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ARTICLE INFO ABSTRACT

ARTICLE HISTORY The objectives of this study were to study the normal
Received: 1/10/2019 dimensions of the cerebellum,cerebrum pons and tentorium
Accepted: 12/11/2019 angle in ages <I year and<15 years old as well as to evaluate

Available online:June2020 | the gender differences and the age-related changes. Axial, and
midsagittal of normal brain MRI scans of 200 subjects (104

KEYWORDS: were males and 96 were females) were evaluated .The study
Cerebellum, evaluated: (1) The dimensions of the cerebellum for the right
Cerebrum,Pons, Tentorial | and left antroposterior and transverse at axial plane (2) the
angle ,MRI cerebrum right and left anteroposterior dimension and

transverse diameter at axial plane and (3) the Pons
antroposterior and craniocaudal dimentions as well as the
tentorium angle at sagital plane .The collected data were
statistically analyzed by using SPSS program version 16.
Student’s t -test was applied for gender comparisons. To
determine the associations between age and anatomical
structures, Pearson  correlation  coefficients  were
calculated.The mean of right and left cerebellum
anteroposterior and transverse dimension were found to be
4.67+0.87, 4.60+£0.92 and 8.68+1.48 cm in respectively. Mean
right and left cerebrum anteroposterior and transverse
dimension were found to be 13.88+1.91, 13.88+1.91 and
11.61£1.53cm in respectively. The mean of Pons
anteroposterior and cranio caudal dimension were found to be
1.47+0.38 and 3.68+18.74 in respectively .The Mean tentorial
angle was 40.93°+8.68.

Introduction:

There are many researches in the literature where anatomical structures in brain are measured
quantitatively in terms of dimensions.( Yucel et al., 2002) Investigations of aging effects on the
brain stem and cerebellum are significant, not only to understand normal aging, but also for
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comparative study of the pathophysiology of degenerative brain disorders. Since the
development of magnetic resonance imaging (MRI), many neuroanatomical studies of normal
brain growth and atrophy have been reported (Coffey et al., 1992; Pfefferbaum et al., 1994;
Blatter et al., 1995; Matsumae et al., 1996).The cerebellum is known to undergo volumetric
declines with advanced age. Individual differences in regional cerebellar volume may therefore
provide insight into performance variability across the lifespan, as has been shown with other
brain structures. (Jessica et al., 2013).The Tentorial Angle has great importance in the clinical
setting as it has an implications on surgeries of the pineal region (Hasan and Walter 2018)

There is a growing interest in MRI-based measures and associated standard measurements as
imaging methods allowing for the optimal calculation of future clinical changes.( Leow et al.,
2009) MRI is widely used as a noninvasive method to evaluate structural measurements, with
good results.( Leos et al., 2006)

Many neuroanatomical studies of brain development have been reported as well as investigations
of aging and gender impact.(Griffiths et al., 2004)

There is a lack of studies examining together the entire tentorial angle, Pons, cerebellum and
cerebellum in young adults and its development between the 6™ month and 15 years old.
Increasing the knowledge of normal brain development strengthen understanding brain
abnormalities when it happened. In this study, we analyzed the dimensions of some normal
cranial structures. We hypothesized that the dimensions would be proportionally reduced at
different ages. We also investigated whether the changes are related to gender.

Materials and Methods:

This is analytical cross sectional study. The study population composed of normal brain patients
presenting to the Magnetic Resonance unit of International Medical Center (IMC) and Saudi
Germen hospitals. Superconducting system Siemens Avanto 1.5 Tesla was used .The sample size
consisted of 200 participants. The cases were confirmed to be normal with the presence of the
radiologist during the selection of cases for study. The participants ages were between 6 months
and 15 years. Abnormal brain patients were excluded. The study took place during the period
from July 2015 to July 2017.

Technique:

The measurements were performed using spin echo sequences the images are T; weighted
sagittal plane (TR 400) (TE 12). And T, weighted axial plane TR =4500, TE =117. Slice
thicknesses =2mm, gap= 5 mm, field of view =20 cm and display matrix= 314 x 448.
Measurement were performed to properly measure the children posterior fossa, important parts
were measured: cerebellum, cerebrum,tentorium angle and pones. Using a high-resolution fast
spin echo technique providing the area of the posterior fossa and tentorial angle.

