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Abstract: Objectives: To detect average dimensions and indices of normal brain cerebral hemispheres and fourth ventricles 

in relation to age and gender. Subjects & Methods: 135 subjects; 70 males (M) and 65 females (F) were categorized into 4 age 

groups (G): GM1 & GF1 included subjects <20 years old, GM2 & GF2 included subjects aged 20-40 years, GM3 & GF3 

included subjects aged 40-60 years and GM4 & GF4 included subjects >60 years old. CT imaging was conducted according to 

Agapejev; using high resolution scanner for measuring the fourth ventricle; the fourth ventricular anteroposterior diameter 

(AP), laterolateral diameter and fourth ventricular indices. Results: As regard the measured parameter of the fourth ventricle, 

the anteroposterior diameter (AP) and the laterolateral diameter (LL) showed a significant increase after the age of forty in 

both sexes. The indices of the fourth ventricle (AP/CR) and (AP/ff) showed no significant changes with age and sex but these 

indices had some degree of changes during human life time. On the other hand the only index that does not suffer influence of 

age and sex at all, it was (AP/LL) index. Considering the sex difference in ventricular dilatation in the present work, AP/LL 

was the only parameters which showed no difference between males and females so considered as (sentinel index of the fourth 

ventricle). Conclusion: The dimensions of the normal brain ventricles increased gradually and steadily between the age of one 

and fifty years, however they increased markedly and significantly thereafter in both sexes. This may be due to a physiological 

brain atrophy that may be encountered in most elderly individuals. Ventricular system was larger in males than that of females 

of all age groups. 
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1. Introduction 

Age-related changes in brain structure result from a 

complex interplay among various neurobiological processes, 

which may contribute to more complex trajectories than 

what can be described by simple linear or quadratic models. 

Most brain structures do not follow a simple path 

throughout adult life. Cerebral atrophy has long been 

recognized as a prominent feature of normal aging process. 

However, accelerated decline in high age is not the norm of 

healthy brain aging and sever atrophy occurred only in 

demented elderly individuals and not in normal aged 
(1, 2)

. 

Neuroimaging studies have identified several forms of 

age-related change in brain structure that are relevant as 

potential mediators of age-related changes in cognitive 

performance. Prominent among these is age-related decline 

in the volume of cerebral gray matter, particularly in 

prefrontal regions. Age-related decline is also evident in 

cerebral white matter volume, although with a different 

trajectory. Whereas the age-related decline in gray matter 

volume is relatively linear from younger adulthood, the 

corresponding decline in white matter tends to be nonlinear, 

with a plateau in middle-age and additional decline, beyond 

that of gray matter, in later adulthood 
(3, 4)

. 

On contrary to these data, recently, Ziegler et al.
 (5)

 and 

Taki et al.
 (6)

 found a significant positive correlation 

between the annual rate of gray matter volume change and 

age indicating that gray matter volume shows not linear but 

accelerated loss with age and so documented evaluating the 

annual rate of the gray matter volume change with age in 

healthy subjects to understand how gray matter volume 

changes with aging in each brain region and to anticipate 

what cognitive functions are likely to show accelerated 

decline with aging. 

The cerebral ventricles are a series of interconnected, 

fluid-filled spaces that lie in the core of the forebrain and 
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brainstem. The presence of ventricular spaces in the various 

subdivisions of the brain reflects the fact that the ventricles 

are the adult derivatives of the open space or lumen of the 

embryonic neural tube. The largest of cerebral ventricles are 

the lateral ventricles which are located in the center of the 

brain one within each of the cerebral hemispheres. In 

frontal sections, ventral surface of lateral ventricles is 

usually defined by the basal ganglia, the dorsal surface by 

the corpus callosum, and the medial surface by the septum 

pellucidum 
(7, 8, 9)

. 

The current prospective comparative study aimed to 

detect the average dimensions and indices of the normal 

brain cerebral hemispheres and fourth ventricles in relation 

to age and gender as a trial to provide standard schedules of 

the normal brain parameters. 

