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Background: The hippocampal formation (HF) is one of the most important parts 
of the brain in the magnetic resonance imaging (MRI) volumetric analysis in various 
domains, but not completely from all aspects, including the handedness. The aim 
of our study was to evaluate the possible differences in the volume of the right 
and left HF among the healthy right-handed and left-handed subjects, and to 
determine whether the volume differences are age related. 
Materials and methods: The MRI of this prospective study was performed using 
T1 fast field echo (FFE) sequence. The 124 subsequent coronal slices (thickness 
1.5 mm) were performed in each participant. The obtained HF volumes were 
normalised and statistically compared. Volunteers comprised 30 persons aged 
22.0 years, 12 of whom were the left-handed, and 30 persons aged 75.2 years 
on average, 9 of whom were the left-handed.
Results: The right and left HF volumes averaged 2.986 cm3 and 2.858 cm3 in the 
right-handed, and 2.879 cm3 and 3.020 cm3 in the left-handed young volunteers, 
as well as 2.728 cm3 and 2.650 cm3 in the right-handed, and 2.617 cm3 and 
2.780 cm3 in the left-handed elderly persons. The HF volume ratios in the young 
left-handed participants showed a significant left-greater-than-right asymmetry.  
A significant difference was also noticed within the right-to-left volume ratios of the 
right- and left-handed young and elderly participants. The latter reduction in the 
HF volume within the aged group can be interpreted as a slight atrophy of the HF. 
Conclusions: There is a significant difference in the volumes of the left and right 
HF of the left-handed young participants. The age related HF volume differences 
were proven between the groups of the young and elderly volunteers. The ob-
tained data should be included into the future MRI studies of the HF volumes in 
various clinical domains. (Folia Morphol 2015; 74, 4: 421–427)
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INTRODUCTION
The medial structures of the temporal lobe, espe-

cially the hippocampal formation (HF), play an impor-
tant role in performance of the complex cognitive 
and behavioural tasks, such as the learning process, 
memory formation, language, planning, and proces-
sing of some emotions [9, 19, 23, 35]. Malformation, 
disorder or damage of the HF have a great impor-
tance in the pathogenesis, or consequences, of the 
variety of the neurological and psychiatric disorders, 
e.g. the epilepsy, schizophrenia, amnesia, depression, 
anxiety, posttraumatic stress, aging, Alzheimer’s and 
Parkinson’s disease [14, 26, 37, 38, 41, 42, 49]. Even 
the slightest volume changes, which can be identified 
by modern imaging techniques, may indicate certain 
neuropathology or pathophysiology in this region. 
Therefore, many of the mentioned authors use the 
magnetic resonance imaging (MRI) volumetric analy-
sis of the HF in the following-up or determining the 
prognosis of the mentioned psychiatric and neuro-
logical disorders. 

The volume of the HF depends, among other things, 
on the subjects’ handedness, i.e. on the lateralisation 
of certain functions in the cerebral hemispheres [30, 
41, 44], as well as on the age of the examined patients 
[2, 8, 16, 30, 33]. Some studies indicated that certain 
cognitive functions or the particular neurological dise-
ases affecting the HF have preference for the left or the 
right hippocampus of either the left- or right-handed 
persons, in whom they usually cause a reduction of 
the grey matter [10, 20, 28, 29]. The neuroanatomi-
cal imaging studies showed that changes in the HF’s 
amount is age related, but its extent is always less than 
in certain neurodegenerative disorders [34]. Further-
more, the incidence of some diseases that affect the 
HF parenchyma is higher among elders, including those 
with Alzheimer disease. 

All in all, there are only a few reports dealing, 
at least partially, with the 3 parameters mentioned 
in our study, i.e. the age, handedness and gender  
[2, 8, 29, 44]. Accordingly, the aim of this study was 
to determine the possible differences in the volumes 
of the right and left hippocampal formation among 
healthy right-handed and left-handed subjects of 
both sexes, and to determine whether those diffe-
rences are age related. 

