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                                        ABSTRACT  

The two human cerebral hemispheres are not mirror images of each other. 
They show anatomical and functional differences that are termed as 
cerebral asymmetries. The most striking differences in right-handed people 
are Broca’s motor areas of speech in the left inferior frontal gyrus and 

Wernicke’s area for language comprehension and speech production in the 

left posterior temporal and inferior parietal lobules. These examples have 
lead to the overall concept of dominant left and subordinate right cerebral 

hemispheres. Other structural asymmetries are revealed in the perisylvian 
area, surface area around the central fissure, cortical thickness, cerebral 
rotation, the volume of the lateral ventricle, lateral geniculate body, 
posterior cerebral and circle of Willis arteries, deep medullary veins, and 
type of nervous system of individuals. Functional cerebral asymmetries are 
also reported regarding verbal and linguistic functions, mathematical skills, 

analytical thinking, functions of corticobulbar, corticospinal and corticobasal 
pathways, functional organization of the prefrontal cortex (PFC), 
orbitofrontal cortex (OFC)  and ventromedial temporal cortex (fusiform 
gyrus, FG), as well as amyloid-β deposition and metabolism. Cerebral 

asymmetries are thought to play an essential role in the pathogenesis of 
clinical disorders as aphasia, unilateral left brain lesion, adiadochokinesa, 

autism spectrum disorder (ASD), corticobasal syndrome, Parkinson’s disease 

(PD), Alzheimer's disease, and adolescents with idiopathic scoliosis (AIS). 

Age and sex related asymmetries have been sometimes postulated. Genetic, 
environmental and callosal factors are mentioned to underlie the etiology of 
cerebral asymmetries. Comparatively, functional, and neuroanatomical 
asymmetries do exist in nonhuman primates. 
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INTRODUCTION  
 
The two cerebral hemispheres in man are not 
morphologically and functionally identical. Based on 
the magnitude and number of cerebral asymmetries, 
Dax et al. in 1830 were the first to suggest that some 
brain functions might be lateralized.  
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This suggestion had been confirmed by Broca in 1861 
who described a case of expressive aphasia as a result 
of infarction in the left inferior frontal gyrus of the 

cerebral hemisphere. Such an area had been known as 
Broca’s area or motor areas for speech. Later, 
Wernicke’s area as a language comprehensive area 
was described in the left posterior temporal and 
inferior parietal regions of the cerebrum. The 
association of language impairment in case of left 
hemispheric lesions had lead to the assumption of 
dominance of the left cerebral hemisphere.[1] 
 
 

MORPHOLOGICAL AND STRUCTURAL 
ASYMMETRIES 
 
By comparing the lengths, weights and other 
parameters of the two cerebral hemispheres, indefinite 
macroscopic asymmetries were detected. In a 
horizontal section of the cerebral hemisphere, the 
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planum temporale appears to be bounded anteriorly by 
the Heschl’s gyrus, laterally by the Sylvian (lateral) 
fissure and posteriorly by the end of the posterior 
ramus of the same fissure. It had been reported that the 
planum temporale was observed to be larger on the left 
than the right cerebral hemisphere in 65% of examined 
brains and on the right than the left hemisphere in 11% 
with no obvious differences in 24% of brains. As a 
result of enlarged planum temporale, the Sylvian 
fissure appeared longer and more horizontal on the left 
hemisphere. These morphological asymmetries were 
blamed for the functional asymmetry regarding 
language representation.[2] 
Other morphological asymmetries of the cerebral 
hemispheres have been reported as: frequent 
anticlockwise rotation of the cerebrum with wider left 
occipital pole and wider right frontal one, [3] restricted 
incidence of large pyramidal neurons in Brodmann’s 
area44 and Broca’s area 44 only on the left 
hemisphere,[4] larger cortical surface area surrounding 
the central fissure of Rolndo on the left side[5] and 
detection significantly more neurons in left entorhinal 
cortex than in the left one.[6] 
A positive relation was detected between the different 
transverse diameters of the left- and right-hand 
thumbnails and MRI asymmetry of the volume of the 
lateral cerebral ventricles in children with 
developmental delays. It was concluded that the 
asymmetry of thumbnails could be used as a marker 
for asymmetry of the lateral ventricles and child 
developmental delays.[7] 
Interhemispheric structural asymmetries were 
compared with the lateralization of activity for gesture 
in the supramarginal gyrus and language production in 
Broca's area. The more pronounced leftward structural 
asymmetries were accompanied by greater left-
hemisphere dominance for both functions. Conversely, 
bilateral or rightward functional shift of gesture and 
language was accompanied by an attenuated leftward 
asymmetry of the insula.[8] 
The left lateral geniculate nucleus or body (LGN)had 
been observed to be significantly smaller in volume 
and different in shape in subjects with dyslexia while 
no differences were observed in the right LGN. No 
functional significance of this asymmetry was 
assumed. Developmental dyslexia is a common 
learning disability characterized by normal 
intelligence but with difficulty in reading, writing and 
spelling skills.[9] 
Morphological asymmetries and variations of the 
posterior cerebral artery (PCA) in human cadaveric 

brains were observed to include aplasia (2.35%), 
hypoplasia (5.29%), duplication (2.35%),fenestration 
(1.17%), common trunk shared with the superior 
cerebellar artery (1.76), direct origin from basilar 
artery (1.17%) or from internal carotid artery (2.35%), 
and aneurysm (1.76%). Awareness of these variations 
is likely to be useful in cerebrovascular procedures.[10] 

