  means  of  analysis  of  MRI scans  on  a  

voxel  to  voxel  basis  which  revealed  many  hemispheric  asymmetries.  MRI  

brain  volumes of  142  subjects  were  imaged.  Maps  of  the  dissimilarity  in  

the  amount  of  grey  matter  between  the  two  hemispheres  were  created  by  

processing  these  images. Voxel  based  statistical  analysis  of  the  images  

was  done.  Left-greater-than-Right  asymmetry  was  seen  in  occipital  

petalias,  planum  temporale  and  angular  gyrus  and  Right-greater-than-Left  

asymmetry  was  seen  in  frontal  petalia,  cingulate  sulcus,  caudate  nucleus,  

anterior  insular  cortex.  
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Scheibel  et  al25  in  1990  showed  that  in  right  handed  individuals  

the  dendritic  branching   was  greater  in  the  left  hemisphere  and  this  

pattern  was  reversed  to  some  extent  in  left  handers. Golgi  studies  of  the  

specimens  revealed  prominent  variations  in  the  dendritic  organisation  of  

nerve  cells  of  the  left  and  right  opercular  regions  of  the  frontal  lobe  

which  corresponds  to  Broca's  area  on  the  dominant  hemisphere.  There  

were  differences  between  the  neurons  of  the  left  and  right  precentral  

areas  situated  just  behind  the  Broca’s  area. 

 

 Rosen26  described  in  detail the  cellular  asymmetries  in  terms  of  

cell  volume  and  cell density  in  the  two  hemispheres.  He  found  that  

asymmetry  arises  due  to  the  difference  in  the  quantity  of  nerve  cells  

rather  than  the  density  of  cell  packing.  This  study  also  concluded  that  

events  occurring  early  in  the  development  of  the  cortex – specifically  

during  the  period  of  growth  and  multiplication  of  progenitor  cells – are  

vital  for  the  development  of  asymmetry  in  cerebral  cortex  Finally  his  

study  states  that,  symmetric  brains  have  relatively greater  numbers  of  

callosal  fibres  than  asymmetric  brains. These  results,  considered  together,  

suggest  that  functional  lateralization  is  because  of  the  underlying  

anatomic  asymmetry  and  the  difference  structuring  of  asymmetric  and  

symmetric  brains  are  responsible  for  these  variations,  rather  than  simply  

which  region  or  side  is  larger.  Thus  neuronal  cyto-architectural  

differences  that  are   present  between  the  two  hemispheres  contribute  

significantly  to  gross anatomical  asymmetry.



 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

HEMISPHERIC SPECIALIZATION FOR VARIOUS FUNCTIONS
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Functional  Asymmetry 

Apart  from  being  asymmetrical  anatomically  and  at  the  cellular  

level,  two  hemispheres  differ  in  their  functions  and  capability. The  right  

hemisphere  is  responsible  for  actions  like  perception  and  interpretation  of  

music,  rhythm,  non  verbal  visual  experiences,  body  language,  spatial-

relation   skills  and  abstract  or  intuitive  thoughts27.  This  pattern  of  

cerebral  specialisation  is  however  reversed  in  a  small  population  of  

individuals.  This  is  the  basis  of  left  or  right  dominance  or  lateralisation.  

A  great  deal  of  research  has  been  conducted  in  the  last  few  years  on  

functional  asymmetry  or  laterality7,8,14,19. 

 

In  the  year  1981,  Broca  was  the  first  to  state  that  speech  function  

was  localised  to  the  left  frontal  lobe.  Ever  since,  there  have  been  many  

evidences  that  show  the  existence   of  functional  asymmetry. 

  

Juhn  Atsushi  Wada,  a  Japanese  neurologist  developed  a  test  to  

evaluate  the  functions  of  the  hemispheres.  It  is  known  as  the  Wada  test.  

This  test  is  conducted  with  the  patient  awake.   Essentially,  a  barbiturate  

(sodium amobarbital)  is  injected   into  the  internal  carotid  artery,  one  side  

at  a  time.  This  shuts  down  the  function  in  that hemisphere. The  patient  is  

then  engaged  in  a  series  of  language  and  memory  related   tests.  With  

this  test  it  is  possible  to  localise  the  functions  of  each  hemisphere8.   
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The  contribution  of  Sperry  by  means  of  split  brain  studies  was  

significant  in  paving  way  for  new  concepts  and  understanding  of  

functional  asymmetries14,19.  Many  cognitive  functions  exhibit  varying  

levels  of  lateralisation. For example  Onal-Hartmann  and  co-workers  

showed  that  right  hemisphere  was  more  responsive  to  negative  emotional  

stimuli  in  right-handed  individuals. More  specifically,  flexion  responses  

towards  positive  stimuli  are  preferentially  controlled  by  left  hemisphere  

and  on  the  other  hand,  the  right  hemisphere  is  specialized towards  

extensor  responses  to  negative  stimuli28.  Electrophysiological  study  in  

schizophrenic  patients  by  Thoma  et  al  showed  difference  in  the  two  

hemispheres  for  perception  of  face  and  body29. 

 

Arning  et  all  did  a  genetic  analysis  of  LRRTM1  and  various  

polymorphisms  in  PCSK6  genes  and  analysed  several  aspects  of 

handedness  in  a  study  population  of  1113  unrelated  healthy  adults  and  

found  that  the  two  hemispheres  showed  asymmetry  for  fine  motor  skills  

and  this  asymmetry  had  a  genetic  basis30. 

 

In  summary,  in  most  individuals,  the  left  hemisphere  is  responsible  

for  language  functions  and  logical  thought.  Visuo-motor  skills,  speech,  

song  and  writing  are  all brought  about  by  the  left  hemisphere.  The  left  

hemisphere  also  has  an  influence  on  the  right  hemisphere. 
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ESTABLISHMENT  OF  CEREBRAL  ASYMMETRY – 
THE  ROLE  OF  GENETIC  MECHANISMS 
 
 Though  humans  are  said  to  be  bilaterally  symmetrical,  in  the  

human  body,  a  number  of  asymmetries  can  be  found.  Some  of  them  are  

situs (sidedness  of  organs),  handedness,  cerebral  dominance,  eyedness  

which  are  apparently  under  genetic  control.  Among  these,  evolutionarily  

the  oldest  asymmetry  is  thought  to  be  situs,  which  is  shared  with  other  

vertebrates.  In  his  paper  on  inheritance  of  handedness,  McManus31  is  of  

the  opinion  that  asymmetry  in  vertebrates  originated  around  500  million  

years  ago  in  a  subgroup  called  dexiothetica  which  gave  rise  to  modern  

vertebrates.  He  opines  that  the  genes  for  handedness / cerebral  dominance  

is  probably  a  mutation  of  the  wild  type  gene  which  instead  of  causing  

situs  caused  cerebral  dominance  by  altering  the  tertiary  structure  of  a  

protein. 

 

There  are  several  other  studies  that  assuming  a  polygenic  model  

of  handedness.   Environmental  influences also  account  for  the  some  of  

the  trait  variance.  Yet,  so  far,  only  few  genes  have been  specifically  

suggested  as  candidate  genes  that  influence  handedness30–34.  Inheritance  of  

handedness  can  be  explained  by  a  multilocus  model. McManus  Daison  

and  Armour  estimated  that  at  least  40  loci  are  involved  in  determining  

handedness32.  Agtmael  et  al  identified  NODAL  and  DNAHC13  as  

candidate  genes  for  cerebral  asymmetry33.  
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There  has  been  considerable  proof  for  the  association  of  the  gene  

called  Leucine-Rich  Repeat  Trans-Membrane  neuronal  1  (LRRTM1)  on  

chromosome  2p12  in  determining  handedness.  LRRTMs  combine  with  

neurexins  and  act  as  controllers  of  presynaptic  and  postsynaptic 

differentiation  of  glutamatergic  neurons.  These  proteins  were  recently  

found  to  be  potent  synaptic  organizing  molecules  that  contribute  

functionally  to  specific  synaptic  circuits. The  differential  expression  of  

these  proteins  lead  to  subtle  changes  is  the  cyto-architecture  of  the  two  

hemispheres34. 

 

Results  of  a  study  by  Arning  et  al30  show  that  another  gene  

PCSK6  is  linked  with  handedness  in  the  general   population.  Their  study  

supports  the  fact  that  PCSK6  is  a  probable  candidate  gene  for  

involvement  in  the  physiological  processes  that  are  responsible  for  the  

inception  of  normal  hemispheric  lateralization.  

 

THE  CONCEPT  OF  DOMINANT  HEMISPHERE 

It  is  customary  to  refer  the  hemisphere  where  the  language  and  

speech  functions  are  represented  (Broca’s  and  Wernicke’s  areas)  as  the  

dominant  hemisphere.  In  most  of  the  population  the  handedness  usually  

corresponds  to  the  dominant  hemisphere  ie.,  left  hemisphere  dominance  

in  right  handers.  So  it  was  speculated  that  right  hemisphere  dominance  

must  be  present  in  left  handers  (Broca’s  rule).  
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But  it  soon  became  apparent  that  this  was  not  always  the  case.  

Most  of  the  left  handers  also  have  left  hemispheric  dominance  for  

language. 

 

 Knecht  et  al8  performed  functional  transcranial  Doppler  

sonography  in  healthy  individuals  to  study  the  hemispheric  lateralisation  

for  language  functions  as  well  as  handedness.  They  concluded  that  as  

the  degree  of  left-handedness  increased,  there  was  a  linear  increase  in  

the  incidence  of  right  hemispheric  dominance  for  language. 

 

As  evident  from  previous  researches,  each  hemisphere  is  

specialised  for  certain  functions,  so  it  can  be  said  that  the  left  side  is  

dominant  for  certain  functions  while  the  right  side  for  some  others27.  In  

the  majority  of  the  population,  there  is  a  strong  left  hemispheric  

dominance  for  spoken  language,  written  language,  handedness,  

mathematical  skills,  scientific  skills  and  reasoning  whereas  strong  right  

hemispheric  dominance  for  visuo-spacial  skills,  music  awareness,  three  

dimensional  awareness,  art,  insight  and  imagination. As  a  result,  the  

convention  nowadays  is  to  use  the  terms  ‘categorical’  for  the  dominant  

and  ‘representational’  for  the  non  dominant  hemispheres35. 
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CEREBRAL  HEMISPHERIC  ASYMMETRY  IN  LEFT-
HANDERS 

 

The  hemispheric  asymmetries  occurring  in  the  right  handers  has  

been  described  previously.  Interestingly,  it  has  been  pointed  out  by  many  

authors  that,  “the  brain  of  a  left-hander  is  not  just  a  mirror  image  of  a  

right-hander’s  brain”.  In  left-handed  individuals  the  heights  of  the  

posterior  portions  of  the  sylvian  fissures  are  almost  similar.  Moreover,  

the  width  of  the  occipital  areas  are  also  equal  or  sometimes,  the  right  

may  be  wider.  The  motor  cortex  of  the  right  hemisphere  tends  to  be  

bigger.  To  some  extent,  on  the  left  side  the central  sulcus  is  deeper.  

These  distinctions  are  not  as  strikingly  evident  as  with  right-handers.  In  

left-handers,  the  two  hemispheres  are  found  to  be  more  balanced  than  in  

right-handers,  and  there  is  not  much  of  a  difference  between  the  left  and  

right  sides. In  other  words,  in  left-handers,  the  brain  in  less lateralised  

when  compared  to  right  handers36. 

 

LIMB  DOMINANCE  AND  HANDEDNESS 

The  arm  and  leg  used  preferentially  in  skilled  movements are  

referred  to  as  dominant  limbs6. The  individual’s  preference  for  using  a  

particular  hand  is  known  as  handedness. The  diversities  in  the  functional  

lateralisation  of  the  cerebral  hemispheres  establishes  the  handedness  of  

the  individual.   
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This  lateralization  is  much  more  striking  in  humans  than  in  lower  

animals,  and  it  becomes  progressively   evident  from  early childhood  to  

adulthood1. 

 

MEASUREMENT  OF  HANDEDNESS 

Handedness  is  the  most  common  manifestation  of  cerebral  

lateralisation  that  can  be  easily  appreciated.  However,  a  straightforward  

classification  into  left  and  right  handedness  is  not  adequate,  as  the  

phenomenon  is  complex.  Rather,  handedness  is  a  continuum.  It  can  be  

expressed  in  terms  of  direction  (left  or  right)  and  also  it  can  be  

quantified  in  terms  of  degree  of  handedness.  In  the  olden  days,  there  

was  not  much  of  a  doubt  in  deciding  whether  a  person  was  left-handed  

or  right-handed.  It  was  also  common  to  find  many   left-handers  who  

were  forced  to  write  with  right  hands.  Moreover,  there  were  many  

misconceptions  about  some  individuals  who  were  ambidextrous,  that  is,  

they  were  able  to  use  different  hands  for  different  activities.  

Measurement  of  handedness  was  given  importance  later  and  many  rough  

systems  of  classification  of  individuals  into  categories  were  developed,  

even  though  they  did  not  take  into  account  all  the  information  about  a  

person’s  handedness. A  number  of  more  precise  scales  had  been  devised  

in  which  handedness  was  presented  as  a  continuum  rather  than  as  a  

dichotomy.  
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In  measuring  handedness,  the  usual  method  is  to  select  a  number  

of different  unimanual  activities  and  inquire  as  to  which  was  the  

preferred  hand  in  each  case.  To  evaluate  the  handedness  of  the  

individuals,  the  widely  accepted  criteria  is  the  Edinburgh  Handedness  

Inventory (EHI)  devised  by  Oldfield  in  the  year  197112,37,38.  In  recent  

years,  EHI  is  widely  used  to  assess  handedness  and  proved  to  be  

sufficient  enough  to  provide  an  internally consistent  and  valid  measure  of  

hand  preference38.  It  is  a  simple  and  brief  method  of  assessing  

handedness  on  a  quantitative  scale.  It  is  based  on  a  series  of  questions  

regarding  the  hand  preference  for  various  common  activities.  The  

inventory  includes  questions  about  writing,  drawing,  throwing,  using  a  

toothbrush,  using  scissors,  using a spoon,  using  a  knife  (without  a  fork),  

using  a  broom,  striking  a  matchstick,  and  opening  the  lid  of  a  box.  

Subjects  are  asked  to  respond  by  checking  the  appropriate  hand  for  each  

activity. From  the  responses,  an  index  called  the  laterality  quotient (LQ)  

is  calculated  by  the  formula  LQ = (L – R) / (L + R).  This    determines  the  

degree  of  handedness. 

 

INCIDENCE  OF  LEFT-HANDEDNESS  

 Left-handedness  occurs  in  8%  of  the  population  globally.  A  meta-

analysis  of  88  studies  comprising  a  population  of  2,84,665  individuals  by  

Seddon  and  McManus39  found  the  overall  incidence  of  left  handedness  to  

be  7.78%.  
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They  also  emphasised  that  it  out  a  meta-analysis  of  degree  of  

handedness  could  not  be  done  because  of  variations  in  the  method  by  

which  degree  of  handedness  was  reported.   No  geographical  difference  in  

the  incidence  has  been  found.  It  is  constant  in  almost  all  cultural  and  

ethnic  groups.  Hence  the  trend  of  left-handedness  is  a  balanced  

polymorphism  present  across  all cultures5,31,39. 

 

As  far  as  gender  differences  are  concerned,  8.52%  of  males  and  

6.69%  of  females  were  left  handed.  The  incidence  among  males  was  

27.4%  higher  than  that  in  females39. 

 

According  to  McManus,  In  surveys  conducted  in  Indian  population  

by  Singh  and  Bryden,  the  prevalence  of  left-handedness  was  significantly  

lower.  Also,  males  showed  higher  rates  of  left-handedness  than  females 

in  the  Indian  population5.  

 

An  interesting  observation  from  multiple  studies  during  the  

nineteenth  and  twentieth  centuries  by  McManus  et  al  is  that  the  rate  of  

left-handedness  was  about  10%  at  the  end  of  the  eighteenth  century,  the  

rate  then  fell  throughout  the  nineteenth  century, until  it  reached  a  

minimum  in  about  1890–95,  and  then  again  increased  during  the 

twentieth  century,  reaching  its  peak  in  about  1950,  after  which  rates  

seem  to  have  been  unchanged5. 
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ESTABLISHMENT  OF  HANDEDNESS 

 Many  theories  have  been  proposed  for  the  establishment  of  

handedness.  There  are  still  ongoing  studies  in  this  field.  Even  though  

there  is  no  single  definite  explanation  yet,  few  of  the  theories  are  very  

plausible  and  are  discussed  in  brief. 

 

Evolutionary  Theory 

 Studies  show  that  non-primates  do  not  show  any  significant  signs  

of  handedness.  The  paw  preference  for  most  animals  for  routine  activity  

is  about  50-50.  Among   the  primates,  even  though  individual  animals  

have  a  paw  preference,  at  the  population  level,  50%  prefer  right  and  

50%  prefer  left.  It  is  only  the  higher  apes  that  show  hand  preferences  

and  that  too  only  for  activities  that  require  more  skill  and  finesse4. As  

evolution  progressed,    the  divergence  of  human  beings  from  apes  began  

and  tool  usage  started.  This  is  the  time  when  right-handedness  became  

predominant  at  the  population  level.  Further  down  the  line  of  evolution,  

there  was  development  of  language  and  alongside  that  and  as  a  result  of  

that,  limb  dominance  also  developed.  Although,  the  reverse  may  have  

also  been  true,  that  is  speech  and  language  may  have  arisen  as  a  result  

of  handedness,  possibly  through  its  development  from  hand  

gesturing5,39,40. 
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Social / Environmental  Theory 

Birth stress40: 

The  assumption  here  is  that  brain  damage  that  might  have  

probably  occurred  during  birth  process  may  be  responsible  for  left-

handedness.  A  history  of  difficult  or  stressful  labour  can  be  traced  back  

among  people  who  grow  up  to  be  left-handed  or   ambidextrous.  

