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Background: Massa intermedia, @ midline bar-shaped structure, connects two
thalami across the third ventricle in 70—-80% of healthy humans. It has become

clinically important since its absence was comprehended as a midline malformation
of the brain and brought in connection with schizophrenia indicating that some
symptoms could be a consequence of disturbed neuron chains underlying the
mechanisms of attention and processing of information. The aim of the investi-

gation was to find out the incidence, position, and size of massa intermedia in
the brains of the Serbian population.

Materials and methods: Our investigation was performed on 41 brains of adult
Serbian cadavers using a macro dissection method.

Results: Massa intermedia was present in 80.49% of cases, in 1 case it was double.
In most of the cases it was located in the superior quadrants of the lateral wall of
the third ventricle, the larger part being in the anterosuperior one. Some other
combinations were also present. The horizontal diameter of the cross-section was

larger than vertical and was not in correlation with the length of the third ventricle.
The average cross-sectional area was 29.58 mm?, significantly larger in females.
Conclusions: Massa intermedia is present in most of the investigated brains,
usually connecting the anterior-superior quadrants of the lateral walls of the
third ventricle. Different in shape and size its cross-section is a horizontal ellipse,
significantly larger in females. The cross-sectional area and the size of the third
ventricle are not in correlation. (Folia Morphol. 2020; 79, 1: 21-27)
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INTRODUCTION

Medial surfaces of the right and left thalami are
usually connected with a flattened bar of neural
substance marked as massa intermedia (MI) (also
referred to as the interthalamic adhesion s. commis-
sura cinerea s. commissura grisea). It spans the third
ventricle behind the interventricular foramen. In the
lower mammals, Ml is quite a big structure, while in

humans its length is about 1 cm. Massa intermedia is
absent in 15-25 of healthy humans [4] and seems to
be more frequently absent in males than in females
[14, 19]. In rare cases, it can be even double [14, 31].
It contains commissural fibers and neurons [14, 21].
Massa intermedia appears during early development
of the embryo, when the thalami, while increasing in
size, gradually approach and eventually meet one an-
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other over a variable area, between the 13* and 14"
week of gestation. The area of connection prolongs in
a bar, interthalamic adhesion, under the pressure of
cerebrospinal fluid collected in the third ventricle [7].

Massa intermedia was reported to be more of-
ten absent in schizophrenia compared with healthy
subjects [19, 25, 27], possibly reflecting its neurode-
velopmental pathology. Namely, some studies have
found the connection between midline cerebral mal-
formations (cavum septipelucidi, agenesis of the cor-
pus callosum, the absence of MI) and schizophrenia,
indicating that some symptoms of schizophrenia may
develop as a result of lesions of the midline neural
circuits which moderate attention and processing of
information [19, 25].

The aim of our study was to determine the inci-
dence, size and position of Ml in Serbian brains. We
also wanted to find out if there was some relation
between the sizes of Ml and the third ventricle.

MATERIALS AND METHODS

The investigation was performed on the brains
of 41 adult persons (19 males and 22 females, aged
33-95 years), who had died accidentally, without data
or signs of visible neuropathological changes. The
brains were removed by standard autopsy technique.
A sagittal slice, which included interhemispheric fissure
and 1 cm of the brain tissue on each side, was taken
from each brain. The slices were fixed in 10% neutral
formaldehyde for a period of 3 weeks. After that, a sag-
ittal section of each fixed slice was performed through
the interhemispheric fissure, corpus callosum and third
ventricle, between the thalami. On that occasion, M,
that had connected the thalami, was cut.

First of all, we determined if Ml was present or not.
All the cases were photographed. The cases without
Ml as well as one case with two Mls were excluded
from the further procedure.

The size of MI in our investigation referred to
the size of the midsagittal sectional area of Ml only,
not to the length of the same structure, which was
not always easy to measure. To assess the size of the
cross-section of MlI, its horizontal (H) and vertical
diameters (V) were measured, and the cross-sectional
area (S) was calculated.

The cross-sectional area of Ml was compared with
the distance between the anterior and posterior cer-
ebral commissures (CA-CP distance), in order to find
out whether the size of MI depended on the length
of the third ventricle.
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In order to make the position of MI more obvious,
the coordinate system was constructed on the lateral
wall of the third ventricle, on each photo. The X-axis
of the system passed through anterior and posterior
cerebral commissures; the ordinate intercepted the
midpoint of that distance.

