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Abstract

MRI is an important research tool which enables to investigate the brains of
neuropsychiatric patients in vivo. In our study we tried to measure the volumes of
some limbic system structures in the normal population to be utilized for further MRI
morphometric studies in neuropsychiatry. We measured the volumes of hippocampus
and corpus amygdaloideum (amygdaloid body), and the widths (thickness) of fornix
and corpus mammillare (mammillary body) in 42 healthy volunteers without any
neuropsychiatric pathology. The 1.5 T MRI was taken at oblique coronal plane using
a section thickness of 3 mm without any gap. The volumes of hippocampus and corpus
amygdaloideum were normalized according to intracranial area. We also investigated
right-left volume differences for hippocampus and corpus amygdaloideum and set a
formula as % difference rate for fornix and corpus mammillare width. We found the
right hippocampus and corpus amygdaloideum larger than the left. No sex effect were
evaluated. In addition, the larger hippocampus did not mean larger fornix. As a
conclusion, the MRI morphometric data for normal population and the relations of
this data with certain parameters such as side, sex, age must be collected to assess the
pathological values in MRI morphometry.

Mental Health Service, 116N

Department of Veterans Affairs Medical Center
4150 Clement St.

San Fransisco, California 94121-1545, USA
e-mail: ykaan2000@yahoo.com

Received 19 October 2002; accepted 28 November 2002

Introduction

Limbic system comprises components of the brain which
are important for memory, emotions and cognitive functions.
Hippocampus and corpus amygdaloideum (amygdaloid
body) are important components of this system [1]. Fornix
is the unique efferent of hippocampal formation. The corpus
mammillare (mammillary body) is an important component
of the hypothalamus where fornix relays there the
information coming from hippocampus.

MRI (Magnetic Resonance Imaging) is an important
research tool where the brains of neuropsychiatric patients
can be investigated in vivo. There are many studies in the
literature where anatomical structures in the brain are
measured quantitatively in terms of volume, area, width
and length. Hippocampus is a very popular structure
regarding MRI morphometry. The cranial MRI
morphometry comprises studies in which hippocampal
volume has been measured in several neuropsychiatric
disorders. Hippocampal volume varied considerably in
various neuropsychiatric diseases such as Alzheimer [2],
schizophrenia [3], major depression [4-5], temporal lobe
epilepsy [6], vascular dementia [7], geriatric depression
[8], alcoholism [9], post-traumatic stress disorder [10-11],
traumatic brain injury [12], fragile — X syndrome [13],
hydrocephalus with normal pressure [14], Turner Syndrome
[15], Down Syndrome [16], Parkinson’s disease [17], herpes
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simplex encephalitis [18], Cushing’s Syndrome [19],
dementia with Lewy bodies [20]. Further, changes in
morphology of corpus amygdaloideum have been reported
in diseases such as autism [21], schizophrenia [3], major
depression [4], Alzheimer’s disease [22], temporal lobe
epilepsy [23] and obsessive—compulsive disorder [24].
There are few studies concerning the fornix and corpus
mammillare. Morphological changes of the fornix have
been observed in temporal lobe epilepsy [25] and recently
in schizophrenia [26]. Additionally, changes in the size of
corpus mammillare have been shown in alcoholism [27]
and temporal lobe epilepsy [28].

In this study we aimed to measure the volumes of some
limbic system structures i.e. hippocampus, corpus
amygdaloideum, fornix and corpus mammillare in the
normal population to be utilized for further MRI
morphometric studies in neuropsychiatry.

Material and Methods

This study was conducted on 42 healthy volunteers (23
males, 19 females) with a mean age of 31.09 = 12.06. All
the subjects were right-handed except a male subject. The
subjects of the study did not have any neurological,
psychiatric disorders and were not under any drugs, chemical
substances (i.e. oral contraceptives for female subjects,
cortisone etc.) affecting the morphology of the brain. None
was using alcohol.
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Figure 1 Intracranial measurement of mid-sagittal area of a subject.

MRI PROTOCOL

In our study hippocampus and corpus amygdaloideum
volumes, width of fornix and mammillary bodies were
measured on 1.5 T MRI unit (Magnetom Vision Plus,
Siemens, Erlangen, Germany).

