
Asymmetry of fetal cerebral hemispheres: in utero
ultrasound study

R Hering-Hanit, R Achiron, S Lipitz, A Achiron

Abstract
Background—Slight morphological asym-
metry of the cerebral hemispheres has
been observed in fetal and newborn brains.
In adults, sex diVerences in hemispheric
asymmetry have also been reported.
Objective—To establish whether cerebral
hemisphere asymmetry correlates with
sex in fetuses.
Methods—Left-right cerebral hemisphere
asymmetry, and the correlation with sex,
were studied in 51 male and 51 female
fetuses of 20–22 weeks gestation, using
diagnostic ultrasound scanning.
Results—A total of 102 fetuses were exam-
ined. The diameter of the left hemisphere
was larger than that of the right, in both
female and male fetuses. The mean (SEM)
diameter of the left hemisphere was 2.804
(0.174) cm in female fetuses and 2.781
(0.287) cm in male fetuses; the corre-
sponding values for the right hemisphere
were 2.627 (0.192) cm and 2.681 (0.267)
cm. There was no sex related diVerence
between hemispheric diameters. The inter-
hemispheric diVerence was significant for
both sexes: male fetuses, p = 0.017; female
fetuses, p = 0.016.
Conclusions—Left-right fetal brain asym-
metry, as measured by in utero ultrasound
examination, is apparent at 20–22 weeks
gestation regardless of sex.
(Arch Dis Child Fetal Neonatal Ed 2001;85:F194–F196)
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Anatomical asymmetry in the adult brain has
been established for over 100 years.1–5 DiVer-
ences in hemispheric length have been
measured indirectly in skulls.6 7 Brain asymme-
try has been observed at postmortem
examination,8–12 as well as in conventional
neurological studies using pneumoencephalo-
grams,13 14 cerebral angiograms,15–18 computed
tomography (CT) scans,19 and magnetic reso-
nance imaging.20 Sex diVerences in hemi-
spheric asymmetry have also been found.21–23

Some studies showed less asymmetry in
women than in men.24 25 Slight morphological
asymmetry of the cerebral hemispheres has
also been observed in fetal and newborn
brains.9 10 25 26 This was found to be less
pronounced in female than in male fetuses.27

The aim of this study was to measure the
cerebral hemispheres in male and female
fetuses during pregnancy using diagnostic
ultrasound scanning, and to establish whether
asymmetry correlates with sex.

Subjects and methods
The study group comprised pregnant women
with the following criteria: history of regular
menses with a 28 day cycle; a known date at
which the last normal menstrual period began;
absence of any maternal disease and clinically
normal fetus at term; documented gestational
age based on ultrasound measurement of
crown-rump length in the first trimester of
pregnancy below 12 weeks of gestation.

Hemispheric measurements were obtained
during routine ultrasound examination at the
Ultrasound Unit, Department of Obstetrics
and Gynecology, The Chaim Sheba Medical
Center. Each fetus was examined only once
between 20 and 22 weeks gestation. Ultrasono-
graphic examinations were performed using a
3.5–5 MHz curvilinear transducer (Elscint ESI
3000, Haifa, Israel). Hemispheric measure-
ments were obtained from the axial section of
the fetal head at the level used for biparietal
diameter measurement.28 Landmarks of this
plan included the thalami in the centre and the
cavum septum pellucidum anteriorly. Freeze
frame ultrasound capabilities and electronic
on-screen calipers were used for cerebral
hemispheric measurements. The cursors were
placed at the inner edge of the parietal bone
and on the mid-line falx cerebri.

The images of the fetal head were presented
to a single observer (RA), care being taken to
ensure that images did not include fetal
genitals. Fetal sex was determined ultrasono-
graphically by a second independent observer.
The laterality of the fetal cerebral hemisphere
(right or left) was determined by establishing
the fetal head position in utero and by abdomi-
nal viscera, respectively. In all neonates the sex
was confirmed by examining the newborn
medical records.

