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 Abstract : The cerebellum is one of important structure that  found in posterior cranial fossa.  The current 

study focused on the impact of age and gender on cerebellum volume and vermeil area  in Sudanese population  

100 healthy Sudanese subjects were included, their age ranged between14 – 80 years old,41% of them were 

males and 59 %  were females  . All were scanned using Magnetic Resonance Imaging (MRI) after applying the 

standard cerebellum protocol. 

The study showed : the mean cerebellum volume was 190.6 ± 21.57 cm
3
with the maximum value was 193.2 

cm
3
±24.8 and was found in  the ages between(14-30)years old .The minimum value  was 186.5cm

3
 ±19.58     

and was found  in the  ages  between (47-63)years old . There is no significant relation between cerebellum 

volume and age where a significant relation was found with gender and at p=0.000  

The vermian minimum area was 108.6±13.93cm
2
 in the ages between (31 – 46) years old and the maximum 

value was 121.5 cm
2 

±17.14 in the ages between (64 - 80) years old .The area is greater in males than females 

with no significant relation  found between vermian area , age and gender. 
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I. Introduction 
 The cerebellum is one of the important structures in the cranial fossa which occupies the posterior part. 

It contains more than 50% of all neurons in the brain. It is organized in manner than the cerebrum [1]Recently, 

researches have emphasized the role the cerebellum is likely to play in cognitive processing, next to its well-

studied contributions to motor skills [2,3] It is therefore important to study determinants of cerebellar volume in 

a population. Most structural magnetic resonance (MR) imaging studied only the entire brain [4]. Studies that 

specifically assessed the cerebellum showed inconsistent results but other one reported that cerebellar volume 

remains relatively stable with aging [5,6] .Whereas others found strong effects regarding the impact of age on 

cerebellar atrophy [7,8]. A histological study of the cerebellum showed that smaller weight and volume were 

found, and fewer neurons were counted in the cerebellum of older persons than in those of younger persons [9]. 

Sex differences in gross cerebellar neuroanatomy have been reported in several studies [10-11]. Moderate 

shrinkage of the cerebellar hemispheres and the vermis has been noted in post-mortem studies [15, 16] and in 

some in vivo investigations [10-11, 12-13]. However, other volumetric studies based on MR imaging yielded no 

effects of age on the size of the cerebellum [14, 15] or showed non-significant trends [13]. Hayakawa et al. [16] 

found no significant difference in the midsagittal area of either the pons or cerebellar vermis between the 21-40 

and 51-60 age groups.  

 The awareness of normal neuroanatomic variability is important for understanding any pathologic 

change . MRI studies have correlated midbrain morphology with symptomatology in several disorders, 

including Parkinson disease [17] and Wilson disease [18], suggesting that morphometric data may indirectly 

reflect underlying neurochemical or pathologic process. Coffman et al. [19] found no differences between 

schizophrenics and controls, whereas Nasrallah et al. [20] reported that schizophrenics have larger cerebellar 

structures than controls. However, a number of MRI studies could not confirm the vermal atrophy in 

schizophrenic patients [21-22].  

 The data on age-related changes of the cerebellar vermis in normal subjects will facilitate further 

investigation of the relation between cerebellar vermis changes and the neuromotor decline with normal aging 

and in different gender 

 Establishing normative data can be used to compare the findings in patients with neurologic disorders 

,as well ,this study may support the findings of morphometrical sex differences and age-related changes as there 

are discrepancies in the results concerning the age-related changes in the cerebellar vermis remains speculative, 

though some authors suggest a selective vulnerability of specific posterior fossa structures to the effects of aging 
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and sex.The Questions to be answered :what is the impact of age and gender on the cerebellum volume and 

vermial area of the Sudanese subjects 

 

II. Materials And Methods 
2.1 Area, Duration and Sample: 

 This is descriptive analytical study .It was performed in Khartoum state, Yastabshiroon Hospital –