Measurements:

In sagittal section: the structure under study is best visualized in this plane was the pons

The Pons:

Two lines were drawn to define the major axes, corresponding to oblique superior-inferior axes
.The maximal measurement perpendicular to the major axis was taken. In all cases, the posterior
border of the Pons was clearly identifiable and did not include the pontine tegmentum .AP
diameter was measured in the Pons midline at the level of the opening of the sella turcica. The
transverse diameter of the Pons was measured as the distance between two points perpendicular
to the midline along the tangent lateral to the Pons; this was similar to the methods done by
(Massey et al., 2013).
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The Cerebellum:

Axial transverse cerebellar diameter (TCD) measurements were taken at the point of maximal
length. Allows examination of mid brain at cisterna magna and cerebellar vermis the routine
examination includes a transverse scan at the level of the cavum septum demonstrates the lateral
borders of the anterior portion.TCD was defined as the maximum distance from the right to left
hemispheres in the transverse plane. Right and left hemispheric the medial aspect of each
cerebral hemisphere was taken as a convenient' horizontal' and all vertical sections were cut
normal to this reference plane. Anteroposterior (AP) diameter is defined as the maximum
distance between the most anterior portion and the most posterior portion of the cerebellum.

The cerebrum: transverse diameter which is the longest measurement of the long axis of the
cerebral hemispheres as done by (Bruno et al., 2017) the level of the cavum septi pellucidi,
which demonstrates the lateral borders of the anterior, medial and posterior horns of the lateral
ventricles measures were done on the axial image in T2-weighted including deep nuclei gray
matter and Monro’s foramens. The right and left sides were measured.

Data analysis

Data were analyzed by using SPSS program and the results were presented in form of tables.

Ethical consideration
No identification or individual details were published.
No information or patient details were disclosed or used for reasons other than the study.
Results
The following tables represented the study results. The participants were 200, their ages
were as the following < One years were 38(19%),1-5 years were74(37%),6-10 years were
63(31.5%),11-15 years were 25(12.5%) with their mean 5.39+3.98 min=0.11- max=15.00

Table (1) Descriptive Statistics of the variables:

cerebellum measurements/cm (axial)

Cerebellum N Minimum Maximum Mean Std.
Deviation
Anteroposterior (RT) in axial 200 1.83 6.50 4.67 0.87
plane
Anteroposterior (LT)in axial 200 1.96 9.90 4.60 0.92
plane
Transverse Diameter 200 4.01 11.80 8.68 1.48
Tentorial angle/° measurement
N Minimum Maximum Mean Std.
Deviation
Tentorium Angle 200 21.70° 64.26° 40.93° 8.68
cerebrum/cm measurements
Cerebrum N Minimum Maximum Mean Std.
Deviation
Anteroposterior (RT) 200 5.60 18.79 13.88 1.91
Anteroposterior (LT) 200 5.40 18.85 13.83 1.91
Transverse Diameter 200 4.40 14.44 11.61 1.53
Pons/cm measurements
Pons N Minimum Maximum Mean Std.
Deviation
Anteroposterior dimensionin 200 0.72 2.97 1.47 0.38
sagital plane
Craniocaudal Diameter 200 0.54 2.18 3.68 18.74
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Table (2) Group Statistics of The variables classified according to gender:

cerebellum measurements classified according to gender

50

Cerebellum Gender N Mean STDV P-value
Anteroposterior Male 104 4.68 0.86 0.785
(RT)/em Female 96 4.65 0.88
Anteroposterior Male 104 4.56 0.81 0.521
(LT)/em Female 96 4.64 1.03
Transverse Male 104 8.75 1.53 0.447
Diameter/cm Female 96 8.59 1.42
Tentorial angle measurements
Gender N Mean Std. P-Value
Deviation
Tentorium Angle Male 104 39.81° 8.21 .059
Female 96 42.13° 9.04
Cerebrum measurements
Cerebrum Gender N Mean Std. P-value
Deviation
Anteroposterior Male 104 13.83 2.06 0.668
(RT)/cm Female 96 13.94 1.76
Anteroposterior Male 104 13.78 2.07 0.724
(LT)/cm Female 96 13.88 1.74
Transverse Male 104 11.61 1.67 0.983
Diameter/cm Female 96 11.62 1.36
Pons measurements
Pons Gender N Mean Std. Deviation P-value
Anteroposterior Male 104 1.43 0.36 0.112
dimension/ cm Female 96 1.52 0.40
Craniocaudal Male 104 1.80 0.45 0.138
Diameter/cm Female 96 5.75 27.04
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Table (3) Cerebellum measurements classified according to age and p- value:

