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Hippocampal volumetric variations in the normal human brain by 
magnetic resonance imaging (MRI)

Ismail R1, Eltomey M2, Mahdy A1, Elkattan A1

INTRODUCTION

The morphology and size of the human brain and its major anatomically 
defined subdivisions are very important for understanding neurological 

diseases and also for neurosurgery. The widespread use of high-resolution 
neuroimaging techniques began in the early 1990s, and since then, 
numerous studies have been undertaken that apply these techniques to the 
volume measurement of various brain structures.

Hippocampal volume (HCV) is well preserved throughout adulthood in 
men and women, with no significant correlation with age. HCV is affected 
by several neurodegenerative and psychiatric diseases. Alzheimer disease 
(AD) is the most common disorder associated with reduced hippocampal 
volume (1-3). 

SUBJECTS AND METHODS

Subjects

 The study included 60 healthy patients, 28 males and 32 females, who had 
normal brain MRI study. These subjects were chosen from MRI scanning 
unit of radiology department in Tanta university hospital. Their ages ranged 
between 20 to 80 years (mean 47.1 ± 16). The main indication for the MRI 
studies was investigation of the cause of headache. Patients with positive 
neurological and imaging findings were excluded from the study. The study 
was performed between May, 2014 and March, 2015 and approved by the 
Ethics Committee of faculty of medicine.

The study subjects were further classified into three age groups as follows:

Group I: included 21 persons, 9 males and 12 females, their ages ranged 
between 20-39 years old.

Group II: included 22 persons; 11 males and 11 females, their ages ranged 
between 40-59 years old.

Group III: included 17 persons; 8 males and 9 females, their ages ranged 
between 60-80 years old.

METHODS

MRI scanning machine

MRI scans were performed at the MRI scanning units in the Radiology 
Department at our institution. The machines used were the GE Signa 1.5T 
system (GE Medical systems, Wisconsin, USA) and Toshiba Titan Vantage 
1.5T system (Toshiba Medical Systems, Japan).

MRI PROCESSING

Magnetic resonance imaging (MRI) of the brain

Routine brain MRI protocol was performed, including axial (T1WI and 

T2WI), coronal PDWI and sagittal T1WI. A 3D T1WI sequence was 
performed with slice thickness 0.5 mm and slice spacing 0 mm. The study 
images were transferred into DICOM format to a personal computer (PC) 
workstation having 3D Slicer 4.3.3.1 software installed on it which is a 
multiplatform, free open source software package for visualization and 
medical image computing developed by Harvard University and approved 
for medical research (http://www.slicer.org/). The software helps in 
providing reliable morphometry of the structures of interest by manual and 
semiautomated methods. Studied structure is the hippocampus, Volumetric 
analysis was performed on the 3D T1-weighted images in axial and sagittal 
planes. Manual and semi-automated tracing of the structures of interest was 
done which allowed for volume calculation by summation the trace areas in 
the consecutive slices multiplied by the slice thickness. The total volumes 
were measured after manually tracing both the right and left side. The total 
intracranial volume was calculated and volumes of each region of interest 
were expressed as a percent of the intracranial volume. All volumes were 
described in cubic centimeters.

Delineation of the studied regions

Delineation means drawing labels to define regions of interest within a 
brain using semi-automated. The volume of hippocampus was estimated 
from 30 sagittal slices. Hippocampus proper, the subicular complex, dentate 
gyrus, alveus, and hippocampal fimbria were included for measurement 
of hippocampal body and tail. Measurement excluded the amygdala, 
parahippocampal gyrus, isthmus of the cingulated gyrus, and the crus of 
fornix (Figure 1) (4). 
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Figure 1) Normal T1-weighted sagittal MRI of brain showed outlines of the hippocampus
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Intracranial volume (ICV)

Intracranial volume was estimated using the T1WI MRI sequence with 30 
axial slices (5 mm slice thickness, 2 mm gap) after manual tracing on the dura 
mater Figure 2. In addition, the normalized volume of the studied regions 
was defined using the following formula: (non-normalized region volume/
ICV) ×100.

of the measured and corrected hippocampus in males using one way ANOVA 
test. For the measured hippocampus volume, F value was 11.55 and P value 
was >0.001. After correction, F value was 4.01 and P value was >0.001 (Table 
1). Further analysis showed a statistically significant negative correlation 
between the age and the measured hippocampus volume (P=0.017; r=-0.449) 
but, it showed a statistically insignificant negative correlation between the 
age and the corrected hippocampus volume (P=0.386; r=-0.170) (Table 2) 
(Figures 5-7).

