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SUMMARY: Age is associated with substantial macrostructural brain changes. While some recent CT scan studies have reported
larger age affects in men than women, others find no sex differences, as brain morphometry is a potentially importaag taisnecd
monitoring of age-related neurological diseases. A study was conducted on 147 Arakian healthy aged participants in thet DEpartme
Radiology, Valie asr Hospital, Arak city. Gray matter (GM), white matter (WM) and CSF was evaluated based on cranial Gssan im
Both males and females subjects were divided into four age groups. In this study, the subjects were 51.7% (76) male &)der®aes (
Frequency of groups showed that the common types were in the 4th group of ages (65.1-80 years) with 44%. Although, ialll47cases,
parameters were greater in male than female but no significant differences were seen. The significant differences betweerete t
were in length of cranium and width of cranium. There was significant difference between age groups in male and fematgolpmale
no significant difference was shown between them, but these were considered statistically significant in female groujp$ anamidtin
(p=0.017), width of gray matter (p=0.008), length of cranium (p=0.052), length of white matter (P=0.024), distance of teitorn an
(p=0.013), width of white matter in bicoronal Anterior (p=0.046), but in male age groups showed no statistically sigfiéoamteli \We
found changing in brain volume relationship with ageing in population, but this change in female is greater than male.

KEY WORDS: Ageing; CT scan; Morphometry.

INTRODUCTION

Although much is known about the general patteroerebrospinal fluid volume (CSF) (Dekaban, 1978)
of age effect on brain morphometry, the role of sex in braiPostmortem analyses of brain structure depend on factors
aging is still controversial. Age is associated with substantiglich as the interval between death and fixation, the timing
macro structural brain changes. Some studies have fouwfdmeasurements, and the inclusion or exclusion of brain
more age-related regional volume differences in men thgtem structures and meninges (which can be difficult to con-
in women (Nunnemangt al, 2009). While some recent trol), and hence vary across studies (Messert, 1972; Miller
magnetic resonance imaging studies have reported larger agal, 1980). Moreover, if brain weight is related to body
effects in men than women, others found no sex differencégight, the progressive increase in height over the past
Furthermore, knowledge of the patterns of brain shrinkagentury may limit the applicability of conclusions from the
in normal aging could lead to better understanding of itsignificant fraction of postmortem studies that were
causes and perhaps to interventions, lessening the losg@fiducted in the last century (Millet al) can be difficult
brain functions associated with brain shrinkage with age study. Therefore, studies using Magnetic Resonance
(Smithet al, 2007). During the past two decades, severghaging (MRI) have confirmed and refined these findings
studies have investigated the effect of aging on the humiap showing that the gray matter (GM) volume starts to
brain. More often than not, these studies investigated cetiecrease earlier in the life (at the end of the first decade),
bral changes over life span (from 20 up to 80 years). Theihereas white matter (WM) volume starts to decrease at the
findings have lead to a large consensus regarding the glofmirth decade (Courchesaeal, 2000; Pfefferbaurat al,
morphological changes due to aging. First, postmortem®94). Also, a number of in vivo imaging studies have
studies have described, starting at the fourth decadeateempted to quantify age-related change in whole brain
decrease of the brain weight and an increase of thelume, grey matter, white matter, and CSF compartments
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(Pfefferbaumet al, 1994). Latest studies showed sexud- Transverse axis of cranial bone (from inner table to inner
dimorphisms of adult brain volumes was more evident itable) at the level of apex of posterior horn.
the cortex, with women having larger volumes, relative tb0- Transverse axis of brain (external margin to external
cerebrum size (Zaidi, 2010) In the present study, we hawgargin) at the level of posterior horn.
investigated this issue by taking advantage of a lardd- Cerebro-spinal fluid in length space, posteroanterior axis
epidemiology study dealing with subarachnoid space arounticranial bone-anteroposterior axis of brain.
brain aging for which 147 of subjects in their first or eighti2- Cerebro-spinal fluid in width space, transverse axis of
decade were recruited and examined with CT scan. cranial bone-transvers axis of brain.
13- Cerebro-spinal fluid in width space in apex of anterior
horn, transverse axis of cranial bone- transverse axis of brain-
MATERIAL AND METHOD transverse axis of brain the level of anterior horn.
14- Cerebro-spinal fluid in width space in apex of posterior
horn, transverse axis of cranial bone- transverse axis of brain-
Cross-sectional study, using cranial CT scan obtainé@nsverse axis of brain the level of posterior horn.
from Department of Radiology, Valie asr Hospital, Arak city.
The age and sex were matched among 76 males and 71
females each, 147 cases. The study involved normal subjeREESULTS
from birth to 109 years, categorized into groups of 0-18 years,
18.1-40 years, 40.1-65 years and 65.1-80 years, and above
80 years. Only normal CT scans obtained from the In this study, 147 cases were involved 51.7% (76)
Department of Radiology were measured in the Anatonwere male and 48.3% (71) were female and we divided
Department. Approval was sought from the Ethics committaases into five groups: 1 group = 0-18 years old, 2 group
of Arak Medical Science University before the study started. 18.1-40 years old, 3 group = 40.1-65, 4 group = 65.1—
A written standard consent was taken from all subjec8) and 5th group = >80 and Frequency of groups showed
willing to be part of the study. After images acquisition, skulin Table I, that there common types were 4th groups with
diameters were measured. Data collected were recordeddai¥o. Table 1l showed Descriptive Statistics of parameters
the performer, organized and entered on Excel spread shafdirain ventricles and cranium and white matter. Table Il
to be analyzed using SPSS 16 version, and statistical analgi®wed Mean and Standard Deviation of cranium
involved paired comparisons of mean diameters. ANOVAarameters in male and female separately. That all
was performed to define the correlation of parameters uspdrameters are greater male than female but no significance
in this study R0.05 was considered statistically significantdifference between them except, length of cranium and
width of cranium that they have significance difference
The conventional methodology was adopted fofTable 1V) between male and female population. In Table
acquisition of lower parameters with a 1 m source filnlV showed significance difference between groups of age
distance: in male and female. In male groups showed no significance
difference between them but there were considered
1- Posteroanterior axis of cranial bone (from inner table &iatistically significant in female groups in width of
inner table). cranium (p=0.017) width of gray matter (p=0.008) length
2- Anteroposterior axis of brain (external margin to externalf cranium (p=0.052) length of white matter (P=0.024)
margin). distance of bicorn anterior (p=0.013) width of white matter
3- Transverse axis of cranial bone (The biparietal diamet@rbicoronal Anterior (p=0.046) but in male age groups no
(BP) is the major measurement statistically significant.
between parietals (from inner table to inner table).
4- Transverse axis of brain (external margin to external