 

 But  there  are  many  objections  to  this  proposal,  the  first  being,  

even  though  throughout  the  world,  the  extent  of  medicine  and  healthcare  

technology  has  improved,  the  proportion  of  left-handed  individuals  has  

not  come  down.  Moreover  it  does  not  explain  why  in  the  first  place  

humans  are  right-handed  by  default,  and  only  birth  stress  makes  them  

left-handed.  

 

Nature  Vs.  Nurture (Cultural  influences) 

This  theory  explains  why  the  majority  of  the  population  is  right-

handed  by claiming  that  since  the  society  demands  that  certain  actions  

have  to  be  done  with  the  right  hand,  even  those  who  are  born  as  left-

handers  are  raised  as  right-handers.  Left-handedness  is  thought  to  be  a  

kind  of  behaviour  than  a  trait,  which  can  be  learned.  So,  even  though  

nature  creates  left-handers,  nurture  converts  them  to  right-handers.   

 

 



 

 
26 

 

 

However,  there  are  certain  objections  to  this  theory.  It  does  not  

explain  how  right-handed  dominance  started  in  the  first  place. Also,  

adoption  studies  have  shown  that  the  handedness  of  children  is  more  

closely  related  to  their  biological  parents  than  to  adoptive  parents31. If  

left-handedness  is  an  unwanted  trait  then  it  also  does  not  explain  why  

left-handedness  has  persisted  for  so  long. 

 

Annett’s  Right  Shift  Theory11 

 British  psychologist  Marian Annett  proposed  this  theory  in  1972.  

This  theory  hypothesises  the  existence  of  a  RS+  gene,  which  is  

accountable  for  the  development  of  the  areas  of  the  cortex  that  are  

responsible  for  motor  skills,  language  and  processing  of  speech  on  the  

left  hemisphere,  leading  to  a  right  sided  preference.  This  is  known  as  

the  “right  shift”. The  other  allele  is  known  as  RS-,  which  can  be  found  

in  left-handers.  Contrary  to  expectations,  it  does  not  cause  a  “left  shift”.  

Rather,  it  is neutral  and  does  not  favour  any  particular  direction  for  limb  

or  language  dominance. Further,  the  two  forms  of  the  genes  are  thought  

to  be  co-dominant,  rather  than  dominant / recessive  inheritance  which  is  

more  common.  This  phenomenon  has  been  widely  accepted  by  

researchers  due  to  its  plausibility. 
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Then,  according  to  this  theory,  for  the  left-handers,  the  hand  

preference  per  se  is  not  inherited.  Rather  they  do  not  have  a  bias  

towards  direction  of  hemispheric  dominance  and  have  equal  chances  of  

developing  either  right  or  left  hemispheric  dominance. Therefore,  as  such  

no  isolated  gene  is  present  for  left  handedness,  and  the  handedness  of  

the  person  is  eventually  determined  by  the   presence  or  absence  of  a  

gene  for  right-handedness11,36. 

 

Genes  are  present  as  allelic  pairs.  The  same  is  the  case  with  

handedness genes,  which  can  exist  in  one  of  the  following  combinations:  

RS+RS+,  RS+RS-  and  RS-RS-.  At  least  one  RS+  gene  is  inherited  by  

the  majority  of  the  people,  which  enhances  the  development  of  the  left  

hemisphere  resulting in  right-handedness.  Those  who  inherit  the  RS-RS-  

combination  have  chances  of  becoming  left-handed,  right  handed  or  

mixed-handed  (ambidexterous).  This  theory  explains  the  greater  

distribution  of  right-handers  in  the  population36. 

 

Dextral  /  Chance  Theory 

Another  genetic  theory  has  been  put  forward  by  McManus  which  

hypothesizes  the  role  of  a  “dextral”  (D)  allele,  which  strongly  favours  

development  of  right-handedness  and  left  cerebral  dominance  for  

language  control,  along  with  another  allele,  the  “chance”  (C)  allele. 
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This  allele   is  indifferent  to  direction  of  dominance. Persons  with  

DD  genotype  develop  the  right  handed  trait,  whereas  those  with  CC  

genotype  have  an  equal  chance  of  being  either  right-handed  (50%)  or  

left  handed(50%).  On  the  other  hand  the  persons  with  the  heterozygotic  

genotype  DC  have  25%  probability  of  being  left-handers  and  75%  

probability  of  being  right-handers. 

   

Therefore,  it  is  not  left-handedness  that  is  inherited  but  rather,  an  

absence  of  handedness  is  inherited.  The  phenotypic  handedness  is  then  

left  to  chance.  This  is  supported  by  the  fact  that  the  incidence  of  left-

handedness  within  “left-handed families”  has  always  been  found  to  be  

below  50%  and  the  value  has  never  been  found  to  increase31,39,41. 

  

Geshwind – Galaburda  Hypothesis 

 In  this  hypothesis,  there  is  a  delay  in  the  maturation  of  certain  

parts  of  the  left  hemisphere  which  is  thought  to  be  brought  about  by  the  

male  hormone  testosterone. When  there  occurs  excessive  in  utero  

testosterone  exposure  during  particular  stages  of  fetal  development,  there  

is  a  tendency  of  decreased  maturity  of  the  left  hemisphere  with  the  

corresponding  regions  in  the  right  hemisphere  developing  more  rapidly.  

The  right  hemisphere  attains  superiority  leading  to  motor  control  by  the  

right  hemisphere  and  hence  left-handedness.  This  also  explains  the  higher  

incidence  of  left-handers  among  the  male  sex1,9,22. 
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INTER-HEMISPHERIC  COMMUNICATION 

Bimanual  and  bipedal  motor tasks  make  it  necessary  for  a  

coordination  to  prevail  between  the  two  cerebral  hemispheres.  Activities  

such  as  swimming,  cycling,  walking,  buttoning  ones  shirt,  tying  

shoelaces,  or  playing  piano   cannot  be  achieved  without  inter-hemispheric  

communication.  Moreover,  without  inter-hemispheric  communication  the  

processing  of   sensory  inputs  is  not  possible.  Signals  from  left  and  right  

half  of  the  body  need  to  be  integrated.  

 

 The   two  cerebral  hemispheres  are  connected  to  each  other  by  

means  of  commissural  fibres.  Human  brain  contains  three  important 

commissures  namely,  the  anterior  and  posterior  commissures  and  the  

corpus  callosum.  The  olfactory  area  and  some  parts  of  limbic  system  on  

of  the  corresponding  sides  are  connected  by  the  anterior  commissure. Few  

other  parts  of  the  limbic  system  are  connected  by  the  posterior  

commissure. 

 

 The  largest  commissure  is  the  corpus  callosum  and  it    connects  

many  areas  of  the  cortex.  Although  the  presence  of  anterior  and  

posterior  commissures  has  been  asserted  in  all  vertebrates,  the  callossal  

commissure  is  a unique  feature  of  placental  mammals20,42.



 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

STRUCTURE OF THE CORPUS CALLOSUM 
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CORPUS CALLOSUM 

 It  is  a  large  arched  band  of  fibres  lying  in  the  floor  of  the  

longitudinal  fissure.  It  comprises  of  many  within  hemispheric  and  

between  hemispheric  myelinated  axonal  projections  and  is  the  largest  

white  matter  structure  in  the  brain.  It  consists  of  around  200  to  800  

million  fibres  which  connect  the  two  cerebral  hemispheres  and  this  

number  is  fixed  at  birth43.  However,  it  has  been  found  that  throughout  

puberty,  fibres  are  continuously  myelinated.  Although  anatomically,  there  

are  no  discernible  delineations,  functionally,  the  corpus  callosum  can  be  

sub-divided  into  distinct  areas  namely,  the  genu,  truncus,  and  splenium,  

form  anterior  to  posterior.  These  correspond  to  the  topography  of  cortical  

organisation. There  are  individual  variations  and  gender  differences  in  the  

size  and  volume  of  corpus  callosum. However  these  findings  are  often  

controversial20,44,45.     

 

FUNCTIONAL  ORGANISATION 
 
 The  type  and  size  of  the  axonal  fibres  varies  along  the  corpus  

callosum  according  to  the  topography  of  the  cerebral  cortex. Two  kinds  

of  fibres  can  be  found  in  the  corpus  callosum.  The  thick  fibres  are  the  

ones  that  have  a  larger  radius  and  mediate  sensory-motor  coordination  

and  the  small  diameter  fibres  form  interconnections  between  the  

association  areas.  These  small  diameter  fibres  are  found  to  be  more  

numerous  and  individual  differences  in  callosal  size  have  been  attributed  

to  the  variations  in  these  type  of  fibres.



 

 
 

 

 

 

 

 

 

 

 

ORGANISATION OF CALLOSAL FIBRES 
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The  anterior  part  is  the  one  that  has  the  maximum  number  of  thin  

myelinated  axons  that  form  connections  between  the  prefrontal  cortex  and  

some  sensory  areas  of  the  two  hemispheres.  The  density  of  axons  drops  

gradually  from  genu to  the  middle  portion  of  the  body.  The  anterior  part  

of  this  portion  contains  fibres  that  run  to  the  temporal  lobe  and  parietal  

lobe. Posterior  portion  of  truncus  contains  thick  axons  that  transfer  

information  from  auditory  areas  and  the  somato-sensory  and  motor  areas   

are  connected  by  the  middle  portion  of  the  truncus.  Near  the  splenium,  

fibre  density  once  again  increases  and  it  connects  the  visual  areas  

present  in  the  occipital  lobe.  The  portion  between  the  body  and  splenium  

is  called  isthmus  as  it  is  thinned.  This  contains  connecting  fibres  of  

motor,  somato-sensory  and  primary  auditory  areas46–48. 

 

ROLE OF THE CORPUS CALLOSUM IN INTER  
HEMISPHERIC TRANSFER 

 

It  is  possible  to  process  information  within  a  single  hemisphere  

without  the  need  to  integrate  with  the  other  hemisphere. However,  

transfer  across  hemispheres  is  required  to  coordinate  information  and  

effectively  carry  out  complex  tasks.  The  exact  role  played  by  the  corpus  

callosum  in  inter-hemispheric  transfer  was  studied  extensively  and  

reported  by  various  authors. 
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Experimental  Evidences 

 An  experimental  animal  with  both  intact  corpus  callosum  and  optic  

chiasma  is  first  conditioned  to  a  visual  discrimination  task  with  one  eye  

closed.  When  the  animal  is  asked  to  perform  the  same  task  with  the  

other  eye  closed,  it  is  able  to  do  so.  Thus,  information  transfer  has  

occurred  to  the  other  hemisphere.  This  might  have  been  via  the  optic  

chiasma  or  the  corpus  callosum.  Before  training  the  animal,  if  the  optic  

chiasma  is  transected,  the  effect  is  still  the  same.  This  concludes  that  

learnt  information  is  transferred  via  corpus  callosum.  On  the  other  hand  

when  the  optic  chiasma  as  well  as  the  corpus  callosum  are  transected  

before  training,  then  the  information  is  not  transferred  and  each  

hemisphere  has  to  learn  the  task  independently35.   

 

In  his  experiments  on  dogs,  Bykov  showed  that  after  the  corpus  

callosum  was  sectioned  there  was  inhibition  of  the  transmission  of  

learned  response  to  the  opposite  side49.  Hence  it  was  established  that  the  

corpus  callosum  was  required  for  the  communication  of  information  

between  the  two  hemispheres.  Similar  studies  were  performed  in  

monkeys  by  Brinkman  and  Scheidam  who  also  concluded  that  corpus  

callosum  mediates  hemispheric  interactions50. 
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Roger  Sperry  did  extensive  studies  on  the  effects  of  split  brain  in  

animals  and  human  beings  for  which  he  was  awarded  the  Nobel  Prize  in  

1981.  A  majority  of  his  work  was  based  on  split  brain  subjects,  that  is  

subjects  in  whom  commissurotomy  or  sectioning  of  corpus  callosum  has  

been  done  for  intractable  epilepsy.  The  studies  demonstrated  that  left  and  

right  hemispheres  are  specialised  in  certain  tasks  and  corpus  callosum  is  

required  to  transfer  the  information  mutually  between  the  two  

hemispheres14,19.  In  the  split  brain  patients,  the  two  hemispheres  were  

able  to  function  independently  and  performed  their  own  functions  but  

complex  tasks  that  require  the  combined  force  of  both  hemispheres  could  

not  be  successfully  completed. 

  

Thus,  all  the  above  mentioned  research  provided  an  insight  into  

the  importance  of  the  corpus  callosum  in  transferring  information  

between  the  two  hemispheres.  Especially,  lateralized  processes  that  need  

cooperation  between  hemispheres,  became  impossible  when  the  corpus  

callosum  is  completely  sectioned,  underlining  its  importance. 

  

The  degree  of  connectivity  between  hemispheres  also  plays  an  

important  role  in  inter-hemispheric  cooperation.  The  fibre  size  and  also  

the density determine the regulation of information transfer.  These  factors  are 

studied  by  means  of imaging techniques  like diffusion tensor imaging (DTI).   
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DTI  provides  information  about  size  of  the  axons,  extent  of  

myelination  and  axonal  connections. Another  feature  of  DTI  is  that  the  

fibres  can  be  tracked  to  the  corresponding  regions  of  the  cortex  and  

investigation  regarding  which  areas  of  the  brain  are  connected  can  be  

done.  Yet  another  technique  to  study  physiological  connectivity  is  trans 

cranial  magnetic  stimulation  (TMS),  which  is  a  non-invasive  method  to  

study  intra-  and  inter-hemispheric  interactions  between  cortical  areas46. 

  

Thus  far,  there  are  compelling  evidences  that  vouch  for  the  role  

of  corpus  callosum  in  mediating  inter  hemispheric  communication  and  

transfer  of  information.  But  how  exactly  this  function  is  carried  out  

remains  under  dispute.   

 

Two  different  schools  of  thought  exist,  one  suggesting  the  

inhibitory  model  and  other  the  excitatory  model.  It  is  possible  that  there  

is  more  than  one  method  for  inter-hemispheric  interaction. Both  excitation  

and  inhibition  may  take  place  based  on  the  nature  of  the  task  and  which  

hemisphere  is  dominant  for  the  particular  task43,46.



 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

THE POFFENBERGER PARADIGM 
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INTER-HEMISPHERIC  TRANSFER  TIME  (IHTT) 

 Inter  hemispheric  transfer  time  is  a  measure  to  quantify  the  of  

inter  hemispheric  transfer  of  information.  It  is  defined  as  the  “speed  with  

which  information  is  transferred  between  the  hemispheres”15.A  technique  

that  has  been  devised  to  investigate  a  number  of  lateralised  processes  is  

the  divided  visual  field  (DVF)  methodology.  It   furnishes  a  comparatively  

simple  way  of  investigating  lateralisation  which  can  be  easily  performed  

by  researchers.  The  logic  behind  DVF  methodology  is  that  when  one  

visual  field  is  stimulated,  the  information  it  is  first  received  and  

processed  by  the  hemisphere  that  is  on  the  contralateral  side. This  

method  of  studying  cerebral  asymmetries  is  considered  to  be  efficacious.  

The  method  has  also  been  extended  to  study  inter-hemispheric  

interactions51. 

 

REACTION  TIME  METHOD  FOR  ESTIMATING  
IHTT 
 

In  humans,  IHTT  was  first  estimated  by  Poffenberger  in  191252,53.  

He  first  proposed  that  reaction  time  (RT)  can  be  used  to  calculate  the  

time  required  for  the  neuronal  impulses  to  travel  along  the  corpus 

callosum,  which  connects  two  right  and  the  left  cerebral  hemispheres.  

The  procedure  put  forth  by  him  is  as  follows.  It  is  known  as  the  

“POFFENBERGER  PARADIGM”.  This  method  helps  in  calculating  

specific  visuomotor  reaction  times. 
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The  basis  for  his  study  was  rooted  in  the  knowledge  of  

neuroanatomy:  a  stimulus  presented  to  one  hemi field  is  singly  projected  

to  the  contralateral  hemisphere. In  the  experiment,  each  subject  is  

presented  with  stimuli  in  particular  visual  field . Subjects  respond  by  

reacting  using  the  fingers  by  means  of  tapping  a  key  or  switch.   

 

Then  the  time  taken  for  crossed  and  uncrossed  pathways  are  

calculated.  ‘Crossed’  pathway  time  is  the  response  time  to  stimuli  on  the  

side  contralateral  to  the  responding  hand.  That  is,  stimulus  is  received  in  

one  hemisphere  and  motor  execution  occurs  in  the  other.  The  reverse  is  

the  ‘uncrossed’  pathway  time,  which  refers  to  the  same  hemisphere  being  

utilised  for  both  stimulus  perception  and  motor  execution.  The  crossed  

response  takes  more  time  than  the  uncrossed  response. Poffenberger  

argued  that  “the  extra  time  needed  for  crossed  responses  is  an  estimate  

of  the  time   required  by  the  neural  signal  to   cross  the  corpus  callosum”.  

The  crossed-uncrossed  difference,  called  CUD,  is  calculated.  This  

provides  an  index  of  IHTT52. 

 

Limitations  of  reaction  time  studies 

 The  values  of  IHTT  using  this  simple  RT  method  in  normal  

subjects  was  found  to  be  in  the  range  of  3-5ms.  For  the  

conduction  to  occur  at  this  rate,  it  is  estimated  that  the  fibre  

thickness  should  be  high16. But  the  anatomical  findings  did  not  

correlate  with  this  observation47,48. 
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 RT  method  involves  a  motor  response.  So,  the  motor  system  must  

be  intact  for  this  procedure  to  be  valid.  If  there  are  any  

disturbances  in  the  motor  pathway,  then  the  IHTT  cannot  be  

estimated  by  means  of  this  method. 