2. Subjects & Methods 

The current study was designed as a comparative study of 

CT brain scanning findings of normal subjects. Inclusion 

criteria included healthy subjects free from any clinical 

manifestations indicating brain pathology as judged by 

clinical examination conducted at Department of Neurology, 

Benha University Hospital. All CT imaging were conducted 

and analyzed at Diagnostic Radiology Department, Benha 

University Hospital. Analysis of CT images and 

determination of points of interest were determined by the 

authors and then measurements were analyzed and 

compared at Anatomy Department. 

Exclusion criteria included history of previous brain 

trauma, cerebro-vascular accidents, seizures, intellectual 

deterioration, alcoholism and dementia. CT scans showing 

asymmetrical head position and presence of any detectable 

lesion even if all the other CT of the same patient has been 

normal were also excluded from this study. 

The study included 135 subjects fulfilled the inclusion 

criteria; 70 males and 65 females. Subjects were 

categorized into 4 age groups (G): G1 included subjects 

younger than 20 years of both sexes (GM1 & GF1), G2 

included subjects aged 20 to 40 years of both sexes (GM2 

& GF2), G3 included subjects aged 40 to 60 years of both 

sexes (GM3 & GF3) and G4 included subjects older than 60 

years of both sexes (GM4 & GF4). 

CT imaging was conducted without sedation, anesthesia 

or intravenous contrast administration. The procedure was 

performed according to Agapejev
 (10)

; using high resolution 

scanner with the scanning at an average tilt of 20
o
 from the 

cantho-meatal line that extends from the lateral epicanthus 

of the eye to the external acoustic meatus. Individuals were 

put in a supine position, centralized, fixed and their heads 

were placed in the gantry of the apparatus in a slightly 

hyper-extended position. About 15 serial cross sections 

(cuts) of the brain for every case were taken in a display 

field of the axial plan. The thickness of each examined 

contagious tissue section was 5-10 mm between each cut 

and the next one. The chosen parameters were measured at 

low levels of the CT scan cuts 
(11)

. 

2.1. Studied Parameters 

Dimensions and indices of the fourth ventricle (Agapejev, 

2002) (figure 1): 

2.1.1. The Largest Anteroposterior Width (AP) 

� It is the maximal anteroposterior width of the fourth 

ventricle. It is represented by a longitudinal line 

between the widest two points of the fourth ventricle. 

2.1.2. The Laterolateral Width in the Same Slice (LL) 

� It is the maximal width of the fourth ventricle; it is 

represented by a transverse line between the widest two 

points of the fourth ventricle. 

2.1.3. Fourth Ventricular Indices (AP/CR), (AP/LL) and 

(AP/ff) 

(AP/CR): The ratio between the maximal anteroposterior 

diameter of the fourth ventricle and the maximum 

intercranial diameter. CR (It is represented by a transverse 

line connecting the widest distance between the inner skull 

tables in the same slice of). 

� (AP/LL): The ratio between the maximal 

anteroposterior diameter of the fourth ventricle and the 

maximal width of the fourth ventricle at the same slice. 

(AP/ff): The ratio between the maximal anteroposterior 

diameter of the fourth ventricle and the bifrontal distance of 

the anterior horn, of the lateral ventricles. ff (it is represented 

by a transverse line connecting the inner skull tables at the 

same level of the bifrontal distance). 

2.2. Statistical Analysis 

Obtained data were presented as mean±SD. Results were 

analyzed using Wilcoxon; ranked test for unrelated data (Z-

test). Statistical analysis was conducted using the SPSS 

(Version 15, 2006) for Windows statistical package. P value 

<0.05 was considered statistically significant. 
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Figure (1). An axial CT image showing the fourth ventricle. 

(AP): Anteroposterior diameter of the fourth ventricle. 

(LL): Latrolateral diameter of fourth ventricle. 

3. Results 

CT was carried out on the brain of 135 normal healthy 

individuals including 65 females (F) and 70 males (M), with 

an age ranged from three months to eighty four years old. 

The cases were divided into four main age groups: 

Group 1 (G1) = younger than 20 years old. 

Group 2 (G2) = from 20 to 39 years old. 

Group 3 (G3) = from 40 to 59 years old 

Group 4 (G4) > 60 years old. 