margin that gray matter is maximum). Table |. Frequency and percent of ageing categories in Arakian
5- Distance between apex of anterior horns of two laterg@mpled population.
ventricles (there is white matter). Groups Frequency Percent (%)
6- Distance between apex of posterior horns of two lateral0 — 18 1 6.9
ventricles (there is white matter). 18.1-40 16 103
7- Transverse axis of cranial bones (from inner table to inne*0-1—65 44 303
table) at the level of apex of anterior horn. 651-80 43 29.7
>80 33 22.8

8- Transverse axis of brain (external margin to external
margin) at the level of anterior horn.
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Table Il. Mean and Standard Deviation of parameters in male and female separately in Arakian
sampled population.

Sex n Mean SD
. . Femade 76 50.22 10.76
Width of cranium Male 71 5159 1502
. Femade 76 42.96 9.89
Width of grey matier Male 71 4457 1344
L h of cranium Femde 76 61.10 12.29
endt Male 71 6435  17.24
L h of white matt Femade 76 53.18 11.05
ength of white matter Male 71 5621 1577
' . N . Female 64 37.85 8.50
Width white matter in bicorond A nteior Male 59 38.79 1231
' . - . Femade 63 42.46 12.17
Width cranium bonein bicorona Anterior Male 59 43.38 13.90
' , N . Femae 62 39.24 10.85
Width with matter in bicorona posterior Male 59 40.79 12.77
' . — . Femade 62 46.37 10.75
Width cranium bonein bicorond posterior Male 59 4710 14.07
Distance bicoronal anterior Female 64 11.06 3.24
Male 58 11.26 4.28
Dist hite matter in bi A posteri Female 62 20 8.15
istance white matter in bicorona posterior Male 58 20.74 8
. Femade 76 7.26 1.66
Width cs1 length Male 71 7 1.60
. Femade 76 7.82 2.20
Width cS2 transverse Male 7 814 202
. . Femae 63 4.46 3.27
Width C«3 bicoronal ant Male 59 452 3.302
Width Csf4 bi o post Femae 62 7.12 3.10
! coronal po Male 59 63 2.62

Csfl= difference between length of cranium white matter. Csf02= difference between width of cranium and
white matter. Csf= bicoronal Ant: difference between width of cranium and with matter in anterior horn of
ventricle. Csf= bicoronal post: difference between width of cranium and with matter in posterior horn of ventricle.