Radiology Department, MRI section. The study was obtained during the period extended from 2014-2017. The 

study was performed on 100 patients .41 were males and 59were females with different ages at range (14-

80)years ,mean age was 42.36±17.87 years old(Min=14.00 , Max=80.00years). The ages between 14-30 years 

constituting 27 cases, ages between 31-46 were29 subjects, and ages between 47-63 years were 28, while 64-80 

years old were 16,  .All patients have undergone MRI brain exam complaining of headache, and their final 

diagnoses is normal. Any patient has problem to perform MRI brain such as patients with metallic foreign body 

in brain or brain clips or abnormalities at any part of cerebellum or cerebrum were excluded 

2.2 MRI machine. 

 This machine is open machine and manufactured in America in 2005 and assembly in China, GE exit 

0.2 Tesla .The RF Range in examination from (512-192) MHZ .The slice thickness used in MRI brain was 

5mm. The matrix was 256x256.Field of view was medium. 

2.3The scanning technique used and protocols: 

 Three planes were taken: axial (T1, T2, T1 flair), sagittal T1and coronalT2 section as routine .The 

measurements were done in: axial T2 FSE. Firstly: patients were prepared to enter the MRI room by removing 

any metallic substance outside his /her body. In the cases where anesthesia is needed, it was applied. The 

sequence of the exam was explained clearly for all of the patients. Secondly: the head coil was applied, then the 

foam pads and ear plugs to ensure the immobilization and comfortable of patients. Two control lines were 

applied; one is axial and the another is sagittal , the first coronal and sagittal crosses the nasion area ,the second 

coronal pass just at the external orbital line level , then the scan start from vertex till the base of skull. 

 

2.4 Method of measuring the volume. 

 In this measurement, an advanced soft ware program (Wolfram Mathematica)[ 23   ] was used for 

image analysis , interpretation and application .applying the following steps: 

 

 
 

2.5 Ethical concerns: 

 Verbal consent was firstly obtained from all potential participants. The aims, benefits of the present 

study were explained to all participants in details. Medical, history of all study subjects posing as (sample) were 

thoroughly reviewed directly from participants themselves and those with conditions that may in any way, alter 

the findings of the current study were excluded. 
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III. Results 
Table No (1): Age class, frequency and percentage 

Age Classification Frequency Percentage 

14 -30 year 27 27% 

31 - 46 year 29 29% 

47 - 63 year 28 28% 

64 - 80 year 16 16% 

Total 100 100% 

 

Table No (2): Gender ,Frequency and Percentage 
Gender Frequency Percentage 

Male 41 41% 

Female 59 59% 

Total 100 100% 

 

Table No (3): Age class, Mean Cerebellum volume and P-value 
Age Classes Mean cerebellum volume ±STDV P- Value 

14-30 year 193.2±24.81 

0.672 
31 - 46 year 190.9±17.03 

47 - 63 year 186.5±19.58 

64 - 80 year 192.8±26.88 

** Significant at 0.01 Level 

 

 
Figure(1): show the relation between age and cerebellum volume 

 

Table No (4): the mean cerebellum volume for both genders and p=value 
Gender Mean(SD) P- Value 

Female 184.1±19.22 
0.000** 

Male 199.9±21.57 

** Significant at 0.01 Level 

 

Table No (5): Age class, mean Vermis area and p- value 
 Mean Vermis area ±STDV P- Value 

14-30 year 112.8±18.95 

0.203 
31 - 46 year 108.6±13.93 

47 - 63 year 112.2±24.61 

64 - 80 year 121.5±17.14 

** Significant at 0.01 Level 

 

Table No (6): the mean Vermis area for both genders and p=value 
Gender Mean Vermis area ±STDV P- Value 

Female 111.1±19.73 
0.281 

Male 115.4±18.88 

** Significant at 0.01 Level 
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IV. Discussion 
The current study highlighted the knowledge regarding the norms of Sudanese cerebellum volume and 

vermian area .The frequency and percentage of the age and gender were presented in tables (1,2) 

