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Abstract

Objective: This study aimed to compare the cortical topographic mapping while performing cogni-
tive activities of standardized short-term memory. Materials and Methods: The sample consisted
of 30 individuals of both gender. Each individual participant of the survey was subjected to a
short-term memory test for each sense. To carry out the EEG record, we used an electroencepha-
lograph with 20 electrodes. The stimulus for the acquisition of short-term memory has always
been made up of five items from different semantic classes. Results: The posterior right quadrant
had a higher percentage of gamma rhythm during the tests of most senses. Conclusion: It was con-
cluded that the right back quadrant has a higher gamma rhythms percentage during tests which
involve somesthetic, olfactory and gustatory memory. On the other hand, the predominance of a
gamma rhythm percentage in any quadrant when the auditory and visual memory was stimulated
was not observed in this study.
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1. Introduction

The organization of human memory consists of at least two systems with different lengths: a short-term memory
(STM) and a long term memory (LTM). The formation of memories starts primarily with the acquisition of in-
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formation in sensory systems (vision, hearing, touch, etc.) as stimuli [1].

The short-term memory stores the recent events by continuous neural activity because STM persists for just a
minute [2]. The short-term memory has a limited supply of information that can seize only about 7 to 12 items at
a time. The short-term memory has a limited supply of information that can retain only about 7 to 12 items at a
time.

The electroencephalogram (EEG) can be characterized in a simplified way like the registration of a mixture of
rhythmic voltage fluctuations similar to sine waves which represent the variations of the differences in voltage
between two points on the skull surface. These fluctuations are interpreted taking into consideration the fre-
quency variations and amplitude [3].

The EEG frequency variations are grouped into four categories: alpha, beta, theta and delta [3]. More recently,
some authors have suggested that frequencies between 25 - 45 Hz, which they termed gamma rhythm, accounted
electrical correlates of cognitive activities execution. Thus, the record of a rhythm in a determined cortical area
while performing a mental activity suggests that cortical area would be responsible for the processing of mental
activity.

Although the systematic presence of a particular frequency enables the diagnosis of a rhythm, it is normally
observed frequency waves superposition across the spectrum to build maps with percentages with various fre-
quencies in different cranial areas through mathematical techniques. Such a technique known as brain mapping
allowed the quantification of the presence of different rhythms in places where the electrodes were positioned [3]
[4].

Therefore, it becomes interesting to identify cortical areas involved in the processing of short term memory
using procedure with high temporal resolution such as cortical topographic mapping.

2. Materials and Methods

This study was approved by the Research Ethics Committee (REC) of UNCISAL with the protocol number of
447,856 in 2013.

This was a study of observational and cross-sectional. The survey was conducted in the laboratory of Neuros-
cience and Behavior at the University of Health Sciences of Alagoas (UNCISAL).

The sample consisted of 30 individuals of either sex aged between 20 and 40 years, of which 18 (60%) were
male and 12 (40%) were female. These volunteers were recruited by the researchers among college students,
Most (50%) were studying Medicine, other volunteers were students from other courses in the health area. It in-
cluded individuals of either gender aged 20 to 40 years. It excluded the ones who were making use of psycho-
tropic drugs or who showed behavioral changes.

To carry out the EEG record, the electroencephalograph EMSA brand, were used (320 serial model) with 20
electrodes, which were placed on the volunteers scalp according to the international 10 - 20 system. To place the
electrodes a conductive bentonite paste was used. Signs of brain electrical activity experienced a sampling rate
of 256 Hz and were filtered for more in the range 0.1 Hz. The EEG signals were amplified, digitized and the in-
formation from brain mapping was analyzed. All information has been stored on CDs.

The volunteers were recruited according to criteria for inclusion and exclusion. After the clear explanation of
what would be carried out during the research and the application of informed consent, some personal informa-
tion were raised, because the use of some types of recreational drugs or not, could interfere in the research re-
sults.

Each individual participant in the research was subjected to a test of short-term memory intended for each
sense.

Electroencephalographic examinations were conducted always in morning period between 8:00 and 12:00.
Each session consisted, initially, of five minutes of waking basal record. Then the Electroencephalographic
record was continued simultaneously with:

Presentation of the stimulus to short-term memory for 30 seconds;

Ten seconds of distracting tasks (from 1 to reverse form 10);

Evocation of short-term memory for 20 seconds;

This sequence was repeated in the same individual using stimuli for each sense: Visual, auditory, Olfactory,
Gustatory and Somesthetic.

The stimulus for the acquisition of short-term memory has always been made up of five items of different

semantic classes.
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Visual: orange; hammer; car; knife; shirt (represented by pictures on a computer screen).

Hearing: Nail; fork; pants; apple; School (spoken through a tape recorder).