These individuals were gathered in (sex/age) subgroups as 

shown in table (1). The results were obtained from CT films 

and the variables were recorded from each group and 

analyzed statistically. 

3.1. The Recorded Parameters in Male Groups 

Fourth ventricle: 

3.1.1. The Maximum Anteroposterior Diameter of the 

Fourth Ventricle (AP) 

In (MG1) (MG2), (MG3) and (MG4) groups, the mean 

values of the 4
th

 ventricle were 9.24 ± 3.08 mm, 10.3 ± 2.73 

mm, 13.9 ± 1.56mm and 16.3 ± 0.91 mm respectively. These 

data showed no statistical significant difference between 

(MG1) and (MG2). However in (MG2), (MG3) and (MG4) 

there were a highly statistical significant increase in the mean 

value obtained from these parameters in the three conscutive 

age groups (tables 2&3) and (Figures 2- 5). 

3.1.2. The Laterolateral Diameter of the Fourth Ventricle 

(LL) 

In (MG1) (MG2), (MG3) and (MG4) groups, The mean 

values of the 4
th

 ventricle were 9.24 ± 3.08 mm, 10.3 ± 2.73 

mm , 13.9 ± 1.56mm and 16.3 ± 0.91 mm respectively. These 

data showed no statistical significant difference between 

(MG1) and (MG2). However in (MG2), (MG3) and (MG4) 

there were a highly statistical significant increase in the mean 

value obtained from these parameters in the three conscutive 

age groups (tables 2&3) and (Figures 2- 5). 

3.1.3. The Maximum Intercranial Diameter (CR) 

In (MG1) (MG2), (MG3) and (MG4) groups, The mean 

values of these parameter were 118.4 ± 6.34mm, 120 ± 

5.22mm, 121± 6.03 mm and 119 ± 4.68 mm respectively. 

These data showed no significant statistical change in this 

parameter among the all four tested age groups in males 

(tables 2&3) and (Figures 2- 5). 

3.1.4. Fourth Ventricular Indices (AP/CR), (AP/LL) and 

(AP/ff) 

� In (MG1) (MG2), (MG3) and (MG4) groups. The mean 

values of (AP/CR) were 0.08 ± 0.03mm, 0.09 ± 

0.02mm, 0.7± 2.4 and 0.14 ± 0.01 mm respectively. 

These obtained results showed no statistical significant 

changes between the all four tested groups. 

While the mean values of (AP/LL) were 1±0 in the all four 

groups with no statistical change with age at all. And the 

mean values of AP/ff were 0.32 ± 0.13, 0.33 ± 0.1, 0.41 
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±0.06 and 0.41 ± 0.03 respectively. These obtained result 

showed a statistical significant increase only between (MG2) 

and (MG3) and there is no statistical significant changes in 

these index between the other male groups (tables 2&3) and 

(Figures 2- 5). 

Table (1). Showing the mean and standard deviation of age / years in the 

used age groups in both sexes. 

Age group 

/ yrs 
Sex 

Males (M) Females (F) 

N Mean ±±±± SD N Mean ±±±± SD 

G1 (0-19 yrs) 21 case 9.79 ± 5.64 18 case 10.1 ± 7.23 

G2 (20-39 yrs) 22 case 28.3 ± 5.58 26 case 30.17 ± 4.82 

G3 (40-59 yrs) 17 case 50.4 ± 5.33 11 case 49.8 ± 4.96 

G4 > 60 yrs 10 case 69 + 8.63 10 case 66.6 ± 4.35 

N = Number of cases in each age/sex group. 

SD = Standard deviation 

G = Group M = Male F = Female 

Table (2). The measured parameters (in mm) of the fourth ventricle in 

different male groups. 

 
AP LL CR AP/CR AP/LL AP\ff 

MG1 
9.24 ± 

3.08 

9.24 ± 

3.08 

118.4 ± 

6.34 

0.08 ± 

0.03 
1 ± 0 0.318 ± 0.13 

MG2 
10.3 ± 

2.73 

10.3 ± 

2.73 

120 ± 

5.22 

0.09 ± 

0.02 
1 ± 0 0.33 ± 0.1 

MG3 
13.9 ± 

1.56 

13.9 ± 

1.56 

121 ± 

6.03 
0.7 ± 2.4 1 ± 0 0.41 ± 0.06 

MG4 
16.3 ± 

0.91 

16.3 ± 

0.91 

119 ± 

4.68 

0.14 ± 

0.01 
1 ± 0 0.41 ± 0.03 

Table (3). Comparison between data/mm of the fourth ventricle in successing 

male age group. 