Descriptive Statistics

Cerebellum N Mean STDV Minimum Maximum P-value

Anteroposterior < One years 38 4.59 0.86 2.20 6.15 0.027
(RT)/cm 1-5 years 74 4.59 091 2.70 6.50
6-10 years 63 4.60 0.87 1.83 6.10
11-15 years 25 5.16 0.59 4.04 6.25
Total 200 4.67 0.87 1.83 6.50

Anteroposterior < One years 38 4.48 0.81 2.20 6.38 0.021
(LT)/cm 1-5 years 74 4.48 0.84 3.00 6.40
6-10 years 63 4.67 1.11 1.96 9.90
11-15 years 25 4.95 0.66 3.80 6.39
Total 200 4.60 0.92 1.96 9.90

Transverse < One years 38 8.04 0.00 4.20 10.01 0.000
Diameter/cm 1-5 years 74 8.60 1.47 4.20 11.20
6-10 years 63 8.62 1.55 4.01 10.70
11-15 years 25 9.98 0.59 9.09 11.80
Total 200 8.68 1.48 4.01 11.80

Cerebellum transverse diameter = 8.013 + 0.123 * Age [R*=0.108].
Cerebellum Anteroposterior (RT) =4.491 + 0.033 * Age [R*=0.023]

Table (4) Tentorium angle measurements classified according to age and p- value:

Descriptive Statistics

N Mean STDV Minimum Maximum P-value
Tentorium Angle < One years 38 41.17° 7.95 23.98° 54.00° 0.603
1-5 years 74 41.11° 9.64 26.00° 64.26°
6-10 years 63 41.43° 9.05 21.70° 64.24°
11-15 years 25 38.74° 5.17 29.10° 49.10°
Total 200 40.93° 8.68 21.70° 64.26°

Table (5) Cerebrum measurements classified according to age and p- value:

Descriptive Statistics

Cerebrum N Mean STDV Minimum Maximum P-value

Anteroposterior < One years 38 12.74 0.00 5.60 16.88 0.000
(RT)/cm 1-5 years 74 13.79 1.76 9.43 18.79
6-10 years 63 13.99 1.84 7.76 16.81
11-15 years 25 15.63 79 14.41 17.39
Total 200 13.88 1.91 5.60 18.79

Anteroposterior < One years 38 12.69 2.04 5.40 16.86 0.000
(LT)/ecm 1-5 years 74 13.73 1.78 9.29 18.85
6-10 years 63 13.94 1.83 7.71 16.92
11-15 years 25 15.56 .73 14.36 17.04
Total 200 13.83 1.91 5.40 18.85

Transverse < One years 38 10.88 0.00 7.23 13.44 0.000
Diameter/cm 1-5 years 74 11.64 1.65 4.40 14.44
6-10 years 63 11.56 1.43 6.27 13.64
11-15 years 25 12.79 .56 11.97 14.22
Total 200 11.61 1.53 4.40 14.44
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Cerebrum transverse diameter = 10.961 + 0.122*Age[R*=0.101]
Cerebrum anteroposterior (RT) = 12.818 + 0.198 * Age[R*=0.169]
Table (6) Pons measurements classified according to age and p- value:

Descriptive Statistics

Pons N Mean Std. Minimum Maximum
Deviation

Anteroposterior < One years 38 1.61 0.31 1.11 2.20
dimensions/cm 1-5 years 74 1.49 0.39 0.79 2.60
6-10 years 63 1.39 0.43 0.72 2.97
11-15 years 25 1.42 0.21 0.97 1.80
Total 200 1.47 0.38 0.72 297
Craniocaudal < One years 38 1.63 0.36 0.54 2.45
Diameter 1-5 years 74 4.68 2.51 0.87 2.18
6-10 years 63 4.41 1.94 1.00 1.55
11-15 years 25 2.04 0.31 1.40 2.54
Total 200 3.68 1.87 0.54 2.18

value

.033

0.815

Pons Anteroposterior Diameter = 1.555-0.015 *Age[R2 =0.023]

