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1. Introduction
Once the formation of cerebral and ocular structures has been completed, the simple light
stimulus is enough to activate the necessary neural circuits that integrate the visual tract. It
has been estimated that 50% of the cerebral cortex participates in the integration of the hu‐
man binocular visual system. This system is practically distributed throughout the brain.
Therefore, its study has captured the interest of various scientific fields.
The neuronal plasticity of the visual system is the theme of several current works [1, 2, 3].
Nevertheless, very little is known about the adaptive changes and about neuronal plasticity
in children who have congenital strabismus (CS), main subject of the current chapter.
The vision is a brain function highly specialized and complex [4]. The structures that per‐
form it are developed by means of division processes, migration, functional integration and
regionalization during the corticogenesis [5]. An incorrect development or a bad functioning
of the molecular, cellular or physiological mechanisms can induce an altered vision as in the
case of strabismus.
The visual process is the result of the elaboration of images generated in the cortical net‐
work. This process comprises from the moment the light stimulus reaches the retina until
the evocation of visual memories imbued with an affective component generated by the
thalamus.
In a simple way, we will say that the visual system is integrated by the visual via and
cortical integrator, but in this chapter we will specifically refer to the last one [6, 7]. The
visual via takes the information in one direction in an antero-posterior direction. It ex‐
tends from the eyes as sensorial receptors, arrives to the optical nerves, whose monocular
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information influences the chiasma, where the nasal sector of the monocular information
will perform a crossing of fibers, remaining the temporal fibers without crossing, from
this point, the information shared by both eyes continues through the optic bands to the
primary visual cortex or striate cortex to systematize the information and generate hyper‐
complex images [4, 8]. All the steps described, up to now, are considered to form part of
the first afferent visual system.
Once the images that have been previously decoded by the striate cortex, in accordance with
its temporal frequency space, perceptual-visual process initiates [1, 9]; for that, the visual in‐
formation must be included in the intern dialog of the brain by means of the cortical net‐
work for the purpose of giving it a sense. For that, the information coming from the striate
cortex travels through the anterior portions of the brain to be processed in multiple neuronal
centers and circuits that shape the cortical integrator [4, 8].
Although the striate cortex is in charge of capturing a great amount of visual elements, it
lacks an adequate working memory, for that situation, it results impossible to process the
logic of the hyper complex images and give them a ludic sense, to identify and give sense to
the environment, it is necessary to resend the information to the working memory sited in
the thalamic cortex that adjoins the temporal lobes [4, 8].
Part of the information coming from the grooved area is directed towards the temporal
lobes to give a logic sense to answer the question “what am I seeing?” The temporal cortex
shares its proximity with the thalamus and auditory areas, because besides de affective
sense (like, dislike, danger, repulsion, attraction, etc.) the temporal area processes the visual
information to give it directionality [10, 11].
The temporal lobes cooperate with their counterpart of Magno-cellular elements that con‐
form the occipital-parietal via, this last one is the one in charge of assertively answering the
question “where is what I am seeing?” the four pathways: left and right occipital temporal
as well as the left and right occipital-parietal, give a meaning to the visual information com‐
ing from the striate cortex [2, 9].
These associative areas conduct the information that must transform in complex pre-logic el‐
ements such as the early recognition of facial expressions or manual attitudes of others
(threaten, friendship, indifference), for example, and they are the base for the realization of
some specific visual-motor functions such as reading-writing. Once the limbic system adja‐
cent to the temporal lobes, gives affective sense, motivation, and nuance to the visual infor‐
mation, all the observed can be evaluated in relation with other experiences kept in the
memory [4, 8, 12].
The cortical integrator works in parallel in an interactive form, as if it were a close cybernetic
negative feedback system; its most elaborated product is the binocular vision. It is to be ex‐
pected that the correct operation and integration of the neuronal visual network depend on
an adequate connectivity among the parts that conform the cortical network. In this context,
the visual perception is the result of the process of the information that is generated in the
neuronal circuits [1, 13, 14].
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From this point, all the information is distributed through the cortical network [1, 9] and this
is important to consider before analyzing the studies of neuroimaging, by means of a neuro‐
metric study [15], electroencephalography [16, 17], or visual perceptual study [18].
Although the CE does not initially affect the superior functions such as judgment or intel‐
lect, frequently patients who have this disease may get confused with letters, they require
more time to learn to read, are easily distracted, and in general, the development of their
activities take more time respecting the individuals with a normal vision. In fact, the chil‐
dren with strabismus present different grades of visual perceptual deficit, which we believe
is related with the alterations in the pathway of neuronal interconnection sited in the striate
cortex and the cortico-cortical and interhemispheric zones that participate in the processing
of the image [6, 15, 17, 19] as it will be forwardly described in the perceptual-visual analysis
(Table 1).
Visual perceptual ability