 
MG1 MG2 t P 

AP 9.24 ± 3.08 10.3 ± 2.73 1.19 > 0.05 

LL 9.24 ± 3.08 10.3 ± 2.73 1.19 > 0.05 

CR 118.4 ± 6.34 120 ± 5.22 0.9 > 0.05 

AP/CR 0.08 ± 0.03 0.09 ± 0.02 1.28 > 0.05 

AP/CL 1 ± 0 1 ± 0 - - 

AP\ff 0.32 ± 0.13 0.33 ± 0.1 0.28 > 0.05 

 
MG2 MG3 t P 

AP 10.3 ± 2.73 13.9 ± 1.56 5.19 < 0.001 

LL 10.3 ± 2.73 13.9 ± 1.56 5.19 < 0.001 

CR 120±5.22 121 ± 6.03 0.54 > 0.05 

AP/CR 0.09 ± 0.02 0.7 ± 2.4 1.05 > 0.05 

AP/LL 1 ± 0 1 ± 0 - - 

AP\ff 0.33 ± 0.1 0.41 ± 0.06 3.1 < 0.01 

 
MG3 MG4 t P 

AP 13.9 ± 1.56 16.3 ± 0.91 5.05 < 0.001 

LL 13.9 ± 1.56 16.3 ± 0.91 5.05 < 0.001 

CR 121 ± 6.03 119 ± 4.68 0.96 > 0.05 

AP/CR 0.7 ± 2.4 0.14 ± 0.01 0.96 > 0.05 

AP/LL 1 ± 0 1 ± 0 - - 

AP\ff 0.41 ± 0.06 0.41 ± 0.03 - - 

• P > 0.05 = Insignificant. 

• P < 0.05 = Significant. 

• P < 0.01 = highly significant. 

 

Figure (2). Axial CT image of fourth ventricular maximum width of 6 years 

old male showing. 

� The anteroposterior diameter of the fourth ventricle 

(AP)= 9.23mm. 

� The laterolateral diameter of the fourth ventricle (LL) = 

9.23mm. 

 

Figure (3). Axial CT image of fourth ventricular maximum width of a male 

aged 31 years old showing. 

� The anteroposterior diameter of the fourth ventricle (AP) 

= 7.32mm. 

� The laterolateral diameter of the fourth ventricle (LL) = 

7.32mm. 
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Figure (4). Axial CT image of fourth ventricular maximum width of a male 

aged 55 years old showing. 

� The anteroposterior diameter of the fourth ventricle (AP) 

= 12.87mm. 

� The laterolateral diameter of the fourth ventricle (LL) = 

12.87mm. 

 

Figure (5). Axial CT image of fourth ventricular maximum width of a male 

aged 84 years old showing. 

� The anteroposterior diameter of the fourth ventricle 

(AP)= 15mm. 

� The laterolateral diameter of the fourth ventricle (LL) = 

15mm. 

 

3.2. The recorded Parameter in Female Groups 

* Fourth ventricle: 

3.2.1. The Maximal Anteroposterior Diameter of the Fourth 

Ventricle (AP) 

In (FG1), (FG2), (FG3) and (FG4) groups. The mean values 

of the (AP) were 9.88 ± 2.52 mm, 9.99 ± 1.28 mm, 12.1 ± 

0.92mm and 14.2 ± 1.32 mm respectively.These data showed 

no statistical insignificant increase difference between (MG1) 

and (MG2). However there are a highly statistical significant 

increase in this parameter in the next three conscutive age 

groups in females, (Tables 4-5) and (figures 6-9). 