A hypothesis has been raised that asymmetry of 
cerebral arteries sharing in the circle of Willis creates 
phase difference between the four pressure waves- 
propagation and reduces downstream cerebral 
pulsatility.[11] Using susceptibility weighted imaging 
(SWI), asymmetric visualization of deep medullary 
veins (DMV) in patients with acute middle cerebral 
artery (MCA)stroke, which are difficult to depict 
under physiological circumstances, is a fast and easy 
parameter for the prediction of stroke severity.[12] 

Male adolescents with substance use disorder (SUD) 
versus controls of the same age, sex and IQ, have been 
reported to show no cortical thickness differences in 
the region-of-interest (ROI) analyses. Additionally, 
they have demonstrated significantly less right > left 
asymmetry in the inferior frontal gyrus (IFG), weaker 
insular-to whole-cerebrum cortical thickness 
correlations, and positive association of conduct 
disorder symptom count with cortical thickness in a 
superior temporal gyrus cell cluster.[13] 
Dyslexics have shown atypical brain synchronization 
at both syllabic (slow) and phonemic (fast) rates. In 
skilled readers, a left hemispheric asymmetry in 
cortical thickness has been claimed to be functionally 
related to a stronger left hemispheric lateralization of 
neural synchronization to the phonemic rate- auditory 
stimuli. In dyslexics, the same anatomical index is 
related to a stronger right hemispheric dominance for 
neural synchronization to syllabicrate- auditory 
stimuli.[14] 
Schizophrenia is a neuro developmental disorder that 
is marked by structural abnormalities of the brain and 
aberrant dermatoglyphics. Directional asymmetry 
(DA) and bilateral hippocampal volume have been 
observed to be significantly lower in schizophrenic 
patients than controls. Significant positive correlation 
has been also found between DA and palmar ridge 
count with bilateral anterior hippocampal volume. It is 
hypothesized that dermatoglyphic markers could be 
utilizedin identifying cerebral structural changes that 
form the basis for neurodevelopmental pathogenesis in 
schizophrenia.[15] 
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FUNCTIONAL ASYMMETRIES 
 
Cerebral asymmetry is a common feature of human 
functions. Several studies have proved that the left 
hemisphere prevails for verbal and linguistic 
functions, mathematical skills and analytical thinking. 
Many studies have argued for distinct but 
complementary contributions from each hemisphere in 
the control of movements to visual targets.[16] 
Moreover, verbal memory is a left hemispheric 
function while the nonverbal memory is a right one.[17]  

Such asymmetries are mentioned to apply primarily to 
right-handed persons and those with left or mixed 
handedness show reduced left lateralization rather than 
a simple reversal of the situation in right handers.[18] 

However, it has been clarified that the left primary 
motor cortex (M1) is more connected with areas 
involved in the motor system than right M1, and that 
the right supplementary motor area (SMA) specifically 
in the posterior part (SMA-proper) is more functional 
connections than its left counterpart.[19]Although 
handedness represents the most striking example of 
motor asymmetries, other asymmetries as footedness, 
tonguedness and chewing preferences have attracted 
several investigator propositions.[20] 
The motor cerebral cortex has been mentioned to 
present variable asymmetry patterns (left and right 
dominant, as well as bilateral) for rapid silent syllable 
repetition (/lalala/,/papapa/, known as oral 
diadochokinesis or DDK) despite the predominantly 
left hemisphere dominance for language-related 
activity in Broca's area andthe absence of structural 
asymmetry within the corticobulbar tract. The 
predominance of dysarthria following left hemisphere 
infarct is assumed to be probably a consequence of 
disrupted feedback or input from left hemispheric 
language and speech planning areas, rather than 
structural asymmetry of the corticobulbar tract 
itself.[21] The degree of hand-preference is not in 
accordance to the degree of language lateralization 
because the prevalence of right and bilateral 
hemispheric language lateralization has been observed 
to rise with the increasing strength of left-handedness. 
Thus, the genetic basis of one mechanism defining 
both hand-preference and language lateralization could 
not be accepted.[22] 
 