Before the treatment

After the treatment

Fusion Amplitude

-0.4/-0.7

+3 /-1

Stereopsis

0%

0%

Fixation disparity

H: -1.1 V: -0.4

H:-1.1 V: -0.7

Perception Speed

43%

50%

Main elements

88%

95%

Visual memory

87%

93%

Saccadic Movements

72 %

75 %

Shapes and Sizes

42%

80%

Following movements

95%

97%

Peripheral vision

42%

50%

Spatial vision

82%

85%

Table 1. Percentages before and three months after surgery for correction of congenital strabismus H: horizontal, V:
vertical.

The Computerized Visual Perceptual Analysis (CVPA) is used to meet the efficiency of visu‐
al perceptual system. The CVPA basically estimates the efficiency of the integrator in the
posterior portions of the brain, that is, the development of the occipito-temporal and occipi‐
to-parietal pathway.
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The SPECT (Single Photon Emission Computed Tomography) estimates the metabolic de‐
mand of one determined cerebral region, when measuring the energetic demand of the neu‐
ronal groups [20, 21]. In these type of studies it is used as a reporter the analog consume of
glucose radioactively marked with Technetium-99, which proportionally increments or di‐
minishes based on the functional demand [22], (Figure 1).

Figure 1. Pictures of the brain SPECT of a girl of 6 years of age. Green shows the status prior to treatment, color red
shows the status 4 months after treatment with botulinum toxin. The right hemisphere (left side of the pictures) in‐
clude zones 1 to 6, from bottom to up and the left hemisphere (right side of the picture) comprises de zones 7 to 12
from bottom to up.

This allows us to get to know the states of normal function, hyperfunction and hypofunction
related to the different neuronal groups that work in the specific zones of the brain cortex
[20, 21]. In pathologic conditions it is a very useful tool because it indicates us with high pre‐
cision the normal and affected zones (Figure 2).
The information obtained by means of SPECT has allowed a better understanding of several
events referring to the brain behavior and we have used it to determine the behavior and the
functional specialization of the visual cortex. The findings that we have found with this
methodology have been relevant for the neurology research and specifically to better under‐
stand the sickness, and has been helpful to know more about the origin, prognostic, plastici‐
ty and improve the life quality in the patients; the neuro adaptive changes that we have
found by means of the brain SPECT [23, 24] are next detailed.
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The neuronal network generates electric impulses, and this electric activity can be registered
by means of the use of the Digitalized Brain Mapping (DBM), (Figure 3), as well as the anal‐
ysis of the coherence of electroencephalography [25]. These methods provide an objective
and noninvasive index of the functional relations that exist between the areas of the brain
surface.

Figure 2. Above, to the right, the picture shows the combination of both studies (MERGE): yellow are those areas that
did not suffer many changes, red highlights areas that showed an important metabolic increase (zones 1 and 12), and
in shades of green (zones 5 and 9) are those areas that modulated their metabolic activity. At the bottom of the fig‐
ure, the graphs show uptake of Technetium-99. The black line shows the previous state to the eye alignment by the
use of botulinum toxin (Pre), the gray shows the reception levels of the glucose analog 3 months after the treatment
(Post). The increase of the uptake after the treatment indicates a greater metabolic activity in V1 and V2. Reception of
Technetium 99, the axis “X” shows the intensity level while the axis “Y” indicates the number of times that such inten‐
sity is registered
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Figure 3. The Brain Mapping shows an increase in the absolute power and hypersimetry in the posterior regions of
the brain after the surgery treatment of an 11 years old boy with congenital strabismus. Previous to the treatment he
presented slow activity and asymmetry of the background activity in occipital regions.