The measurement of intracranial area was performed at
the midsagittal plane using sagittal T1 weighted spin echo
(SE) sequence. The images of hippocampus and corpus
amygdaloideum were acquired at oblique coronal plane
using a section thickness of 3 mm without any gap and
using T1 turbo inversion recovery (IR) sequence. Therefore
the images of fornix and mammillary bodies on both sides
were acquired on the coronal plane at turbo IR sequence
with high resolution using a section thickness of 3 mm
without any gap.

i

Figure 3 Corpus amygdaloideum area measurement on a section
where the corpus amygdaloideum is seen.
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Figure 2 Hippocampal area measurement on a section where the
hippocampus is seen.

MORPHOMETRIC ASSESSMENTS

The brain size can affect the volumes of hippocampus and
corpus amygdaloideum. Assessing the images by the raw
data without being normalized according to brain size one
can get wrong results especially when bilateral atrophy
exists [29-31]. Considering these factors, we normalized
the hippocampus and corpus amygdaloideum volumes.
Hippocampus and corpus amygdaloideum volumes were
normalized using Gullap’s [32] formula (Formula 1).

We used Cavalieri’s principle while performing volumetric
measurements [33]. After sending all the image data to a
work-station hippocampus and corpus amygdaloideum
were drawn manually by a cursor in each section seen
afterwards the area measurement was calculated
automatically (Figs. 2, 3). The sum of the areas, multiplied
by the section thickness (3 mm) [33]. The raw hippocampus
and corpus amygdaloideum volumes were acquired and
were normalized according to the formula mentioned above
using MAS (Fig. 1).

Nv= MMAG) X (HCAV)
(MAS)

NV normalized volume

MMAG mean mid-sagittal area of the group

HCAV hippocampus or corpus amygdaloideum volume

MAS mid-sagittal area of the subject

Formula 1 Formula for the normalization of the volumes of hippocampus
and corpus amygdaloideum.

The fornix widths were measured at the section where the
crus fornicis of the right and left were gather to form the
corpus fornicis (Fig. 4). Corpus mammillare width was
measured at the section where hippocampal digitations
were seen at the pes hippocampi (Fig. 5). Because of the
overlapping of fornix and corpus mammillare sizes between
the normal subjects and pathological subjects we calculated
(Formula 2) the fornix or corpus mammillare % difference
rates in order to be used in future studies of neuropsychiarty
[28].
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The boundaries for the measurement of hippocampus [34]
were alveus and uncal recess caudally, crus fornicis dorsally,
plexus choroideus superiorly, subiculum and parahippocampal
gyrus inferiorly, temporal horn laterally, and cisterna ambiens
(perimesencephalic cistern) medially (Fig. 6).

The boundaries for the measurement of corpus amygdaloideum
[2] were alveus and uncal recess caudally, optic tract dorsally,
a horizontal line drawn from entorhinal sulcus superiorly,
temporal horn and white matter of lobus temporalis
inferolaterally, and gyrus ambiens medially.

STATISTICS

The results of our study were assessed by SPSS 7.0 statistic
programme. The results obtained from the population were
analized using t-test, Mann-Whitney test and Pearson’s
correlations. For all the comparisons “p” values less than

0.05 were considered as significant.

This study was approved by the local ethics committee of
our university.

LS) - (SS)
%DR= )= 55) ¢ 19
’ (LS)

%DR % difference rate

LS larger side

SS smaller side

Formula 2 Formula for the fornix or corpus mamillare % difference
rates.

Results

The mean number of hippocampal sections evaluated on
the right side was 13.02+1.024 (10-15), on the left was
13.14+1.049 (11-15). For corpus amygdaloideum the mean
number on the right was 4.62+0.491 (4-5) and on the left
side it was 4.64+0.577 (4-6).

The demographic data of the study group are shown in
Table 1.

The results of the quantitative measurements are given below.

1. Hippocampus and corpus amygdaloideum volumes and
fornix and corpus mammillare width:

Figure 4 Fornix width measurement.
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The mean of midsagittal intracranial area was 145.16+10.06
mm? (126.26-178.59). The mean volumes of hippocampus
and corpus amygdaloideum are shown in Table 2. The
mean widths of fornix and corpus mammillare width are
shown in Table 3.

2. Normalized right-left volume differences of hippocampus
and amygdala and % difference rates of fornix and corpus
mammillare:

—

Figure 5 Corpus mammillare width measurement.

The mean of the normalized right-left difference for
hippocampus volume was 150.47+121.83 mm?3 (4.78-
434.96). The mean of the normalized right-left difference
for corpus amygdaloideum was found as 156.52+141.83
mm? (5.14-682.53).