Statistical analysis

Data are presented as mean =+ standard deviation
or frequency, with p < 0.05 indicating statistical signifi-
cance. Comparisons between groups were made using
the Mann-Whitney test and the 2 test, for nominal var-
iables and for categorical data, respectively. All analyses
were performed using the SPSS 14.0 software.

RESULTS

Massa intermedia was found in 33 out of 41 brains
(80.49%) (Fig. 1A), in 15 out of 19 male (78.95%) and in
18 out of 22 female brains (81.82%). In 8 out of all cases
(19.51%) Ml was absent (Fig. 1B), in 4 (21.05%) male
and 4 (18.18%) female brains. There was no significant
relationship between the incidence of MI and gender
(p = 0.869) (Table 1). In 32 out of 33 cases Ml was sin-
gle (96.97%), in 1 (3.03%) case it was double (Fig. 1C).

Massae intermediae were of different shapes and
sizes (Fig. 1D-G).

The horizontal diameter of Ml was between 2.50
and 12.00 mm (average 8.27 + 2.21 mm), and in all
cases, it was longer than the vertical one which was be-
tween 1.50 and 6.00 mm, (average 4.14 = 1.03 mm).

Average cross-sectional area (S) of Ml was 29.81 +
+12.49 mm?. The largest S was 56.50 mm? (Fig. 1D); the
smallest 3.53 mm? (Fig. 1E). In the case of the largest
S left and right thalami were so close that their me-
dial surfaces were touching one another. Most of the
S were between 20.00 and 40.00 mm?, almost equally
distributed between 20.00 and 30.00 mm? and 30.00
and 40.00 mm?. The average S of Ml in females was
significantly larger than in males, 34.13 = 11.57 mm?
vs. 24.12 = 11.34 mm? (p = 0.021) (Fig. 2A).

The average distance between CA and CP was
25.94 + 2.33 mm. The longest Ml is presented on the
Figure 1G. There was no significant correlation between
the length of the third ventricle (CA-CP distance) and the
cross-sectional area of MI (r = 0.31, p = 0.866) (Table 2).

When present, MI was mostly located in the an-
terosuperior quadrant. In only 2 (5.13%) cases it
was entirely located in the anterosuperior quadrant
and in both cases it was rather small Ml (Fig. TH). In
16 (41.02%) cases, it was mainly located in the an-
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Figure 1. Massa intermedia (MI) in Serbian brains — appearance: A. Single MI; B. Absence of MI; C. Double Ml in a 56-year-old female;
different shapes and sizes of MI; D. Large Ml in a 51-year-old female; E. Tinny Ml in an 81-year-old male; F. Large but short Ml in a 76-year-old
female; G. Long Ml in an 80-year-old female; position of MI; H. Ml located in the anterosuperior quadrant; I. Ml located mainly in the antero-
superior, partly in posterosuperior quadrant; J. Ml equally located in the anterosuperior and posterosuperior quadrant, K. Ml located in all four
quadrants, mostly in anterosuperior.

Table 1. The incidence of massa intermedia (MI)

Presence of MI Absence of Ml
Male 15 (78.95%) 4(21.05%)
Female 18 (81.82%) 4(18.18%)
Total 33 (80.49%) 8(19.51%)

terosuperior quadrant; its caudal part exceeded the
posterosuperior quadrant (Fig. 1D). In 11 (28.21%)
cases MI was equally located in the anterosuperior
and posterosuperior quadrants (Fig. 1J), and in 10
(25.64%) cases it was located almost in the centre
of the lateral wall of the third ventricle (Fig. 1K).
Distribution of all MI was presented in the Figure 2B.

DISCUSSION
Massa intermedia, which links the two thalami
across the third ventricle of the brain, appears be-
tween 13" and 14" week of development [7]. This
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link between the two thalami is well developed in
mammals, but variable in size among individuals and
missing in about 20% of human brains [4]. It contains
commissural fibres that connect some nuclei of the
left and right thalami, as well as the neurons grouped
into its proper nuclei [14, 21]. The precise role of the
Ml is not known but it is believed that, along with oth-
er midline structures, Ml participates in the formation
of the central neural circuits that underlie attention
and information processing [25]. It also participates
in the modulation of electrocortical activities across
the hemispheres. On that basis, it gains clinical im-
portance in the propagation of epileptic discharges
to the temporal limbic regions [12, 30].