Table (7) Correlation between the RT and LT Cerebrum and Cerebellum Antroposterior measurements:

Cerebellum Anteroposterior dimension

(RT)/cm

Anteroposterior Pearson Correlation B21(*%)
dimensions (LT)/cm Sig. (2-tailed) .000
N 200

Cerebrum Anteroposterior
dimension(RT)/cm

Anteroposterior Pearson Correlation 992(*%)
dimension(LT)/cm Sig. (2-tailed) 000
N 200

** Correlation is significant at the 0.01 level (2-tailed).

Discussion:

Knowledge of normal brain development is a gate for understanding brain malformations, while
the introduction of magnetic resonance imaging (MRI) into clinical practice has improved the
detection and classification of brain anatomy and pathology.

We determined the dimensions of cerebellum, cerebrum, Pons and tentorium angle on normal
MRI brain scans. Our study evaluated the following (1) The dimensions of the cerebellum for the
right and left antroposterior and transverse at axial plane (2) the cerebrum right and left
anteroposterior dimension and transverse diameter at axial plane and (3) the Pons antroposterior
and craniocaudal dimentions as well as the Tentorial angle at sagital plane.

A sample of 200 participant was involved in the current study with mean age of 5.39+3.98 years
old .The higher frequency was found in the ages between 1-5 years old (74) constituting
(37.0%). Descriptive statistics of cerebellum (RT) and (LT) anteroposterior dimensions and
transverse diameter , tentorium angle , cerebrum (RT) and (LT) anteroposterior dimensions and
transverse diameter and Pons anteroposterior and craniocaudal were presented as mean and
standard deviation ,maximum and minimum values in table(1) .

The current study showed no significant gender related differences for all the measured
variables: table (2) except the tentorium angle, there is significant difference between the two
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genders at p=0.059 .This was not consigned with what was mentioned in other previous studies
who mentioned that there are sex differences in gross cerebellar neuroanatomy (Escalona et al.,
1991, Shah et al., 1991, Raz et al., 1998, Luft et al., 1999).The justification may be due to the
small sample size.

The cerebellum and cerebrum selected dimensions were significantly increased by increasing age
from 6 months up to 15 years old table (3,5) however the increasing of age have no impact
neither on the tentorial angle measurements table( 4) nor the Pons craniocaudal diameter table(6
)at p=0.603 and p=0.815 in respectively.

The study showed that the ages where the most changes/development happened in the
cerebellum right and left anteroposterior dimensions and transverse diameter were found
between 11-15 years .For the Cerebrum the right and left anteroposterior dimensions and
transverse diameter maximum, development were happened at the ages between 11-15years
tables (3,5) it developed by nearly about 1 cm every five classes of ages (6-10 years and 11-15
years old)

Early MR morphometry studies comparing the cerebrum morphology in children and adults
showed that changes were considerably larger in school-aged children than in young adults
(Jernigan and Tallal 1990; Jernigan et al., 1991; Pfefferbaum et al., 1994), another studies
showed that the changes in gross brain structure that continue past the ages over the first 2-3
years of life are subtle (Joan and Terry 2010) , this was similar to our results. As well our results
showed the progress of growth was found to be increased at the age of 6-10 years old and
increasing more at the young adults at 11-15 years for the right and left anteroposterior
dimensions and transverse diameter of cerebrum, cerebellum however the Pons was found to be
at maximum measurements at the ages less than one year for the antroposterior measurements,
and reduced at the age from 6-10 years and then increased again at the age of 11-15 years
significantly at p=0.033 with no significant changes were found in all age groups for the cranio
caudal diameter (3,5,6). This might be justified as suggested by (Joan and Terry 2010 )that tissue
alterations related to brain maturation might be much more extended during childhood than was
generally supposed, and that some of these alterations might be regressive; that is, they might
involve tissue loss. These findings were also confirmed and extended by the study done by (Toga
et al., 2006) but the changes remain a matter of assumption as mention by (Joan and Terry.
2010). Other studies have provided more anatomical details for studying age-related change
(Giedd, et al., 1996; Sowell et al., 1999a; Sowell et al., 1999b; Sowell et al.,2002).