In the female subjects (n=19) the mean of the normalized
right-left difference for hippocampus volume was
167.11+£138.53 mm? (4.78-418.80) while it was
136.73+107.34 mm?3 (12.70-434.96) for the male subjects
(n=23). There was no significant difference between both
groups (p>0.05).

Figure 6 The illustration shows a histological section at the level of
the body of the formatio hippocampi.1: hippocampus, 2: gyrus dentatus,
3: subiculum, 4: fimbria, 5: gyrus parahippocampalis, 6: fissura choroidea,
7: plexus choroideus, 8: cornu inferior ventruculi lateralis, 9: corpus
geniculatum laterale, 10: sulcus collateralis, 11: cauda nuclei caudati,
12: stria terminalis.
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In the female subjects (n=19) the mean of the normalized
right-left difference for corpus amygdaloideum volume
was 156.10£161.94 mm?3 (5.14-682.53). For the male
subjects (n=23) it was 156.85+126.62 mm? (15.63-487.15).
There was no significant difference between both groups
(p>0.05).

Table 1 Demographic data in the study group including age, height
(cm), weight (kg) and number of years of education. Min: minimum
value, Max: maximum value, SD: standard deviation).

Study Group Age (years) Height (cm) Weight (kg) Education (years)
Mean 31.09 168 65.5 11.97
Min-Max (13-62) (150-189) (40-90) (0-17)

SD 12.06 9.57 14.80 4.21

The mean of the fornix % difference rate was 3.92+3.70
(0-14.81). The mean of the corpus mammillare % difference
rate was 2.76+2.12 (0-9.43).

The mean of fornix % difference rate of the female cases
(n=19) was 3.35 (0-14.81) while the male cases (n=23)
had the mean of fornix % difference rate as 4.38 (0-14.29).
There was no difference between female and male cases
in terms of fornix % difference rate (p>0.05).

Table 2 The means, range and standard deviations (SD) of normalized
hippocampus and corpus amygdaloideum volumes. RHV: right
hippocampus volume, LHV: left hippocampus volume, RCAV: right
corpus amygdaloideum volume, LCAV: left corpus amygdaloideum
volume.

Parameters ~ RHV (mm’®) LHV (mm®) RCAV (mm®) LCAV (mm’)
Mean 3803.54 3698.29 2048.38 1983.91
Range (3092.91-4573.74) (3088.13-4504.47) (1628.33-2805.22) (1404.65-2645.85)
SD 402.86 381.26 260.92 241.23

The mean of corpus mammillare % difference rate of the
female subjects (n=19) was 2.48 % (0-5.66) while the
male subjects (n=23) had the mean of corpus mammillare
% difference rate as, 2.99 % (0-9.43). There was no
difference between female and male cases in terms of
corpus mammillare % difference rate (p>0.05).

3. The relation of intracranial area with the sizes of
anatomical structures measured:

In our study group, there was no correlation between
intracranial area and all the sizes of the anatomical structures
measured (p>0.05).

Table 3 The means, range and standard deviations (SD) of fornix and
corpus mammillare width. RFW: right fornix width, LFW: left fornix
width, RCMW: right corpus mamillare width, LCMW: left corpus
mammillare width.

Parameters RFW (mm) LFW (mm) RCMW (mm) LCMW (mm)
Mean 3.10 3.13 4.84 4.83
Range (1.9-4.9) (2.0-4.8) (3.8-5.7) (3.8-5.9)
SD 0.05 0.05 0.04 0.04

4. Right-left side difference in the sizes of anatomical
structures measured:

There was no right-left side difference for fornix and corpus
mammillare width (p>0.05). Right hippocampus and corpus
amygdaloideum were larger than the left side (p<0.05).

In the female subjects there was a right-left difference for
hippocampus in favor of right side being larger (p<0.05).
Rigth corpus amygdaloideum of the female subjects was
slightly but not statistically significantly larger than the
left (p>0.05). There was no right-left difference for the
fornix width and corpus mammillare width of the female
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subjects (p>0.05).

In the male subjects there was no right-left difference for
the sizes of hippocampus, corpus amygdaloideum, fornix
and corpus mammillare (p>0.05).

5. The effect of sex on the sizes of anatomical structures
measured:

There was no difference between the male and female
subjects for the sizes of anatomical structures except for
the intracranial area where male subjects have larger
(p<0.05) intracranial area (Tables 4, 5).