Table IIl. Descriptive Statistics of parameters of brain CSF spaces and cranium and white matter in Arakian sampled
population.

n Minimum Maximum M ean (mm) SD
Width of cranium 137 26.00 84.00 50.54 12.78
Width of gray metter 137 23.00 74.00 43.32 1144
L ength of cranium 137 35.00 100.00 62.34 14.81
L ength of white matter 137 27.00 90.00 54.21 13.26
Distance of bicorn anterior 115 5.00 20.00 11.16 3.68
Width of white matter bicoronal Anterior 116 16.00 69.00 38.10 10.35
Width cranium bonebicoronal Anterior 115 10.00 81.00 42.80 13.01
Distance of bicoronal posterior 113 10.00 65.00 20.29 8.15
Distance with matter bicoronal posterior 114 14.00 72.00 39.87 11.83
Width of cranium bone bicorond posterior 114 23.00 80.00 46.72 12.50
Width c.sf. 1(in length) 137 1 15.00 7.15 161
Width c.sf.2(in transvers) 137 0.00 17.00 8.44 1.67
Width C.s.f3 (in bicorona anterior) 115 1 16.00 6.6 154
Width C.s.f4 (in bicorona posterior) 114 0.00 2250 6.64 2.59
Age (years) 137 6.00 109.00 45.70 23.14

1479



BAYAT, P. D.; GHANBARI, A.; MORADI, M. & RAOOFI, A. The effects of age and sex on brain volume.J. Morphol., 32(4)1477-1483, 2014.

Table IV. Comparative parameters between male (M) and female (F) groups and also between
female and male (F/M) groups (significant difference were set at p>0.05).

F M
Width of cranium 0.023 0.017 0.870
Width of gray matter 0.077 0.008 0.673
L ength of cranium 0.015 0.052 0.313
L ength of white matter 0.025 0.024 0.335
Distance of bicorn anterior 0.111 0.013 0.112
Width of white matter in bicoronal anterior 0.237 0.046 0.409
Width cranium bonein bicoronal anterior 0.162 0.159 0.847
Distance of bicorona posterior 0.878 0.159 0.049
Width of white matter in bicorona posteri or 0.636 0.087 0.04
Width of cranium bonein bicoronal posteri or 0.086 0.098 0.778
Grey and white matter 2 0.43 0.07 0.55
Width csf length cranium 0.065 0.089 0.846
Width co transverscranium 0.067 0.119 0.604
Width Co in bicorond anterior 0.373 0.181 0.712
Width C« in bicorond posterior 0.182 0.189 0.064
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Fig. 1. Comparative white matter in 5 groups in male and female.  Fig. 2. Comparative CSF space in five ageing groups in male and
female.
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2063 showed significance difference between groups of age in
male and female. In male groups it showed no significance
1100 . .
1200 difference between them but these were considered
30 statistically significant in female groups in width of cranium
60.007 M0 (p=0.017) width of gray matter (p=0.008) length of cranium
‘ (p=0.052) length of white matter (P=0.024) distance of
bicorn anterior (p=0.013) width of white matter in bicoronal
Anterior (p=0.046) but in male age groups no statistically
significant. Although, many of our results are consistent with
previous reports, some are not, we believe that these
differences are most likely related to differences in image
qguality and subject selection. Many neuropathological
studies show that normal ageing is characterized by a
% substantial and extensive loss of neurons in the cerebral
cortex, although this is controversial, with stereological
investigations indicating little neuronal loss with normal
ageing (Gunning-Dixoret al, 1998), and some reports
suggesting that alterations in cerebral white matter and
subcortical neuronal loss may be the predominant effect of
age (Guttmanret al, 1998). We found changing in brain
volume relationship with ageing in population, but this
changing in female is greater than male. This changing is
white matter is significant. Pfefferbawghal (1992), suggest
mele feide that ageing predominantly and substantially affects the grey
matter. Others have suggested accelerated ageing in the later
decades of life (Pruessnet al., 2001). Jacobt al.,
Fig. 3. Comparative gray matter in 5 ageing groups in male agxamined 50 psychiatrically and neurologically healthy
female. volunteers from the community to establish genuine
normative standards for CT scans in the elderly, they found
only a non-significant trend to larger ventricles with age,
DISCUSSION but this may be due to the lack of persons under the age of
62 years in their survey (Jacolky al, 1980). Objective
measurements are required for the initial diagnosis of CSF
The field of nervous system structural neuroimagingpace enlargement and are essential for assessing subsequent
has been growing rapidly in response to the realization cianges in subarachnoid space, White matter, gray matter.
the complexity and potential malleability of postnatal brai®ur study provides reference ranges for the linear
development. Large-scale studies are underway in sevaraasurements of intracranial measurements of Transverse
countries combining data from multiple sites in order tand length lines in male and female groups, there were
increase sample sizes and move towards the compilatiorsajnificant differences between transverse width of white
population-based measures of brain development. Advanceeatter, white matter of distance between posterior horn,
in scanner technology are making it possible to obtain vedjstance between posterior horn and external border of brain
high-resolution structural data within time frames feasibland length of brain. In groups of males from 0 to 109 years
for every age group populations (Lenroot & Giedd, 2006hf age, there were no significant differences except white
Age-associated changes in the liner measurements of thater in distance between two posterior horn, but in between
four intracranial compartments have interested margroups of female from 0 to 109 years of age, there were
investigators. To our knowledge, however, the current studignificant differences in width of cranium, width of white
is the first to employ CT scans, standardized protocolsatter, length of white mater, white matter of distance
careful screening of healthy subjects, and age and sdsetween posterior horn, white matter of distance between
matching of subjects by decade. Before discussing our resualtgerior horn, distance between posterior horn and external
in details, it is also worthwhile discussing the intrinsiborder of brain and length of brain. Our study provides
limitations of cross-sectional studies, such as ours, whaeference ranges for the linear measurements of all four
age effects on neuroanatomy are measured at a single tinteacranial subarachnoid spaces in five groups from 0 to
across a sample of subjects having different ages. Our stud}@ years age. The measurements of the CSF compartments