 

 In  RT  methods  of  evaluating  IHTT  when  stimulus  presented  to  

one  hemisphere  at  a  time,  response  is  elicited  from  only  one  

hand.  So  it  is  not  possible  to  simultaneously  measure  reaction  

from  both  sides  of  the  brain.  Thus,  in  essence,  it  is  possible  that  

variables  other  than  just  inter-hemispheric  transfer  may  play  a  role  

for  the  differences  in  the  crossed  and  uncrossed  times. For  

example,  the  differences  in  RT  differences  may  be  attributed  to  a  

transformation  in  the  overall  condition  of  the  brain  from  one  

stimulus  to  the  next  rather  than  being  particularly  due  to  inter-

hemispheric  transfer16,54. 

 
EMERGENCE  OF  EVOKED  POTENTIAL  AS  A  
BETTER  METHOD  FOR  ESTIMATING  IHTT 
 
 In  order  to  improve  on  the  RT  methods,  recently,  evoked  potential  

methods  have  been  in  use  to  estimate  the  IHTT.  This  method  bypasses  

the  requirement  of  a  manual  response  to  stimulus.  Moreover  recordings  

can  simultaneously  be  made  from   both  the  hemispheres  while  giving  the  

stimulus  to  only  one  hemisphere.  The  principle  is  that,  the  hemispheres  

are  stimulated  unilaterally  and  the  waves  that  occur  in  response  to  these  

stimuli  are  recorded  bilaterally.  The  differences  between  the  homologous  

latencies  are  computed  to  measure  the  IHTT.  The  stimulus  used  for  the  

evoked  potential  may  be  somatosensory,  auditory,  visual54–57.  
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EVOKED  POTENTIAL58 

Advancements  in  the  field  of  computers  and  signal  processing,  has  

brought  to  limelight  the  importance  of  electrophysiological  studies  in  the  

medical  diagnostic  field.  It  has  become  a  useful,  objective  clinical  

method  in  assessing  the  central  nervous  system,  peripheral  nerves  and  

muscles.   

 

Evoked  potentials  (EP)  or  cortical  evoked  potentials  are  the  

electrical  manifestations  of  the  responsiveness  of  the  cerebral  cortex  to  

the  external  stimulus.  The  clinical  utility  of  Evoked  Potentials  is  based  

on  their  ability  to  demonstrate  the  abnormal  nerve  conduction  in sensory  

system,  to  explore  the  subclinical  involvement  of  the  nervous  system,  to  

define  anatomic  locations  of  the  disease  processes  like  demyelination  and  

to  monitor  the  neurological  status  of  the  patient. 

 

Theoretically,  any  sensory  modality  can  be  used  to  evoke  a  cortical  

response,  but  in  routine  practice,  following  tests  are  being  done  

frequently:   

 Pattern  reversal  Visually  Evoked  Potential (PR VEP) 

 Short  latency  Somato Sensory  Evoked  Potential (SSEP) 

 Brainstem  Auditory  Evoked  Potential (BAEP) 



 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

SCHEMATIC REPRESENTATION OF VEP RECORDING 
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VISUALLY  EVOKED  POTENTIAL  (VEP) 

It  is  otherwise  known  as  visually  evoked  response  (VER)  or  

visually  evoked  cortical  potential  (VECP).  It  refers  to  the  electrical  

potentials  that  are  initiated  or  evoked  due  to  visual  stimulus,  which  are  

obtained  from  the  scalp  that  overlies  the  visual  areas. 

 

 It  is  a  low  voltage  electrical  response  (1-20 V)  time-locked  to  a  

visual  stimulus  that  is  extracted,  using  signal  averaging,  from  

electroencephalographic  activity  ( 60-100 V). It  is  a  non-invasive  electro-

diagnostic  technique.  It  can  be  used  effectively  to  study  both  normal  and  

abnormal  visual  functions,  and  is  mainly  used  in  the  field   of  research.  

It  has  an  excellent  temporal  resolution  in  the  range  of  milliseconds  and  

therefore  it  is  possible  to  study  the  dynamic  changes  occurring  in  the  

nervous  system59.  

 

 The  waveforms  of  VEP  are  obtained  by  signal  averaging  and  

extraction  from  electro  encephalogram  (EEG).  VEPs  are  used  mainly  to  

estimate  the  intactness  of  the  entire  visual  pathway  starting  from  the  

retina  to  the  visual  areas  in  the  cerebral  cortex60–62. 
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HISTORICAL ASPECTS63 

 

 Adrian  and  Matthew, in  1934  noticed  that  after  a  visual  stimulus,  

EEG  recording  showed  some  changes  in  potentials. 

 

 Ciganek  was  the  first  to  name  the  components  of  occipital  EEG  

in  1961.   

 

 Hirsch  and  colleagues  recorded  both  the  external  and  internal  

potentials  from  electrodes  placed  over  the  occipital  lobe. Greatest  

amplitudes  were  found  to  occur  the  calcarine  fissure. 

 

 In  1965,  Spehlmann  used  a  checkerboard  stimulus  to  elicit  VEPs  

in  humans. 

 

 Halliday  and  colleagues  employed  VEP  as  a  clinical  investigation   

in  1972  and  observed  that  VEPs  were  delayed  in  a  patient  with  

retrobulbar  neuritis.  

 

 
 



 

 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

THE VISUAL PATHWAY SHOWING  

HIGH LEVEL OF LATERALISATION 
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ANATOMICAL AND PHYSIOLOGICAL BASIS  OF  VEP 
 
 The  visual  system  gives  the  organism  the  ability  to  process  visual  

detail.  It  detects  and  interprets  information  from  visible  light  to  build  a  

representation  of  the  surrounding  environment.  The  function  of  the  visual  

system  is  to  receive  light  form  their  representations,  the  identification  

and  categorization  of  visual  objects, to  assess  distances  and  guide  the  

body  movements  with  respect  to  visual  objects. Visual  perception  refers  

to  the  psychological  processing  of  visual  information64. 

 

THE  VISUAL  PATHWAY  

 The  vertebrate  eye  has  two  major  components:  an  optical  part  to  

gather  and  focus  light  and  to  form  an  image  and  a  neural  part  to  

convert  the  optical  image  into  a  neural  code65.  It  is  the  neural  part  that  

is  essential  for  the  generation  of  VEP. 

 

The  receptors  for  vision  are  the  rods  and  cones  found  in  the  

retina.  Light  impulses  stimulate  these  photoreceptors  which  synapse  with  

the  inner  nuclear  or  bipolar  cells,  which  in  turn  synapse  with  the  cells  

of  the  ganglion  cell  layer.  The  axons  of  these  ganglion  cells  form  the  

optic  nerve  which  connects  the  retina  with  the  brain.  The  left  and  the  

right  optic  nerves  unite  over  the  sella  tursica.  Here,  they  form  the  optic  

chiasma.  



 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

RETINOTOPIC ORGANISATION IN THE VISUAL CORTEX
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Medial  fibres  of  both  optic  nerves  decussate  while  the  lateral  

fibres  proceed  as  such.  Thus  temporal  fibres  of  the  same  side  and  nasal  

fibres  of  the  opposite  side  proceed  further  forming  the  optic  tracts  which  

terminate  in  the  Lateral  Geniculate  Body  (LGB).  The  result  of  this  

arrangement  is  that  all  fibers  from  the  left  half  of  each  retina  run  

towards  the  right  side  of  the  brain,  and  the  fibers  from  the  right  half  of  

each  retina  run  towards  the  left  side  of  the  brain.  So,  ultimately,  the  left  

hemisphere  looks  at  the  right  visual  world,  and  the  right  hemisphere  

looks  at  the  left  visual  world.   

 

Some  fibres  project  to  the  Edinger  Westphal  nucleus.  Projections  

from  the  LGB  form  the  optic  radiation  which  pass  posteriorly  and  

terminate  in  the  striate  cortex  in  the  occipital  lobe66.  

 

THE  VISUAL  CORTEX 

Retinotopic  Organization 

 There  is  a  point  to  point  representation  of  the  retina  in  the  LGB,  

optic  radiations  as  well  as  cerebral  cortex.  The  right  visual  cortex  is  

concerned  with  perception  of  objects  situated  in  the  left  field  of  vision  

and  vice  versa35. 



 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

VISUAL AREAS – MEDIAL AND LATERAL VIEWS
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Visual  Areas 
 The  visual  cortex  is  divided  into: 

 Primary  visual  cortex  or  striate  cortex  (area  17) 

 Peristriate  cortex  or  visual  association  area  (area  18) 

 Parastriate  cortex  or  visual  association  area  (area  19) 

After  the  discovery  of  many  other  areas  involved  in  visual  processing,  a  

modified  nomenclature  is  now  followed  as  followed: 

 V1 (visual  area  1)  -  it  includes  primary  visual  area  or  

Brodman  area  17 

 V2  (visual  area  2)  - it  includes  most  of  the  Brodman  area  

18  

 V3  (visual  area  3)  -  it  includes  a  narrow  strip  over  the  

anterior  part  of  area  18 

 V4  (visual  area  4)  -  it  constitutes  area  19 

 V5  (visual  area  5)  -  it  is  otherwise  known  as  middle  

temporal  (MT)  area,  which  is  situated  at  the  posterior  end  

of  the  superior  temporal  gyrus. 

The  cortical  representation  for  the  foveal  area  is  larger  than  that  

for  the  peripheral  retina.  This  is  known  as  foveal  magnification. The  

upper  half  of  the  retinal  fibres  relay  superior  and  the  lower  half  inferior  

to  the  calcarine  fissure27,35. 
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PARALLEL  PROCESSING  OF  VISUAL  INFORMATION 

The  visual  system  processes  information  along  multiple  parallel  

channels.  The  sorting  of  visual  information  begins  at  the  neuronal  

circuitry  of  the  retina  where  particular  features  such  as  colour,  contrast,  

luminance  and  other  parameters  of  the  stimulus  are  extracted  and  

processed.  These  retinal  neurons  send  central  projections  to  the  Lateral  

Geniculate  Bodies. The  dorsal  lateral  geniculate  nucleus  is  divided  into  

two  layers: 

1) Magno  cellular  layer 

2) Parvo  cellular  layer 

Layers  I  and  II  are  called  magno-cellular  layers  because  they  

contain  large  neurons.  They  receive  the  input  from  the  large  type  Y  

retinal  ganglion  cells. This  provides  a  fast  conducting  pathway  to  the  

visual  cortex. 

 

The  parvo-cellular  layers  ( layers  III,  IV,  V,  VI )  contain  large  

number  of  small  to  medium  sized  neurons  which  receive  input  from  the  

type  X  retinal  ganglion  cells  that  process  colour  and  generate  point  to   

point  spatial  information.  But  the  velocity  of  conduction  is  only  

moderate. Hence,  the  magno-cellular  system  is  mainly  involved  with  

motion  analysis  and  the  parvo-cellular  system  shows  a  preference  for  

high  spatial  frequency  stimuli. 
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The  processing  of  visual  information  is  not  restricted  to  the  visual  

cortex  alone.  Visual  pathway  emphasizes  the  extent  to  which  the   

neocortex  is  involved  in  parallel  processing. It  can  be  inferred from  the  

above  data  that: 

1) Visual  stimuli  not  only  activate  the  occipital  lobes  but  also  

involve  large  areas  of  temporal  and  parietal  lobes. 

2) Different  structures  of  the  retinal  and  visual  pathways  can  be  

preferentially  activated  by  changing  the  characteristics  of  the  visual 

stimuli. 

 

TECHNICAL  ASPECTS  OF  VEP  RECORDING60–62 

Types  Of  VEP 

The  commonly  used  methods  are: 

1. Pattern-reversal  VEPs   

2. Pattern  onset/offset  VEPs    

3. Flash  VEP    

In  pattern  reversal  VEP  the  subject  is  asked  to  focus  on  a  

checkerboard  pattern  of  alternating  black  and  white  squares  displayed  on  

a  monitor  in  which  the  colours  interchange  at  fixed  frequency.  In  pattern  

onset / offset  VEP  a  diffuse  grey  background  with  fixed  luminance  

replaces  the  checkerboard  stimulus.



 

 
 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

INTERNATIONAL 10-20 SYSTEM OF ELECTRODE 
PLACEMENT FOR EVOKED POTENTIALS
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FVEP  is  a  technique  in  which  repeated  flashes  of light  of  fixed  

luminance,  frequency  and  colour  are  given  as  stimuli,  using  xenon  flash  

tube.  For  many  day  to  day  clinical  cases,  pattern  reversal  VEP  is  

preferred. It  shows  less  variations  in  waveforms  and  their  timing than 

other  techniques. Pattern  onset/offset  stimulus  is  the  best  procedure  to  

detect  of  malingering.  It  is  also  suited  for  use  in  patients  who  are  

unable  to  fixate  like  those  with  nystagmus.  FVEPs  are  used  only  in  

cases  of  poor  optics,  poor  cooperation  and  poor  vision. 

 

Electrodes and Their Placement 

Surface  electrodes  like  silver–silver  chloride,  standard  silver–silver  

chloride,  or  gold  disc electrodes  are  preferred.  The  skin  must  first  be  

prepared  by  cleaning  and  a  suitable  paste  or  gel  must  be  used.  This  is  

in  order  to  get  an  electrical  continuity.  

  

The  scalp  electrodes  should  be  placed  according  to  the  

International  10/20  system.  The  active  electrode  is  fixed  ta  Oz  which  

corresponds  to  the  part  of  the  scalp  that  overlies  the  visual  cortex.  The  

reference  electrode  is  at  Fz.  The  ground  electrode  is  connected  to  a  

relatively  indifferent  point  like  the  vertex  (Cz ),  forehead,  earlobe,  linked  

earlobes,  mastoid  process  or  forearm. 
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Stimulus parameters 

Pattern stimuli 

High  contrast  black  and  white  checkerboard  is  the  standard  stimulus.  The  

viewing  distance  ranges  between  0.5m  to  1.5m.  The  black  and  white  

checks  regularly  and  alternatively  change  phase  (i.e., black  to  white  and  

white  to  black)  at  a  fixed  pre determined  frequency.  

 

Flash stimulus 

A  brief  flash  is  used  that  subtends  at  least  20o  angle  of  visual  field.  A  

dark  room  with  minimal  illumination  is  a  prerequisite.  The  mode  of  

presentation  of  the  stimulus  can  be  through  a  flashing  screen,  or  light  

from  a  stroboscope.  The  rate  of  stimulation  usually  is  1  flash  per  

second. 

 

HALF- FIELD  VEP 

 Half-field  VEP  is  more  sensitive  than  routine VEP.  Particularly  for  

the  detection  of  lesions  at  chiasmal  or  postchiasmal  sites,  this  method  is  

preferred.  Also  this  is  the  preferred  method  for  studying  the  IHTT. 



 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

WAVEFORMS OF VEP 
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Recording  Montages 

 Either  4-channel  or  2-channel  recording  can  be  done.  The  

following  are  the  preferred  montages: 

For left hemi field: 

Channel 1: Left occipital to midfrontal = LO-MF 

Channel 2: Midoccipital to midfrontal = MO-MF 

Channel 3: Right occipital to midfrontal = RO-MF 

Channel 4: Right posterior temporal to midfrontal = RT-MF 

For right hemi field: 

Channel 1: Left posterior temporal to midfrontal = LT-MF 

Channel 2: Left occipital to midfrontal = LO-MF 

Channel 3: Midoccipital to midfrontal = MO-MF 

Channel 4: Right occipital to midfrontal = RO-MF 

 

WAVEFORMS  IN  VEP 

 A  series  of  waveforms  of  opposite  polarity  are  generated.  These  

are  denoted  by  the  letters  P  for  positive  and  N  for  negative  waves  with  

the  approximate  latencies  denoted  as  a  subscript.  The  commonly  

encountered  waveforms  are  N75,  P100,  and  N145. P100  is  usually  a  

prominent  peak,  which  shows  relatively  minimal  inter-subject  variation  

and  also  minimal  within-subject  interocular  difference.  The  variation  with  

repeated  measurements  over  time is  also  minimal.  The  normal  

morphology  of  the  P100  wave  is: 

  Latency = 100ms 
 Amplitude = 11µV 
 Duration = 60ms 
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SPECIAL CHARACTERISTICS  OF  HEMIFIELD  VEP 

Hemi field  VEP  testing  is  considered  to  be  a  more  sensitive  test  

for  detecting  abnormalities  of  the  visual  pathway  at  chiasmal  or  post-

chiasmal  sites. This  procedure  may  identify  lesions  in  the  visual  system  

even  when  full-field  VEP  being  normal. However,  it  needs  greater  patient  

co-operation.  In  full  field  VEP  there  is  marked  cancellation  of  waves  

that  occur  simultaneously  in  the  lateral  occipital  and  posterior  temporal  

regions  because  the  waveforms  obtained  are  the  algebraic  summation  of  

the  responses  evoked  in  the  visual  cortex  to  both  right  and  left  sided  

stimuli.  Therefore,  the  waveforms  of  full-field  responses  do  not  appear  as  

complicated  as  the  half-field  waveforms.  The  guidelines  and  

recommendations  for  stimulus  presentation,  recording  procedure  and  

analysis  of  data  for  hemi field  VEP  are  the  same  as  that  for  full  field  

stimulation. 

 

FACTORS  INFLUENCING  VEP 

 Age -  in  children,  the  amplitude  of  P100  is  high,  almost  double  

the  adult  value.  The  adult  value  is  reached  in  5-7  years  and  

decreases  after  the  age  of  50  years. 

 Sex -  the  latency  of  P100  is  more  in  males  whereas  the  amplitude  

is  higher  in  females.  This  may  be  related  to  the  head  size  and  

hormonal  influences. 
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 Eye  dominance -  latency  and  amplitude  are  shorter  in  dominant  

eye  which  is  attributed  to  anatomical  asymmetries. 

 Eye  movement -  movement  of  the  eyeball  affects  the  amplitude  

but  the  latency  remains  unchanged. 

 Visual  acuity – decreased  visual  acuity  decreases  the  amplitude  but  

does  not  affect  the  latency. 