Table 4 The comparison of the hippocampus and corpus amygdaloideum
volumes between male and female subjects. RHV: right hippocampus
volume, LHV: left hippocampus volume, RCAV: right corpus
amygdaloideum volume, LCAV: left corpus amygdaloideum volume.

Sex RHV (mm?*) LHV (mm®) RCAV (mm’®) LCAV (mm?®)

Male 3802.25+£397.06  3738.30+375.44  2039.72+320.10  2001.47+262.14

(3130.68-4573.74) (3099.47-4449.75) (1628.33-2805.22) (1404.65-2645.85)

3805.11+420.68  3649.86+392.82  2058.87+172.10  1962.65+218.37

(3092.91-4485.20) (3088.13-4504.47) (1749.83-2299.65) (1566.87-2254.89)
J >0.05 >0.05

>0.05 >0.05

Female

p

6. The correlation between age and the size of anatomical
structures:

There was no correlation between all the quantitative
parameteres and age (p>0.05).

7. The correlations between the sizes of anatomical
structures:

There was no relation between the volumes of hippocampus
and corpus amygdaloideum on both sides (p>0.05). There
was no correlation between right hippocampus volume and
width of fornix and corpus mammillare on both sides,
fornix and corpus mammillare % difference rates either
(p>0.05). There was a positive correlation between right
and left corpus amygdaloideum volumes (p<0.001, r=0.678),
and also there was a positive correlation between right and
left fornix width (p<0.05, r=0.954).

Table 5 The comparison of the fornix and corpus mammillare width
between male and female subjects. RFW: right fornix width, LEW: left
fornix width, RCMW: right corpus mammillare width, LCMW: left
corpus mammillare width.

Sex RFW (mm) LFW (mm) RCMW (mm) LCMW (mm)

Male 3.11+0.06 3.10+0.05 4.94+0.04 4.90+0.04
(1.9-4.9) (2.0-4.8) (4.1-5.7) (4.1-5.9)

Female 3.11+0.05 3.16+0.04 4.72+0.03 4.74+0.03
(2.3-4.1) (2.5-4.1) (3.8-5.3) (3.8-5.3)

p >0.05 >0.05 >0.05 >0.05

8. Values for further studies concerning neuropsychiatric
disorders:

2 Standard Deviations below the mean of hippocampus
volumes was 2997.82 mm?3 for the right and 2935.77 mm?3
for the left. It was 1526.54 mm?3 for the right corpus
amygdaloideum volume and it was 1501.45 mm? for the
left corpus amygdaloideum volume.

The results obtained from the present study show that the
right fornix width below 3 mm and the left fornix width
below 3.03 mm can be considered as “pathological”. The
given values are 2 Standard Deviatons below the mean of
the forementioned structures. 2 Standard Deviations below
the mean of right corpus mammillare was 4.76 mm and
for the left corpus mammillare the same value was 4.77
mm. 2 Standart Deviations above the mean of the study
group for fornix % difference rate was 11.32. It was above
7 for corpus mammillare % difference rate.
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Discussion

In studies where hippocampal volumes were measured on
MR, in the normal population, hippocampus volume on
the right was between 1501.4 — 6010 mm? and on the left
was 1880 — 5880 mm? [35-50]. The probable reason of
such a wide range can be the different criteria used for
hippocampal boundaries in different MRI research units.
Additionally, the different software used can be considered
as an other reason [41]. In the normal population, normal
values for corpus amygdaloideum volume relatively has
a less wider range. In the literature right corpus
amygdaloideum volumes were reported between 1080 —
3910 mm? and left were between 1080 — 3840 mm?3 [35,
37,45, 47, 51]. The right and left hippocampus volumes
found in our study were 3803.54 mm? - 3698.29 mm?,
respectively, and the right and left corpus amygdaloideum
volumes were 2048.38 mm? - 1983.91 mm?3 respectively.
Our findings are parallel to the data presented in the
literature (Table 2).

There are few studies where fornix and corpus mammillare
widths have been measured on MRI. In 10 healthy subjects
Ng et al. [28] found the mean of fornix % difference rate
as 3.1 %, and the mean of corpus mammillare % difference
rate as 1.6 %. We found the mean of fornix % difference
rate as 3.92 % which was in concordance with the finding
of Ng et.al. However the mean of the corpus mammillare
% difference rate (2.76 %) was 1.5 times more than the
value of Ng. et al [28]. As our study comprises a larger
group than the study Ng et. al., it can be suggested that our
findings may be more reliable.