In a previous study, we reported the results for 193 DBM obtained from children with con‐
genital strabismus [26]. We found that 57% of the patient’s studies without treatment pre‐
sented alterations in the electric behavior that went from mild, such as intertemporal hypo
coherence, up to important such as paroxysms and epilepsy, but 6 months after the surgery
only 29% of the patients presented alterations in the electric activity (Figure 4). This motivat‐
ed to perform a more meticulous analysis of the changes of the electric behavior that happen
after the surgery by means of Neurometry [15].
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Using digitized brain mapping, the authors have discovered morphometric and neurofunc‐
tional alterations in the cerebral cortex of patients with essential strabismus, such as intertemporal hypocoherence, cortico-subcortical dysfunction, slowing-down and asymmetry in
the frequency, among others (Figures 3 and 4).

Figure 4. Summary of the reports of the Digitalized Brain Mapping obtained from 193 children with congenital stra‐
bismus. The dotted lines separate the sample in 4 levels: 43% were located with a normal electric behavior, 43% in
level 1 with low electroencephalographic alterations and 14% presented important alterations
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Neurometry allows us to get to know the coherence, which is determined by the activity of
the short and large interconnection fibers, intra and interhemispheric, and expresses the syn‐
chrony among neuronal groups [15, 27] (Figures 6 and 7). So, meanwhile the hypo coher‐
ence expresses the lack of capacity of connection of neuronal groups, the hyper coherence
indicates that two or more areas are over connected and work in excessive form. Besides, it
allows comparing the obtained results with normative values of the asymptomatic popula‐
tion acquiring a statistical meaning of ±2 standard deviation [26, 15], (Figures 5 and 6).

Figure 5. Neurometric report before the treatment of the intrahemispheric (up) and interhemispheric (down) coher‐
ence analysis of a 7 years old boy with congenital strabismus. The excessive hypocoherence is marked in blue color,
the excessive hypercoherence is marked in red. In abbreviation is marked by pairs the zones of interest analyzed ( O1=
left occipital, T4 = right temporal, as an example).

The Neurometry analysis has enabled us to determine that the following functional relations
are altered: occipito-temporal, occipito-parietal and, especially, inter-temporal; the latter in‐
cludes intra- and inter-hemispheric relations [10, 15, 28]. Similarly, we have employed the
brain SPECT technique to define those areas with functional deficits [29, 30].
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n a study performed by neurometric analysis we found previous to the surgery treatment of
congenital strabismus that 15 of the 16 patients showed everlasting hypocoherence [28]; but
after the surgery we found an improvement in this parameter. (Figure 6).

Figure 6. Neurometric report of the same boy as in figure 9 but 6 months after the surgical treatment. A diminish of
the hypocoherence for Delta in frontal regions, an increase of the intertemporal coherences for Alfa and the modula‐
tion of the occipito-occipital coherence are observed.

2. Statement of problem
The CS is a neurological disease that manifests as a pathological deviation of the eyes [6, 31].
It represents the maximum perturbation of the binocular visual system and affects 3% of hu‐
man beings [32, 33]. Due to the sensorial and motor alterations that characterize this disease
may be systemized in an accurate manner, and results very simple to correlate the clinic
with the neuroimage studies [26].
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Given its anatomic and functional repercussions together with its esthetic and social impact,
the predominance of CS in humans is patent [34]. In Mexico, where the majority of the pop‐
ulation has a mixture of Spanish and Native American origins, this condition is one of the
most frequent congenital disabilities [35].
However, one thing is to study the visual tract in healthy subjects and other very different
matter is the study of the cerebral cortex of individuals with functional and/or structural
asymmetries in their visual system, as happens in patients with essential strabismus. In par‐
ticular, among our main concerns are the results of surgical and pharmacological manipula‐
tions of the extra ocular muscles, which will be addressed in this chapter.
In this manner, strabismus taken as a model of study offers researchers a unique opportuni‐
ty to gain more insight into the mechanisms the brain uses to compensate the disequilibrium
in the cortical network. This network, given the nature of the disease, instead of working in
parallel presents peculiarities that should be considered in the study of brain plasticity.
The analysis of the cortical alterations inherent to strabismus has been possible due to neu‐
roimaging techniques. As a result, it has been possible to ascertain, for example, that the fine
morphometry in the brain of strabismic children is different from that in healthy children.
This is particularly patent in the posterior portions of the brain.