In autism spectrum disorder (ASD), anomalous 
functional and anatomical connectivity of the primary 
motor cortex was discovered with the assumption that 
network anomalies affecting the basic motor execution 

had gone well beyond socio-communicative concepts. 
Added to this, in right-handed ASD-adolescents, 
typical left hemisphere dominance is reduced, both 
anatomically and functionally, with an unusual degree 
of right hemisphere motor participation.[23] 

 
In a patient with left brain lesion, transcranial 
magnetic stimulation of the right motor cortex had 
evoked contractions of muscles of both hands while no 
responses were observed from the left hemispheric 
stimulation. There was an evidence of sensori-motor 
dissociation and asymmetry of the corticospinal 
projections, suggestive of reorganization after early 
unilateral left brain lesion. In certain rare conditions, 
good hand function is possible with ipsilateral 
corticospinal reorganization, supporting the role of 
unexplored mechanisms of motor recovery.[24] 
 
The ventral temporal cortex (VTC) contains several 
areas with selective responses to words, numbers, 
faces, and objects. The temporal fusiform gyrus (FG) 
had been found to respond to faces. Using 
electrocorticography (ECoG), electrical brain 
stimulation (EBS) inpatients implanted with 
intracranial electrodes in either the left or right 
hemisphere had disrupted the conscious perception of 
faces only when it was delivered in the right, but not 
left, FG.[25] 
It has been agreed that in our daily life we constantly 
exert sustained and phasic cognitive control processes 
to manage multiple competing task sets and rapidly 
switch between them. A variability in the prefrontal 
hemispheric asymmetry in the intrinsic(i.e., resting-
state-related) brain dynamics has been postulated to 
reflect individual differences in preferentially 
engaging of either the left-lateralized, phasic or the 
right-lateralized, sustained cognitive control processes 
to regulate behavior in response to changing task 
demands, regardless of the specific cognitive domain 
involved.[26] 
 
Corticobasal syndrome is a dysfunction of both 
cerebral cortex and basal ganglia. In a classical 
presentation of the corticobasal syndrome, aphasia was 
observed to be associated with motor dysfunction of 
the right side of the body, pointing to the involvement 
of the left cerebral hemisphere. Less commonly, 
aphasia was conjunct to left-sided motor presentation 
while dysarthria had no preferential correlation.[27] 
 
In Parkinson's disease (PD), veering while walking 
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is reported to be vision-based (asymmetrical 
perception of the visual environment) or motoric 
(asymmetry in stride length between relatively 
affected and non-affected body sides). Interventions to 
correct walking abnormalities such as veering in PD 
should incorporate vision-based strategies rather than 
solely addressing motor asymmetries, and should be 
tailored to the distinctive navigational profiles of left-
side onset of motor symptoms (LPD) and right-side 
onset (RPD).[28] 
 
The functional organization of the pre-frontal 
cortex (PFC) has been explored with a considerable 
evidence for a left hemisphere (LH) "interpreter". 
Recent investigations have added evidence for several 
roles of the right PFC in reasoning, problem solving, 
and decision-making; focusing on the beneficial 
complementary role of the right PFC in maintaining 
and enhancing the role of the left PFC, the 
"interpreter".[29] 
 
The type of the nervous system of subjects has been 
easily demonstrated by the aid of the   recently 
innovated PC software programs. These aids help to 
differentiate people within groups of the same type of 
nervous system, to provide an idea about the severity 
of the hemispheric asymmetry, and to show the results 
of performance of certain testing tasks. The academic 
performance of the examinees within a strong type of 
nervous system is significantly higher than those 
within a weak type.[30] 
Brain frontal electroencephalogram (EEG) and 
functional magnetic resonance imaging (fMRI) 
measures may similarly capture PFC functioning 
during reward anticipation tasks. Increased left frontal 
activity is associated with increased left anterior 
cingulate cortex (ACC)/medial prefrontal cortex 
(mPFC) and left orbito frontal cortex (OFC) 
activation.  These two measures suggest the role of 
such regions in reward anticipation processing and 
point out the pathophysiology of some disorders like 
depression and schizophrenia.[31] 
In Alzheimer's disease, asymmetric amyloid-β 
deposition is associated with asymmetric 
hypometabolism and clinical symptoms. Stronger 
leftward asymmetry of amyloid-β deposition is 
associated with more severe language impairment 
while stronger rightward asymmetry with more severe 
visuospatial impairment. Similarly, patients with 
predominance of language deficits have shown more 
left-lateralized amyloid-βburden and hypometabolism 

than patients with predominant visuospatial 
impairment and vice-versa in several cortical 
regions.[32] 

 