There are very limited data about MI in certain
populations in the literature. In our research, Ml was
absent in 19.51% of Serbian brains. The absence of
MI was found in only 11.6% of Korean brains [20].
Even less, the absence of Ml has recorded in 5.8% of
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Figure 2. Surface area and distribution of massa intermedia (Ml);
A. Surface area of Ml in male and female; B. Distribution of posi-
tions of MI; AS — anterosuperior quadrant; PS — posterosuperior
quadrant; Al — anteroinferior quadrant; Pl — posteroinferior
quadrant.

Table 2. Morphological parameters indicating the size of massa
intermedia (M) and third ventricle

Mean + SD Min—max
Horizontal diameter of MI [mm] 8.27 =221 25-12.00
Vertical diameter of MI [mm)] 414 +1.03 1.50—6.00
Surface area of MI [mm?] 2981 +1249  3.53-56.50
CA-CP distance [mm] 2594 +233  22.0-31.00

CA-CP distance — distance between the anterior and posterior cerebral commissures;
max — maximum; min — minimum; SD — standard deviation

Japanese brains [24]. The great difference between
our results may be a racial difference but also a result
of a relatively small number of samples. The absence
of Mlin 19.51% of Serbian brains is in line with most
of the literature findings [4, 22]. Some authors have
found a smaller percentage of the absence of MI [10,
11, 20]. The largest percentage of the absence of Mi

24

was around 22% [14] and the smallest, of 8.7% [23]
found in an magnetic resonance imaging (MRI) study.
It was proposed that absence of MI may be related
to neurodevelopmental alterations in the growing
process of surrounding structures during early gesta-
tion [32]. Developmental risk factors as maternal viral
infection or malnutrition in that period may have their
effect on the susceptibility to schizophrenia [26, 32].

Some authors proposed that patients without
MI might have reduced competition between later-
alised functions of the two hemispheres, or might
have greater resistance to neurological impairment.
Patients without MI showed poorer scores on some
neuropsychological tasks. While it is difficult to estab-
lish the meaning of cognitive deficits in relation to Ml
absence, these findings could be possibly related to
thalamic alterations followed with an absent Ml [30].

Sexual dimorphism of Ml is already recorded. Our
investigation showed fewer women with absence
of MI (18.18%) than men (21.05%); however, the
difference was not significant. The far larger differ-
ence in absence of Ml between female and male was
found by Nopoulos et al. (2001) [19] and Ceyhan et
al. (2008) [6] (13.56% vs. 32.08%; 6.0% vs. 23.1%).
Allen and Gorski (1991) [2] also reported that women
are more likely to have MI than men. The more fre-
quent absence of Ml in males than in females in most
studies suggests an important structural difference
in connection of two hemispheres as an underlying
factor for gender-related difference of cognitive func-
tion [11, 13].

Cases of double Ml also occurred. It was not al-
ways clear whether this was indeed a double Ml or
fenestration on it [3, 14, 31]. In our study, we found
one case of the double MI, which makes 3% of our
Serbian brains. Variability in size and shape of the MI
is well known to brain surgeons who are dealing with
endoscopic ventriculostomy.

Massa intermedia, or rather its absence, has
gained importance in the last decade, as some studies
have linked its absence with malformations of midline
structures of the brain, such as cavum septipellucidi,
cavum vergae, agenesis of corpus callosum, enlarge-
ment of third ventricle etc. Although its function in
humans is not clear, animal studies have shown that
Ml is involved in the regulation of dopamine release
of the basal ganglia [27]. It is believed that these
conditions cause schizophrenia because of disruption
of neural circuits that mediate attention and infor-
mation processing [9, 18, 25] which might be core
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components of the vulnerability to schizophrenia. In
that context, the absence of Ml would be considered
an early sign of risk factors that could be associated
with the future manifestation of schizophrenia [10,
20, 25, 27]. Starting from this background, some
authors have carried out research in healthy subjects
and patients with schizophrenia. However, results
were conflicting. Using MRI some of them have found
out that a larger number of schizophrenic persons
than healthy people miss MI [10, 19, 25, 27, 29].
Additionally, the results of studies of Erbagci et al.
(2002) [10], Shimizu et al. (2008) [24] and Haghir et
al. (2013) [11] did not show the difference between
male and female patients. On the contrary, de Souza
Crippa et al. (2006) [8] found that absent Ml is equally
common among patients and controls, more prevalent
in male than in female patients with schizophrenia.
Interestingly, schizophrenia patients without Ml also
had a smaller bilateral amygdala [28] and thalami [24].