3.2.2. The Laterolateral Diameter of the Fourth Ventricle 

(LL) 

In (FG1), (FG2), (FG3) and (FG4) groups. The mean values 

of the (AP) were 9.88 ± 2.52 mm, 9.99 ± 1.28 mm, 12.1 ± 

0.92mm and 14.2 ± 1.32 mm respectively.These data showed 

no statistical insignificant increase difference between (MG1) 

and (MG2). However there are a highly statistical significant 

increase in this parameter in the next three conscutive age 

groups in females, (Tables 4-5) and (figures 6-9). 

3.2.3. The Maximal Intercranial Diameter (CR) 

In (FG1), (FG2), (FG3) and (FG4) groups. The mean values 

of the these parameter were 112 ± 15.6 mm, 119 ± 4.29 mm , 

116 ± 3.91mm and 116 ± 2.57 mm respectively.These data 

showed no significant statistical change in this parameter 

among the All four tested age groups in females, (Tables 4-5) 

and (figures 6-9). 

3.2.4. The Fourth Ventricular Indices (AP/CR), (AP/LL) 

and (AP/ff) 

� In (FG1), (FG2), (FG3) and (FG4) groups. The mean 

values of (AP/CR) were 0.09 ± 0.02 mm, 0.13 ± 0.19 

mm , 0.1 ± 0.01mm and 0.12 ± 0.01 mm respectively. 

These obtained results showed no statistical significant 

change in these parameters between the first three 

consecutive age groups however there was a statistical 

significant difference between (FG3 and FG4) groups 

regarding this index. 

� The values of (AP/LL) were 1 + 0 in the all four groups 

with no statistical change with age at all. And the values 

of (AP/ff) were 0.35 + 0.1, 0.34 + 0.06, 0.37 + 0.04 and 

0.4 + 0.04 respectively. These obtained results showed 

no statistical significant change with age in the All-

female groups, (Tables 4-5) and (figures 6-9). 

Table (4). The measured parameters (in mm) of the fourth ventricle in 

different female groups. 

 
AP LL CR AP/CR AP/LL AP\ff 

FG1 9.88 ± 2.52 
9.88 ± 

2.52 

112 ± 

15.6 

0.09 ± 

0.02 
1 ± 0 

0.35 ± 

0.1 

FG2 9.99 ± 1.28 
9.99±1.2

8 

119 ± 

4.29 

0.13 ± 

0.19 
1 ± 0 

0.34 ± 

0.06 

FG3 12.1 ± 0.92 
12.1±0.9

2 

116 ± 

4.93 

0.1 ± 

0.01 
1 ± 0 

0.37 ± 

0.04 

FG4 14.2 ± 1.32 
14.2±1.3

2 

116 ± 

25.7 

0.12 ± 

0.01 
1 ± 0 0.4±0.04 
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Table (5). Comparison between data/mm of the fourth ventricle in the 

successing female age groups. 

 
FG1 FG2 t P 

AP 9.88 ± 2.52 9.99±1.28 0.17 > 0.05 

LL 9.88 ± 2.52 9.99±1.28 0.17 > 0.05 

CR 112 ± 15.6 119 ± 4.29 1.86 > 0.05 

AP/CR 0.09 ± 0.02 0.13 ± 0.19 1.07 > 0.05 

AP/LL 1 ± 0 1 ± 0 1.27 > 0.05 

AP\ff 0.35 ± 0.1 0.34 ± 001 0.38 > 0.05 

 
FG2 FG3 t P 

AP 9.99±1.28 12.1 ± 0.92 5.64 < 0.001 

LL 9.99 ± 1.28 12.1 ± 0.92 5.64 < 0.001 

CR 119 ± 4.29 116 ± 4.93 1.95 > 0.05 

AP/CR 0.13 ± 0.19 0.1 ± 0.01 0.8 > 0.05 

AP/LL 1 ± 0 1 ± 0 1.27 > 0.05 

AP\ff 0.34 ± 001 0.37 ± 0.04 1.78 > 0.05 

 
FG3 FG4 t P 

AP 12.1 ± 0.92 14.2 ± 1.32 4.19 < 0.001 

LL 12.1 ± 0.92 14.2 ± 1.32 4.19 < 0.001 

CR 116 ± 3.91 116 ± 2.57 0 - 

AP/CR 0.1 ± 0.01 0.12 ± 0.01 4.58 < 0.001 

AP/LL 1 ± 0 1 ± 0 - - 

AP\ff 0.37 ± 0.04 0.4 ± 0.04 1.72 > 0.05 

• P > 0.05 = Insignificant. 