CEREBRAL ASYMMETRY AND AGING 
 
On comparing motor performance of the dominant 
and nondominant hands, older adults have shown 
tendency to be less asymmetric compared to young 
adults, suggesting decreased motor lateralization and 
functional compensation within the aging brain. It has 
been also hypothesized that the older the age, the less 
is the motor asymmetry, and that 'old old' individuals 
(aged>80 years) tend to have less motor asymmetry 
than 'young old' individuals (aged<80 years).[33] Age-
related decline in higher cognitive function is also 
defined. Laterality, reflected as right ear preference for 
dichotic stimuli, has been found to be increased in 
persons above 60 years of age.[34] During adverse 
acoustic conditions (noise), "cocktail party" listening 
skills depend on the quality of speech representations 
in the left cerebral hemisphere rather than 
compensatory recruitment of right hemisphere 
mechanisms.[35] 
 
Episodic memory is a cognitive function that appears 
to be more susceptible than others to the effect of 
aging. Young individuals and high-performing older 
adults, obtaining higher scores on the memory tasks, 
are reported to exhibit similar performances on 
episodic memory tasks and both groups have shown 
symmetrical recruitment of both left and right 
hemispheric areas during memory retrieval. In 
contrast, low-performing older adults have 
demonstrated a greater engagement of the left 
hemisphere during verbal memory task.[36] 
 
Acquisition of language skills depends on the 
progressive maturation of specialized brain networks 
that are usually lateralized in adult population. 
Diffusion tractography has been utilized to study the 
three segments of the arcuate fasciculus connecting 
Wernicke's to Broca's region (long segment), Broca's 
to Geschwind's region (anterior segment), and 
Wernicke's to Geschwind's region (posterior segment). 
The long and anterior arcuate segments are lateralized 
before adolescence and their lateralization remains 
stable throughout adolescence and early adulthood. 
Conversely, the posterior segment shows right 
lateralization in childhood but becomes progressively 
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bilateral during adolescence.[37] 
 
Adolescents with idiopathic scoliosis (AIS) have 
been observed to exhibit morphological vestibular 
asymmetry that is probably determined well before 
birth. Since the vestibular system influences the 
vestibulospinal pathway, the hypothalamus, and the 
cerebellum, it has been assumed that it is a possible 
cause of later morphological, hormonal and 
neurosensory anomalies observed in adolescent 
idiopathic scoliosis. Moreover, the simple lateral 
semicircular canal (SCC) MRI measurement could be 
used for early detection of AIS, selection of children 
for close follow-up, and initiation of preventive 
treatment before the occurrence of spinal deformity.[38] 
Some highly specific visual tasks have been shown to 
depend on hemispheric specialization. There is a 
general lateralization of cerebral activation towards the 
right hemisphere of early visual cortical areas and 
areas of higher-level visual processing especially in 
top-down attentional processing. The right hemisphere 
lateralization of the early visual areas is mentioned to 
be partly due to an increased volume of grey matter in 
the right hemisphere. Difference in activation of the 
superior parietal lobule has been correlated with 
subject age, suggesting a shift towards the left 
hemisphere with increasing age.[39] 

 

CEREBRAL ASYMMETRY AND SEX 
 
Women show less functional asymmetries than men 
particularly on right hemisphere tasks[14].Men with 
right-hemisphere ventromedial prefrontal cortex 
(vmPFC) damage and women with left-hemisphere 
vmPFC damage have demonstrated significantly 
reduced aversion to risk and ambiguity. Men with 
damage to the left vmPFC and women with damage to 
the right vmPFC have shown aversion to risk and 
ambiguity comparable to participants with leftor right-
sided brain damage outside the vmPFC, and to 
participants without brain damage.[40] 
In some recent Russian investigations, the neurons of 
the central nucleus of the amygdala complex have 
been studied in histological sections of the brain. The 
average values of neurons in the left hemispheres of 
females were insignificantly greater than in the right 
hemispheres and the reverse happened in males. An 
association of these gender-related differences to 
emotional perception in both sexes has been 

sometimes attempted.[41,42] 
 
Mental rotation is a visuospatial task associated with 
pronounced sex differences. Performance is also 
affected by gonadal hormones such as testosterone and 
estradiol. Using fMRI, ten premenopausal women 
were tested on a 3D mental rotation task during the 
early follicular and late follicular phases of the 
menstrual cycle. Change in estradiol between the two 
phases was confirmed by hormone assays. Brain 
activation patterns were similar across the two phases, 
given that the right hemisphere is the dominant 
hemisphere in visuospatial processing.[43] 
 