 Non-pathophysiologic  parameters -  size  and  contrast  of  the  

stimulus,  average  luminance,  filtering  of  signal  affect  the  

waveforms  of  VEP 

 

ORIGIN  OF  VISUALLY  EVOKED  POTENTIALS 67–71 

 The  exact  sources  of  the  VEP  waveforms  are  not  yet  well  

defined.  The  VEP  reflects  the  activity  originating  in  the central  3o  to  6o  

of  the  visual  field  as  the  retinal  projections  from  this  area  is  relayed  to  

the  surface  of  the  occipital  lobe  while  those  from  the  peripheries  are  

directed  to  deeper  regions  within  the  calcarine  fissure.  Moreover,  the  

processing  of  visual  information  occurs  in  parallel  pathways.  Due  to  this,  

the  visual  stimuli  not  only  activate  the  occipital  lobes  but  also  activate  

large  areas  of  the  temporal  and  parietal  lobes.  therefore,  VEP  can  be  

recorded  from  a  large  region  of  the  scalp.  Also,  different  structures  of  

the  retina  and  visual  pathways  can  be  preferentially  activated  by  

changing  the  characteristics  of  the  visual  stimulus.   
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Using  intra-cerebral  recording  in  awake  humans,  it  was  found  that  

P100  appears  to  be  generated  by  the  pyramidal  cells  in  layer  IV  of  area  

17.  Imaging  studies  point  to  the  source  of  the  early  phase  of  the  P100  

peak  as  being  in  dorsal  extrastriate  cortex  of  the  middle  occipital  gyrus,  

whereas  the  late  phase  of  P100  appears  to  be  generated  by  the  ventral  

extrastriate  cortex  of  the  fusiform  gyrus.  These  results  suggest that  VEP  

waveforms  are  generated  in  the  cortex.  Ikeda  et al.,  studied  the  

generators  of  VEP  by  dipole  tracing  in  the  occipital  cortex  and  

investigated  the source  pattern-onset  stimuli.  They concluded  that  the  

topographic  localization  of  the  dipoles  was  the  area  around  the  calcarine  

fissure67.  Thus,  all  the  above  studies  support  the  view  that  the  early  

components  of  the  VEP  originate  from  the  visual  cortex.  It  is  likely  that  

the  early  phase  of  the  P100  wave  arises  from  dorsal  extrastriate  area  

present  in  the  middle  occipital  gyrus.  The  later  negative  component  is  

probably  generated  from  a  number  of  cortical  regions. 

 
 
INTERHEMISPHERIC TRANSFER OF INFORMATION 
 
 Electrophysiological  studies  have  shown  that  via  the  corpus  

callosum  one  hemisphere  can  both  excite  and  inhibit  the  opposite  

hemisphere43,45,46.  More  recently,  the  type  of  information  relayed  to  the  

visual  cortex  through  the  corpus  callosum  has  been  investigated  in  terms  

of  optical,  neuropsychological  and  electro physiological  perspectives. 
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Properties  of  visual  response,  like  orientation  and  selectivity  of  

direction  are  also  influenced  by  the  corpus  callosum.  This  has  been  

studied  in particular,  in  cats,  by  Schmidt,  Lomber  and  Innocenti,  where  

callosal  connections  play  a  role  in  determining  the  specificity  and  

strength  of  the  orientation  and  direction  in  cortical  axons.  These  cortical  

functions  seem  to  receive  a  considerable  input  form  the  corpus  callosum,  

that  is  non-existent  after  cooling  the contralateral  hemisphere72. 

 

Another  important  function  of  the  callosal  connections  of  the  

visual  areas  is  to  co-ordinate  the  activity  of  neurons  in  the  two  

hemispheres.  Munk  et  al  found  that  section  of  the  corpus  callosum  or  

inactivation  of  one  side  impairs  to  a  great  extent  the  physiological  

pairing  of  the  two  hemispheres73.Callosal  channels  are  also  implicated  in  

deciding  cortical  binocularity,  perception  of  depth  and  contrast  sensitivity.  

A  recent  study  in  humans  by  Bocci  et  al  has  confirmed  the  important  

function  played  by  callosal  channels  in  processing  high  contrasts.   They  

found  that  after  the  left  visual  cortex  is  deactivated  using  trans-magnetic  

stimulation, there  is  a  selective  increase  of  field  potentials  in  the  opposite  

hemisphere  evoked  by  high-contrast  stimuli74. 
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INTERHEMISPHERIC  COMMUNICATION  IN  RIGHT  
AND  LEFT-HANDED  INDIVIDUALS 
  

In  right  handed  individuals,  asymmetries  are  seen  with  respect  to  

IHTT.  Iwabuchi  and  Kirk  in  their  evoked  potential  study  showed  that  

right  to  left  IHTT  was  faster  than  left  to  right  IHTT15.   This  difference  

has  been  attributed  to  the  fact  that  greater  number  of  fast  conducting  

cortico-cortical  axons  take  origin  in  the  right  hemisphere.  Thus  the  brain  

of  the  right-handed  individual  is  more  asymmetrical,  that  is  the  cerebral  

hemispheric  lateralisation  is  more  pronounced46,47,75. 

  

IHTT  in  left-handed  individuals  however  did  not  exhibit  this  

directional  asymmetry16,45,55.  This  was  because  the  structural  and  

functional  asymmetries  were  found  to  be  less  pronounced  in  these  

individuals  and  they  have  a  more  symmetrical  cerebral  organisation.   

 

PATHOLGIES  RELATED  TO  INTERHEMISPHERIC  
COMMUNICATION 
  

Some  disorders  are  hypothesised  to  be  because  of  altered  function  

in  one  hemisphere  and  occur  due  to  the  disruption  of  balance  between  

hemispheres.  Disorders  that  are  commonly  associated  with  inter-

hemispheric transfer are  described. 
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SCHIZOPHRENIA 

 Schizophrenia  literally  means  split-mind.  The abnormalities  in   the  

behaviour  of  schizophrenics  reflect  snag  in  the  connection  between  

cortical  areas,  which  is  eventually  due  to  defects  in  the  corpus  callosum.  

Callosal  dysfunction  leads  to  defect  in  processing  and  consolidation  of  

information  between  structures  of  the  cortex29,46. 

 

AUTISM 

It  is  a  developmental  disorder  characterised  by  impaired  social  

interaction  and  communication.  Corpus  callosum  is  the  major  pathway  

that  unifies  sensory,  motor  and  cognitive  processes  between  hemispheres  

is  and  its  dysfunctions  are  found  to  be  related  to  autism.  The  IHTT  is  

impaired  in  these  individuals76,77. 

 

ADHD 

It  is  characterized  by a  high  degree  of  hyperactivity,  impulsivity  

and  inadequate  attention.  The corpus  callosum  is  shown  to  be  required  

for  attention  processes  and  has  been  implicated  in  the  development  of  

ADHD.  Linschoten  et  al  have  detected  structural  anomalies  in  corpus  

callosum  of  children  with  ADHD78. 
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STUDIES  RELATED  TO  HANDEDNESS  AND  IHTT 

 Banich  et  al  in  1990,  compared  the  inter-hemispheric  and  intra-

hemispheric  processing  for  left-handers  and   right-handers.  Both  within  

hemisphere  tasks  and  across hemisphere  tasks  were  given  to  the  subjects.  

Patterns  of  performance  on  were  identical  for  the  two  handedness  

groups.   They  concluded  from  their  observation  that  inter-hemispheric  

processing may  not  differ  between  right-  and  left-handers79. 

  

Cherbuin  and  Brinkman,  in  2006  explored  whether any  association  

was  present  between  inter-hemispheric  transfer  time  and  hemispheric  

interaction  in  a  study  population  including  both  left-  and  right-handed  

subjects.  Results  revealed  that  handedness  had  a  significant effect  on  

inter-hemispheric  transfer,  suggesting  that  hemispheric  interaction  tend  to  

be  more  efficient  in  left-handers80. 

 

  Vyazovskiy  and  Tobler  explored  the  relationship  between  inter-

hemispheric  brain  asymmetry  and  handedness  in  rats.   They  showed  that  

regional  asymmetry  in  EEG  during  sleep  was  an  indicator  of  paw  

preference.  When  Neuronal  activity  was  induced  by  preferential  use  of  a  

particular   forelimb  there  occurred  a  local  enhancement  of  EEG  power81.  

It  was  inferred  that  both  the  cerebral  hemispheres  are  equally  capable  of 

discriminating  temporal  intervals,  but  the  left  hemisphere   plays  an  

important  role  in  location  of  stimulus. 
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 Pellicano and  co-workers  used  the  Poffenberger  Paradigm  to  test  

right-handed  and  left-handed  individuals  for  bimanual  responses.  They  

observed  that  in  both  right-handers  and  left-handers  the  interaction  

between  the  CUD,  as  assessed  by  the  first  order  Hand  by  Visual  field  

interaction,  and  Hand  arrangement  was  not  significant.  Moreover,  in   

right-handers,  CUD  asymmetry  was  more  in  the  right  than  the  left  

visual.  This  asymmetry  had  a  tendency  to  be  reversed  in  left-handers82. 

 

 Two  experiments  were  reported  by  Savage  and  Thomas  in  1993.  

They  made  use  of  simple  reaction  time  and  visual  evoked  potentials  to  

evaluate  inter-hemispheric  transfer  time  (IHTT)  and  efficiency  of  

processing  information  the  two  handedness  groups. It  was  concluded  that  

there  was  not  much  of  a  difference  in  IHTT  in  among  the  two  groups.  

Left  and  right-handers  do  not  vary  much  in  receiving  and  processing  of  

visual  stimuli83. Yet  another  VEP  experiment  was  done  by  Berardi, 

Wollner,  Fiorentini,  Giuffret  and  Morelli  to  study  the  inter-hemispheric  

transfer  of  visual  information  in  humans.  They  showed  that  the  response  

to  a  stimulus  projecting  to  one  hemisphere  can  be  affected  by  a  stimulus  

projecting  to  the other  hemisphere.According  to  their  study,  the  symmetric  

regions  of  the  two  visual  hemi-fields  which  lie  in  close  approximation  to  

the  vertical  meridian  seem  to  be  the  highly  preferential  site  for  this  type  

of  interaction  to  occur. Both  temporal  and  spatial  properties  of  the  

information  that  is  transferred  across  the  hemispheres  were  studied84.  
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 In  a  study  by  Gott,  Hughes  and  Bingelli,  Inter-hemispheric  transfer  

time  was  elicited  from  vibratory  somatosensory  evoked  potentials. Each  

finger  was  stimulated  separately  using  vibrators. Latency  of  the  first  

prominent  peak  over  the  opposite  side  electrode  was  subtracted  from  the 

latency  of  the  corresponding  peak  over  the  same  side  electrode.  

Normative  values  for  IHTT  data  were  computed  from  this  study.  In 

addition, clinical  correlations  were  demonstrated  in  different  disorders56.  

 

 Overall,  many  studies  link  the  possible  association  of  abnormal  

inter-hemispheric  transfer  with  the  development  of  disorders.  The  process  

of  hemispheric  transfer  is  not  similar  in  right  and  left  handers  as  

evidenced  by  the  aforementioned  literature.  There  is  a  possibility  that  

one  group  may  be  at  an  advantage  over  the  other  for  the  development  

of  certain  disorders. Information  regarding  to  diagnoses  and  treatment  of  

brain  pathologies  that  affect  inter-hemispheric  relay  of  information  is  

relatively  very  less.  

 

Many  studies  have  been  done  to  quantify  the  IHTT  differences  in  

the  two  groups  using  reaction  time  method,  but  very  few  studies  that  

use  evoked  potential  method.  This  study  aims  to  bring  out  the  

directional  asymmetries  in  IHTT  and  comparison  of  IHTT  among  the  

two  groups  using  visually  evoked  potentials  as  a  tool  to  measure  IHTT.
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MATERIALS AND METHODOLOGY 

 

STUDY DESIGN 

This  is  a  comparative  type   of  study.  A  mixed  factorial  study  

design  was  used. 

 

STUDY  PLACE   

The  study  was  conducted  in  the  research  laboratory  of  Department  

of  Physiology,  Coimbatore  Medical  College,  Coimbatore.   

 

STUDY  PERIOD 

The  study  was  carried  out  between  July 2014  to  June  2015.  

 

ETHICS 

The  approval  of  the  Ethics  committee  was  obtained  prior  to  the  

commencement  of  the  study.  Informed  consent  was  obtained  from  all  

participants  prior  to  the  study. 

 

STUDY SUBJECTS 

Sampling 

 Subjects  were  selected  by  non-probability,  purposive  sampling. 
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Inclusion Criteria 

 The  study  population  consisted  of  a  total  of  120  participants,  all of  

whom  were  healthy  volunteers  from  the  general  population  in  

Coimbatore.  There  were  60  left-handed  individuals,  of  both  sexes,  aged  

between  18 – 45  years.  A  total  of  60  age  and  sex  matched  right-handed  

individuals  were  also  included  in  the  study.  The  visual  acuity  of  all 

subects  was  normal  or  appropriately  corrected.  Edinburgh  Handedness  

Inventory  was  used  to  assess  the  handedness. 

 

Exclusion Criteria 

 Laterality  quotient  between  -50  and  +50 (mixed  handedness) 

 History  of  neurological disorders  

 History  of  psychiatric  disorders 

 Any  ophthalmological  disorders  (inherited,  inflammatory,  infectious,  

etc.) including  cataract. 

 History  of  systemic  medication  with  known  central  nervous  system  

effects. 

 Patients  on  treatment  for  diabetes  mellitus,  systemic  hypertension,  

dyslipidaemia 
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TOOLS  AND  MATERIALS USED FOR THE STUDY 

 Proforma -  To obtain  detailed  history  and  to  record  the  clinical  

examination  findings. 

 Edinburgh  Handedness  Inventory  to  assess  handedness. 

 Snellen’s  Chart  to  determine  the  visual  acuity  and  Ishihara’s  Chart  

to  assess  the  colour  vision. 

 NeuroPerfect  EMG/NCS/EP Machine –  to  collect,  analyse,  print  and  

store  VEP  data. 

 

METHODOLOGY 

Informed  consent  was  obtained  from  all  participants.  The  entire  

procedure  was  explained  to  the  participants  in  detail. An  initial  

examination  was  performed  on all  participants  prior  to  electrophysiological  

testing.  This  included  complete  general  examination,  testing  of  visual  

acuity,  colour  vision,  and  fundus  examination. Then,  assessment  of  

handedness  and  recording  of  VEP  was  done. 

 

ASSESSMENT  OF  HANDEDNESS 

 All  the  subjects  were  asked  to  fill out  the  Edinburgh  Handedness  

inventory12. The  subjects  were  asked  to  respond  by  checking  the  

appropriate  hand  for  each  activity. From  the  responses,  an  index  called  

the  laterality  quotient (LQ)  was  calculated  by  the  formula  LQ = (L – R) / 

(L + R).   
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Accordingly,  subjects  with  LQ < -50  were  considered  left-handers,  

LQ > +50  were  classified  as  right  handers  and  those  for  whom  the  LQ  

was  between  -50 to +50  were  excluded  from  the  study  because  of  mixed  

handedness. 

 

RECORDING OF VEP 

Pattern-shift  visual  evoked  potential  with  hemi field  stimulation  was 

performed  in  a  procedure  room  that  was  darkened  and   sound  attenuated. 

The  participants  were  explained  about  the  test  procedure  and  were  

instructed  beforehand  to  take  a  head  bath  and  to  avoid  hair  spray  or  oil  

before  the  test.  On  the  day  of  testing,  the  subjects  were  given  time  to  

get  acquainted  with  the  laboratory  environment  before  carrying  out  the  

actual  procedure. 

 

Electrode placement 

In  accordance  with  the  guidelines  provided  by  the  International  

Society  for  Clinical  Electrophysiology  of  Vision  (ISCEV)60, standard  

silver-silver  chloride  electrodes  were  used.  The  electrodes  were  placed  on  

the  scalp  of  the  participants  according  to  the  International  10-20  system  

of electrode  placement. Active  electrodes  were  placed  over  the  occipital  

cortex.  The  distance  from  the  nasion  to  the  inion  was  measured.  The  

location  of  the  point  OZ  was  identified  at  10%  of  the  distance  between  

the  nasion  and  inion.  
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Then  the  circumference  was  measured  from  the  nasion  to  the  

point  OZ  on  both  sides. O1  electrode  was  placed  at  10%  of  this  

circumference  on  the  left  side  and  O2  was  placed  on  the  corresponding  

point  on  the  right.  The  reference  electrode  was  placed  at  Fz,  which  is  at  

30%  of  the  distance   between  nasion  and  inion  above  the  nasion.  Ground  

electrode  was  placed  over  the  forehead.   

 

Before  placing  the  electrodes,   all  electrode  locations  over  the  

scalp  were  cleaned  to  remove  dead  cells  and  oily  secretions  which  may  

impede  the  scalp-electrode  interface  and  probably  weaken  the  signal  

which  is  obtained.  Electrode  paste  was  first  applied  over  the  identified  

electrode  locations  and  then  each  electrode  was  firmly  pressed  into  the  

paste onto the scalp. 

 

Testing distance 

 Distance  was  measured  from  the  nasion  to  the  fixation  point  on  

the  screen.  The  testing  distance  was  calculated  as  1m  so  that  the  total  

field  width  subtends  a  visual  angle  of  16  degrees  of  arc,  which  is  the  

prescribed  standard61. 
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Stimulus 

 Alternating  high  contrast  (black  and  white)  checkerboard  stimulus  

was  presented  with  the  help  of  an  LED  monitor.  The  stimulus  rate  was  

2  reversals  per  second. 

 

Recording 

 The  subject  was  asked  to  focus  his  gaze  on  to  the  fixating  point  

displayed  on  the  screen.  Each  visual  field  was  stimulated  separately. The  

participants  were  watched  closely  by  the  examiner  for  any  eye  

movements  or  attention  lapse  during  the  entire  procedure. This  has  been  

considered  as  a  standard  technique  for  the  present  study. 