The tentorial angle measurement does not affected by increasing age as presented in table (4).No
significant difference between the right and left side of cerebrum and cerebellum antroposterior
measurements at p=0.000 and 0.000 respectively table (7).

Understanding the normal development of the cerebellum and cerebrum might help to
distinguish pathological changes from healthy growth during development in the age’s <than 1
and <15 years old, which can help in the early diagnosis of any presence of abnormalities. There
is a lack of studies examining the cerebellum, cerebrum, pons and tentorium angle. Therefore in
this study, we analyzed the dimensions of the selected variable in normal brain scans in order to
establish values to be as reference at this period of ages. As well we study the development
progression at different age groups in order to ease the diagnosis if any pathology might occur.
Our results could supply reference material for the identification of abnormalities in the
anteroposterior dimensions of pons ,cerebrum and cerebellum as well as the transverse diameter
of cerebrum and cerebellum and thus could be used in the detection of any abnormalities that
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may took place. These new equations might predict the normal dimensions for the known
subjects’ age.

Conclusion:

The study concluded that the cerebellum and cerebrum right and left anteroposterior dimensions
and transverse diameter were significantly increased as the age increased during the developing
period from ages less than 1 year to 15 years old, as well the Pons anteroposterior diameter was
significantly affected with age. On the other hand; no significant relationship was found between
the Pons craniocaudal diameter/age and the tentorium angle/age. No significant gender related
differences were detected in all the selected variables except the tentorium angle. New predictive
equation for the variables were establishes as reference values.

Cerebellum transverse diameter = 8.013 + 0.123 * Age

Cerebrum transverse diameter = 10.961 + 0.122*Age

Cerebellum Anteroposterior (RT) =4.491 + 0.033 * Age

Cerebrum anteroposterior (RT)=12.818 + 0.198 * Age

Pons Anteroposterior Diameter = 1.555-0.015*Age

References:

Blatter DD, Bigler ED, Gale SD, Johnson SC, Anderson CV, Burnett BM, Parker N, Kurth
S, Horn SD. (1995) Quantitative volumetric analysis of brain MR: normative database spanning
5 decades of life. Am. J. Neuroradiol. (16) 241-251.

BrunoA,ZahranA ,Paletta N ,Maali L,wick F Nichols T. ,Figueroa R.A (2017)standardized
method to measure brain shifts with decompressive hemicraniectomy Elsevier Journal of
Neuroscience Methods .Volume 280, 15, Pages 11-15

Coffey CE, Wilkinson WE, Parashos 1A, Soady SA, Sullivan RJ, Patterson LJ, Figiel GS,
Webb MC, Spritzer CE, Djang WT. (1992) Quantitative cerebral anatomy of the aging human
brain: a cross-sectional study using magnetic resonance imaging. Neurology. (42) 527-536.
Escalona PR, McDonald WM, Doraiswamy PM, Boyko OB, Husain MM, Figiel GS,
Laskowitz D, Ellinwood EH Jr, Krishnan KR. (1991) In vivo stereological assessment of
human cerebellar volume: effects of gender and age. Am. J. Neuroradiol. (12) 927-929.

Giedd JN, Snell JW, et al. (1996).Quantitative magnetic resonance imaging of human brain
development: ages 4-18. Cerebral Cortex.;6(4):551-560.

Griffiths P. D., Wilkinson I. D., S. Variend, A. Jones, M. N. J. Paley & E. Whitby (2004)
Differential Growth Rates of the Cerebellum and Posterior Fossa Assessed by Post Mortem
Magnetic Resonance Imaging of the Fetus: Implications for the Pathogenesis of the Chiari 2
Deformity, Acta Radiologica, 45:2, 236-242

Hasan R. Syed and Walter C. Jean (2018) A Novel Method to Measure the Tentorial Angle
and the Implications on Surgeries of the Pineal Region World Neurosurgery Volume 111, Pages
e213-220

Jernigan TL, Tallal P. (1990).Late childhood changes in brain morphology observable with
MRI. Developmental Medicine and Child Neurology.;32(5):379-385.

Jernigan TL, Trauner DA, et al. (1991) Maturation of human cerebrum observed in vivo
during adolescence. Brain.;114(Pt 5):2037-2049.

