Corpus callosum and optic chiasm in early blind adults
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Objectives: Certain callosal dimensions, callosal areas,
and the optic chiasm (OC) thickness were measured
in order to detect any morphometric difference that
would imply plastic changes in a selected group of
adults.

Methods: Seventeen early blinds were selected among
a group of blind adults after performing interviews.
These selected blind subjects, and 23 adults with
normal vision of both genders were examined by
MRI. The study was conducted in Mersin, Turkey
between the years 2004 and 2006.

Results: Only 14 early blind subjects completed
the MR imaging procedure. Statistically significant
difference between the OC thicknesses of 2
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groups was found whereas no statistically significant
difference was detected for the callosal dimensions.

Conclusion: The difference in the OC dimensions of
the 2 groups may be explained by the disuse atrophy.
It has been known that if a cortical area of any sense
is deprived of stimulus within the critical period, then
it may take on another cortical activity. The reasons
for the unaffected dimensions of the corpus callosum
(CQO) in this study may be either the relatively small
percentage of the fibers related to vision within the
total CC, such as auditory function, of the “normally”
visual cortex.
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he capability of performing plastic changes of

the cerebral structures has been studied by many
researchers. Reasons for plastic changes are various such
as training," deprivation,®® ischemic blockade,” disuse
and injury.*” When a cortical area is deprived of its
input, then it is possible to observe certain anatomical
and functional consequences. The most important
factor here is the time interval of the deprivation, which
is defined as the critical period. The consequences of the
deprivation vary according to its realization within this
period or afterwards. Subjects in the present study were
selected among early blind adults who became totally
blind before the age of one. By studying a group of
early blind adults to reveal whether the corpus callosum
(CC), and optic chiasm (OC) dimensions were affected
by visual deprivation, our aim was to present a sign of
plasticity of the visual cortex and the related commissural
structures.
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Methods. The subjects, 14 early blinds and 23 adults
with normal vision, were examined with a 1.5 Tesla
MRI (Siemens, Magnetom Symphony). The study was
conducted in Mersin, Turkey between the years 2004
and 2006. All subjects, or legal representatives (for
blinds) gave their written informed consent. The local
ethical committee approved the study. All subjects were
examined by an ophthalmologist for their visual acuity,
and the diagnosis of their visual loss was determined for
early blinds. All early blinds were selected from a group
of adults who have congenital ophthalmologic diseases
(COD), and became totally blind. Only the subjects
who became totally blind before the age of one were
included in the study, while the ones who later became
totally blind were excluded. Also, 3 blind subjects who
could not complete the MR imaging procedure were
excluded. Twenty-three control group adults were
selected from adults with normal vision. Sagittal T1-
weighted sections of 3 mm slice thickness, 3 mm interval
were taken, and the midsagittal images were selected for
evaluation. The criteria for the determination of the
midsagittal plane were accepted as follows: the precision
of the midsagittal plane by the callosal sulcus separating
the CC from the cingulate gyrus, the appearance of the
cerebral aquaduct between the tectum and tegmentum,
the V shaped roof of the fourth ventricle, the presence
of the cerebellar vermis, and the complete absence of
the cerebellar hemispheres. The midsagittal images were
coded and stored on the computer, and measurements
were made by 2 independent examiners who were
blind to the subjects’ identification data. Intraclass
correlation coefficient was used for inter-observer
concordance (= 0.91). The outline of the CC, all the
callosal thicknesses, and the antero-posterior thickness
of the OC were traced with the digitizer and the metric
scale of the system was used for the measurements. For
each image, the greatest antero-posterior length of the
CC (AB) was measured, and divided into 3 equal parts
by 2 perpendicular lines, so that thicknesses, DC (the
thickness of the CC at the junction of the anterior and
middle third part) and EF (the thickness of the CC at
the junction of the middle and posterior 1/3 parts) were
attained. Then, 2 horizontal lines AX (the thickness
of the genu of the CC on the line AB) and PB (the
thickness of the splenium of the CC on the line AB)
were attained. Thus, we arrived at the thicknesses DC,
EE AX, PB as shown in Figure 1. The anterior third area
of the CC was accepted as the part which was anterior
to the DC line on the midsagittal section. Similarly, the
posterior third area of the CC was accepted as the area
posterior to the EF line. All the lengths, thicknesses,
anterior and posterior third areas of each image were
measured. On the same midsagittal images, the OC
thicknesses were also measured.