 

CALCULATION  OF  IHTT 

 Mean  Inter  Hemispheric  Transfer  Time,  also  known  as  crossed-

uncrossed  difference  is  calculated  as  follows: 

The  mean  of  the  two  crossed  conditions  (LVF-O1  and  RVF-O2)  

were  subtracted  from the  mean  of  the  two  uncrossed  conditions (RVF-O1  

and  LVF-O2). This  difference  was  then  divided  by  2  to  obtain  the  CUD. 
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STATISTICAL TOOLS  AND  ANALYSIS 

Errors 

 Out  of  120  participants  in  whom  the  study  was  done,  9  of  them  

showed  anomalous  IHTT  values,  in  the  direction  opposite  to  the  

anatomically  predicted  direction.  Two  subjects  showed  extensive  eye  

movements  and  were  unable  to  fix  their  eyes  on  the  screen  that   made  

recording  of  VEP  erroneous.  These  subjects  were  excluded  from  analysis.  

In  addition,  there  were  3  participants  who  were  outliers,  whose  data  

were  also  not  analysed. 

 

Statistical Analysis 

All  the  information  gathered  regarding  the  selected  subjects  was  

documented  in  a  Master  Chart.  Statistical  Package  for  the  Social  

Sciences  (SPSS), version 20  was  used  for  analysis  of  data. Using this 

software ranges, frequencies, percentages, means and standard  deviations  

were  calculated. 

   

Three  factor mixed  ANOVA  was used  to  determine  the  interaction  

between  handedness,  visual  field  and  electrode  site.  A  mixed  factorial  

design  was  used.  The  first  independent  variable  was  the  visual  field 

which  was  stimulated,  which  consisted  of  2  levels,  namely  left  (LVF)  

and right  (RVF).   
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The  second  independent  variable  was  the  site  at  which  recording  

electrode  was  placed  which  also  had  two  levels  namely  left  sided (O1)  

and  right  sided  (O2). The  various  combinations  of  stimulated  visual  field  

and  recording  site  produced  4  conditions,  2  crossed  and  2  uncrossed.  

The  third  independent  variable  was  hand  preference,  which  again  

consisted  of  two  levels,  left-handers  and  right-handers.  The  dependent  

variable  was  the  latency  of  the  P100  wave  for  each  condition. A  'p'  

value  less  than  0.05  was  taken  to  denote  significant  relationship. Post  hoc  

pairwise  comparisons  were  done. 

 

Additionally,  two  way  ANOVA  was  used  to  find  the  effect  of  

handedness  on  IHTT  and  interactions  between  handedness  and  direction  

of  inter-hemispheric  transfer.  Pearsons  coefficient  was  used  to  determine  

the  correlation  between  degree  of  handedness  and  IHTTm. 

 

Microsoft  word  &  excel  were  used  to  create  the   tables,  charts  

and  graphs. 
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RESULTS 

 

DESCRIPTIVE STATISTICS 

Population Characteristics 

After  outliers  and  anomalous  results  were  removed,  the  total  

sample  size  was  106,  out  of  which  52  were  left-handers  and  54  were  

right-handers.  The  mean  age  of  left-handers  was  24 ± 7.6  years  and  that  

of  the  right-handers  was  21 ± 4.9  years.  Among  the  left-handers  there  

were  34  males  and  18  females.  In  the  right-handers  there  were  30  males  

and  24  females.  The  population  characteristics  are  presented  in  Table 1. 

 
 

Table 1 Demographic characteristics of study population 
 LEFT-HANDERS  RIGHT-HANDERS  

Number  52  54  

Males  34  30  

Females  18  24  

Mean Age  24 ± 7.6  21 ± 4.9  

Mean Laterality Quotient  -71.49  91.06  
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Distribution  Of  Handedness 

 Figure 1  demonstrates  an  asymmetric  distribution  of  laterality  

quotient (LQ).  The  hand  preference  of  right-handers  was  stronger  and  

there  were  maximum  number  of  individuals  with  an  LQ  of  more  than  

+90.  Among  the  left-handers,  the  maximum  number  of  subjects  were  

with  LQ  in  the  range  of  -70.  

 

  

Figure-1 Frequency distribution of  Laterality Quotients for all subjects 
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Figure 1 Frequency distribution of  Laterality Quotients for all subjects 
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Latencies  Of  P100  Wave  And  N145  Wave 

 Means  and  standard  deviations  of  the  latencies  of  P100  wave  for  

left-handed  and  right-handed  groups, recorded  for  each  of  the  four   

recording  site  – visual  field  conditions  are  shown  in  Table 2. The  same  

for  N145  wave  is  presented  in  Table 3.  

 

Table 2 Means and standard deviations for P100 latencies in milliseconds 
 LEFT  HANDERS 

(N = 52) 
RIGHT HANDERS 

(N = 54) 

O1 O2 O1 O2 

Left   
Visual 
Field 

115.25± 
2.06 

107.96± 
3.07 

115.81± 
2.06 

109.04± 
2.85 

Right 
Visual 
Field 

107.12± 
2.71 

116.15 ± 
2.65 

103.81± 
2.80 

115.81± 
2.07 

 

 

Table 3 Means and standard deviations for P145 latencies in milliseconds 
 LEFT HANDERS 

N = 52 
RIGHT HANDERS 

N = 54 

O1 O2 O1 O2 

Left  
Visual 
Field 

147.06 ± 
3.37 

137.04 ± 
4.55 

150.33 ± 
4.82 

142.44 ± 
4.71 

Right 
Visual 
Field 

136.69 ± 
4.53 

146.15 ± 
3.98 

137.98 ± 
4.99 

149.96 ± 
4.98 
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TESTS  OF  SIGNIFICANCE 

Effects  Of  Handedness,  Visual  Field  And  Recording Site  
On  P100  Latency 
 
 P100  latency  data  were  submitted  to  a  three  factor  mixed  ANOVA  

to  evaluate  the  impact  of  handedness,  the  visual  field  stimulated  and  the  

site  of  recording  electrode.  Within-subjects  factors  were  site  of  recording  

electrode  (O1  and  O2)  and  stimulated  visual  field  (left  and  right).  

Between-subjects  factor  was  handedness  (left-handed  and  right-handed). 

Shapiro-Wilk’s  test  of  normality  and  Levene’s  test  of  homogeneity 

of  variance  were  applied  to  latency  data  to  test  whether  the   assumptions  

for  analysis  of  variance  were  met. Tests  revealed  that  homogeneity  of  

variances  can  be  assumed  for  all  four  visual  field - recording  site  

conditions.  All  data  were  normally  distributed.  Hence  no  correction  was  

needed  for  the  level  of  significance  and  an  alpha  level  of  0.05  was  

used.  Since  there  are  only  two  levels  for  each  variable,  sphericity  was  

not  a  concern. 

 

Main  Effects 

ANOVA  revealed  that  the  main  effect  of  visual  field  was  

significant,  F(1,104) = 26.04, p < 0.05,  with  the P100  latency  being  shorter  

for  RVF ( M = 110.73)  when  compared  to  LVF  (M = 112.02),  as  shown  

in  Figure 2.   
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There  was  also  a  significant  main  effect  of  the  site  of  recording  

electrode,  as  seen  in  Figure 3,  with  F(1,104) = 103.41,  p < 0.05,  the  

latency  being  lesser  for  O1  ( M =  110.50)  than  for  O2  (M = 112.24).  

However,  no  significant  main  effect  of  handedness  was  found  across  all  

levels  of  visual  field  and  electrode  site,  F(1,104) = 2.10,  p = 0.15. 

 
 

 

Figure 2 Main Effect of Stimulated Visual Field 

         

 
 

 

 
Figure 3 Main Effect of Electrode Site 
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Interactions  

The  interaction  between  Handedness  and  Visual  field  was  

significant  F (1,104) = 184.62,  p<0.05.  As  shown  in  Table 4,  when  LVF  

was  stimulated,  response  was  faster  in  left-handers  than  right-handers  as  

evidenced  by  shorter  latency  in  the  former.  For   RVF  stimulation,  right-

handers  showed  a  faster  response.   

 

Table 4 Handedness * Visual field interaction 

 
Mean P100 Latency (in ms) 

Left - Handers Right-handers 

LVF 111.61 112.43 

RVF 111.64 109.82 
 

 

The  difference  in  latencies  among  right  handers  and  left  handers  

depended  on  the  site  from  which  the  waves  were  recorded. In  right-

handers,  O1  recorded  shorter  latencies  than  O2,  on  the  other  hand  in  

left-handers,  O2  latencies  were  shorter  than  O1.  The  mean  values  are  

shown  in  Table 5 

. 

Table 5 Handedness *  Electrode site interaction 

 
Mean P100 Latency (in ms) 

Left - Handers Right-handers 

O1 111.18 109.82 

O2 112.06 112.43 
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Interaction  Between  Handedness,  Visual  Field  And  
Electrode  Site 
 

 The  interaction  between  handedness x visual field x electrode  site  

was  found  to  be  significant,  F (1,104) = 10.36,  p = 0.002.  The   data  are  

represented   in  Table 6  and  Figure4. 

Table 6 Handedness, Visual field, Electrode site interaction 

HANDED-
NESS 

VISUAL 
FIELD 

RECORDING 
ELECTRODE 

MEAN 
P100 

LATENCY 
(ms) 

DIFFERENCE 
(ms) ‘p’ 

LEFT 
LVF O1 115.25 7.29 <0.05 O2 107.96 

RVF O1 107.12 -9.02 <0.05 O2 116.15 

RIGHT 
LVF O1 115.82 6.78 <0.05 O2 109.04 

RVF O1 103.82 12.00 <0.05 O2 115.82 
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CROSSED  Vs.  UNCROSSED  CONDITIONS 

The  interaction  between  visual  field  and  electrode  site  was  

significant.  Furthermore,  latencies were significantly longer in crossed 

conditions  (LVF-O1  and  RVF-O2)  than uncrossed conditions  (RVF-O1  and  

LVF-O2)  in  both  left-  and  right-handers. This  is  shown  in  Figure 5. 

 

 

 

 

Figure 5 Comparison of  Latencies in Crossed and Uncrossed Conditions 
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INTER-HEMISPHERIC  TRANSFER  TIME 

Group  Differences 

 The  IHTTm  (mean  IHTT  obtained  by  the  crossed-uncrossed  

difference)  values  ranged  from  3ms  to  12.5ms.  As  shown  in  Figure6,  

inter-hemispheric   transfer  was  faster  in  left-handers  when  compared  to  

right-handers,  which  was  statistically  significant  (p<0.05).  

 
Figure 6 Comparison of IHTTm among left-handers and right-handers  

 

               

 

Gender  Differences 

 There  was  no  significant  difference  among  males  and  females  as  

far  as  IHTTm  was  concerned,  p = (0.138)  both  in  the  left-handers  as  

well  as  right  handers.  The  average  IHTTm  for  males  was  8.96ms  and  

that  for  females  was  8.52ms.  This  difference  was  not  statistically  

significant. 
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Interaction  Between  Handedness  And  Gender 

 A  two  way  ANOVA  with  handedness  and  gender  as  between  

subject  factors  showed   that  there  was  no  significant  interaction  between  

the  two  variables. F=0.131,  p > 0.05.  In  both  the  handedness  groups,  

males  and  females  showed  similar  IHTTs. 

 

COMPARISON  OF  DIRECTION  OF  IHTT 

IHTTs  were  analysed  further  by  using  a  two-way  mixed  ANOVA,  

with  handedness  as  the  between – subjects  factor  and  direction  of  transfer  

as  the  within – subjects  factor.  Analysis  shows  that  interaction  between  

handedness  and  transfer  direction  is  significant  F (1,104) = 25.65,  p<0.05.  

Post-hoc  pairwise  comparisons  were  done.  IHTT  was  faster  from  right-to-

left  (M= 6.78)  than  from  left-to-right  direction  (M = 12.00)  in  the right-

handed  particpats,  p < 0.05.  There  was  a  directional  asymmetry  in  left-

handers  but  it  did  not  approach  significant  levels, (right-to-left, M = 7.29; 

left-to-right, M= 9.04),  p=0.709.  These  results  are  depicted  in  Figure 7 
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Figure 7 Relationship between handedness and direction of transfer 

 

  

COMPARISON OF MEAN IHTT FROM P100 & N145 

 As  represented  in  the  Figure,  P100  estimates  of  IHTT  were  

significantly  smaller  than  N145  estimates,  p < 0.05,  with  the average  

IHTTm  being  8.78ms  for  P100  estimates  and  9,84  for  N145  estimates. 
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Figure 8 comparison of IHTT from P100 and N145 data 
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CORRELATION BETWEEN IHTTm AND DEGREE OF 
HANDEDNESS   
 Pearson’s  coefficients  there  was  no  significant  correlation  among  

these  variables  in  both  left  and  right-handers.   

 
 
Table 7 Correlation Coefficients between LQ and IHTTm for handedness 
groups 

 LEFT-HANDERS RIGHT-HANDERS 
PEARSONS 

COEFFICENT (r) 0.082 -0.076 

P VALUE 0.564 0.583 
SIGNIFICANCE Not significant Not significant 

  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9 LQ Vs IHTTm for Left-handers 
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Figure 10  LQ Vs IHTTm for Right-handers 
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DISCUSSION 

 

Principal  objective  of  the  present  study  was  to  determine  whether  

the  Inter-hemispheric  Transfer  Time  shows  any  variation  with  

handedness.  Two  aspects  of  IHTT  have  been  dealt  with,  namely  the  

overall  IHTTm  and  the  directional  asymmetry.  Since  IHTTs  were  

calculated  from  Visually  Evoked  Potentials,  the  latencies  of  the  VEPs  

were  also  analysed  to  explore  the  possible  effects  of  stimulated  hemi-

field  and  site  of  recording  electrode.  Finally,  the  effect  of  degree  of  

handedness  on  IHTTm  was  explored.  

 

DISTRIBUTION  OF  HANDEDNESS 

The  data  collected  from  EHI  produced  an  irregular  distribution  of  

laterality  quotients.  The  expected  distribution  in  the  general  population  is  

a  J-shaped  curve  with  a  bimodal  distribution  as  described  by  the  Flinders  

Handedness  survey85,  Oldfield12  and  Seddon & McMannus39. 

 

  The  present  study  did  not  demonstrate  bimodality  probably  due  to  

a  lack  of  strong  left-handers  in  the  sample. This  lack  of  strong  

handedness  among  left-handers  has  been  attributed  to  some  degree  of  

adaptation  to  survive  in  the  environment  that  generally  favours  right-

handers12. 
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GENDER  DIFFERENCES 

 Among  the  left-handers,  35%  were  females  and  65%  were  males  

and  in  right-handers,  45%  were  females  and  55%  were  males.  Similar  to  

the  current  findings,  Nicholls et al’s  report  on  the  Flinders  Handedness  

survey  showed  that  females  were  less  likely  to  be  classified  as  left-

handed  than  males85  

 

But  the  current  findings  are  contradicted  by  the  observation  by  

Swami et al.,  who  observed  two  ethnic  groups  and  found  in  that  Haryana  

population,  82%  of  males  and  73.3%  of  females  were  right  handed  and  

in  Kashmir  87.33%  of  males  and  76.6%  of  females  were  right  handed86. 

 

P100  AND  N145  LATENCY 

For  the  left-handed  and  right-handed  groups,  latencies  of  P100  and 

N145  were  determined  for  all  four  Visual  field – Electrode  site  

conditions.  Both  P100  and  N145  latencies  showed  similar  trends.  So  

further  analysis  was  done  using  P100  latency  as  it  is  the  first  and  most  

consistent  wave  to  appear.16,60,61     
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EFFECT  OF  HANDEDNESS,  VISUAL  FIELD  AND  
RECORDING  SITE 
 

The  P100  latency  depended  on  which  field  was  stimulated  and  

from  which  electrode  recording  was  done.  This  was  also  affected  by  the  

fact  that  whether   the  subject  was  left-handed  or  right  handed.  Overall,  

the  latency  was  minimum,  (that  is  the  response  was  fastest)  for  right-

handers  when  the  right  visual  field  was  stimulated  and  recording  was  

done  by  the  left  sided  electrode (O1).  In  the  present  study,  there  were  

significant  main  effects  of  visual  field  and  electrode  site  and  significant  

interaction  between  handedness x visual  field  and  handedness  x  electrode  

site.  There  was  also  a  higher  order  interaction  between  handedness x 

visual  field x electrode  site. Furthermore,  latencies were significantly longer 

in crossed conditions  (LVF-O1  and  RVF-O2)  than uncrossed conditions  

(RVF-O1  and  LVF-O2)  in  both  left-  and  right-handers. 

 

This  is  in  agreement  with  the  findings  of  Boyson87  who  has  

reported  that,  for  P1  latencies  there  was  a  significant  effect  of  Visual  

Field,  such  that  stimulation  of  the  RVF  yielded  shorter  latencies   

compared  to  LFV  stimulation.  There  was  a  significant  interaction  

between  Visual  Field x Electrode  Site,  indicating  that  latencies  were  

significantly  longer  over  the  ipsilateral  electrode  than  that  placed  over  

the  contralateral  electrode  in  response  to  unilaterally  presented  stimuli. 
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Also,  these  findings  were  concordant  with  those  of  Saron  and  

Davidson,  where  data  were  in  the  directions  predicted  anatomically,  with  

latencies  being  shorter  from  the  electrodes  placed  over  the  hemisphere  

that  received  direct  stimulus. In  their  study,  two  interactions  were  of  

particular  significance:  RVF x stimulated  hemispheres,  and  left  hemisphere  

X  stimulated  visual  fields.  No  other  two-  or  three-way  interactions  were  

found16. 

 

However,  Gott  and  Boyarsky  reported  data  that  contradicted  the  

current  findings.  They  concluded  that  the  latency  of  the  responses  from  

the  right  hemisphere  of  the  left-handed  subjects was  longer  than  that  

from  the  right  hemisphere  of  right-handed  subjects88.Mecacci,  Spinelli  &  

Viggiano  studied  the  hemispheric  differences  among  left-handers  and  

found  that   there  was  no  asymmetry  in  VEP  latency  between  the  two  

hemispheres89. The  event  related  potential  (ERP)  experiment  by  Ipata  et  

al.,  concluded  that  the  direct  pathways  showed  shorter  latencies  compared  

to indirect  pathways45. 