Joan Stiles and Terry L. Jernigan. (2010) The Basics of Brain Development. Neuropsychol
Rev. Dec; 20(4): 327-348

Jessica A. Bernard ,Rachael D. Seidler(2013). Relationships between regional cerebellar
volume and sensorimotor and cognitive function in young and older adults Cerebellum. October ;
12(5): 1-31.

54 Sudan Journal of Science and Technology June (2020) vol. 21 No. 1
ISSN (Print): 1605 427x e-ISSN (Online): 1858-6716



Leow AD, Yanovsky I, Parikshak N, Hua X, Lee S, Toga AW, Jack CR Jr, Bernstein MA,
Britson PJ, Gunter JL, Ward CP, Borowski B, Shaw LM, Trojanowski JQ, Fleisher AS,
Harvey D, Kornak J, Schuff N, Alexander GE, Weiner MW, Thompson PM;
(2009).Alzheimer’s disease neuroimaging initiative: a one-year follow up study using tensor-
based morphometry correlating degenerative rates, biomarkers and cognition.
Neurolmage.;45(3):645-55.

Leos AD, Klunder AD, Jack CR Jr., Toga AW, Dale AM, Bernstein MA, Britson PJ,
Gunter JL, Ward CP, Whitwell JL, Borowski BJ, Fleisher AS, Fox NC, Harvey D, Kornak
J, Schuff N, Studholme C, Alexander GE, Weiner MW, Thompson PM; (2006) ADNI
Preparatory Phase Study. Longitudinal stability of MRI for mapping brain change using tensor-
based morphometry. Neurolmage.;31(2):627-40.

Luft AR, Skalej M, Schultz JB, Welte D, Kolb R, Biirk K, Klockgether T, Voigt K. (1999)
Patterns of age-related shrinkage in the cerebellum and brainstem observed in vivo using three-
dimensional MRI volumetry. Cereb. Cortex. (9) 712-721.

Massey LA’ Jiger HR, Paviour DC, O'Sullivan SS, Ling H, Williams DR, Kallis C, Holton
J,Revesz T Burn DJ,Yousry T,Lees AJ,Fox NC,Micallef C. (2013)
The midbrain to pons ratio:  a simple and specific MRI sign  of progressive  supranuclear
palsy.Neurology. 14; 80(20):1856-61.

Matsumae M, Kikinis R, Morocz IA, Lorenzo AV, Sandor T, Albert MS, Black PM, Jolesz
FA. (1996) Age-related changes in intracranial compartment volumes in normal adults assessed
by magnetic resonance imaging. J. Neurosurg. (84) 982-991

Pfefferbaum A, Mathalon DH, Sullivan EV, Rawles JM, Zipursky RB, Lim KO. (1994) A
quantitative magnetic resonance imaging study of changes in brain morphology from infancy to
late adult-hood. Arch. Neurol. (51) 874-887.

Raz N, Dupuis JH, Briggs SD, McGavran C, Acker JD. (1998) Differential effects of age and
sex on the cerebellar hemispheres and the vermis: a prospective MR study. Am. J. Neuroradiol.
(19) 65-71.

Sowell ER, Thompson PM, et al. (1999) Localizing age-related changes in brain structure
between childhood and adolescence using statistical parametric mapping. Neuroimage.;9(6 Pt
1):587-597.

Sowell ER, Thompson PM, et al. (1999) In vivo evidence for post-adolescent brain maturation
in frontal and striatal regions. Nature Neuroscience.;2(10):859-861.

Sowell ER, Trauner DA, et al. (2002) Development of cortical and subcortical brain structures
in childhood and adolescence: a structural MRI study. Developmental Medicine and Child
Neurology.;44(1):4-16.

Shah SA, Doraiswamy PM, Husain MM, Figiel GS, Boyko OB, McDonald WM, Ellbnwood
EH, Krshnan RR. (1991) Assessment of posterior fossa structures with midsagittal MRI: the
effects of age. Neurobiol. Aging. (12) 371-374.

Yucel K, Hakyemez B, Parlak M, Oygucu IH. (2002) Morphometry of some elements of
limbic system in normal population: a quantitative MRI study. Neuroanatomy. (1) 15-21.

55 Sudan Journal of Science and Technology June (2020) vol. 21 No. 1
ISSN (Print): 1605 427x e-ISSN (Online): 1858-6716