Results were tested by Kolmogorov-Smirnov
test. Then, dimensions and areas were compared by
independent T-test. SPSS 11.5 was used for statistical
calculations.

Results. The mean, standard error of mean,
standard deviation, minimum and maximum values
of each variable of the OC are shown in Table 1, and
the CC for both groups are shown in Table 2. When
the thicknesses of the OC were compared for the 2
groups, a statistically significant difference was detected
(»=0.0001) (Table 1).When the greatest antero-posterior
length of the CC and the thicknesses were compared
for 2 groups, insignificant differences between them
were detected for DC (p=0.994), EF (p=0.060), AX
(p=0.719), PB (p=0.182) (Table 2). When the areas
were compared for the 2 groups, again insignificant
differences were found for both the anterior (p=1.000),
and posterior (p=0.572) thirds of the CC (Table 2).

Discussion. As the largest commissural pathway,
CC is the main fiber tract connecting the 2 hemispheres
of the brain. The main function of this neuroanatomical
structure is to connect the corresponding parts of

Figure 1 - Schematic view of the corpus callosum (CC) showing the
dimensions measured. AB - greatest antero-posterior length of
the CC, DC, EF - thicknesses of the CC on the perpendicular
lines dividing it into 3 equal parts, AX and PB - thicknesses of
the CC on the genu and the splenium corporis callosi.

Table 1 - Descriptive statistics of optic chiasm thicknesses.

95% confidence interval for

Groups n  Mean Std. error mean

Lower Bound Upper Bound
Study group 14 0.1786 0.0187 0.1382 0.2189
Control group 23 0.2652 0.0102 0.2442 0.2863

=0.0001, std - standard
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Table 2 - Descriptive statistics of the corpus callosum (lengths and thicknesses are in mm and areas are in mm?).

Lengths Blind/Normal n Min Max Mean + SEM SD P-value
and thicknesses
B 14 6.30 7.50 7.05 + 0.09 0.3276
AB 0.988
N 23 5.80 8.10 7.05 +0.10 0.4670
B 14 0.50 0.80 0.6786 + 0.03 0.1122
DC 0.994
N 23 0.50 1.00 0.6783 + 0,02 0.1166
B 14 0.30 0.70 0.51 +0.03 0.1072
EF 0.060
N 23 0.40 0.80 0.58 + 0.02 0.1085
B 14 1.00 1.80 1.24 £ 0.06 0.2098
AX 0.719
N 23 0.80 1.70 1.21 £ 0.05 0.2255
B 14 0.90 1.40 1.11 £ 0.04 0.1439
PB N 23 0.80 1.40 1.18 + 0.03 0.1453 0.182
B 14 2.40 3.60 2.90 + 0.09 0.3486
ANT N 23 1.50 4.20 2.90+0.11 0.5292 1.000
B 14 1.90 3.50 2.62+0.11 0.4191
POST 0.572
N 23 1.90 3.70 2.70 +0.09 0.4343
B 14 5.40 8.70 7.01 £0.24 0.8871
Total 0.561
N 23 4.60 9.20 7.21+0.23 1.0825

AB - the greatest antero-posterior length of the corpus callosum, DC - the thickness of the corpus callosum at the junction of the
anterior and middle third parts, EF - the thickness of the corpus callosum at the junction of the middle and posterior third parts,
AX - the thickness of the genu of the corpus callosum on the line AB, PB - the thickness of the splenium of the corpus callosum on the
line AB, ANT - the anterior third area of the corpus callosum on the midsagittal sections, POST - the posterior third area of the corpus
callosum on the midsagittal sections, Total - the total area of the corpus callosum on the midsagittal sections, SEM - standard error of
mean, SD - standard deviation