CEREBRAL ASYMMETRY, CEREBRAL 
BLOOD FLOW AND EXERCISE  
 
During hand motor task performance, the dominant 
human primary motor cortex is demonstrated to have a 
stronger blood oxygen level dependent (BOLD) 
response over the other non-dominant motor cortex. 
This is accompanied by a higher vascular reactivity in 
the dominant motor cortex. These reported 
observations demonstrate a cerebral vascular 
asymmetry between the left and right primary motor 
cortices; the origin of which arises from the 
contribution of large draining veins.[44] 
In temporal lobe epilepsy (TLE) with and without 
mesial temporal sclerosis (MTS and no MTS), an 
asymmetry of quantitative cerebral blood flow (CBF) 
values over non-TLE controls has been elucidated. 
Hypoperfusion regions in the right TLE-MTS patients 
have been mainly clustered in the bilateral temporal 
lobes, frontal lobes, insular lobes, and left caudate 
nucleus. The right TLE-noMTS have shown 
hypoperfusion in the bilateral temporal lobes, frontal 
lobes, right insular lobe, parietal lobe, occipital lobe, 
and caudate nucleus.[45] 
Exercise is mentioned to induce hemodynamic 
changes in the bilateral prefrontal cortex(PFC). 
Asymmetric changes in right and left hemispheric PFC 
have been detected via continuous measurement of the 
respiratory exchange and concentrations of oxy-, 
deoxy- and total hemoglobin during incremental 
cycling exercise.[46] 

 

COMPARATIVE STUDIES OF CEREBRAL 
ASYMMETRIES 
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Species-related behavioral and brain asymmetries 
evidently exist in nonhuman species. Specifically, 
evidence has been given that genes play specific roles 
in determining left-right differences in behavioral, 
perceptual, cognitive, functional, and neuroanatomical 
asymmetries in nonhuman primates. It is hypothesized 
that hemispheric specialization evolved as a by-
product of increasing brain size relative to the surface 
area of the corpus callosum indifferent primate 
species.[47] The presence of handedness asymmetry in 
non-human animals is debated. However, a recent 
study has provided evidence forhandedness in bipedal 
- but not quadrupedal – marsupials.[48] 
Magnetization transfer ratio (MTR) has been often 
used for imaging myelination but I does not possess a 
high specificity because tissues with nomyelin such as 
muscle can also show high MTR.  A new 
magnetization transfer (MT) indicator termed MT 
asymmetry (MTA) has been utilized as method of 
myelin imaging in rat brain. High signals in white 
matter and significantly low signals in gray matter and 
muscle have indicated that MTA has higher specificity 
than MTR. MTA could be considered a good 
biomarker for imaging myelination.[49] 
Grooming is the most common innate behavior in 
animals. In rodents, it consists of sequences of 
movements organized in four phases, executed 
symmetrically on both sides of the animal and creating 
a syntactic chain of behavioral events. The grooming 
syntax can be altered by stress and novelty, as well as 
by several mutations and brain lesions. In mice, 
induced unilateral lesion of the medial forebrain 
bundle had resulted in an incompletion of grooming 
bouts, decreased number of transitions between 
grooming phases, and asymmetry in grooming 
behavior with reduced tendency to groom the 
contralateral side.[50] 
 

METHODS OF DETECTING FUNCTIONAL 
ASYMMETRIES 
 
Techniques for studying functional brain asymmetries 
include: 
1. Analyzing the consequences of damage (e.g. 

stroke, tumor, degenerative, epilepsy, gunshot, 
congenital) to an area allows the identification of 
its function(s).  

2. Unilateral injection of barbiturate into the carotid 
artery leads the ipsilateral hemisphere to be “put 
to sleep”. 

3. Using susceptibility weighted imaging (SWI) 
allows visualization of  asymmetric deep 
medullary veins (DMV) in patients with acute 
middle cerebral artery (MCA) stroke.[12] 

4. Functional lateralization for language production 
has been assessed using the well-established verb 
generation task, fMRI and diffusion-weighted 
MRI.[21] 

5. Diffusion tractography is used to follow 
pathwayse.g. of the corticobulbar tract. [21] 

6. Transcranial magnetic stimulation of the cerebral 
cortical areashelps to know their functions. [24] 

7. PC software programs are utilized for analysis of 
data obtained from other methods.[30] 

8. Electrocorticography (ECoG) can be used for 
electrical brain stimulation (EBS) in patients 
implanted with intracranial electrodes[25] andusage 
ofelectroencephalogram (EEG).[31] 

9. Callosal or other commissures sectioning is used 
in animals. A part or more of corpus callosum 
may be congenitally missing in man. All these 
lead to the “split brain syndrome”.[51] 

 

MECHANISMS UNDERLYING CEREBRAL 
ASYMMETRIES 
 
The mechanisms that underlie cerebral asymmetry 
largely operate prenatally since the human brain 
exhibits morphological asymmetries as early as the 
second trimester of the intrauterine life and it shows 
functional lateralization in neonates. The genetic role 
of a gene model with autosomal dominant inheritance 
is extensively raised.[22]  Role of environmental factors 
is also attracted in the processing of cerebral 
asymmetry; they may modify the development of 
asymmetry and handedness. Gonadal hormones have 
been also claimed to underlie some cerebral 
asymmetries.[43] Testosterone in early life is thought to 
slow the development of the left cerebral hemisphere; 
thus influencing cerebral asymmetry.[52] Integrity of 
the corpus callosum is postulated to play a role in the 
ontogenesis of cerebral asymmetry as it is related to 
the absence of callosal connections between the 
asymmetric cortical areas.[53] Structural asymmetry of 
the cerebral hemisphere is primarily restricted to 
small, not large, cortical areas and to areas possessing 
large population number of neurons.[54] 