 

 The  obvious  reasons  for  obtaining  such  a  result  in  this  present  

study  can  be  attributed  to  the  fact  that,  the  direct  pathway  is  shorter  and  

thus  the  latency  obtained  in  these  conditions  is  shorter.  The  additional  

time  taken  for  the  propagation  of  the  impulse  to  the  opposite  hemisphere  

via  the  crossed  pathway  gives  the  estimate  of  Inter-hemispheric  transfer  

time.  
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Sometimes, in  some  individuals,  the  neural  handedness  does  not  

correspond   with  behavioural  handedness.  This might  be  the  reason  for  

the  latencies  being  opposite  to  the  anatomically  predicted  direction,  in  a  

few  subjects  who  were  excluded  from  analysis90. 

 

MEAN  INTER-HEMISPHERIC  TRANSFER  TIME 

 The  values  of  mean  IHTTm  ranged  from  3ms  to  12.5ms.  The  

mean  for  left-handers  was  8.16ms  and  that  for  right-handers  was  9.34ms.  

This  is  consistent  with  the  evoked  potential  estimates  of  IHTT  by  Saron  

and  Davidson,  which  was  in  the  range  of  6.8ms16  and  

electrophysiological  study  by  Ipata  et  al.,  which  showed  a  mean  IHTT  of  

12.54ms45.According  to  a  meta-analysis  by  Bashore,  the  average  IHTT  

obtained  by  simple  Reaction  Time  method  across  studies  is  

approximately  3ms  and  it  was  approximately  4ms  as  reported  by  Marzi  

et  al91. Average  IHTTs  of  3.43ms   and   5.54ms  were  reported  for  visual  

tasks  and  tactile  tasks  respectively  in  a  study  by  Fendrich,  Hutsler  and  

Gazzaniga92. The  IHTT  obtained  in  the  present  study  are  much  higher  

when  compared  to  the  aforementioned  reaction  time  methods. This  is  

consistent  with  literature  where  it  is  observed  that  IHTT  reported  in  

studies  using  RTs  and   evoked  potentials  are  different.  IHTT  obtained  

from  electrophysiological  investigations  are  higher  than  those  from  simple  

RT  measures16,83. 
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The  reason  for  this  observation  is  speculated  as  follows: the  simple  

paradigm  which  was  first  introduced  by  Poffenberger  is  a  measure  

dependent  on  reaction  times.  Saron  and  Davidson16  note  that,  in  order  to  

be  able  to  achieve  an  IHTT  of  3ms,  the  callosal  axons  would  have  to  

be  large  in  diameter  and  myelinated.  But,  in  reality,  such  axons  account  

for  only  about  10%  of  the  neurons  in  the  brain.  Iacoboni  and  Zaidel91  

provide  support  for  this  conclusion.  

 

It  was  inferred  that,  as  such,  the  CUD  obtained  from  RT  methods  

is  an  unstable  measure  of  IHTT.  Saron  and  Davidson  also  made  a  direct  

comparison  of  CUD  and  ERP  derived  measures  of  IHTT.  Results  

showed  that  some  RT  measure  had  negative  values  which  is  anatomically  

impossible.  ERP  measures  consistently  provided  more  reliable  results  that  

were  in  the  direction  predicted  anatomically.  It  was  concluded  that  the  

CUD  is  only  a  reflection  of  the  time  taken  for  neurons  to  reach  the  

threshold  for  activation  and  not  callosal  transfer.   More  contemporary  

studies  done  using  trans cranial  magnetic  stimulation  have  yielded  

estimates  of  callosal  transmission  rates  that  are  in  the  range  of  

8.08msec83.  Another  probable  reason  for  the  large  difference  between  

IHTT  by  evoked  potentials  and  that  obtained  by  RT  method  may  be  

because  in RT  methods,  since  the  subject  performs  the  task,  anticipatory  

responses  may  be  more,  that  is,  the  subjects  respond  even  before  the  

stimulus  reaches  the  motor  cortex. 
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P100  AND  N145  VARIATIONS  IN  IHTTm 

 It  is  evident  in  this  study  that  IHTTm  obtained  from  P100  

latencies  is  significantly  lesser  than  that  obtained  from  N145  latencies.  It  

is  postulated  that  P100  and  N145  represent  different  processing  pathways  

and  hence  account  for  the  differences  in  the  transfer  time.  The  voltage  

generator  for  P100  is  considered  to  be  the  dorsal  extrastriate  cortex  of  

the  middle  occipital  gyrus,  at  the  border  of  Brodmann’s  Areas  18  and  

19. The  later  negative  component  N145  is  probably  generated  from  

several  areas68–71. According  to  Clark,  Fan  and  Hillyard70,  at  least  three  

distinct  neural  generators  were  identified.  P100  is  therefore  restricted  

mainly  to  the  posterior  occipital  sites  whereas  N145  can  be  obtained  in  

lateral  occipital  and  posterior  temporal  sites  as  well45.  It  can  be  reasoned  

out  from  the  findings  that,  different  callosal  channels  are  involved  in  the  

relay  of  visual  information  and  they  do  so  at  different  velocities. 

 

IHTT  AND  HANDEDNESS 

 The  results  of  analysis  of  the  overall  IHTTm  give  a  clear  

evidence  of  a  shorter  IHTT  among  left-handed  subjects,  suggesting more  

efficient  transfer  of  information  between  the  cerebral  hemispheres. 

Evidence  from  literature  suggests  that  handedness  can  affect  IHTT. Some  

studies  have  found  that  left-handers  have  a  shorter  IHTT  than  right-

handers.   
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Cherbuin  and  Brinkman80  analysed  the  IHTT and inter-hemispheric  

interaction  (IHI)  and  found  that  left-handers  showed  more  efficient  

hemispheric  interactions.  Bernard  and  Seidler93  found  that  there  were  

significant  differences  between  CUDs  of  left-  and  right-handers.  Left-

handers  produced  significantly  faster  CUDs.  These  are  consistent  with  

anatomical  evidence  suggesting  the  left-handers  may  have  increased  

interhemispheric  connectivity. This  is  similar  to  the  findings  that,  IHTT  

of  left-handers  was  8ms  faster  than  those  of  right-handers  in  a  study  

done  by  Geffen,  Rosa  and  Luciano94.   

 

 However,  according  to  Emily  Howe,  there  were  no  differences  in  

the  IHTT  among  the  handedness  groups90. The  study  by  Bernard  et  al  

gave  further  evidence  to  the  inference  that  there  was  no  significant  

difference  in  IHTT  between  right  and  left-handers  according  to  reaction  

time  methods.93  On  comparing  Inter-  and  intra-hemispheric  processing  for  

left-  and  right-handers,  Banich,  Goering,  Stolar,  Belger79  opined  that  

inter-hemispheric  processing  may  not  differ  between  right-  and  left-

handers.  In  general,  difference  in  IHTT  between  handedness groups  could  

be  appreciated  in  most  of  the  studies  using  evoked  potentials  rather  than  

reaction  time  methods.  This  is  probably  due  to  the  elimination  of  

confounding  factors  like  hand  preference  and  motor  pathways  in  the  case  

of  evoked  potential  methods. 
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It  is  evident  from  the  above  described  studies  that  left-handers  

display  a  more  efficient  inter-hemispheric  interaction.  This  has  been  

attributed  to  the  greater  anisotropy  found  in  the  corpus  callosum  of  these  

individuals,  which  may  indicate  a  higher  density  and  number  of  

myelinated  fibres.  Therefore  inter-hemispheric  connectivity  is  more  

streamlined.  This  might  significantly  contribute  to  faster  mean  IHTTs  in  

left-handers  than  in  right-handers36,46–48.  

 

GENDER  DIFFERENCES 

 There  were  no  significant  gender  differences  for  IHTT  in  this  

study.  According  to  Boyson87  gender  does  not  seem  to  affect  IHTT.  

Banich,  Goering,  Stolar  and  Belger  also  conclude  that  sex  does  not  

affect  the  pattern  of  inter-hemispheric  transfer79. 

   

 

DIRECTIONAL  ASYMMETRY 

 It  was  observed  in  the  current  study  that  in  both  left-handers  and  

right-handers,  directional  asymmetry  was  present.  In  both  the  groups,  

right-to-left  transfer  was  faster  than  left-to-right.  However,  this  asymmetry  

was  significant  in  right-handers  while  it  failed  to  approach  significance  

in  left  handers.  
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 Clear  support  for  this  hypothesis  has  been  provided  by Iwabuchi  

and  Kirk15,  who,  by  means  of  electrophysiological  methods  showed  that  

IHTT  was  asymmetric  in  the right-handed  group  alone,  in  whom  in  the  

right-to-left  direction  IHTT  significantly  shorter  than  in  left-to-right  

direction.  On  the  other  hand,  such  directional  asymmetry  was  absent  in  

the  left-handed  group. 

 

Brown  et  al55  report  a  significant  directional  asymmetry, i.e.  IHTT  

is  faster  for  transmission  from  R-L  hemisphere,  than  from  L-R,  in  their  

meta-analysis  of  eighteen  study  papers  done  on  IHTTs  measured  by  

VEPs. 

 

IHTT  is  faster  from  right  hemisphere  to  left  than  the  other  way  

round  as  shown  by  Ipata  et  al45.  This  is  in  keeping  with  the  overall  

superiority  of  right  hemisphere  for  visuo-spatial  functions  in  right-handers  

and  most  of  the  left-handers95.  That  is,  in  most  of  the  individuals,  the  

left  hemisphere  is  dominant  for  language  and  the  right  for  visuo-motor  

and  visuo-spatial  skills95,96.  According  to  Grabowska,  Herman,  Nowicka,   

Szatkowska  and  Szelqgright,  in  right-handed  subjects, right  hemispheric  

dominance  is  found  and  in  left-handed  subjects  either  hemispheric  

equipotentiality  or  an  opposite  direction  asymmetry is  seen  for  visuo-

spatial  skills. 
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Faster   transfer  of  information  from  the  right  side  by  the  

participants  suggests  that  more  number  of cortico–cortical  axons  that  have  

faster  conduction  velocities  originate  in  the  right  hemisphere.  On  the  

other  hand,  the  nerve  fibres  arising  from  the  left  hemisphere  have  more  

delays  in  conduction53.  Because  of  this,  in  right-handers,  the left  

hemisphere  supports  serial  processing  and  right  hemisphere  preferentially  

supports  parallel  processing.  This  may  form  the  basis  for  the  pattern  of  

hemispheric  lateralization  seen  in  humans.  The  development  of  language  

functions  needs  such  serial  processing  pathways  while  on  the  other  hand,  

visuo-spatial  skills  require  more  of  parallel  processing  pathways.  

 

 So,  it  is  thought  that  the  differences  in  the  neuronal  architecture  

between  hemispheres  might  have  led  to  left  hemisphere  being  dominance  

for  language  and  speech  functions.  For  other  cognitive  functions  like  

visuo-spatial processing  the  right  hemisphere  is  the  dominant  one3.  This  

suggests  that  since  in  left-handers,  the  neurons  of  both  the  hemispheres  

have  almost  similar  conduction  delays,  this  asymmetry  is  less  

pronounced.  All  put  together,  this  may  underlie  the  more  bilateral  

representation  of  many  functions  like  language  and  visuo-spatial  attention,  

that  is reported  in  left-handers4,8.There  are  other  explanations  possible  for  

the  existence  of  this  asymmetry.  For  instance,  the asymmetry  may  also  

be  due  to  a  greater  number  of  fibres  crossing  from  right  to  left  than  left  

to  right  in  right  handers16,45. 
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 In  addition,  the  anatomical  asymmetries  found  in  the  planum   

parietale  and  in  the  grey  matter  of  temporal,  parietal  and  occipital  

cortices  may  also  contribute  to  directional  asymmetries  in  IHTT23,36,95,96. 

 

DEGREE  OF  HANDEDNESS  AND  IHTTm 

Contrary  to  expectations,  there  was  no  significant  correlation  

between  Inter-hemispheric  Transfer  Time  and  degree  of  handedness.  The  

findings  Cherbuin  and  Brinkman80  support  this,  whereas  Bernard  et  al.,  

in  their  study  have  shown  that  degree  of  handedness  and  laterality  are  

associated  with  inter-hemispheric  communication. 

 

The  degree  of  handedness  was  calculated  based  on  Edinburgh  

Handedness  inventory  which  is  a  subjective  questionnaire.  This  may  

account  for  the  lack  of  any  significant  correlation  between  degree  of  

handedness  and  IHTTm.  To  overcome  this  pitfall,  a  more  comprehensive  

inventory  based  on  both  preference  and  performance  measures  needs  to  

be  devised.  This  would  provide  a  more  meaningful  and  accurate  

classification  of  handedness.   
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SUMMARY 

 

 Mean  IHTTs  varied  significantly  between  left-handers  and  right-

handers  with  the  left-handers  showing  a  faster  inter-hemispheric  

communication. 

 

 Directional  asymmetry  was  present  in  both  left-handers  and  right-

handers,  with right-to-left  transfer  being  faster  than  left-to-right. 

This  asymmetry  was  significant  in  right-handers  while  it  failed  to  

approach  significance  in  left  handers. 

 

 

 There  was  no  significant  correlation  between  IHTT and  degree  of  

handedness. 

 

 The  P100  latency  depended  on  which  field  was  stimulated  and  

from  which  electrode  recording  was  done.  This  was  also  affected  

by  the  fact  that  whether   the  subject  was  left-handed  or  right  

handed.   

 

 Crossed   conditions  displayed  a  longer  latency  than  uncrossed  

conditions  in  both  left-  and  right-handers.
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CONCLUSION 

 

How  the  two  hemispheres  of  the  brain  communicate  and  interact  

is  a  major  subject  in  exploring  on  hemispheric  organization.  Functional  

specialisation  of  the  hemispheres  requires  communication  between  the  

two  hemispheres.  Any  dysfunction  in  this  process  may  lead  on  to  

various  neuro-psychiatric  disorders,  like  schizophrenia,  dyslexia  and  

ADHD. Inter-hemispheric  transfer  time  is  an  important  parameter  that  

gives  an  idea  about  callosal  function. 

 

The  most  obvious  manifestation  of  cerebral  lateralization  is  hand  

dominance  which  has  been  studied  extensively  in  association  with  many  

cognitive functions.  However,  it  is  still  not  clearly  understood  how  

handedness  affects  inter-hemispheric  processing of  information.  It  has  

been  suggested  that  IHTT  is  asymmetric  in  right-handers  due  to  

differences  in  the  neuronal  cyto-architecture  of  the  right  and  left  

hemisphere,  and  that  these differences  are  less  evident  in  left  handers.   

 

Results  of  this  study  suggest  that  handedness  does  influence  inter-

hemispheric  transmission. IHTT  was  calculated  using  the  latencies  of  

visually  evoked  potentials  for  lateralized  visual  stimuli  and  existence  of  

directional  asymmetry  was  confirmed.  Furthermore,  differences  in  this  

asymmetry  between  left-handers  and  right-handers  was  ascertained. 
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  The  influence  of  handedness,  stimulated  field  and  site  of  

electrode  placement  on  the  peak  latencies  of  evoked  potentials  was  

studied.  In  conclusion,  the  current  findings  demonstrate  a  substantial  

impact  of  handedness  on  neural  mechanisms  involved  in  transmitting  

visual  inputs  across  the  hemispheres.  

 

LIMITATIONS  OF  THE  PRESENT  STUDY 

 The  recruitment  of  study  population  was  based  on  purposive  

sampling.  In  order  to  get  a  clearer  view  of  the  characteristics  of  left-

handers,  a  larger  population  has  to  be  studied. 

  

More  number  of  lateral  occipital  and  temporal  electrodes  have  to  

be  placed,  to  simultaneously  study  the  effects  at  different  sites  over  the  

scalp.  This  could  not  be  done  in  the  present  study  due  to  technical  

limitations. 

  

Another  aspect  requires  further  investigation  namely,  the  type  of  

stimulus  used.  Further  research  has  to  be  done  by  varying  the  pattern,  

contrast  and  mode  of  presentation  of  the  stimuli. 

 

The  effect  of  handedness  on  IHTT  has  not  commonly  been  

estimated  using  VEP,  and  some  of  the  results  that  have  been  obtained  in  
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this  study  have  not  been  found  in  prior  studies.  Hence,  replication  is  

required  before  firm  conclusions  can  be  made.  The  present  work  is  

therefore  unable  to  provide  any  further  explanation  to  the  inconsistencies  

found  in  the  literature.   

 

A  major  problem  faced  during  electrophysiological  experiments  

such  as  the  present  study  is  a  lack  of  uniform  standards  for  carrying  out  

the  experiment  across  laboratories.  A  standardized  procedure  has  to  be  

devised  regarding  stimulus  presentation,  electrode  site  and  recording  for  

such  investigations,  to  allow  direct  comparison. 

 

FUTURE  SCOPE  OF  THE  STUDY 

Identifying  the  physiological  correlates  and  functional  domains  of  

handedness  may  prove  valuable  for  further  research  on  cerebral  

asymmetries,  for  example,  at  genetic  level,  and  for  providing  new  

avenues  for  the  further  exploration  of  association  between  handedness,  

laterality  and  other  aspects  of  cerebral  functions  like  cognition,  learning,  

memory,  etc. A  promising  future  approach  for  further  studying  the  

relationship  between  lateralization  and  inter-hemispheric  transmission  will  

be  to  specifically  recruit  a  larger  population  of  left-handers,  in  sufficient  

numbers,  followed  by  assessments  of  electrophysiological  and  

neuropsychological  testing.



 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

BIBLIOGRAPHY 

 
 

 

 
 

 

 



 

 
 

 

BIBLIOGRAPHY 

1.  McMannus IC, Sik G, Cole DR, Mellon AF, Wong J, Kloss J. The 

development of handedness. British Journal of Developmental 

Psychology. 1988;6:257–73.  