1481

F
S
=
3

95% CI gray matter

20.00

0.00

sex



BAYAT, P. D.; GHANBARI, A.; MORADI, M. & RAOOFI, A. The effects of age and sex on brain volume.J. Morphol., 32(4)1477-1483, 2014.

were distance between external border of brain and interfebel is significantly correlated with the weight of the brain
surface of cranium diameters in the corresponding Cand hippocampus in animal experiments (Perrot-®irell,
section, in order to take into account the size and shapel®98). Testosterone administration enhances spatial
the growing skull in four sided. All CSF spaces wereognition in older men (Janowslet al, 1994). which
relatively larger in the male (Table IIl) than in the femalsuggests a relationship between testosterone, brain volume,
separately, but did not differ significantly between themand spatial cognition. Some authors have indicated that there
since the cranial size was taken into account. Moreover,ane sex differences in brain metabolism in different regions
male and female totally, did not show difference betweesf the brain (Guet al, 1995). These differences are most
groups. We did not find significant difference, increases imarked in the same regions as those in which we found sex
CSF spaces in males compared with females. However, sodifferences, such as the temporal and parietal lobes and the
previous studies have found greater increases in CSF spamaebellum. Because few published studies have investigated
in males compared with females (Coffeyal, 1998; Guet changes in brain structure and metabolism with aging in the
al., 1991). Although this has not been reproduced by othesame subjects and regions, the mechanism of brain atrophy
(Goodet al, 2001). The cause of sex differences in braiwith aging is not entirely clear (Xet al, 2000).

atrophy with aging is still unclear and may be attributed to

internal and external factors. Sex hormones may be involved

in the former, whereas the natural environment, familxCKNOWLEDGMENTS

circumstances, education, and habits (such as smoking and

alcohol) may be involved in the latter. Compared with

external factors, levels of sex hormones are relatively stable ~ The paper is derived from a thesis conducted at two
between individuals, so the effect of sex hormones on brdfermanshah and Arak Universities of Medical Sciences.
structures may be more important. For example, testosterone
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RESUMEN: La edad se asocia con cambios cerebrales sustanciales. Mientras que algunos estudios recientes han reportado que
la edad afecta a hombres mas que a mujeres, otros no encuentran diferencias sexuales. La morfometria cerebral es wna herramient
potencialmente importante en el diagnostico y seguimiento de enfermedades neuroldgicas relacionadas con la edad. &udalizo un
en 147 participantes sanos de edad avanzada en el Departamento de Radiologia, Hospital de Valie asr, ciudad de Arékgkia sustanc
(SG), sustancia blanca (SB) y liquido cerebro-espina (LCR) fueron evaluados en base a imagenes craneales de escarep§T. Los suj
hombres y mujeres fueron divididos en cuatro grupos etarios. De los sujetos incluidos en el estudio, 51,7% (76) fuergrlB@#bres
(71) mujeres. La frecuencia de los grupos mostré que los tipos mas comunes estaban en el cuarto grupo etario de (§5drau80 afios
44%. En 147 casos todos los pardmetros fueron mayores en hombres que en mujeres, sin embargo, no se observaron diferencias sign
cativas. Entre los dos sexos las diferencias significativas estaban en longitud de craneo y ancho del craneo. No haksijfefienci
cativas entre los grupos etarios. En los grupos de hombres, no se demostré ninguna diferencia significativa, pero éstesdasen
dos estadisticamente significativos en ancho de craneo (p=0,017), ancho de craneo de las mujeres, la sustancia gten@te@008),
del craneo (p=0,052), longitud de la sustancia blanca (P=0,024), distancia anterior del bicornio (p=0,013) y el anchtardsala sus
blanca bicoronal anterior (p=0,046). Sin embargo en los grupos de edad de sexo masculino no se observaron diferemciaeestadisti
significativas. Encontramos cambios en relacion al volumen cerebral con el envejecimiento de la poblacion; este camkio en el se
femenino es mayor que el masculino.

PALABRAS CLAVE: Envejecimiento; Tomografia Computadorizada; Morfometria.
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