STATISTICAL METHODS

Data are presented as mean (SEM). Variables
were compared using the paired Student’s t
test. Intraobserver variability is expressed by
mean absolute diVerences. p < 0.05 was con-
sidered significant.

Results
The sonograms of 102 consecutive fetuses that
met the inclusion criteria were reviewed. In all
102 cases, determination of fetal sex and hemi-
spheric measurements were successfully per-
formed, and sex identification was confirmed.
The left hemispheres of both male and female
fetuses were larger than the right. The mean
(SEM) diameters of the left and right hemi-
spheres of 51 male fetuses were 2.781 (0.287)
cm and 2.681 (0.267) cm respectively
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(p = 0.017). In 51 female fetuses, the respec-
tive diameters were 2.804 (0.174) cm and
2.627 (0.192) cm (p = 0.016) (table 1). The
mean (SEM) diVerence between individual
right and left hemisphere measurements in the
male fetuses was 0.101 (0.019) cm, and in
female fetuses 0.171 (0.02) cm (p = 0.64).

There were no sex related diVerences
between left hemispheres (p = 0.82) or right
hemispheres (p = 0.51).

The mean (SD) of the absolute diVerences
between two repeated evaluations by the same
observer was 0.19 (0.04) cm.

Discussion
In utero ultrasonographic measurements of
brain hemispheres showed left-right fetal brain
asymmetry at 20–22 weeks gestation. The left
hemisphere of both sexes was significantly
larger than the right. No sex related diVerences
were found between the respective hemi-
spheres.

Wada et al11 were the first to show that the
human brain is asymmetric in the fetus. They
found planum asymmetry in brains of 100
fetuses and newborns between the 18th
gestational week and the 18th postnatal month.
LeMay and Culebras17 used carotid arterio-
grams to evaluate fetal brains and showed a
lower sylvian point on the left in 10 fetuses. In
another study, examining photographs from
the Yakovlev collection of 49 fetuses and new-
born brains, theses authors, similarly to our
findings, noted that the left hemisphere was
longer in 24 fetuses, the right hemisphere was
longer in eight fetuses, and both hemispheres
were equal in length in 17 fetuses.7 Chi et al27

measured brains of 207 fetuses at a gestational
age of 10–44 weeks. They showed that
left-right asymmetry of the transverse temporal
gyri and the temporal plane become recognis-
able beyond 31 weeks of gestation. LeMay and
Kido19 found cerebral asymmetry on brain CT
scans of 22 infants aged less than 1 year (five of
whom were less than 7 days old). Weinberger et
al29 measured brain volume of a portion of the
frontal and occipital lobes in fetuses (20–42
weeks gestation) and infants (aged 3.5–8
months) from the Yakovlev collection. Asym-
metry was present in 17 of the 20 brains exam-
ined. Photographs of 16 week fetal brains taken
by Fontes30 show asymmetry typical of adults—
that is, the left sylvian fissure is longer than the
right, and the right sylvian point is higher than
the left. De Lacoste et al31 noted that, in 21 fetal
brains from the Yakovlev collection of
gestational age 13–37 weeks, the two most
asymmetrical regions in the developing fetal
brain were roughly equivalent to prefrontal
cortex and a region that included striate and
extra-striate cortical areas; the latter also mani-
fested a sex diVerence.

Geschwind and Galaburda32 hypothesised
that factors relating to male sex, perhaps testo-
sterone, retarded growth on the left, so that the
corresponding regions on the right side devel-
oped relatively more rapidly. However, in our
study the structural diVerences show a lateral-
ity eVect, with predominance of left hemi-
spheric development.

To the best of our knowledge, this is the first
study to show, by ultrasound, brain asymmetry,
with larger left hemispheres, in fetuses at an age
as early as 20–22 weeks gestation. There is only
one study33 that has shown by ultrasound
behavioural asymmetry in utero, where a clear
bias for sucking the right thumb was found to
correlate with head turning to the same side.