 

 

 



Haroun; Cerebral Asymmetry and Dominance 
 

 
                                                                                                                                                                            Page 11 Vol. 1, Issue 1, July-December 2015 Academia Anatomica International 
 

 
  
REFERENCES 
 

1. Annett M. Laterality and cerebral dominance. J Child Psychol 
Psychiatry. 1991;32(2): 219-32. 

2. Geshwind N, Levitsky W. Human brain: left-right asymmetries 
in temporal speech region. Science.1968; 161: 186- 7. 

3. Witelson SF, Kigar DL. Asymmetry in brain function follows 
asymmetry in anatomical form: gross; microscopic; post-
mortem and imaging studies. In Boiler F and Grafman J, 
Handbook of Neuropsychology; vol I, Amsterdam. 1983. pp: 
111-42. 

4. Hayes TL, Lewis DA. Hemispheric differences in layer III 
pyramidal neurons of the anterior language area. Arch Neurol. 
1993;50(5): 501-5. 

5. White LE, Lucas G, Richards A, Purves D. Cerebral asymmetry 
and handedness. Nature. 1994;368: 197-8. 

6. Heinsen H, Henn R, Eisenmenger W, Gotz M, Bohl J, Bethke B, 
Lockerman U,  Puschel K. Quantitative investigations on the 
human entorhinal area: left-right asymmetry and age-related 
changes. Anat Embryol (Berl). 1994;190(2): 181-94. 

7. Keihani Doust Z, Shariat M, Rahimian E, Tehrani F, Saddighi 
G. Comparative evaluation between diameter difference of the 
thumb and asymmetry of lateral cerebral ventricles in children 
with developmental delay: anew finding. I ran J Child Neurol. 
2015; 9(3):9-12. 

8. Biduła SP, Króliczak G. Structural asymmetry of the insula is 
linked to the lateralization of gesture and language. Eur J 
Neurosci 2015;41(11):1438-47. 

9. Giraldo-Chica M, Hegarty JP 2nd, Schneider KA. 
Morphological differences in the lateral geniculate nucleus 
associated with dyslexia. Neuroimage Clin2015;7:830-6. 

10. Gunnal SA, Farooqui MS, Wabale RN. Study of posterior 
cerebral artery in human cadaveric brain. Anat Res Int. 
2015,681903.  

11. Vrselja Z, Brkic H, Curic G. Arterial tree asymmetry reduces 
cerebral pulsatility. Med Hypotheses. 2015;pii:S0306-
9877(15)00308-4. 

12. Mucke J, Möhlenbruch M, Kickingereder P, Kieslich PJ, 
Bäumer P, Gumbinger C, Purrucker J, Mundiyanapurath S, 
Schlemmer HP, Bendszus M, Radbruch A. Asymmetry ofdeep 
medullary veins on susceptibility weighted MRI in patients with 
acute MCA stroke is associated with poor outcome. PLoS One. 
2015;10(4):e0120801. 

13. Chumachenko SY, Sakai JT, Dalwani MS, Mikulich-Gilbertson 
SK, Dunn R, Tanabe J, Young S, McWilliams SK, Banich MT, 
Crowley TJ. Brain cortical thickness in male adolescents with 
serious substance use and conduct problems. Am J Drug 
Alcohol Abuse. 2015;41(5):414-24. 

14. Lizarazu M, Lallier M, Molinaro N, Bourguignon M, Paz-
Alonso PM, Lerma-Usabiaga G, Carreiras M. Developmental 
evaluation of atypical auditory sampling in dyslexia: Functional 
and structural evidence. Hum Brain Mapp. 2015; doi: 
10.1002/hbm.22986. [Epub ahead of print] 

15. Kalmady SV, Shivakumar V, Gautham S, Arasappa R, Jose DA, 
Venkatasubramanian G, Gangadhar BN. Dermatoglyphic 
correlates of hippocampus volume: Evaluation of aberrantneuro 
developmental markers in antipsychotic-naïve schizophrenia. 
Psychiatry Res. 2015; pii: S0925-4927(15)30082-2. 

16. Carey DP, Otto-de Haart EG, Buckingham G, Dijkerman HC, 
Hargreaves EL, Goodale MA. Are there right hemisphere 
contributions to visually-guided movement? Manipulating left 

hand reaction time advantages in dextrals. Front Psychol. 
2015;6:1203. 

17. Milner B. Hemispheric specialization: scope and limits. In 
Schmitt FO, Worden FG. The Neurosciences, third study 
program. MIT Press, Cambridge, Massachusetts. 