Somesthetic: Cotton; pencil; die; Screw; fabric (placed sequentially always on right hand).

Olfaction: Perfume, vinegar, lemon, coffee and acetone (placed in a 2 ml beaker and smelled two centimeter
away from the nostrils).

Taste: Salt; sugar; cinnamon; apple; wine (placed in small quantities on the anterior surface of the tongue).

The sample size was set at 30 volunteers being calculated by statistical program Bio-estat version 5.0, taking
into account a minimum difference between the averages of 3 treatments, a standard deviation of 3 error; the
number of treatments equal to 5; the power of 0.95 test and an alpha of 0.05 in a bilateral test.

The data were presented as an average and standard deviation, including tables. The comparison between the
relative powers (percentage of the gamma rhythm frequencies) between the period of control and the stimulus
period as well as between the control period and the recall period was performed using the Student t test. The
0.05 significance level was accepted to reject the null hypothesis.

3. Results

Quantitative analysis of topographic mapping, the study of the sense of vision showed that there was no signifi-
cant difference in the percentage of the gamma rhythm when compared to control situation with the visual sti-
mulation situation. On the other hand, significant difference was observed (p = 0.039) when compared to control
situation with the situation of evocation of visual short-term memory. In this case it was observed an increase in
the percentage of the gamma rhythm of the posterior right quadrant during the recall phase of the sense of vision
(Table 1).

During the study of auditory short-term memory, there was no significant difference in the percentage of
gamma rhythm when compared to control situation with the auditory stimulus and short-term memory recall au-
ditory (Table 2).

In the evaluation of the somesthetic sense, it was observed a higher percentage of the gamma rhythm on the
posterior right quadrant (p = 0.025) during the somesthetic stimulus when compared to the control. On the other
hand, there was no significant difference during the recall of short-term memory somesthetic (Table 3).

In the evaluation of the sense of smell, there was a statistically significant presence (p = 0.031) of a higher
percentage of the gamma rhythm in the area of the posterior right quadrant when compared to control situation
with the olfactory stimulus situation. On the other hand, there was no significant difference when compared to
control situation with short term memory recall of the situation (Table 4).

The analysis of short term memory of the sense of taste, showed the presence of a significant higher percen-
tage of the gamma rhythm in the anterior right quadrants (p = 0.011), left anterior (p = 0.022) and posterior right
(p = 0.002) when compared to control situation with stimulus presentation. However, during the evocation of
short-term memory gustatory, it was observed significant increase in gamma rhythm in all quadrants (Table 5).

Table 1. Gamma rhythm percentage on brain quadrants during the control of the vision sensory stimulation and during the
evocation of short-term memory.

AL (X % SD) AR (X £ SD) PR (X % SD) PL (X + SD)
Control 27.307 £ 1.749 27.173 +1.492 27.37 £1.787 26.927 +1.001
Sense of vision 27.923 +1.979 27.22 +1.498 27.833 +1.842 26.76 + 0.868
Evocation 27.737 + 1.605 27.2+1.494 27.497 + 1.635 27.513 + 1.256

Legend: SD—Standard Deviation, AL—Anterior Left, AR—Anterior Right, PL—Posterior Left, PR—Posterior Right.

Table 2. Gamma rhythm percentage on brain quadrants during control, sensory stimulation of the hearing and during the
evocation of short-term memory.

AL (X + SD) AR (X £ SD) PR (X % SD) PL (X + SD)
Control 27.307 +1.749 27.173 +1.492 27.37 £1.787 26.927 +1.001
Sense of hearing 27.47 £ 1576 27.327 +1.308 27.65 + 1.766 27.19 + 1.400
Evocation 27.557 + 1.803 27.82+1.584 26.937 £ 1.145 27.223 +1.389

Legend: SD—Standard Deviation, AL—Anterior Left, AR—Anterior Right, PL—Posterior Left, PR—Posterior Right.
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Table 3. Gamma rhythm percentage on brain quadrants during control, sensory stimulation of touch and during the evoca-
tion of short-term memory.

AL (X + SD) AR (X £ SD) PR (X % SD) PL (X + SD)
Control 27.307 +1.749 27.173 +1.492 27.37 £ 1.787 26.927 +1.001
Somesthetic 26.963 + 3.483 27.907 + 1.969 27.753 + 1.804 27.72 £1.706
Evocation 27.393 + 1.361 27.863 +1.735 27.2+1.157 27.277 +1.382

Legend: SD—Standard Deviation, AL—Anterior Left, AR—Anterior Right, PL—Posterior Left, PR—Posterior Right.

Table 4. Gamma rhythm percentage on brain quadrants during control, sensory stimulation of smell and during the evocation
of short-term memory.