MATERIALS AND METHODS 
Our study included 60 healthy volunteers divided 

into two groups. The first group, with a mean age of 

22.0 ± 2.5 years, consisted of 30 students of the Me-
dical Faculty, 12 of whom were the left-handed (40%) 
and the remaining the right-handed ones (60%). The 
second group included 30 elderly persons, averaged 
age 75.2 ± 1.8, without the neurological signs and 
symptoms, and with the normal magnetic resonan-
ce (MR) brain images. Within this group, 9 (30%) 
were the left-handed individuals. Written consent 
was obtained from each participant, and the whole 
study was approved by the Ethics Committee of the 
University Clinical Centre.  

The MRI examinations took place in the Railway 
Workers Health Care Institute in the period from 
March to July 2013. The MRI was performed in the 
3T Philips Intera MRI scanner using a sensitivity en-
coding (SENSE) head coil. In order to evaluate the 
brain structures and to exclude gross pathology, the 
whole brain images in coronal plane were obtained 
(total 124 scans per person) using T1-weighted fast 
field echo (FFE) sequence [field of view 25.0 ¥ 17.5 
cm, matrix 512 ¥ 512, repetition time (TR) 9 ms, echo 
time (TE) 1.9 ms, inversion time (TI) 500 ms, flip angle 
20°, slice thickness 1.5 mm, gap 0 mm].  

A morphometric study of the obtained coro-
nal images was performed using semiautomatic 
commercially available software (Philips Intera soft-
ware package). Regions of interest were established 
according to a previously defined protocol [4, 16]. 
The anterior border of the HF emerged beneath 
the amygdala, i.e. in a section that demonstrates 
the mammillary bodies. We chose as a posterior 
boundary a section through the caudal part of the 
pineal body. The semiautomatic procedure included 
the sequential reading, contrast enhancing, and 
manual delineation of the structures, as well the 
automatic calculation of their cross-sectional area. 
In order to eliminate the individual variation in the 
intracranial volume among the subjects [3, 4, 11, 25, 
36], data regarding the individual variables in each 
person were normalised according to the following 
formula [7]:

The values represent the relative cerebral volume 
(CVr), the total cerebral volume (TCV) and the total 
intracranial volume (TCrV), respectively. The obtai-
ned absolute HF volume values were multiplied with 
CVr and thus transformed into the normalised HF 
volumes. The provided data were analysed using the 

100⋅=
TCrV
TCVCV r 100⋅=

TCrV
TCVCV r
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SPSS 12 software program. The statistical parameters 
included a standard deviation (± SD), “t”, “DF”, and 
“p” values (p < or > 0.05).

Finally, in order to illustrate the HF from the ana-
tomical and histological aspect, we made a coronal 
section through the HF of a brain and head injected 
with and fixed in a 10% formaldehyde solution for  
6 weeks. In addition, a piece of the HF was prepared 
for a standard histological examination, and then 
stained with cresyl violet (Nissl method). 

RESULTS
The HF is a specific part of the medial portion of 

the temporal lobe which belongs to the limbic system. 
The HF mainly comprises the hippocampus and the 
dentate gyrus [6], which are characteristically rolled in 
upon themselves, just medial and above the parahip-
pocampal gyrus, and which extends along the floor 
of the inferior horn of the lateral ventricle (Fig. 1). 
The histological examination shows a large number 
of the pyramidal neurons within the hippocampus, 
and a smaller number of the neurons forming the 
dentate gyrus (Fig. 2).

The largest part of our study is referred to the 
MRI examination of the HF volume (Figs. 3A, B). The 
results of the measuring and normalisation of the HF 
volume in the MRI, which are classified in relation to 
the handedness and age, are presented for both the 
right and left hemispheres of the two mentioned 
groups of the volunteers of both (Table 1).  