2.  Uomini NT. The prehistory of handedness: Archaeological data and 

comparative ethology. Journal of Human Evolution. 2009;57(4):411–9.  

3.  International Left-handers Day [Internet]. [cited 2015 Aug 25]. Available 

from: https://en.wikipedia.org/wiki/International_Lefthanders_Day 

4.  Ocklenburg S, Hirnstein M, Beste C, Güntürkün O. Lateralization and 

cognitive systems. Frontiers in Psychology. 2014;(October):1–10.  

5.  McManus IC. The history and geography of human handedness. In: 

Sommer I, Kahn R, editors. Language Lateralization and Psychosis. 1st 

ed. Cambridge, UK: Cambridge University Press; 2009. p. 37–57.  

6.  Dominant Hemisphere. In: The American Heritage medical dictionary. 

2nd ed. Boston: Houghton Mifflin Co; 2007.  

7.  Berker EA, Berker AH, Smith A. Translation of Broca’s 1865 report. 

Localization of speech in the third left frontal convolution. Archives of 

neurology. 1986;43(10):1065–72.  

https://en.wikipedia.org/wiki/International_Lefthanders_Day


 

 
 

8.  Knecht S, Dräger B, Deppe M, Bobe L, Lohmann H, Flöel A, et al. 

Handedness and hemispheric language dominance in healthy humans. 

Brain : a journal of neurology. 2000;123:2512–8.  

9.  McMannus IC, Bryden MP. Geschwind’s Theory of Cerebral 

Lateralization: Developing a formal, Causal Model. Psychological 

Bullettin. 1991;110(2):237–53.  

10.  Annett M. Handedness in Twins : the right shift theory. 1986.  

11.  Annett M. Handedness and Brain Asymmetry : The Right Shift Theory. 

1st ed. Psychology Press; 2001. 416 p.  

12.  Oldfield RC. The Assessment and Analysis of Handedness : The 

Edinburgh Inventory. Neuropsychologia. 1971;9:97–113.  

13.  Corpus Callosum [Internet]. [cited 2015 Aug 18]. Available from: 

http://en.wikipedia.org/wiki/Corpus_callosum 

14.  Gazzaniga MS, Bogen JE, Sperry RW. Some funtional effects of 

sectioning the cerebral commissures in man.Psychology.1962;48:1765–9.  

15.  Iwabuchi SJ, Kirk IJ. Atypical interhemispheric communication in left-

handed individuals. Neuroreport. 2009;20(2):166–9.  

http://en.wikipedia.org/wiki/Corpus_callosum


 

 
 

16.  Saron CD, Davidson RJ. Visual evoked potential measures of 

interhemispheric transfer time in humans. Behavioral neuroscience. 

1989;103(5):1115–38.  

17.  Hiatt KD, Newman JP. Behavioral evidence of prolonged 

interhemispheric transfer time among psychopathic offenders. 

Neuropsychology. 2007;21(3):313–8.  

18.  Knight AM. Interhemispheric Transfer Of Praxis Information Using 

Probable Alzheimer’s Disease As A Model For Disconnection Apraxia. 

University of Florida; 2005.  

19.  Sperry R. Consciousness, personal identity and the divided brain. 

Neuropsychologia. Elsevier BV; 1984;22(6):661–73.  

20.  Subrahmanyam S, Madhavankutty K, Singh HD. A Textbook of Human 

Physiology. 6th ed. New Delhi: S. Chand & Company Ltd.; 2010.  

21.  Geschwind N, Levitsky W. Human Brain: Left-Right Asymmetries in 

Temporal Speech Region. Science. American Association for the 

Advancement of Science (AAAS); 1968;161(3837):186–7.  

22.  Galaburda AM, Corsiglia J, Rosen GD, Sherman GF. Planum temporale 

asymmetry, reappraisal since Geschwind and Levitsky. 

Neuropsychologia. Elsevier BV; 1987;25(6):853–68.  



 

 
 

23.  Watkins KE, Paus T, Lerch JP, Zijdenbos A, Collins DL, Neelin P, et al. 

Structural Asymmetries in the Human Brain: a Voxel-based Statistical 

Analysis of 142 MRI Scans. Cerebral Cortex. Oxford University Press; 

2001;11(9):868–77.  

24.  LeMay M. MORPHOLOGICAL CEREBRAL ASYMMETRIES OF 

MODERN MAN, FOSSIL MAN, AND NONHUMAN PRIMATE. 

Annals of the New York Academy of Sciences. Wiley-Blackwell; 

1976;280(1 Origins and E):349–66.  

25.  Scheibel AB, Paul LA, Fried I, Forsythe AB, Tomiyasu U, Wechsler A, 

et al. Dendritic organization of the anterior speech area. Experimental 

Neurology. Elsevier BV; 1985;87(1):109–17.  

26.  Rosen GD. Cellular, Morphometric, Ontogenetic and Connectional 

Substrates of Anatomical Asymmetry. Neuroscience & Biobehavioral 

Reviews. Elsevier BV; 1996;20(4):607–15.  

27.  Guyton AC, Hall JE. Cerebral Cortex, Intellectual Functions of the 

Brain, Learning and Memory. In: Hall JE, editor. Textbook of Medical 

Physiology: With STUDENT CONSULT Online Access (Textbook of 

Medical Physiology). 11th ed. Philadelphia: Elsevier Health Sciences; 

2005. p. 714–27.  



 

 
 

28.  Önal-Hartmann C, Pauli P, Ocklenburg S, Gunturkun O. The motor side 

of emotions: investigating the relationship between hemispheres, motor 

reactions and emotional stimuli. Psychological Research. Springer 

Science + Business Media; 2011;76(3):311–6.  

29.  Thoma P, Soria Bauser D, Norra C, Brüne M, Juckel G, Suchan B. Do 

you see what I feel? – Electrophysiological correlates of emotional face 

and body perception in schizophrenia. Clinical Neurophysiology. 

Elsevier BV; 2014;125(6):1152–63.  

30.  Arning L, Ocklenburg S, Schulz S, Ness V, Gerding WM, Hengstler JG, 

et al. PCSK6 VNTR Polymorphism Is Associated with Degree of 

Handedness but Not Direction of Handedness. Ginsberg SD, editor. 

PLoS ONE. Public Library of Science (PLoS); 2013;8(6):e67251.  

31.  Mcmanus IC. The Inheritance of Left-Handedness. In: Ciba Foundation 

Symposium 162 - Biological Asymmetry and Handedness.              

Wiley-Blackwell; 2007. p. 251–81.  

32.  Mcmanus IC, Davison A, Armour J a L. Multilocus genetic models of 

handedness closely resemble single-locus models in explaining family 

data and are compatible with genome-wide association studies. Annals of 

the New York Academy of Sciences. 2013;1288(1):48–58.  

 



 

 
 

33.  Van Agtmael T, Forrest SM, Williamson R. Parametric and non-

parametric linkage analysis of several candidate regions for genes for 

human handedness. European Journal of Human Genetics. Nature 

Publishing Group; 2002;10(10):623–30.  

34.  Siddiqui TJ, Pancaroglu R, Kang Y, Rooyakkers A, Craig AM. LRRTMs 

and Neuroligins Bind Neurexins with a Differential Code to Cooperate in 

Glutamate Synapse Development. The Journal of Neuroscience. Society 

for Neuroscience; 2015 Aug 21;30(22):7495.  

35.  Khurana I. Some higher functions of nervous system. In: Khurana I, 

editor. Textbook of Medical Physiology. 1st ed. India: Elsevier;              

2006. p. 1125–39.  

36.  Guadalupe T, Willems RM, Zwiers MP, Arias Vasquez A, Hoogman M, 

Hagoort P, et al. Differences in cerebral cortical anatomy of left- and 

right-handers. Frontiers in Psychology. 2014;5(MAR):1–8.  

37.  Williams SM. Handedness inventories: Edinburgh versus                   

Annett. Neuropsychology. American Psychological Association (APA); 

1991;5(1):43–8.  

  



 

 
 

38.  Dragovic M. Towards an improved measure of the Edinburgh 

Handedness Inventory: A one‐factor congeneric measurement model 

using confirmatory factor analysis. Laterality: Asymmetries of Body, 

Brain and Cognition. Informa UK; 2004;9(4):411–9.  

39.  Seddon BM, McMannus IC. The incidence of left-handedness: a meta-

analysis. Bock GR, Marsh J, editors. Biological asymmetry and 

handedness. 1993.  

40.  Llaurens V, Raymond M, Faurie C. Why are some people left-handed? 

An evolutionary perspective. Philosophical Transactions of the Royal 

Society B: Biological Sciences. The Royal Society; 

2009;364(1519):881–94.  

41.  Ocklenburg S, Beste C, Arning L. Handedness genetics: considering the 

phenotype. Frontiers in Psychology. Frontiers; 2015.  

42.  Morillon B, Lehongre K, Frackowiak RSJ, Ducorps A, Kleinschmidt A, 

Poeppel D, et al. Neurophysiological origin of human brain asymmetry 

for speech and language. Proceedings of the National Academy of 

Sciences. Proceedings of the National Academy of Sciences; 

2010;107(43):18688–93.  



 

 
 

43.  Bloom JS, Hynd GW. The role of the corpus callosum in 

interhemispheric transfer of information: Excitation or inhibition? 

Neuropsychology Review. 2005;15(2):59–71.  

44.  Van der Knaap LJ, van der Ham IJM. How does the corpus callosum 

mediate interhemispheric transfer? A review. Behavioural Brain 

Research. Elsevier B.V.; 2011;223(1):211–21.  

45.  Ipata A, Girelli M, Miniussi C, Marzi CA. Interhemispheric transfer of 

visual information in humans: The role of different callosal channels. 

Archives Italiennes de Biologie. 1997;135:169–82.  

46.  Van der Knaap LJ, van der Ham IJM. How does the corpus callosum 

mediate interhemispheric transfer? A review. Behavioural Brain 

Research. Elsevier BV; 2011;223(1):211–21.  

47.  Aboitiz F,  Scheibel  AB,  Fisher  RS,  Zaidel  E. Fiber composition of 

the human corpus callosum. Brain Research. Elsevier BV;     

1992;598(1-2):143–53.  

48.  Wahl M, Lauterbach-Soon B, Hattingen E, Jung P, Singer O, Volz S, et 

al. Human motor corpus callosum: topography, somatotopy, and link 

between microstructure and function. The Journal of neuroscience : the 

official journal of the Society for Neuroscience. 2007;27(45):12132–8.  



 

 
 

49.  Finger S. Minds Behind the Brain: A History of the Pioneers and Their 

Discoveries. Oxford University Press, USA; 2000.  

50.  Brinkman J, Kuypers HGJM. Cerebral control of contralateral and 

ipsilateral arm, hand and finger movements in the split-brain rhesus 

monkey. Brain. Oxford University Press (OUP); 1973;96(4):653–74.  

51.  Bourne V. The divided visual field paradigm: Methodological 

considerations. Laterality: Asymmetries of Body, Brain, and Cognition. 

Informa UK; 2006;11(4):373–93.  

52.  Marzi CA. The Poffenberger paradigm: a first, simple, behavioural tool 

to study interhemispheric transmission in humans. Brain Research 

Bulletin. Elsevier BV; 1999;50(5-6):421–2.  

53.  Poffenberger AT. Reaction time to visual stimulation. Archives of 

psychology. 1912;21(1):1–66.  

54.  Nalcaci E, Basar-Eroglu C, Stadler M. Visual evoked potential 

interhemispheric transfer time in different frequency bands. Clinical 

Neurophysiology. Elsevier BV; 1999;110(1):71–81.  

55.  Brown WS, Larson EB, Jeeves MA. Directional asymmetries in 

interhemispheric transmission time: Evidence from visual evoked 

potentials. Neuropsychologia. Elsevier BV; 1994;32(4):439–48.  



 

 
 

56.  Gott PS, Hughes EC, Binggeli RL. Interhemispheric transmission: 

assessment with vibratory somatosensory evoked potentials. International 

journal of neuroscience. 1985;27(1-2):121–30.  

57.  Bamiou D-E, Free SL, Sisodiya SM, Chong WK, Musiek F, Williamson 

KA, et al. Auditory Interhemispheric Transfer Deficits, Hearing 

Difficulties, and Brain Magnetic Resonance Imaging Abnormalities in 

Children With Congenital Aniridia Due to PAX6 Mutations. Archives of 

Pediatrics & Adolescent Medicine. American Medical Association 

(AMA); 2007;161(5):463.  

58.  Walsh P, Kane N, Butler S. The clinical role of evoked potentials. 

Journal of Neurology, Neurosurgery & Psychiatry. BMJ; 

2005;76(suppl_2):ii16–22.  

59.  Bradley WG, Darof RB, Fenichel GM, Jankovie J. Laboratory 

investigations in Diagnosis and Management of Neurological Diseases. 

In: Bradley WG, editor. Neurology in clinical practice. 4th ed. 

Philadelphia, PA: Butterworth-Heinemann; 2004. p. 459–65.  

60.  Odom JV, Bach M, Brigell M, Holder GE, McCulloch DL, Tormene AP, 

et al. ISCEV standard for clinical visual evoked potentials (2009 update). 

Documenta Ophthalmologica. 2010;120(1):111–9.  



 

 
 

61.  Recommended Standards for Visual System Evoked Potentials. Journal 

of Clinical Neurophysiology. Ovid Technologies (Wolters Kluwer 

Health); 1986;3:54–70.  

62.  Bach M, Holder GE, Nusinowitz S. Principles and Practice of Clinical 

Electrophysiology of Vision, 2nd Edition. 2nd ed. Cambridge, MA [etc.]: 

Bradford Books; 2006.  

63.  Changes In Visual Evoked Potentials Biology Essay [Internet]. 2015. 

Available from: http://www.uniassignment.com/essay-

samples/biology/changes-in-visual-evoked-potentials-biology-essay.php# 

64.  Sihota R, Tandon R, editors. Ocular Examination techniques and ocular 

therapeutics. In: Parsons Diseases of the Eye. 21st ed. India: Elsevier 

India; 2011. p. 89–145.  

65.  Connors BW. Sensory transduction. In: Boron WF, Boulpaep EL, 

editors. Medical Physiology. Updated Ed. United States: W.B. Saunders 

Company; 2008.  

66.  Pal GK. Visual Evoked POtential. In: Pal GK, Pal P, editors. Textbook of 

Practical Physiology. illustrate. Orient Blackswan; 2001. p. 366–9.  

67.  Ikeda H, Nishijo H, Miyamoto K, Tamura R, Endo S, Ono T. Generators 

of visual evoked potentials investigated by dipole tracing in the human 

occipital cortex. Neuroscience. Elsevier BV; 1998;84(3):723–39.  

http://www.uniassignment.com/essay-


 

 
 

68.  Hall SD, Holliday IE, Hillebrand A, Furlong PL, Singh KD, Barnes GR. 

Distinct contrast response functions in striate and extra-striate regions of 

visual cortex revealed with magnetoencephalography (MEG). Clinical 

Neurophysiology. Elsevier BV; 2005;116(7):1716–22.  

69.  Di Russo F, Martinez A, Sereno MI, Pitzalis S, Hillyard SA. Cortical 

sources of the early components of the visual evoked potential. Human 

Brain Mapping. Wiley-Blackwell; 2002;15(2):95–111.  

70.  Clark VP, Fan S, Hillyard SA. Identification of early visual evoked 

potential generators by retinotopic and topographic analyses. Human 

Brain Mapping. Wiley-Blackwell; 1994;2(3):170–87.  

71.  Di Russo F, Pitzalis S, Spitoni G, Aprile T, Patria F, Spinelli D, et al. 

Identification of the neural sources of the pattern-reversal VEP. 

NeuroImage. 2005;24(3):874–86.  

72.  Schmidt KE, Lomber SG, Innocenti GM. Specificity of Neuronal 

Responses in Primary Visual Cortex Is Modulated by Interhemispheric 

CorticoCortical Input. Cerebral Cortex. Oxford University Press (OUP); 

2010;20(12):2776–86.  

73.  Munk MHJ, Nowak LG, Nelson JI, Bullier J. Structural Basis of Cortical 

Synchronization II. Effects of Cortical Lesions. Journal of 

Neurophysiology. 1995;74(6):2401–14.  



 

 
 

74.  Bocci T, Caleo M, Giorli E, Barloscio D, Maffei L, Rossi S, et al. 

Transcallosal inhibition dampens neural responses to high contrast 

stimuli in human visual cortex. Neuroscience. Elsevier BV; 

2011;187:43–51.  

75.  Hugdahl K, Davidson RJ. The Asymmetrical Brain. MIT Press; 2004.  

76.  Frazier TW, Hardan AY. A Meta-Analysis of the Corpus Callosum in 

Autism. Biological Psychiatry. Elsevier BV; 2009;66(10):935–41.  

77.  Lau YC, Hinkley LBN, Bukshpun P, Strominger ZA, Wakahiro MLJ, 

Baron-Cohen S, et al. Autism Traits in Individuals with Agenesis of the 

Corpus Callosum. Journal of Autism and Developmental Disorders. 

Springer Science + Business Media; 2012;43(5):1106–18.  

78.  Van Linschoten R, Clydesdale D, Dierckx B, Mous SE. Midline surface 

area of the corpus callosum in children with attention-

deficit/hyperactivity disorder. Erasmus Journal of Medicine. 

2013;3(2):38–42.  

79.  Banich MT, Goering S, Stolar N, Belger A. Interhemispheric Processing 

in Left- and Right-Handers. International Journal of Neuroscience. 

Informa UK; 1990;54(3-4):197–208.  



 

 
 

80.  Cherbuin N, Brinkman C. Hemispheric interactions are different in left-

handed individuals. Neuropsychology. American Psychological 

Association (APA); 2006;20(6):700–7.  

81.  Vyazovskiy V V, Tobler I. Handedness Leads to Interhemispheric EEG 

Asymmetry During Sleep in the Rat. Journal of Neurophysiology. 

American Physiological Society; 2008;99(2):969–75.  