3. Method used
To inquire about the changes that occur in the binocular visual system are analyzed the
adaptive changes and brain plasticity before and after the ocular alignment, using the neu‐
roimage studies [36, 37]: SPECT, CVPA, DBM and Neurometry.
To identify these changes, the authors have carried out studies to determine the "before" and
"after" in the treatment of strabismus by combining various neuroimaging approaches. As a
result, have been identified positive and objective signs of brain plasticity.
To clinically study the perceptual system of the cortical network we use besides the visual
acuteness, the CVPA, which examines the 10 basic visual abilities that are detailed in the
table 1; these abilities are a reference of the functionality of the visual perceptual system [38].
To get to know the adaptive changes in the perceptual area, we carried out the CVPA on 22
children from 6 to 7 years old before and after the strabismus surgery. These children didn´t
received any additional treatment besides the surgery treatment (Table 1).
We have obtained SPECT images previous to the surgery or pharmacological treatment and
4 months after the treatment (Figures 7 and 8). The images were compared to determine the
modified area and with that we could localize specifically the metabolic modifications in the
several neuronal groups and, afterwards associate them to the neuronal funciton changes in
the patients [36].
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Figure 7. Zone 1 analysis of the SPECT (right occipital) of a 5 years old girl with congenital strabismus. The graphics
and photos show the uptake of Technetium-99, the axis “X” shows the intensity level while the “Y” axis indicates the
number of times that such intensity is registered. The black line shows the state previous to the strabismus treatment
of the first case, and the gray line shows the state after the treatment. This metabolic modulation obeys the neuroa‐
daptative change and the brain plasticity. The pictures show the different zones of interest that that were analyzed
(marked in red arrows, has shown in the upper graphic)

Figure 8. Behavior of the Technetium 99 before and after the treatment with botulinum toxin in a patient of 7 years
old with congenital strabismus. The “X” axis shows the intensity level and the “Y” axis shows the number of times that
such intensity is registered, the black line shows the previous behavior and the gray line shows the behavior after the
treatment. Before the treatment, the zone 1 shows the increase of the density from 183 to 250, after the treatment an
important increase is observed in 284, possibly related to the inter-hemispheric connectivity because the patient could
obtain a binocular vision

317

318

Medical Imaging in Clinical Practice

To quantify the neurological adaptative changes related to the CS treatment, it was analyzed
and graphed the capturing of the Technetium-99 for the purpose of establishing the grade of
hyper and hypo function of the 12 zones of interest. In this communication it is showed the
values before and after treatment in the gray scale (Figures 2, 7 and 8).