• P < 0.05 = Significant. 

• P < 0.01 = highly significant 

 

Figure (6). Axial CT image of fourth ventricular maximum width of a female 

1 year old showing. 

� The anteroposterior diameter of the fourth ventricle (AP) 

= 10mm. 

� The laterolateral diameter of the fourth ventricle (LL) = 

10mm. 

 

Figure (7). Axial CT image of fourth ventricular maximum width of a female 

aged 24 years old showing. 

� The anteroposterior diameter of the fourth ventricle 

(AP)= 12.69mm. 

� The laterolateral diameter of the fourth ventricle (LL) = 

12.69mm. 

 

Figure (8). Axial CT image of fourth ventricular maximum width of a female 

aged 55 years old showing. 

� The anteroposterior diameter of the fourth ventricle 

(AP)= 12.5mm. 

� The laterolateral diameter of the fourth ventricle (LL) = 

12.5mm. 
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Figure (9). Axial CT image of fourth ventricular maximum width of a female 

aged 65 years old showing. 

� The anteroposterior diameter of the fourth ventricle 

(AP)= 12.86mm. 

� The laterolateral diameter of the fourth ventricle (LL) = 

12.86mm. 

3.3. Comparison Between Female and Male Parameters in 

the Four Tested Age Groups (Sex Difference) 

* The fourth ventricle: 

3.3.1. The Maximum Anteroposterior Diameter of the 

Fourth Ventricle (AP) 

In group one, two, three and four, the mean values of (AP) 

showed no statistical significant difference between males 

and females in the first and second groups, while in the third 

and fourth groups the mean values of males were 

significantly higher than those obtained from females (tables 

6-9). 

3.3.2. The Laterolateral Diameter of the Fourth Ventricle 

(LL) 

In group one, two, three and four, the mean values of (LL) 

showed no significant difference between males and females 

in the first and second groups, while in the third and fourth 

groups the mean values of males were significantly higher 

than those obtained from females, (tables 6-9). 

3.3.3. The Maximum Intercaranial Diameter (CR) 

In group one, two, three and four, the mean values of (CR) 

were larger in males than in females, but this difference was 

insignificant in the first, second and fourth groups , while the 

third group only showed a significant difference between 

males and females (tables 6-9). 

 

3.3.4. Fourth Ventricular Indices (AP/CR), (AP/LL) and 

(AP/ff) 

I- (AP/CR): The mean values of this index was showed 

insignificant difference between males and females in 

the first three age groups and the fourth group only 

showed significant difference between males and 

females . 

II- (AP/LL): The mean values of this index showed no 

statistical difference between males and females in 

the all tested age groups, so this ventricle is called 

sentinel fourth ventricular index as it is not changed 

by age or by sex. 

III- (AP/ff): The mean values of this index showed 

insignificant difference between males and females in 

the first, second and fourth groups, while the third 

group only showed significant difference between 

males and females, (tables 6-9). 

Table 6. Comparison between female and male parameters in the tested age 

groups (sex difference): fourth ventricle in females and males at the age of 

(0-19 years). 

  
FG1 MG1 t p 

4th AP 9.88 ± 2.52 9.24 ± 3.08 0.71 > 0.05 

ventricle LL 9.88 ± 2.52 9.24 ± 3.08 0.71 > 0.05 

 
CR 112 ± 15.6 118.4 ± 6.34 1.63 > 0.05 

 
AP/CR 0.09 ± 0.02 0.08 ± 0.03 1.24 > 0.05 

 
AP/LL 1 ± 0 1 ± 0 - - 

 
AP\ff 0.35 ± 0.1 0.32 ± 0.13 0.81 > 0.05 

• P > 0.05 = Insignificant. 

• P < 0.05 = Significant. 

• P < 0.01 = highly significant 

Table (7). Comparison of the measured parameter of the brain fourth 

ventricle in females and males at the age of (20-39 years). 