The obtained data showed, firstly, that in the 
right-handed individuals of both groups the right HF 
was slightly larger than the left one and, similarly, in 
the left-handed individuals of the two groups the left 
HF was slightly larger than the opposite one (Table 1).  
However, a statistical significance of the obtained 
data was not confirmed. 

Secondly, data within the first group, i.e. those re-
lated to the young left-handed volunteers, presented 
a significant difference (t = 2.35; DF = 11; p < 0.05)  
between the HF volumes ratios of the left and right 
cerebral hemispheres. On the other hand, the ana-
lysis did not reveal a significant difference related 
to the side of the HF volume in the young right-
-handed volunteers. In other words, the values did 
not differ significantly between the two hemispheres  
(t = 10.34; DF = 17; p > 0.05). However, the right-to-
-left HF volume ratios differed significantly between 
the right- and left-handed participants (p < 0.05), 
but only in the left hemisphere.  

There was no significant difference of the HF  
volume in the elderly left-handed volunteers related 
to the right and left hemispheres (t = 1.22; DF = 8;  
p > 0.05), neither in the right-handed individuals 
related to the 2 hemispheres (t = 1.52; DF = 20;  
p > 0.05). On the other hand, the right-to-left HF 

Figure 1. Coronal section of the left hippocampal formation; 1 — the 
fimbria of the hippocampus; 2 — the alveus; 3 — the hippocampus; 
4 — the inferior horn of the lateral ventricle; 5 — the dentate gyrus; 
6 — the petrous part of the temporal bone; 7 — the tentorium; 8 — 
the superior cerebellar artery (cut); 9 — the base of the pons; 10 — 
the parahippocampal gyrus; 11 — the P2 segment of the posterior 
cerebral artery; 12 — the cerebral peduncle; 13 — the substantia 
nigra; 14 — the red nucleus; 15 — the 3rd ventricle; 16 — the 
thalamus; 17 — the subthalamic nucleus; 18 — the posterior limb 
of the internal capsule; 19 — the putamen; 20 — the insular cortex; 
21 — the medial and lateral geniculate bodies. 

Figure 2. Coronal section of the left hippocampus; 1 — the inferior 
horn of the lateral ventricle; 2 — the alveus; 3 — the pyramidal 
neurons of the hippocampus; 4 — the dentate gyrus. Cresyl violet 
staining. 
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volume ratios differed significantly between the right- 
and left-handed participants (p < 0.05). Although 
there are also differences in the corresponding HF 

volumes between the left- and right-handed persons, 
they were not statistically significant.  

We found a significant difference of the left HF 
volume between the young and elderly left-handed 
volunteers (t = 5.42; DF = 29; p < 0.01), as well as 
of the right HF volume between the young and the 
elderly left-handed volunteers (t = 4.88, DF = 29,  
p < 0.01). In addition, we also noticed a significant 
difference of the left HF volume of the young and 
aged right-handed volunteers (t = 6.92; DF = 29;  
p < 0.01). Finally, a significant difference of the right 
HF volume was noticed between the young and elderly 
right-handed participants (t = 7.58; DF = 29; p < 0.01).  
All in all, significant differences were revealed of the 
HF volume on both sides between the two groups 
of various ages, meaning that the volume of the HF 
becomes reduced with age.

DISCUSSION
There are certain difficulties in the obtaining and 

evaluation of the volumetric findings in modern ima-
ging techniques. Firstly, the MR equipment and the 
used imaging parameters differ among the institu-
tions, for example the strength of the magnetic field, 
the pulse sequence and the slice thickness [5, 16, 24, 
27, 34]. Secondly, the application of various methods 
for the HF delineation, either the manual tracing 
or the automatic segmentation, may influence the 
final result as well [30, 36, 46, 47]. Thirdly, the brain 
size of the participants exerts substantial statistical 
influences on the HF volume values [4]. To avoid the 
latter, we applied the described normalisation of 
the HF volume. Finally, the determination of the HF 
borders is also important, so that various protocols 
have been used to overcome that problem [4, 16].  