4. Results
In this study, after the surgery, it was demonstrated a certain recovery in CVPA, some of
these changes as is the case of the saccadic movements and the disparity of the fixation were
discrete, nevertheless other parameters such as perception of forms and sizes, the magni‐
tude of the fusion or the peripheral vision showed important changes. Up to here, the
changes clinically detected by CVPA indicate that there were favorable adaptive changes
(Table 1).
From a metabolic point of view, the alterations previous to the strabismus treatment include
the presence of hypometabolic regions; these regions show a substantial improvement after
the pharmacological treatment with the botulinum toxin (Figures 1, 2, 7 and 8).
The pictures of the brain cortex showed a representative example of the change observed
in several patients, in those pictures it is showed the metabolic change in special form, in
the same individual before and after the correction of strabismus [4, 36, 37]. The image
was divided in 12 sections to locate the prompt changes and to make the analysis easy
(Figures 1 and 2).
From a bioelectric perspective, one of the most significant neuro-adaptive changes we have
found after the strabismus treatment is an improvement in inter-temporal and inter-parietal
coherences (Figure 9 and 10). On the other hand, we have shown the presence of hyper-sym‐
metry and higher efficacy in the cortical input of the primary visual cortex using the Neuro‐
metry technique (Figure 11). These findings are in accordance with brain SPECT results
(Figures 2 and 8).
When comparing the previous and posterior neurometries to the surgery treatment of 9
patients of strabismus, we found significant changes: improvement in the intertemporal
coherences, an occipito-occipital hypersimetry (Figure 11), as well as a diminish in the oc‐
cipital hyper-coherence, these data suggest that the surgery modifies substantially the con‐
nectivity cortico-cotical interhemispheric, as well as an increase in the activity of the
striate cortex.
The findings found are congruent with the observed in the brain SPEC, in the sense that af‐
ter the orientation of the visual axes, it was evident an exponential increase of the metabo‐
lism in the cortical areas V1 and V2 responsible of the elaboration of the hyper complex
images with the depth sense, and these favorable adaptive changes indicate the presence of
neuroplasticity in the binocular visual system in a punctual manner.
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Standard deviation

Right occipito-parietal coherence

Delta

Theta

Alpha

Beta

P4-O2 Right pre

-0.71

-0.87

-0.82

-0.31

P4-O2 Right post

0.03

-0.66

0.05

-0.62

Figure 9. Posterior neuroelectric changes to the surgical correction of strabismus in a 5 years old child. A marked hy‐
pocoherence in the occipito-parietal via before the treatment is represented with the blue line while the red line
shows an improvement for Alfa and Delta after de surgery.

Standard deviation

Left fronto-central coherence

Delta

Theta

Alpha

Beta

F3-C3 Left pre

1.68

1.76

1.95

2.17

F3-C3 Left post

-0.35

-0.2

-0.45

0.65

Figure 10. Neurometric analysis of a 5 years old child with congenital strabismus. The blue line showed the previous
state of hypercoherence and the green line shows the normofuntion 3 months after the treatment.
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Occipito-occipital symmetry
Standard deviation
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0.6
0.4
0.2
0
-0.2
-0.4
-0.6
-0.8
-1
-1.2
-1.4
DELTA

THETA

ALPHA

BETA

O1-O2 PRE

0.17

-0.91

-1.17

-0.94

O1-O2 POST

-0.53

0.36

0.2

0.38

Figure 11. Neurometric analysis of a 5 years old boy with congenital strabismus before and 3 months after the strabis‐
mus surgery- the blue line shows important occipito-occipital asymmetry before the surgery. The red line shows occi‐
pital hypersimetry after the surgery; this hypersimetry is a finding frequently found after the surgical correction of
congenital strabismus and indicates an increase in the function of the striate cortex.