  
FG2 MG2 t P 

4th AP 9.99±1.28 10.3 ± 2.73 0.49 > 0.05 

ventr

icle 
LL 9.99 ± 1.28 10.3 ± 2.73 0.49 > 0.05 

 
CR 119 ± 4.29 120±5.22 0.72 > 0.05 

 
AP/CR 0.13 ± 0.19 0.09 ± 0.02 1.07 > 0.05 

 
AP/LL 1 ± 0 1 ± 0 1.27 > 0.05 

 
AP\ff 0.34 ± 001 0.33 ± 0.1 0.41 > 0.05 

• P > 0.05 = Insignificant. 

• P < 0.05 = Significant. 

• P < 0.01 = highly significant. 

Table (8). Comparison of the measured parameters of the brain fourth 

ventricle in females and males at the age of (40-59) years. 

  
FG3 MG3 t P 

4th AP 12.1 ± 0.92 13.9 ± 1.56 3.84 < 0.001 

ventricle LL 12.1 ± 0.92 13.9 ± 1.56 3.84 < 0.001 

 
CR 116 ± 4.93 121 ± 6.03 3.02 < 0.01 

 
AP/CR 0.1 ± 0.01 0.7 ± 2.4 1.03 > 0.05 

 
AP/LL 1 ± 0 1 ± 0 - - 

 
AP\ff 0.37 ± 0.04 0.41 ± 0.06 2.12 < 0.05 

• P > 0.05 = Insignificant. 

• P < 0.05 = Significant. 

• P < 0.01 = highly significant. 



 International Journal of Clinical and Developmental Anatomy 2015; 1(2): 22-31  29 

 

Table (9). Comparison of the measured parameters of the brain fourth 

ventricle in females and males at the age of (> 60 years). 

  
FG4 MG4 t P 

4th AP 14.2 ± 1.32 16.3 ± 0.91 4.14 < 0.001 

ventricle LL 14.2 ± 1.32 16.3 ± 0.91 4.14 < 0.001 

 
CR 116 ± 2.57 119 ± 4.68 1.78 > 0.05 

 
AP/CR 0.12 ± 0.01 0.14 ± 0.01 4.47 < 0.001 

 
AP/LL 1 ± 0 1 ± 0 - - 

 
AP\ff 0.4 ± 0.04 0.41 ± 0.03 0.63 > 0.05 

• P > 0.05 = Insignificant. 

• P < 0.05 = Significant. 

• P < 0.01 = highly significant. 

4. Discussion 

Cerebral atrophy has long been recognized by 

neuropathologists as a prominent feature of normal aging 

process. However, sever atrophy occurred only in demented 

elderly individuals and not in normal aged. Observations 

such as these have led to attempts to quantify cerebral 

atrophy antemortem, enhancing our understanding of 

pathophysiolog of normal brain aging (12). 

In the midportion of twenteeth century cerebral atrophy 

could be detected invasively via pneumoencephalography. 

The earliest CT studies proved more than capable of 

demonstrating brain tissue loss in the elderly. Many 

investigators were able to document statistically significant 

correlations between age and both ventricular size and extent 

of cortical atrophy even with crude qualitative or 

semiquantiative estimates of CSF volumes (13). 

The brain changes that occur as part of normal aging 

include ventricular and sulcal dilatation due to cerebral 

atrophy. On average, ventricular volume increases 

approximately two folds between young (ages 20 to 30) and 

elderly (ages 60 to 80) normal subjects. The ventricular 

volume remains relatively stable up to age 60 years, after 

which there is an accelerated increase in size (14). 

The possibilities of differentiation between a “normal” and 

an “enlarged” ventricular system by means of computerized 

tomography are limited. The main problems are the definition 

of normal population and the fact that a certain methodical 

error in measurement is not to be avoided. On the other hand, 

that differentiation is essential for the diagnosis of ventricular 

enlargement and brain atrophy. The daily practice requires a 

method, which allows an accurate measurement as well as a 

quick and simple performance. The evaluation of the width 

of the ventricular system by CT linear measurement and 

ventricular indices is likely to meet all these requirements (15 

&16). 