18. Kimura D. Sex differences in the brain. Sci Am. 1992;27:118-
25. 

19. Dinomais M, Chinier E, Richard I, Ricalens E, Aubé C, 
N'Guyen The Tich S, Ter Minassian A. Hemispheric 
Asymmetry of Supplementary Motor Area Proper: A Functional 
connectivity study of the motor network. Motor Control. 2015; 
[Epub ahead of print] 

20. Reiss B, Reiss G. Motor asymmetry. Fortschr Neurol Psychiatr. 
2000; 68(2):70-79. 

21. Liégeois FJ, Butler J, Morgan AT, Clayden JD, Clark 
CA.Anatomy and lateralization of the human corticobulbar 
tracts: an fMRI-guided tractography study. Brain Struct Funct. 
2015 Sep 28. [Epub ahead of print] 

22. Somers M, Aukes M , Ophoff RA, Boks MP, Fleer W, de Visser 
KC, Kahn RS, Sommer IE. On the relationship between degree 
of hand-preference and degree of language lateralization. Brain 
Lang. 2015;144:10-5. 

23. Carper RA, Solders S, Treiber JM, Fishman I, Müller 
RA.Corticospinal tract anatomy and functional connectivity of 
primary motor cortex in autism. J Am Acad Child Adolesc 
Psychiatry. 2015;54(10):859-67. 

24. Fiori S, Staudt M, Pannek K, Borghetti D, Biagi L, Scelfo D, 
Rose SE, Tosetti M, Cioni G, Guzzetta A. Is one motor cortex 
enough for two hands? Dev Med Child Neurol. 
2015;57(10):977-80. 

25. Rangarajan V, Parvizi J. Functional asymmetry between the left 
and right human  fusi form gyrus explored through electrical 
brain stimulation. Neuropsychologia 2015; pii: S0028-
3932(15)30119-6. 

26. Ambrosini E, Vallesi A. Asymmetry in prefrontal resting-state 
EEG spectral power underlies individual differences in phasic 
and sustained cognitive control. Neuroimage 2015;  pii: S1053-
8119, (15)00850-2. 

27. Levin J, Bak TH, Rominger A, Mille E, Arzberger T, Giese A, 
Ackl N, Lorenzl S, Bader B, Patzig M, Bötzel K, Danek A. The 
association of aphasia and right-sided motor impairment in 
corticobasal syndrome. J Neurol. 2015 Jul 5. [Epub ahead of  
print] 

28. Ren X, Salazar R, Neargarder S, Roy S, Ellis TD, Saltzman E, 
Cronin-Golomb A .Veering in hemi-Parkinson's disease: 
primacy of visual over motor contributions. Vision Res. 
2015;115(Pt A):119-27. 

29. Goel V. Indeterminacy tolerance as a basis of hemispheric 
asymmetry within prefrontal cortex. Front Hum Neurosci. 
2015;9:326. 

30. Shumskikh DS, Rakhmanov RS, Orlov AL. Assessment of 
performance in students with different types of the nervous 
system with the use of the developed software forpc "tapping-
test" Gig Sanit. 2015;94(3):116-9 (English Abstract). 

31. Gorka SM, Phan KL, Shankman SA. Convergence of EEG and 
fMRI measures of reward anticipation. Biol Psychol. 2015; pii: 
S0301-0511(15)30056-9. 

32. Frings L, Hellwig S, Spehl TS, Bormann T, Buchert R, Vach W, 
Minkova L, Heimbach B, Klöppel S, Meyer PT. Asymmetries 
of amyloid-β burden and neuronal dysfunction are positively 
correlated in Alzheimer's disease. Brain 2015;138(Pt 10):3089-
99. 

33. Schaefer SY. Preserved motor asymmetry in late adulthood: is 
measuring chronological ageenough? Neuroscience. 2015; 
294:51-9. 



Haroun; Cerebral Asymmetry and Dominance 
 

 
                                                                                                                                                                            Page 12 Vol. 1, Issue 1, July-December 2015 Academia Anatomica International 
 

34. Westerhausen R, Bless J, Kompus K.Behavioral laterality and 
aging: the free-Recalldichotic-listening right-ear advantage 
increases with age. Dev Neuropsychol. 2015;40(5):313-27. 

35. Bidelman GM, Howell M. Functional changes in inter- and 
intra-hemispheric cortical processing underlying degraded 
speech perception. Neuroimage 2015;124(Pt A):581-590. 

36. Brambilla M, Manenti R, Ferrari C, Cotelli M. Better together: 
left and right hemisphere engagement to reduce age-related 
memory loss. Behav Brain Res. 2015;293:125-33.  

37. Budisavljevic S, Dell'Acqua F, Rijsdijk FV, Kane F, Picchioni 
M, McGuire P, Toulopoulou T, Georgiades A, Kalidindi S, 
Kravariti E, Murray RM, Murphy DG, Craig MC, Catani M. 
Age-Related Differences and Heritability of the Perisylvian 
Language Networks. J Neurosci. 2015;35(37):12625-34. 