Figure 2) Axial T1-weighted MRI of the brain in a normal individual showing the 
delineation of the outlines of the dura matter in one of its slices to calculate the intracranial 
volume

Figure 3) 3D view of the right and left hippocampus created with 3 slicer

Figure 4) 3D view of the right hippocampus created with 3D slicer

Statistical analysis

The obtained data of this study were recorded at the Excel worksheets 
then analyzed using the statistical Minitab version 17 software (Minitab 
Inc., USA). ANOVA (analysis of variance) and unpaired t student tests 
were used. For all the comparisons p lower than 0.05 was considered as 
significant. The 95% confidence interval (CI) for variables was calculated. 
Pearson correlation test was used to determine linear correlation between 
quantitative variables.

RESULTS

The mean values of right and left hippocampus were 2.629 ± 0.424 and 2.578 
± 0.437 cm³ respectively. There was a statistically insignificant difference 
between the volumes of right and left hippocampus in the entire population 
using independent t test (P=0.517) (Figures 3 and 4). 

There was a statistically significant relation between the age and the volume 

 

Figure 5) Conventional view of right hippocampus created with 3D slicer in different 
groups. A: Female 20-39, B: Male 20-39, C: Female 40-59, D: Male 40-59, E: Female 
60-80, F: Male 60-80

Parameter Groups Mean ± SD P value F value

Hippocampus

(20-39) 5.641 ± 0.449

>0.001* 11.55(40-59) 6.007 ± 0.930

(60-80) 4.5774 ± 0.2260

hippocampus/ICV

(20-39) 0.3895  ± 0.0460

>0.001* 4.01(40-59) 0.4262 ± 0.0618

(60-80) 0.36284 ± 0.02588

TABLE 1
The mean values of  the hippocampus in cm³ of  the three 
different age groups in males before and after correction with 
ICV

P ≤ 0.05; Significant (*)

Parameter
Age

R P Significance

Hippocampus -0.449 0.017* Significant

hippocampus/ICV -0.170 0.386 Insignificant

TABLE 2
Correlation between the age and the hippocampus in males 
from 20 years to 80 years before and after correction with ICV

P ≤ 0.05; Significant (*)
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There was a statistically insignificant relation between the age and the 
volume of the measured hippocampus in females using one way ANOVA 
test (F=1.77 and P=0.188) but, There was a statistically significant relation 
between the age and the volume of the corrected hippocampus in females 
using one way ANOVA test (F=3.43and P=0.046) (Table 3). 

60 years (Tables 1 and 3). By using independent t test, There was a statistically 
significant difference between the volumes of measured hippocampus in males 
and females (P=0.014). Meanwhile, a statistically insignificant difference was 
noted between the volumes of corrected hippocampus in males and females 
using independent T test (P=0.868) (Table 5; Figures 8 and 9).
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Figure 6) Scatter plot and linear regression showing a correlation between age and the 
total hippocampus volume in males (circles, solid regression line) and females (squares, 
dotted regression line) (males: r=-0.449, P=0.017*; females: r=-0.178, P=0.331)
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Figure 7) Scatter plot and linear regression showing a correlation between age and the 
corrected hippocampus volume in males (circles, solid regression line) and females (squares, 
dotted regression line) (males: r=-0.170, P=0.386; females: r=-0.256, P=0.157)