The structural diVerences shown in this
study may be related to the eVect of sex
hormones such as testosterone and aromatase,
the key enzyme converting androgen into oes-
trogen, both of which are known to be involved
in brain diVerentiation. Testosterone increases
aromatase activity, neurite length, and branch-
ing of cultured hypothalamic neurones.34 35 The
sex hormones may aVect brain diVerentiation
and cause asymmetry in both sexes and thus no
sex eVects were found.

The neurotransmitter environment of undif-
ferentiated cells in the developing brain and
cholinesterase activity in diVerent brain regions
may also determine early diVerences in brain
development.36 37

The functional implications of the present
findings of an organisational role in brain
development, with left hemispheric predomi-
nance and no significant sex eVects, are not yet
clear. They may be related to diVerent
functions of the right and left hemispheres later
in adult life. We believe that a better under-
standing of the development of the human
brain will help in the detection and interpret-
ation of brain abnormalities and dysfunction in
early life.

1 Broca P. Remarques sur le siege de las faculte du language
articule, suivies d’une observation d’aphemie. Bull Soc Anat
1861;6:398–407.

2 Eberstaller O. Zur oberflachen anatomie des grosshirn
hamispheren. Wien Med Blatt 1884;7:642–4.

3 Ray P. Du poids des lobes cerebraux (frontaux, occipitaux,
et parietotemporaux) d’apres le registre de Broca. Rev
Anthropol 1885;8:385–96.

4 Cunningham DL. Contribution to the surface anatomy of the
cerebral hemispheres. Dublin: Royal Irish Academy, 1892.

5 Heschl RL. Uber der vordere quere Schalfenurindung des Men-
schlichen Grosshirns. Wien: Wilhelm Braumuller, 1878.

6 Hadziselimovic H, Cus M. The appearance of internal
structures of the brain in relation to configuration of the
human skull. Acta Anat (Basel) 1966;63:289–99.

7 LeMay M. Morphological cerebral asymmetries of modern
man, fossil man, and nonhuman primate. Ann NY Acad
Sci 1976;280:349–66.

8 PfeiVer RA. Pathologie des horstrahlung und der corticaler.
In: Bumke F, Foerster O, eds. Handbuch der Neurologie.
Berlin: Springer, 1936:523–626.

9 Geschwind N, Levitsky W. Human brain: left-right asym-
metries in temporal speech region. Science 1968;161:186–
7.

10 Teszner D, Tzavaras A, Gruner J. L’asymetrie droite gauche
du planum temporale: a propos de l’etude anatomique de
100 cerveaux. Rev Neurol 1972;146:444–9.

11 Wada JA, Clarke R, Hamm A. Cerebral hemispheric asym-
metry in humans. Arch Neurol 1975;32:239–46.

12 LeMay M. Asymmetries of the skull and handedness. J
Neurol Sci 1977;32:243–53.

13 Burhenne HJ, Davies H. The ventricular span in cerebral
pneumography. Am J Roentgenol Radium Ther Nucl Med
1963;90:1176–84.

14 Kopp N, Michal F, Carrier H. Etude de certaines asymetries
hemispheriques du cerveau humain. J Neurol Sci
1977;34:349–63.

Table 1 Diameters of right and left hemispheres of 20–22 week fetuses

Right hemisphere (cm) Left hemisphere (cm)
p Value between
hemispheres

Male (n=51) 2.681 (0.267) 2.781 (0.287) 0.017
Female (n=51) 2.627 (0.192) 2.804 (0.174) 0.016
p Value between sexes 0.51 0.82

Values are mean (SEM).

Asymmetry of fetal cerebral hemispheres F195

www.archdischild.com

http://fn.bmj.com


15 Di Chiro G. Angiographic patterns of cerebral convexity
veins and superficial dural sinuses. Am J Roentgenol
Radium Ther Nucl Med 1962;87:308–21.