5. Discussion
It is highlighted the fact that the human brain has plasticity or capacity to minimize the ef‐
fects of the injuries through the structural and functional changes [39, 40], and in the best
way to evaluate the plasticity, is by means of the clinic situation analysis with respect the
previous and posteriors state to the treatment, or more simple, determining a “before” and
“after” in the most objective possible mode, and what a better way to do it than by means of
a neuro image [36, 37, 41].
To know with more acuteness what happens with the brain plasticity, we have used differ‐
ent functional neuro-image methods such as brain SPECT, the DBM and the Neurometry as
we will next see [29, 30, 42].
Although the data obtained through the SPECT are a reflex of the cortical metabolic activity,
they don´t measure neither the activity nor the electric connectivity, for such motive it is im‐
portant to study them by means of other techniques additional to this activity. The combina‐
tion of both techniques of complementary form allows us to establish with exactness if this
events area correlated.
The authors decided to use a combination of three different neuroimaging methods before
and after the treatment of strabismus to determine some neuroadaptatives changes in pa‐
tients with strabismus and have encountered significant neuro-adaptive changes, which
we want to share with the reader. In this chapter, we want to share our neuroimaging
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findings with the international scientific community, as well as our conclusions with re‐
gard to this subject.
The idea arose due to evidence that after the correction of the strabismus, the parents re‐
ported an improvement in the performance of homework such as reading, playing or
writing, without any other different treatment than the surgery or the application of botu‐
linum toxin.
Based on these studies, we have identified metabolic and neurofunctional changes present
after the strabismus treatment. This information has shed some light in those neuro-adap‐
tive changes prompted in the cortical integrator as a consequence of the manipulation of the
extra-ocular muscles. This evidence has been obtained from neuroimaging techniques.
Regarding this long waited improvement related to strabismus, it is curious that in 1887,
George Thomas Stevens had proposed the rehabilitation of an epileptic event and chorea by
means of the optical and surgical correction of strabismus. The unusual idea of Stevens to
treat in this mode an epileptic event more than one hundred years ago motivated, and not
without reason, a scrupulous following for two and a half years to establish a commission of
distinguished neurologists pertaining to the incipient neurological society of York. This
commission in the middle of a controversial resolution dictated as unjustifiable the offer of
the treatment of that doctor [16, 43].
More than once century later, while watching our results, we found three interesting facts
related with that controversial proposal of Stevens: a) first of all ,the epilepsy is presented in
a relative higer proportion that the general population in children with congenital strabis‐
mus, in the same way that some neurological diseases that manifest epilepsy have besides
satrabismus [15], b) after the ocular alignement the metabolic and neuroelectrical cortical ac‐
tivity changes positively, c) and finally, the fact that some strabismus manifestations such as
the variability or inestability in the deviation angle worsen when a patient with strabismus
and epilepsy does not take its medicines but improve when they are under control.
Maybe, Stevens was not so wild as it seem to be on that time; of course that keeping the due
distances with what was expected to obtain. We do not suggest that by treating strabismus,
the epilepsy is corrected or improved, but now we know that the cortical network can make
important adjustments with the purpose to adapt to the new state.
It is now known that patients with congenital strabismus have a greater incidence of pre‐
senting depression, suicide, epilepsy, and attention deficit than the general population [4,
6, 15-17]. All indicates that the cortical network is implicated in the origin of strabismus
and that the correction of this disease can improve in some way the efficiency of the corti‐
cal network.

6. Conclusions
The brain plasticity obeys the brain capacity to diminish the effects of the neuronal damage,
being of genetic origin or produced by an injury [44], In spite that the cortical integrator has
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a specialization level and maximum sophistication, it remains in an invariable state; on the
contrary, the studies here shown mark that the plasticity of the visual system to compensate
the binocular privation continually present.
The funcitonal observed changes indicate that the simple fact of relocating the eyes in a way
that the corresponding areas of the retina are stimulated, allows the cortical network to be in
charge of the visual perception.
Effectively, the reactivation of areas relatively silent previous to the correction of the disease
indicate that exists a residual capacity of the binocular system to reorganize, improve its
connectivity, and the neuroconduction not only through the short and long intra and inter
hemispherical interconnection via, but also through zones that comprise great cellular
groups and that are capable of reactivating in a relative short time.
The combined use of SPECT, CVPA, DBM and Neurometry allow to best understand the
concepts of regional plasticity, distinguishing that at least in the treatment of the strabismus,
the occipital symmetry is increased, the metabolism is increased in V1 and V2, diminishes
the intertemporal hypocoherence, improves the occipito-temporal coherence and eventually
diminished the paroxysms. Clinically diminishes the angular variability, improves the per‐
ceptual parameters and in some way we believe that this helps us to contribute to a better
visual performance.
As we can see it, the cortical plasticity does not refer simply to repair the damage, but it is a
complex strategy of the cortical integrator guided to optimize the resources of the entire net‐
work, increasing the efficiency of all the visual system.
Based on all mentioned, we belive that the strabismus instead of being a merely cosmetic
problem represents a neurological alteration, and when the treatment is applied involves
neuroadaptative changes very favorable for the patient.

Nomenclatures
DBM Digitized brain mapping
SPECT Single Photon Emission Computed Tomography
CVPA Computerized Visual Perceptual Analysis
MERGE combining images computer system
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