82.  Pellicano A, Barna V, Nicoletti R, Rubichi S, Marzi CA. 

Interhemispheric vs. stimulus-response spatial compatibility effects in 

bimanual reaction times to lateralized visual stimuli. Frontiers in 

Psychology. Frontiers Media SA; 2013;4.  

83.  Savage CR, Thomas DG. Information Processing and Interhemispheric 

Transfer in Left- and Right-Handed Adults. International Journal of 

Neuroscience. Informa UK; 1993;71(1-4):201–19.  

84.  Berardi N, Bodis-Wollner I, Fiorentini A, Giuffré G, Morelli M. 

Electrophysiological evidence for interhemispheric transmission of 

visual information in man. The Journal of Physiology. Wiley-Blackwell; 

1989;411(1):207–25.  

85.  Nicholls MER, Thomas NA, Loetscher T, Grimshaw GM. The Flinders 

Handedness survey (FLANDERS): A brief measure of skilled hand 

preference. Cortex. Elsevier BV; 2013;49(10):2914–26.  



 

 
 

86.  Swami S, Kumar T, Sharma D, Kaushal S. Effect of hand preference on 

second to fourth digit ratio and its role in sexual dimorphism : a study in 

300 Haryanvi Brahmins and 300 Kashmiri Pandits. 2013;17(4):243–9.  

87.  Boyson A. The effect of age on interhemispheric transfer time: an event 

related potential study. The Plymouth Student Scientist. 2013;6(2):78–

97.  

88.  Gott PS, Boyarsky LL. The relation of cerebral dominance and 

handedness to visual evoked potentials. Journal of Neurobiology. Wiley-

Blackwell; 1972;3(1):65–77.  

89.  Mecacci L, Spinelli D, Viggiano MP. The Effects of Visual Field Size on 

Hemispheric Asymmetry of Pattern Reversal Visual Evoked Potentials. 

International Journal of Neuroscience.Informa UK;1990;51(1-2):141–51.  

90.  Howe E. Hemispheric interaction in simple reaction time as a function of 

handedness. The Plymouth Student Scientist. 2009;2(1):90–107.  

91.  Zaidel E, Iacoboni M. The Parallel Brain: The Cognitive Neuroscience of 

the Corpus Callosum. A Bradford book; 2003.  

92.  Fendrich R, Hutsler J, Gazzaniga M. Visual and tactile interhemispheric 

transfer compared with the method of Poffenberger. Experimental Brain 

Research. Springer Science + Business Media; 2004;158(1):67–74.  



 

 
 

93.  Bernard JA, Seidler RD. Relationships between handedness and 

interhemispheric transfer time. Brain Stimulation: Basic, Translational, 

and Clinical Research in Neuromodulation. Elsevier; 2015. p. 266.  

94.  Geffen G, Luciano M, Rosa V. Effects of Preferred Hand and Sex on the 

Perception of Tactile Simultaneity. Journal of Clinical and Experimental 

Neuropsychology (Neuropsychology, Development and Cognition: 

Section A). 2000 Apr 1;22(2):219–31.  

95.  Toga AW, Thompson PM. Mapping brain asymmetry. Nature reviews 

Neuroscience. 2003;4(1):37–48.  

96.  Grabowska A, Herman A, Nowicka A, Szatkowska I, Szelqg E. 

Individual differences in the functional asymmetry of the human brain. 

Acta Neurobiologiae Experimentalis. 1994;54:155–62.  

 

 

 

 

 

 

 

 



 

 
 

 
 
 
 
 

ANNEXURES 
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It  has  come  to  my  knowledge  that  Dr. M. Sowmya,  post  graduate  

student  in  the  Department  of  Physiology,  Coimbatore  Medical  College  is  

doing  a  research  project  on  “Comparison  of  Inter  Hemispheric  Transfer  

Time  (IHTT)  Among  Left-Handed  And  Right-Handed  Subjects  Using  

Visually  Evoked  Potentials” as  part  of  her  dissertation.  The  procedure  for  

conducting  the  investigations  was  explained  to  me clearly. 

 

I  hereby  give  my  consent  to  participate  in  this  study.  The  data  

obtained  herein  may  be  used  for  research  and  publication. 

  

 

Name  :  

Place  : 

Date  : 

Signature : 
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rk;kjpf;fpnwd;. 
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Comparison  of  Inter  Hemispheric  Transfer  Time  (IHTT)  
Among  Left-Handed  and  Right-Handed  Subjects  Using  
Visually  Evoked  Potentials 

PROFORMA 

Serial No: 

Name: 

Age: 

Sex: 

Occupation: 

Address: 

HISTORY 

Diabetes Mellitus:                                               Hypertension: 

Epilepsy:Other Neurological Diseases: 

Ophthalmological Diseases:                               Chronic drug intake: 

Family history of left handedness: 

GENERAL EXAMINATION 

Vital signs:  

Blood pressure :  

Pulse rate:  

Respiratory rate:  

Clinical examination:  

CVS:  

RS:  

Abdomen:  

CNS: 



 

 
 

OCULAR EXAMINATION 

PARAMETER RIGHT EYE LEFT EYE 

Pupils   

Cornea and conjunctiva   

Strabismus and nystagmus   

Visual Field   

Range of extra ocular movements   

Visual Acuity   

Fundus examination   

 

 

LATERALITY QUOTIENT 

 

 

 

VISUALLY EVOKED POTENTIAL 

VISUAL 
FIELD 

RECORDING 
ELECTRODE 

P100 
LATENCY 
(ms) 

IHTT 
USING 
P100 

N145 
LATENCY 
(ms) 

IHTT 
USING 
N145 

LVF 
O1     

O2   

RVF 
O1     

O2   

 

 

 

 



 

 
 

THE ASSESSMENT AND ANALYSIS OF HANDEDNESS: THE 
EDINBURGH HANDEDNESS INVENTORY 

Have you ever had any tendency to left-handedness? 

Please indicate your preferences in the use of hands in the following activities 

  R L 

1. Writing   

2. Drawing   

3. Throwing   

4. Scissors   

5. Comb   

6. Toothbrush   

7. Knife   

8. Spoon   

9. Hammer   

10. Screwdriver   

11. Tennis racket   

12. Knife (with fork)   

13. Cricket bat (lower hand)   

14. Golf club (lower hand)   

15. Broom (upper hand)   

16. Rake (upper hand)   

17. Striking Match   

18. Opening box   

19. Dealing cards   

20. Threading needle   

 

 

                   Laterality Quotient: 



 

 
 

 

 

 

 

 

 

 

 

 

 

 

MASTER  CHART 
 

 

 



O1 (left) O2 (right) IHTT1(R‐L) O1 O2 IHTT2(R‐L) O1 O2 IHTT1(L‐R) O1 O2 IHTT2(L‐R)
1 17 m ‐77.7 116 110 6 146 138 8 108 118 10 134 145 11 8 9.5
2 17 m ‐76.4 113 108 5 140 132 8 107 116 9 135 144 9 7 8.5
3 17 m ‐86.6 118 104 14 150 144 6 110 119 9 130 143 13 11.5 9.5
4 18 m ‐55.5 117 106 11 143 138 5 104 118 14 133 143 10 12.5 7.5
5 17 f ‐88.2 118 105 13 142 133 9 102 113 11 134 144 10 12 9.5
6 20 m ‐56.7 116 106 10 144 130 14 112 118 6 135 146 11 8 12.5
7 21 m ‐56.6 113 113 0 150 142 8 111 117 6 136 150 14 3 11
8 22 f ‐67.4 111 104 7 151 144 7 106 119 13 142 151 9 10 8
9 33 m ‐78.5 114 107 7 148 133 15 106 117 11 140 147 7 9 11

10 30 m ‐62.6 118 108 10 147 132 15 109 115 6 142 151 9 8 12
11 32 f ‐77.8 113 110 3 144 130 14 110 118 8 142 149 7 5.5 10.5
12 21 f ‐86.3 116 113 3 149 133 16 111 118 7 138 144 6 5 11
13 20 m ‐76.2 116 111 5 145 133 12 105 118 13 133 146 13 9 12.5
14 22 m ‐78.3 113 103 10 145 135 10 106 119 13 137 145 8 11.5 9
15 21 m ‐57.9 115 110 5 144 132 12 108 117 9 139 149 10 7 11
16 18 f ‐55.3 116 111 5 147 131 16 104 116 12 132 145 13 8.5 14.5
17 17 m ‐56 114 110 4 144 138 6 110 119 9 141 148 7 6.5 6.5
18 17 m ‐89.4 111 105 6 151 139 12 105 113 8 132 145 13 7 12.5
19 18 m ‐87.6 112 106 6 147 135 12 104 114 10 133 145 12 8 12
20 19 f ‐80.8 114 106 8 144 133 11 108 118 10 131 144 13 9 12
21 19 m ‐86.4 116 110 6 147 134 13 104 109 5 135 143 8 5.5 10.5
22 19 f ‐77.7 118 115 3 146 135 11 107 117 10 132 144 12 6.5 11.5
23 20 m ‐76.5 116 106 10 150 144 6 104 111 7 133 142 9 8.5 7.5
24 21 m ‐80 115 108 7 148 133 15 107 116 9 135 145 10 8 12.5
25 22 f ‐76 111 103 8 149 134 15 110 118 8 134 143 9 8 12
26 21 m ‐55.6 113 106 7 145 132 13 105 114 9 135 144 9 8 11
27 20 m ‐54.3 118 109 9 146 135 11 107 117 10 132 146 14 9.5 12.5
28 19 m ‐56.4 115 106 9 148 132 16 105 109 4 133 144 11 6.5 13.5
29 34 f ‐77.7 114 108 6 144 133 11 111 118 7 131 142 11 6.5 11
30 33 m ‐75.4 113 106 7 149 135 14 108 117 9 142 151 9 8 11.5
31 38 f ‐66.8 114 106 8 141 132 9 104 113 9 132 144 12 8.5 10.5
32 20 m ‐59.6 116 110 6 150 142 8 107 119 12 144 152 8 9 8
33 40 m ‐58.4 118 110 8 151 142 9 106 118 12 143 148 5 10 7
34 36 m ‐57.8 117 105 12 148 140 8 106 114 8 133 144 11 10 9.5
35 29 m ‐58.4 118 106 12 144 140 4 105 114 9 134 147 13 10.5 8.5
36 32 m ‐77.8 116 105 11 149 144 5 108 119 11 135 140 5 11 5
37 18 f ‐86.4 115 106 9 147 139 8 104 115 11 143 155 12 10 10
38 22 f ‐88 113 106 7 150 142 8 107 114 7 143 152 9 7 8.5
39 26 f ‐84 119 113 6 152 141 11 112 118 6 142 150 8 6 9.5
40 42 m ‐54.4 117 111 6 149 144 5 110 119 9 135 141 6 7.5 5.5
41 44 m ‐58.6 116 107 9 152 142 10 106 117 11 146 155 9 10 9.5
42 36 m ‐65.7 115 105 10 148 136 12 112 120 8 144 146 2 9 7
43 28 m ‐76.4 114 112 2 144 140 4 105 116 11 132 144 12 6.5 8
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44 28 m ‐78.5 115 107 8 139 133 6 104 112 8 133 144 11 8 8.5
45 19 f ‐88 118 110 8 143 135 8 108 111 3 145 155 10 5.5 9
46 19 m ‐88.5 115 106 9 150 139 11 105 117 12 133 140 7 10.5 9
47 28 m ‐76.4 118 115 3 153 138 15 113 118 5 134 141 7 4 11
48 41 m ‐55.8 115 106 9 152 144 8 106 117 11 138 140 2 10 5
49 21 f ‐76.4 117 113 4 153 145 8 104 118 14 141 150 9 9 8.5
50 19 f ‐76.4 115 111 4 146 138 8 108 114 6 138 142 4 5 6
51 19 f ‐59.6 113 105 8 144 134 10 111 116 5 135 151 16 6.5 13
52 18 f ‐57.8 116 106 10 149 144 5 105 115 10 144 151 7 10 6

mean 24.38462 ‐71.4904 115.25 107.9615 7.288462 147.0577 137.0385 10.01923 107.1154 116.1538 9.038462 136.6923 146.1538 9.461538 8.16346154 9.740385
st dev 7.761529 12.09427 2.056792 3.073999 2.926127 3.374724 4.550206 3.478169 2.712743 2.644896 2.596842 4.526776 3.977311 2.999749 2.06445443 2.301939



O1 (left) O2 (right) IHTT1(R‐L) O1 O2 IHTT2(R‐L) O1 O2 IHTT1(L‐R) O1 O2 IHTT2(L‐R)
1 17 f 86.4 114 110 4 154 144 10 102 114 12 138 151 13 8 11.5
2 17 m 88.6 116 108 8 148 142 6 103 119 16 133 146 13 12 9.5
3 25 m 84.3 118 112 6 155 148 7 100 117 17 132 143 11 11.5 9
4 22 m 100 114 107 7 149 140 9 103 116 13 139 154 15 10 12
5 21 f 89.7 113 109 4 147 138 9 103 112 9 131 144 13 6.5 11
6 22 m 100 118 111 7 153 143 10 106 113 7 135 149 14 7 12
7 19 m 90 116 107 9 149 140 9 102 111 9 133 144 11 9 10
8 19 m 90 114 106 8 155 149 6 105 114 9 141 156 15 8.5 10.5
9 18 f 88.6 111 102 9 154 146 8 102 116 14 147 155 8 11.5 8
10 19 f 88 119 110 9 152 148 4 106 118 12 140 148 8 10.5 6
11 17 f 90 117 110 7 155 144 11 102 116 14 147 153 6 10.5 8.5
12 19 m 88 116 105 11 142 136 6 102 116 14 135 147 12 12.5 9
13 19 m 100 117 111 6 157 148 9 105 118 13 133 146 13 9.5 11
14 28 m 100 117 109 8 143 138 5 104 115 11 141 150 9 9.5 7
15 26 m 90 119 112 7 147 139 8 110 119 9 133 147 14 8 11
16 23 f 100 116 110 6 144 135 9 102 114 12 142 155 13 9 11
17 18 m 100 116 111 5 147 140 7 111 119 8 138 144 6 6.5 6.5
18 17 m 90 114 108 6 148 144 4 100 116 16 133 147 14 11 9
19 18 m 88.6 112 107 5 145 136 9 103 118 15 138 151 13 10 11
20 17 f 100 116 108 8 151 143 8 104 116 12 129 142 13 10 10.5
21 17 m 88.2 116 105 11 145 136 9 104 116 12 143 156 13 11.5 11
22 17 m 90 113 110 3 150 144 6 104 116 12 132 143 11 7.5 8.5
23 19 m 100 112 108 4 156 147 9 103 117 14 142 155 13 9 11
24 19 m 88.6 114 102 12 159 146 13 100 112 12 140 147 7 12 10
25 19 f 90 118 109 9 146 141 5 103 113 10 136 146 10 9.5 7.5
26 18 m 100 118 111 7 145 139 6 110 118 8 134 148 14 7.5 10
27 17 m 100 117 110 7 150 144 6 105 117 12 137 151 14 9.5 10
28 18 f 100 118 113 5 153 145 8 108 114 6 132 144 12 5.5 10
29 28 m 100 116 109 7 155 148 7 101 114 13 139 155 16 10 11.5
30 27 m 78.5 115 108 7 156 148 8 103 115 12 135 142 7 9.5 7.5
31 19 m 90 116 110 6 143 134 9 102 119 17 140 152 12 11.5 10.5
32 33 f 88 116 107 9 147 139 8 104 116 12 141 157 16 10.5 12
33 19 f 90 114 107 7 146 136 10 102 118 16 144 157 13 11.5 11.5
34 17 m 100 115 110 5 156 149 7 101 113 12 134 143 9 8.5 8
35 18 m 88 117 111 6 155 149 6 100 112 12 133 145 12 9 9
36 19 m 90 115 105 10 154 144 10 101 114 13 143 154 11 11.5 10.5
37 18 f 78.8 118 109 9 155 147 8 103 116 13 131 144 13 11 10.5
38 21 f 88.2 115 103 12 157 149 8 105 117 12 134 147 13 12 10.5
39 22 m 88.6 118 110 8 145 138 7 105 118 13 139 156 17 10.5 12
40 33 f 100 114 111 3 156 145 11 100 117 17 135 147 12 10 11.5
41 34 f 90 115 110 5 155 148 7 104 114 10 133 145 12 7.5 9.5
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42 33 f 78.4 114 108 6 154 148 6 103 116 13 140 154 14 9.5 10
43 33 f 88.9 116 109 7 155 144 11 104 118 14 142 156 14 10.5 12.5
44 24 f 56.4 119 114 5 147 137 10 108 118 10 144 155 11 7.5 10.5
45 22 m 90 119 113 6 148 139 9 108 119 11 142 155 13 8.5 11
46 20 m 100 118 109 9 145 138 7 101 116 15 141 151 10 12 8.5
47 17 f 100 117 114 3 154 149 5 104 117 13 144 155 11 8 8
48 19 m 90 116 110 6 156 147 9 110 116 6 146 153 7 6 8
49 17 f 88 116 110 6 144 137 7 103 115 12 148 155 7 9 7
50 19 f 90 114 113 1 147 138 9 104 115 11 140 156 16 6 12.5
51 18 f 88.2 113 104 9 146 134 12 102 114 12 144 156 12 10.5 12
52 18 f 100 119 113 6 145 139 6 103 114 11 130 145 15 8.5 10.5
53 17 m 90 112 107 5 143 139 4 103 115 12 143 157 14 8.5 9
54 17 f 78 118 113 5 155 146 9 110 118 8 132 144 12 6.5 10.5

mean 20.87037 91.05556 115.8148 109.037 6.777778 150.3333 142.4444 7.888889 103.8148 115.8148 12 137.9815 149.963 11.98148 9.38888889 9.9351852
st dev 4.910698 7.99919 2.065659 2.848124 2.295744 4.817421 4.709151 2.034297 2.802116 2.065659 2.627862 4.988631 4.979062 2.681106 1.80059389 1.6166769
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