RIGHT-LEFT DIFFERENCES IN THE SIZES OF
ANATOMICAL STRUCTURES MEASURED

In the literature numerous studies demonstrated that right
hippocampus was larger than left [35, 42, 45-46, 52-55].
In some studies the right hippocampus was larger but it
was not statistically significant [2, 51, 56-58]. Therefore,
an asymmetry of hippocampus with right side being larger
was proposed as a “pyshiological asymmetry” [2, 51].
However, in a considerable amount of studies it was reported
that there was no right-left difference for hippocampus
volume [9, 33, 44, 48, 59-65]. There is no consensus
whether there is a right-left difference for hippocampus
volume. Our findings demonstrate a pyshiological
asymmetry of hippocampus where right is larger than the
left. Inconsistency persists on the right-left difference for
corpus amygdaloideum volume. Some investigators found
that the right corpus amygdaloideum is larger than the left
[24-25]. However, there are also studies reporting symmetric
corpus amygdaloideum in the normal population [31, 51,
53,59, 65]. But we found the right corpus amygdaloideum
larger than the left in our study. Bilir et al. [66] found
fornix and corpus mammillare volumes larger on the right
side in 17 healthy volunteers. But we could not find right-
left diffrence in fornix and corpus mammillare sizes using
width measurements.

THE EFFECT OF SEX ON THE SIZES OF ANATOMICAL
STRUCTURES MEASURED

The effect of sex on these anatomical structures is a
conflicting matter in the literature. There are researchers
reporting no sex difference on hippocampus and corpus
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amygdaloideum volumes [44, 60, 63, 67]. However, there
are also studies where hippocampus and corpus
amygdaloideum volumes were found larger in male [24,
31]. In one study hippocampus volume was reported as
being slightly larger in women [57]. In another study in
which fornix area was measured it was seen that sex did
not have any effect on fornix size [26]. In another study
the diameter of corpus mammillare was reported as being
larger in men [47]. In the present study we did not find
any sex effect on the sizes of hippocampus, corpus
amygdaloideum, fornix and corpus mammillare.

THE RELATION OF THE SIZES OF ANATOMICAL
STRUCTURES WITH AGE

Due to the heterogen age groups of the present study, it
was not possible to conclude an effect of age on the limbic
structures measured. We could not find any age effect on
the sizes of these anatomical structures either. But it has
already shown that hippocampus and corpus
amygdaloideum volumes decrease by aging [42, 65]. But
there is a conflict about the effect of age on hippocampus
volume as in another study Sullivan et al. [68] found that
hippocampus volume did not decrease by increasing age.

THE INTER-RELATION OF ANATOMICAL
STRUCTURES

Our study confirms the findings of Zahajszky et al. [69]
where no relation between hippocampus and fornix size.

MRI volumetry is extremely important in neuropsychiatry
research. Additionally, hippocampus volumetry has been
used as a complementary diagnostic tool prior to epileptic
surgery [58]. Regarding epilepsy surgery each epilepsy
unit has to get the normative values of hippocampal volumes
for their unit. Therefore, we acquired it for the epilepsy
unit at our university in this study. For epilepsy or any
related disorder one has to know the normal values for
anatomical structures to asses the pathological values. As
a conclusion, the MRI morphometric data for normal
population and the relations of this data with certain
parameters such as side, sex, age must be collected to
assess the pathological values in MRI morphometry.

Finally, MRI morphometry in neuropsychiatry is full of
concflicting results mostly depending on the MRI
methodology and the criteria used for the boundaries.
Therefore it will be good if a worldwide consensus on the
boundaries of these structures when performing volumetric
measurements.

Conclusions

The results of the present study can be summarized as:

1. As many researchers use the “2 Standard Deviations
below the mean of the control group” for a given disorder
we introduced these values in our study.

2. Right hippocampus and corpus amygdaloideum are
larger than the left hippocampus and corpus amygdaloideum
in the normal population.

3. There is no right-left difference for the sizes of fornix
and corpus mammillare.

4. Sex has no effect on the sizes of hippocampus, corpus
amygdaloideum, fornix and corpus mammillare.

5. The larger hippocampus does not mean larger fornix.
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