38. Hitier M, Hamon M, Denise P, Lacoudre J, Thenint MA, Mallet 
JF, Moreau S, Quarck G.Lateral semicircular canal asymmetry 
in idiopathic scoliosis: an early Link between biomechanical, 
hormonal and neurosensory theories? PLoS One. 
2015;10(7):e0131120 

39. Hougaard A, Jensen BH, Amin FM, Rostrup E, Hoffmann MB, 
Ashina M. cerebral asymmetry of fMRI-BOLD responses to 
visual stimulation. PLoS One. 2015;10(5):e0126477. 

40. Sutterer MJ, Koscik TR, Tranel D. Sex-related functional 
asymmetry of the ventromedial prefrontal cortex inregard to 
decision-making under risk and ambiguity. Neuropsychologia. 
2015;75:265-73. 

41. Antyukhov AD. Morphometric features of the structure of the 
central Nucleus of the amygdala in men and women. Zh Nevrol 
Psikhiatr Im S S Korsakova. 2015;115(4):61-4(English 
Abstract). 

42. Bogolepova IN, Antyukhov AD.Peculiarities of structural 
organization of amygdale basolateral nucleus in the brain of 
men and women. Morfologiia. 2015; 147(2): 17-20(English 
Abstract). 

43. Zhu X, Kelly TH, Curry TE Jr, Lal C, Joseph JE. Altered 
functional brain asymmetry for mental rotation: effect of 
estradiol changes across the menstrual cycle. Neuroreport. 
2015;26(14):814-9. 

44. Driver ID, Andoh J, Blockley NP, Francis ST, Gowland PA, 
Paus T. Hemispheric asymmetry in cerebro vascular reactivity 
of the human primary motor cortex: an in vivo study at 7 T. 
NMR Biomed. 2015;28(5):538-45. 

45. Guo X, Xu S, Wang G, Zhang Y, Guo L, Zhao B. Asymmetry 
of cerebral blood flow measured with three-dimensional pseudo 
continuous arterial spin-labeling mrimaging in temporal lobe 
epilepsy with and without mesial temporal sclerosis. J Magn 
Reson Imaging. 2015 Apr 17. doi: 10.1002/jmri.24920. [Epub 
ahead of print] 

46. Stone MR, St Clair Gibson A, Thompson KG. Asymmetry of 
cerebral hemodynamic response to incremental cyclingexercise. 
Int J Sports Physiol Perform. 2015 Jul 27. [Epub ahead of print] 

47. Hopkins WD, Misiura M, Pope SM, Latash EM. Behavioral and 
brain asymmetries in primates: a preliminary evaluation of two 
evolutionary hypotheses. Ann N Y Acad Sci 2015 Oct; doi: 
10.1111/nyas.12936. [Epub ahead of print] 

48. Vallortigara G. Handedness: what kangaroos tell us about our 
lopsided brains. Curr Biol.2015;25(15):R672-4. 

49. Kim JW, Choi J, Cho J, Lee C, Jeon D, Park SH. Preliminary 
observations on sensitivity and specificity of 
magnetizationtransfer asymmetry for imaging myelin of rat 
brain at high field. Biomed Res Int. 2015;2015:565391. 

50. Pelosi A, Girault JA, Hervé D. unilateral lesion of dopamine 
neurons induces grooming asymmetry in the mouse. PLoS One. 
2015;10(9):e0137185. 

51. Sperry RW. Lateral specialization in surgically separated 
hemispheres. In Schmitt FO, Worden FG (eds). The 

Neurosciences, third study program. MIT Press. 1974;       
Cambridge, Massachusetts, p 5-19.  

52. Geschwind N, Galaburda AM. Cerebral lateralization. MIT 
Press 1987; Cambridge, p283. 

53. Lent R, Schmidt SL. The ontogenesis of forebrain commissures 
and the determination of brain asymmetries. Prog Neurobiol. 
1993; 40:249-76. 

54. Galaburda AM. Anatomic basis of cerebral dominance. In: 
Davidson RE, Hugdahl K: Cerebral Asymmetry. MIT Press. 
1994; Boston, p51-73. 
 

Copyright: © the author(s), publisher. Academia Anatomica 
International is an Official Publication of “Society for Health 
Care & Research Development”.  It is an open-access article 
distributed under the terms of the Creative Commons 
Attribution Non-Commercial License, which permits 
unrestricted non-commercial use, distribution, and 
reproduction in any medium, provided the original work is 
properly cited. 
 
How to cite this article: Haroun HSW. Cerebral 
Asymmetry and Dominance in Man. Acad. Anat. Int. 
2015;1(1):5-12. 
 
Source of Support: Nil, Conflict of Interest: None declared. 
 
 