As regards the mean value of the HF volume, 
different authors mentioned the values as ranging 
between 2.78 cm3 and 3.91 cm3 [36], which is in 
accordance with our results (Table 1). However, there 

Figure 3. A coronal 3 tesla magnetic resonance imaging section 
through the anterior (A) and posterior (B) part of the hippocampal 
formation (arrow). 

Table 1. Normalised average volumes of the hippocampal formation regarding handedness and age

Ages Subjects Normalised HF volumes [cm3] Right-to-left HF volume 
ratiosRight HF Left HF

22 ± 2 RH 2.986 ± 265 2.858 ± 278 1.03 ± 0.06

LH 2.879 ± 309 3.020 ± 338 0.95 ± 0.05

75 ± 2 RH 2.728 ± 248 2.650 ± 256 1.02 ± 0.05

LH 2.617 ± 220 2.780 ± 250 0.94 ± 0.04

HF — hippocampal formation; RH — right-handed; LH — left-handed

A

B
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are certain racial and national differences. For exam-
ple, the mean HF volume within the Indian population 
is 2.411 cm3, with the mean values for the right HF 
as 2.424 cm3 and for the left HF as 2.398 cm3 [31]. 
The range in the Chinese people is 2.204–2.944 cm3 
for the right HF, and 2.068–2.700 cm3 for the left HF 
[27]. The values in both populations are smaller than 
in the Caucasians. For example, Honeycutt and Smith 
[17] reported 2.90 cm3 on average on the right side 
and 2.78 cm3 on the left side, whereas Pruessner et al.  
[36] mentioned 3.324 cm3 for the right HF, and  
3.208 cm3 for the left HF, respectively. Some other authors  
also found a larger right HF volume [18, 29, 34].

The larger values for the right than the left HF vo-
lume were also noticed in our study, that is 2.986 cm3: 
2.858 cm3 in the young group and 2.728 cm3:2.650 cm3  
in the aged group, but only in the right-handed indi-
viduals (Table 1). There was a quite opposite situation 
with the left-handed participants of both groups, i.e. 
2.879 cm3:3.020 cm3 volume of the left HF among the 
young volunteers, and 2.617 cm3:2.780 cm3 among 
the elderly participants. However, those results did 
not show a statistical significance. 

The young left-handed participants in our study 
showed greater left than right HF volume ratios (Table 
1). Although the mean value of the right HF volume 
was larger than the left HF volume among the right-
-handed young participants, this difference was not 
statistically significant. Nonetheless, the statistical 
difference was noted for the left HF volume ratios 
between the right- and left-handed individuals, but 
not for the right HF in the same aged group. Szabo 
et al. [44] found that only in the right-handed par-
ticipants the HF was significantly larger on the right 
side, whereas the left-handed group did not show  
a significant difference between the right and left HF. 
The right-to-left HF volume ratios differed significan-
tly between the right- and left-handed volunteers in 
their study. 

Nevertheless, such right-left differences mostly 
develop in utero under the influence of certain ge-
nes [39]. In general, the right-left asymmetry of the 
HF, related to the handedness, is only part of the 
global hemispheric asymmetry, which is based on 
the various structural and functional features of the 
corresponding right and left regions of the brain [12, 
21, 23, 40]. We cannot explain the “inversion“ of the 
HF asymmetry, for instance, a slightly larger right HF 
volume in the right-handed volunteers, whose left 
hemisphere is dominant for the hand motor skills [12]. 

Yet, the left hippocampus in the right-handed persons 
seems to have a crucial role in language acquisition, 
development and word memory [23]. 

In our study, the influence of age could be expres-
sed as a smaller HF volume, both in the left and right 
hemispheres and in both the left- and right-handed 
elderly participants. Some authors have also drawn  
a special attention to the HF in elderly healthy people  
[8, 33, 35, 43, 48]. A few of them noticed a progressive  
reduction (from 1.18% to 2.8% per year of age) of the 
HF volume in persons over the age of 65 years. Some 
of the other authors revealed a correlation between 
the HF reduction and cognitive decline [49]. 