However, there are differences in the results ob-
tained with MRI studies and post-mortem studies.
Namely, in a combined study Snyder et al. (1998)
[25], using MRI as a method, came to similar results in
terms of the absence of Ml in schizophrenic patients
and healthy people, while in postmortal study they
found a higher percentage of absence of Ml in schiz-
ophrenics than in healthy controls. It is possible that
MRI does have some methodological limitations since
Ml is a small structure [24], or differences may appear
due to the fact that all researchers use a relatively
small number of cases. On the other hand, some other
authors did not find any difference in the presence or
absence of Ml in healthy and schizophrenic people
in the research based on MRI technique [5, 17, 24].

In our research, Ml was located either completely
or predominantly in the anterior upper quadrant
(74.36%), which is consistent with the findings of
Malobabi¢ et al. (1987) [14]. In the rest of the cases
(25.64%) Ml was located in the middle of the lateral
wall.

In a limited number of cases, we found a huge
variety of Ml area size. Average cross-sectional area
of Ml was 29.81 = 12.49 mm?. The largest surface
area was 56.50 mm? and the smallest 3.53 mm?. It is
much more than in the findings of Malobabi¢ et al.
[14] who had investigated 50 brains and recorded an
average area of 13.1 mm?2. Even larger Ml was found
by Nayak and Soumya (2010) [17], with a horizontal
diameter as long as 30 mm compared to the largest
one in our research which was 12 mm.
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Comparing the surface area of Ml in males and fe-
males, most of the authors have found larger area size
of Ml in females than in males [2, 6], despite the fact
that male brain was larger than female. We also found
a difference between the cross-sectional area in males
and females. In females, it was 34.13 + 11.57 mmzl
while in males it was significantly smaller, 24.12 *
+ 11.34 mm?2. It is not known when the sexual dif-
ferentiation occurs. It is believed that morphological
brain differences can cause functional sex differences
in cognitive functions and cerebral lateralisation [2].

We did not measure the length of MI because
of the difficult access. The other researchers who
investigated MI also did not report on its length,
presumably for the same reason. It is easier to meas-
ure the length of Ml using MRI. It was found that
the length of MI was around 3.00 mm and it was
not significantly longer in men than in women [19].
However, other investigators reported Ml to be short-
er in males [27, 29]; so, the results were conflicting.
It has been stated that prolonged Ml is found in
Chiari Il malformation and hydrocephalus associated
with myeloschisis [16, 31].

We didn’t find a correlation between the cros-
sectional size of Ml and the length of the third ven-
tricle. No previous studies have found a relationship
between the development of Ml and the size of the
thalami or brain weight [1, 13]. The total volumes of
the third ventricle also didn't differ in healthy subjects
or schizophrenic patients and regarding the presence
or absence of Ml respectively [10].

In the already small number of studies of MI, it is
seldom spoken about the age changes. In the publica-
tion about duplication of M, Tubbs et al. (2004) [31]
quotes Rosales et al. (1968) [22] that Ml is subjected
to atrophy with age and that in older people it can
disappear [15, 25]. Sen et al. (2005) [23] also stated
that it is the longest after 60 years of age.

As previously stated, we did not measure the
lengths of Mis but obviously the longest one be-
longed to a person who was 80 years old. Perhaps
the general atrophy of the brain in the old age causes
enlargement of the ventricles increasing the distance
between the thalami which leads to the prolongation
of the MI. It is more obvious in the persons with
pronounced atrophy.

Finally, in spite of still obscure function of the
MI, knowing its morphology, position and variability
are of special interest in neurosurgery [5]. Although
modern imaging methods enable exploration of Ml,
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the combination with post mortal morphological
and pathobhistological methods is still the most se-
cure in gaining more detailed knowledge about this
structure.

CONCLUSIONS

Massa intermedia is present in 80.49% of Serbian
brains, more often in the female (81.82%) than in
male (78.95%) brains. It is most commonly found
in the anterior upper quadrant, above the line con-
necting the anterior and posterior cerebral commis-
sures and in front of the vertical passing through its
middle. Massa intermedia in all Serbian brains had
a cross-section in the shape of a horizontal ellipse,
its cross-sectional area being 28.7 = 12.2 mm2. The
surface area of MI was significantly larger in the
females than in the males. There was no significant
correlation between the Ml size area and the length
of the third ventricle.
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