The present study confirms and augments past work of age 

and sex effect on brain aging and provides further evidence 

that brain structures in humans are differentially sensitive to 

the effects of both age and sex, and also in both sexes there 

were remarkable individual differences in brain atrophy. The 

results of this study are limited by a small group of cases and 

also limited by its cross-sectional design and need to be 

replicated with a larger group and with longitudinal data to 

truly demonstrate curves of brain atrophy and ventricular 

dilatation. 

4.1. Linear Measurements of the Fourth Ventricle 

In the present work, in both sexes the anteroposterior 

diameter (AP) and the laterolateral diameter (LL) of the 

fourth ventricles showed an insignificant increase between 

the first two groups (P>0.05). However there mean values 

showed a significant increase in the last three consecutive 

age groups (20-> 60) years. These data were consistent with 

Meese et al. (1980), (17) and Agapejev (2002), (10), who 

found that the fourth ventricle shows a continuous and 

progressive increase with advancing age. Koller et al. 

(1981),(18), found that the maximal anteroposterior (AP) 

and laterolateral (LL) width of the fourth ventricle, showed 

an insignificant increase with advance of age from 20 to 60 

years at CT, but they found a significant increase in this 

parameter thereafter. 

Due to the variability in the size of the films and in the 

head angularity of the accomplished exams impending the 

uniformity of direct measures for the study of the fourth 

ventricle, it was necessary to establish indices. In the 

present work (AP/CR) and (AP/ff) indices, showed no 

significant changes with sex and age, but these indices had 

some degree of changes during the human lifetime. On the 

other hand the only index that does not suffer influence of 

age and sex is the (AP/LL) index. Meese (1980), (17) and 

Agapejev (2002),(10), confirmed these present data and 

referred the stability of (AP/LL) index to the volumetric 

difference in the neuroaxis. 

Accordingly there is a possibility to diagnose a lot of the 

brain insults by AP/LL index, which is in normal subjects 

the AP/LL=1. However, AP/LL > 1 was found in all 

patients with clinical picture of benign intracranial 

hypertension and in psychiatric alterations as the first and 

most important manifestation. It also occurred in 86% of 

patients with cerebrovascular disturbances, in 74% with 

hydrocephalus, in 71% with epilepsy, in 64% with 

meningo-encephalitis, and in 50% with migraine like 

headache (Agapejev, 2002), (10). 

4.2. Regarding the Sex Difference in Ventricular Dilatation 

The mean values of AP, LL, CR, AP/CR, AP/ff of the 

fourth ventricle were higher in males than in females and 

showed significant differences in some of the mentioned 

parameters. However AP/LL was the only parameter which 

showed no difference between males and females as this 

index considered as sentinel index of the fourth ventricle 

which showed no changes with age and sex, (Agapejev, 

2002),(10). 

The present findings of the fourth ventricle were in 

agreement with Hatazawa et al. (1982), (19), who found a 

distinct difference observed between men and women in the 

process of brain atrophy with increasing age. Skullerud 

(1985),(20), found that women had smaller ventricles than 

men, but this difference was in proportion to the smaller size 

of their hemispheres. Also, Larkin (1998), (21), found that 
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the shrinkage of brain was more rapid in men than in women. 

The data of the present study were confirmed also by 

Lemaitre et al. (2005), (22), who found that men exhibiting 

larger grey matter and white matter and CSF comportment 

volumes than females regarding all the brain areas. Also, 

Carne et al. (2006), (23), cited that males have greater 

cerebral, cerebellar and cerebral cortical lobar volumes than 

females and the reduction of cerebral volumes with age is 

more marked in males than females. However, these results 

were corresponded closely to Raz et al. (1998), (24) and 

Walhovd et al. (2005), (25), who found significant age 

effects in both sexes for all brain parameters except for the 

fourth ventricle. 

Also, regarding the sex difference the results of the 

present study were in disagreement with Xenose et al. 

(2002), (26) and Salat et al. (2004),(27), they all found that 

there is no sexual difference at all in the volumes of the 

brain and the level of brain atrophy in all brain areas 

(28&29). 
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