Further analysis showed a statistically insignificant negative correlation 
between the age and the volume of both the measured (P=0.331; r=-0.178) 
and the corrected hippocampus (p=0.157; r=-0.256) (Table 4; Figures 6 and 7). 
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Figure 8) Boxplot of the difference between males and females regarding the total 
hippocampus volume (T=2.53, P=0.014*)
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Figure 9) Boxplot of the difference between males and females regarding the corrected 
hippocampus volume (T=-0.17, P=0.868)

It was noticed that hippocampus volume increased in the second age group 
(40-59 years) followed by a subsequent age decrease in the third age group 
(60-80 years). So, the decline in the hippocampus volume started later after 

Parameter
Age

R P Significance

Hippocampus -0.178 0.331 Insignificant

hippocampus/ICV -0.256 0.157 Insignificant

Table 4
Correlation between the age and the hippocampus in females 
from 20 years to 80 years before and after correction with ICV

PT
Female

(mean ± SD)
Male

(mean ± SD)
Parameter

0.014*2.534.968 ± 0.6705.481 ± 0.870Hippocampus

0.868-0.170.3987 ± 0.05930.3963 ± 0.0541hippocampus\ICV

Table 5
The difference between the volumes of the hippocampus in 
males and females before and after correction with ICV

P ≤ 0.05; Significant (*)

Parameter Groups Mean ± SD P value F value

Hippocampus

(20-39) 5.086 ± 0.731

0.188 1.77(40-59) 5.122 ± 0.572

(60-80) 4.621 ± 0.636

hippocampus/ICV

(20-39) 0.4082 ± 0.0598

0.046* 3.43(40-59) 0.4210 ± 0.0520

(60-80) 0.3589 ± 0.0522

TABLE 3 
The mean values of the hippocampus in cm³ of the three 
different age groups in females before and after correction 
with ICV

P≤ 0.05; Significant (*)

DISCUSSION

In the present study, Hippocampus Volume (HCV) (measured and corrected) 
decreased with age in males. In females, it decreased with age after correction 
with ICV. Many studies have focused on the hippocampus and its volume 
changes with age. The majority of these studies reported volume reductions 
with age (5-9), while others found no age-related hippocampal volume 
changes (10-12). The main reasons for wide range of variation in HCV were 
probably due to variation in anatomical boundaries and MR acquisition.

In this study, hippocampus volume increased in the second age group (40-
59 years) followed by a subsequent age decrease in the third age group (60-
80 years). Walhovd et al found that both hippocampus and cerebral white 
matter continue to increase in volume into the 30s and 40s, followed by a 
subsequent age decrease (8).

In the current study, there was no statistically significant difference of HCV 
between men and women. Several other researchers found similar results 
(13,14). In a study involving 61 normal subjects of 6 to 82 years old, there 
were no statistically significance differences in either original or normalized 
HCVs among gender groups in a Chinese population. On the other hand, 
several studies have demonstrated a different result (15). 

In a study involving 32 subjects, it revealed that men have significantly larger 
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hippocampi than women (P<0.01) (16). Another Chinese study involving 30 
control subjects revealed that female subjects had slightly larger hippocampi, 
but this was not statistically significant (P>0.05) (17).

Several studies have revealed significant volumetric differences in HCV 
between Alzheimer disease and control groups; however, it has been difficult 
to judge whether these differences were due to pathologic processes or 
physiological atrophy. Thus, it is important to define a range of normal 
values for the hippocampal formation, the amygdala and the temporal horn 
amongst healthy subjects in different age groups (18).

The diagnosis of Alzheimer disease (AD) and primary degenerative dementia 
depends on neuropathologic evidence of senile plaques, neurofibrillary 
tangles, and cell loss, which predominate in the hippocampal formation, the 
amygdala, and the entorhinal cortex. The clinical diagnosis is not accurate 
for the early stages of AD and the limitations of performing pathologic 
examination in vivo so, MR imaging may be useful in the diagnosis of AD. In 
fact, MR-based volumetric measurements of the hippocampal formation and 
the amygdala have proved to be an important in vivo method for diagnosing 
AD (19,20).
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