 The results showed that the volume recording  high value on the age group (14-30) years old with 

mean193.2 cm
3
±24.81 and then the volume declined with increasing age then started to increase in the  age(64-

80) years old however this changes were not significantly correlated with age at P-value .672 

this was presented in table (3) and figure(1) that showed that the volume decline by  constant value as 

0.037 when the age increased starting from 50.95 years old.  Previous study justified that the histological 

findings of the aging cerebellum shows general atrophy , as the age-related loss of Purkinje cells is uniformly 

distributed across the vermian lobules and the cerebellar hemispheres [24]. 

Another study has mentioned that the topography of the cerebellum blood supply may influence the 

cerebellum to differential aging. The cerebellar hemispheres are supplied by the branches of the posterior 

inferior cerebellar artery which originates in the vertebral artery, whereas the blood supply for the age-invariant 

superior vermis comes from the superior cerebellar artery, which branches of the basilar artery. [29,30]The 

vertebral system receives a small volume of blood in the age-related vertebral insufficiency [31], the cerebellar 

structures that are the most remote from the source may be at the greatest risk. This may be one of the causes of 

changes that observed in the cerebellum readings volume .On the other hand, one study mentioned that in 

contrast, the cerebellum shows no significant age related declines in blood flow, oxygen consumption, and 

glucose metabolism [16, 27] and another found no relationship between posterior fossa structures and aging 

[32,33] Others were reported a significant-associated shrinkage of the cerebellar volume  in men after the age of 

70 years [34]. Shah et al. [31] reported that the dimension of the posterior cerebellar vermis does not 

significantly change with age. Another reported higher subjective rating of vermian atrophy by age and the trend 

towards atrophy is probably related to loss of Purkinje cells in the vermis [24]. 

Table (3) showed  the relation between the volume and gender which positive propagation in males than 

females : mean 199.9 cm
3
 ± 21.57 but for female recorded mean volume equal 184.1 cm

3
±19.22 the difference 

between the two genders is significant at p-value.000 . Some researchers speculated that sexual dimorphism in 

cerebellar size can be attributed to the effects of sex hormones [13, 14]. Escalona et al. [9] observed that women 

have a significantly smaller cerebellar volume than men, but indicated no aging effect on cerebellar volume in 

either gender.  Another study justifies the reduction of cerebellum volume in females rather than males due to 

reduction of white matter volume in women more than men [34]. Table (4) showed the mean cerebellum 

volume for both genders with significant difference at p=0.000.Table (5) showed the veirmal area , in the young 

ages; the vermian mean area was 112.8 ±18.95 cm
2
 in the age range(14 - 30) years old but started to decrease  

when  the age increases . The maximum reading in adult was 121.5 cm
2 

±17.14 in the ages between (64 – 80) 

years old . 

Table (6) showed the classification of vermis area according to gender. The area increases in males rather than 

females with mean 115.4 cm
2
±18.88 .The females recorded mean value equal to 111.1 ±19.73, many studies 

have justified that issue. [25, 26, 27, 28]. Others were reported a significant-associated shrinkage of the 

cerebellar vermis in men after the age of 70 years [34]. Shah et al. [32] reported that the dimension of the 

posterior cerebellar vermis does not significantly change with age. Although, our results showed non-

significant-associated decrease in the cerebellar vermis with age. This result is in agreement with a previous 

studies [9-22]. Luft et al. [10] suggested that women might show steeper age-related decline in the area of the 

vermis than do the males .  

 

V. Conclusion 
 Norms of Sudanese Cerebellum volume and vermian area were established. There are increasing of 

cerebellum volume in young ages and then the volume decreased with increasing age. The cerebellum volume is 

larger in males than females. The cerebellum vermin area increase in young ages and started to shrink with 

increasing age then return to increase in elderly subjects.  
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