Certain authors noticed a reorganisation of the 
hippocampal neural network supporting normal cog-
nitive function in old people [8], whilst some others 
suggested that the process of aging affects mainly 
the metabolic status of the hippocampus, with little 
equivalent age-related changes in the hippocampal 
cell density [45]. Anyway, certain brain tissue re-
duction, predominantly grey matter rather than white 
matter, is a common feature of the normal aging 
process. Regardless of the mentioned annual amount 
of reduction, the neuronal loss in healthy old people 
is always less than 10% [32]. Finally, some lifestyle 
factors, in association with the expression of certain 
genes, promote a healthy and successful aging of 
the brain and delay the appearance of age-related 
cognitive deficits in elderly people [32].   

As regards the relationship between the HF 
asymmetry and gender of the participants, different 
data can be found in the literature. Thus, Jiang et 
al. [21] concluded that there could be a relationship 
between the HF volume, gender and certain aspects 
of memory. According to Maller et al. [29], the right 
HF volume is somewhat larger in man, but in the 
next paper [28] they reported that it was larger 
in both genders. Anstey et al. [2] found that the 
HF volumes were larger in the older left-handed 
women than in the right-handed ones, which they 
interpreted as one of the explanations for lower 
rates of dementia in the left-handed individuals. 
However, there was no association with handedness 
in men, nor right-left asymmetry in the HF volume 
in either gender. According to some others [11, 
25], the brain size is more important than sex in 
explaining interindividual differences in volume of 
its parts. In any case, the eventual presence of the 
HF asymmetry in general population, as was noticed 
in our study, can be explained by the influence of 
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corresponding X chromosome genes and the sex 
hormones [15, 39].

Certain morphometric HF abnormalities were 
found in some psychiatric patients, for instance in 
those with schizophrenia [13, 37]. The HF changes 
in volume were also seen in patients with cogni-
tive impairment, including those with Alzheimer’s 
disease [1, 46]. Reduction in the HF volume was 
observed in heavy cannabis use, in epilepsy, mild 
cognitive decline, dementia, major depression, the 
aged, traumatic brain injury, posttraumatic stress 
disorder, chronic alcoholism, borderline and anti-
social personality disorders, obsessive-compulsive 
disorder, herpes simplex encephalitis, Parkinson’s 
and Huntington’s disease, Down’s and Turner’s 
syndrome, cardiac arrest, and Cushing’s disease 
[1, 10, 14, 38, 42]. 

Asymmetric damage of the hippocampus, for 
example a smaller HF volume on one side, is seen in 
the chronic stress condition, anxiety, sleep disturban-
ce, impaired cognitive functions etc. [22, 26, 41]. The 
hippocampal atrophy is correlated with Alzheimer’s 
disease and mild cognitive impairment for the right 
hippocampus [49]. Some authors found in schizop-
hrenic patients certain neurochemical lateralisation 
in the HF in relation to quantity of the glutamate 
receptors and size of the pyramidal cell synapses [13, 
40]. Finally, functional or pathophysiological right-left 
HF asymmetry was noticed in memory processing 
[9], language acquisition [23], posttraumatic stress 
disorders [41, 48], and cognitive decline of various 
causes [10].  

CONCLUSIONS
We did not find a significant difference in the HF 

volume related to the side among the right-handed 
young participants, but we noticed a statistically 
significant difference in the HF volume ratio among 
the left-handed young volunteers. The HF volume in 
both hemispheres among the left- and right- handed 
persons becomes reduced over years. In other words, 
certain atrophy of both the HFs was present in the 
elderly group. It is obvious that he MRI study can be  
a sophisticated and reliable method in volumetric analy- 
sis of the hippocampal formation in various domains.  
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