16 McRae DL, Branch CL, Milner B. The occipital horns and
cerebral dominance. Neurology 1968;18:95–8.

17 LeMay M, Culebras A. Human brain: morphologic
diVerences in the hemispheres demonstrable by carotid
arteriography. N Engl J Med 1972;287:168–70.

18 Hochberg FH, LeMay M. Arteriographic correlates of
handedness. Neurology 1975;25:218–22.

19 LeMay M, Kido DK. Asymmetries of the cerebral
hemispheres on computed tomograms. J Comput Assist
Tomogr 1978;2:471–6.

20 Kerslesz A, Black SE, Polk M, et al. Cerebral asymmetries
on magnetic resonance imaging. Cortex 1986;22:117–27.

21 Connolly CJ. External morphology of the primate brain.
Illinois, USA: Charles C Thomas, 1950.

22 Orthner H, Sendler W. Planimestrische volumetrie an men-
schlichen gehiren. Fortschr Neurol Psychiatr 1975;43:191–
209.

23 Allen LS, Richey MF, Chai YM, et al. Sex diVerences in the
corpus callosum of the living human being. J Neurosci
1991;11:933–42.

24 Bear D, SchiV D, Saver J, et al. Quantitive analysis of
cerebral asymmetries. Fronto-occipital correlation, sexual
dimorphism and association with handedness. Arch Neurol
1986;43:598–603.

25 Kerslesz A, Polk M, Black SE, et al. Sex, handedness and the
morphometry of cerebral asymmetries on magnetic
resonance imaging. Brain Res 1990;580:40–8.

26 Witelson SF, Pallie W. Left hemisphere specialization for
language in the newborn: neuroanatomical evidence of
asymmetry. Brain 1973;96:641–6.

27 Chi JG, Dooling EC, Grilles FH. Left-right asymmetries of
the temporal speech areas of the human fetus. Arch Neurol
1977;34:346–8.

28 Hadlock FP, Deter RL, Harrist RB. Estimating fetal age:
computer-assited analysis of multiple fetal growth param-
eters. Radiology 1984;152:497–501.

29 Weinberger DR, Luchins DJ, Morihisa J, et al. Asymmetrical
volumes of the right and left frontal and occipital regions
of the human brain. Ann Neurol 1982;11:97–100.

30 Fontes V. Morfologia de cortex cerebral (Desenvolvimento). Lis-
bon: Instituto Antonio da Costa Ferreira, 1944.

31 De Lacoste MC, Horvath DS, Woodward DJ. Possible sex
diVerences in the developing human fetal brain. J Clin Exp
Neuropsychol 1991;13:831–46.

32 Geschwind N, Galaburda AM. Cerebral lateralization:
biological mechanisms, associations and pathology. I. A
hypothesis and a program for research. Arch Neurol
1985:42:428–59.

33 Hepper PG, Shahidullah S, White R. Handedness in the
human fetus. Neuropsychologia 1991;29:1107–11.

34 Hutchison JB, Beyer C. Gender-specific brain formation of
oestrogen in behavioural development. Psychoneuroendo-
crinology 1994;19:529–41.

35 Hutchison JB, Wozniak A, Beyer C, et al. Steroid metabolis-
ing enzymes in the determination of brain gender. J Steroid
Biochem Mol Biol 1999;69:85–96.

36 Reznikov AG, Nosenko ND, Tarasenko LV. Prenatal stress
and glucocorticoid eVects on the developing gender-
related brain. J Steroid Biochem Mol Biol 1999;69:109–15.

37 Wang RH, Bejar C, Weinstock M. Gender diVerences in the
eVect of rivastigmine on brain cholinesterase activity and
cognitive function in rats. Neuropharmacology
2000;39:497–506.

F196 Hering-Hanit, Achiron, Lipitz, et al

www.archdischild.com

http://fn.bmj.com