both hemispheres. However, the OC is the part of the
visual system where the 2 optic nerves unite, but only
the fibers coming from the nasal side decussate. Apart
from the CC, the OC is related only with vision. Brain
structures are prone to plastic changes during growth
and development.”'® Although brain growth and
development continue until the third decade of life'"'?
the functions of the cortical areas are determined in a
certain period shortly after birth, which is called the
“critical period.”"® Environmental factors are thought to
cause changes in brain morphology in this period'®!*
Our aim was to detect possible morphometrical
changes in the CC, and OC in early blinds in order
to present a sign of plasticity of the visual cortex and
the related commissural structures. The term plasticity
is defined as functional or morphological changes
in cortical properties. It can be expressed at cortical
or neuronal levels. At cortical levels, certain factors
such as deafferentation, injury, interruption, local
lesions, transection, and training could cause cortical
reorganization. At neuronal levels, activity dependent
modification of synapses and morphological changes
such as increased dendritic branching are the basis of
cortical reorganization.® Binocular connections are
formed and modified under the influence of the visual
environment during infancy and early childhood. The
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ocular dominance shift can be given as an example to
explain this modification. Monocular deprivation disrupts
the binocular connections in the striate cortex. Neurons
outside of layer IV, which normally has binocular
receptive fields, respond only to stimulation of the
nondeprived eye after even a brief period of monocular
deprivation. Cohen et al"® showed that visual cortical
areas could be activated by somatosensory input in blind
subjects. They found that the stimulation of the occipital
lobe in early blinds induced errors in identification of
Braille and Roman letters. It is stated that early blindness
could cause the visual cortex to be recruited to a role in
somatosensory processing. Additionally, it is reported
that manipulating afferent activity in the visual pathway
altered termination patterns in both the retinogeniculate,
and geniculocortical projections.'® Similarly, early removal
of retinal input by prenatal monocular enucleation
affected lamination and the lateral geniculate nucleus
and individual retinogeniculate axon arbors from the
remaining eye.'”'® All these studies present the issue that
the cortical organization may change due to inputs, and
a cortical area, which is related to certain functions, may
become responsible for others after the reorganization.
Studies on the relation of the CCand the visual system
in different animal models have mostly been concerned
with the alterations in the cortical layer structure"
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or in the visual acuity." In such studies, reflections of
various effects such as surgery,'” and deprivation' were
investigated on different species. For instance, Watroba
et al,"” reported that the manipulation of binocular
vision in adults induced functional, but not anatomical
plastic changes in the primary callosal cortical map. In
their study with adult cats, they stated that these plastic
changes led to a widening of the callosal visual field,
however there were no major anatomical changes of the
callosal connections. It was also stated that the ability
of the transcallosally activated cortical units adjust to
conditions of abnormal vision. The age span in which
the animals are affected is important in studies on
deprivation and plastic changes. It was shown that the
lesions within the early periods of life caused different
changes in neural structures than those of the later
periods. This is directly related to the critical period of
the system that is affected. Critical period is the postnatal
interval in which the intercellular communication
alters a cell’s fate.” Experiences of the animal within
this period cause permanent and irreversible changes in
the central nervous system (CNS), while quite different
results can be encountered if the animal is affected after
the critical period. Congenital cataract is a good and
explanatory example of this issue. If a child who was
born with cataract is not operated early in life, it is
impossible to restore vision. If cataract acquired as an
adult is removed, the vision can be completely restored.
This critical period concept explains the permanent
changes within the CNS.

The aim of this study was to detect experience-
dependent plasticity of the CC and OC in a selected
group in which the visual systems were affected
congenitally. The age that subjects became totally blind
formed the main limitation of the present study. All
the patients in this study were selected from a group of
adults who have COD, and became totally blind before
the age of one. Our results revealed that there was no
significant difference between the CC dimensions of the
normal and the study groups. But, there was a significant
difference between the OC thicknesses of the 2 groups.
The difference in the OC dimensions of the 2 groups
may be explained by the disuse atrophy. The unaffected
size of the CC in early blinds may be explained by the
plastic changes in the visual cortices which are reflected
to the CC size, especially in the posterior part, where
the fibers coming from the 2 visual cortices pass.

Our study can be considered as a good example of
the plasticity in the “normal” visual cortex in early blind

adults with COD.
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