AL (X + SD) AR (X + SD) PR (X + SD) PL (X + SD)
Control 27.307 +1.749 27.173 +1.492 27.37+1.787 26.927 +1.001
Sense of smell 27.57 +1.438 27.333 +1.798 275.55 + 1.656 27.637 +1.621
Evocatio 27.783 +1.729 27.33 +1.868 27.683 +1.933 27.48 +1.533

Legend: SD—Standard Deviation, AL—Anterior Left, AR—Anterior Right, PL—Posterior Left, PR—Posterior Right.

Table 5. Gamma rhythm percentage on brain quadrants during the control of taste and sensory stimulation during the evoca-
tion of short-term memory.

AL (X + SD) AR (X £ SD) PR (X % SD) PL (X + SD)
Control 27.307 +1.749 27.173 +1.492 27.37 £1.787 26.927 +1.001
Sense of taste 28.02 + 1.667 28.087 +1.894 28.04 + 1.886 28.14 + 1.765
Evocation 28.07 +2.07 28.01+1.93 28.497 + 1.943 28.107 +2.145

Legend: SD—Standard Deviation, AL—Anterior Left, AR—Anterior Right, PL—Posterior Left, PR—Posterior Right.

4. Discussion

High-frequency cortical activities (gamma rhythm) mainly 40 Hz, have been reported in various parts of the
brain cortex reflecting higher cognitive processes such as attention, perception and higher cognitive processes
[5]. In our analysis, it was determined that the gamma rhythm would be the one with frequencies between 26.2
and 32 Hz which is used in most studies that use the frequency range to record the gamma rhythm between 25
and 45 Hz [6]-[8].

In animal studies, using the EEG with small electrodes, it was observed the existence of the gamma rhytmh in
auditory memory, visual, olfactory, and motor somesthetic in several of species animals [9]. Similarly, our study
has shown high activity in the gamma rhythm during the somesthetic and olfactory stimuli, as well as for gusta-
tory stimuli. On the other hand, a significant percentage of gamma rhythm was not observed during the auditory
and visual stimuli, in the latter was only observed a significant percentage of gamma rhythm during the recall
period. This result is interesting, since in another study in which various cognitive tasks during the EEG record
were applied was observed a much less intense gamma rhythm increase during the hearing task using music,
compared to other cognitive tasks performed in the study [10].

Therefore we believe that there could be some brain quadrant with a predominant percentage of gamma
rhythm if music were to be used music as an auditory stimulation in our study, whereas in other study it has
been shown with the use of EEG that the N400 component typically related to semantic processing verbal lan-
guage is found in a similar way during the semantic information processing nonverbal (music) [11].

However, areas such as the hippocampus activation while listening to music can be related to the music ad-
vantage in the acquisition of memory compared to the auditory stimulus by verbal language [12] [13].

In the present study, despite the fact that nouns were used during the auditory stimulus, there was no signifi-
cant presence of gamma rhythm in any of the cerebral quadrants of the cortical topographic mapping. These
findings are discordant from those observed in another study which confirmed a significant presence of the
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gamma rhythm with more posterior cerebral topography during the auditory stimulus involving nouns [14].

As in the auditory stimulus, a significant difference on the percentage of the gamma rhythm when control sit-
uation and visual stimulus are compared was not observed. Such finding does not confirm what was observed in
the Sauseng et al. study [15] which during investigations of brain oscillatory activity using EEG to predict short
term memory capacity through visual stimuli, showed a significant increase in the gamma rhythm in the back
right site of the brain during visual memory tasks.

In this study, the posterior right quadrant was where the presence of gamma rhythm predominated during the
presentation of the somesthestic, olfactory and taste stimuli. This finding lacks information in the literature.
However, in another study using functional magnetic resonance imaging (fMRI) to investigate brain activation
during cognitive assessment with a list of semantically related and unrelated words, it was observed that the
regions adjacent to the intra-parietal sulcus and right cerebral hemisphere of the lateral occipital were the re-
gions more activated [16].

In this study, there was a significant higher percentage of gamma rhythm in posterior right quadrant, left and
right anterior when compared to control condition with the condition of gustatory stimulation. In his study, Pe-
reira, Reis and Magalhdes [17], reported that while investigating the mapping cortical brain through Functional
Magnetic Resonance Imaging of the paradigms sensorimotor of the Homunculus of Penfield focal activation of
the mobility of the tongue in the posterior region of the right hemisphere was observed. Thus, Despite being
scarce in the literature studies with similar findings as our study, we believe that tasting (one of the tongue func-
tions) is a sense in which the gamma rhythm percentage dominates the posterior right quadrant, this fact was
statistically shown as the quadrants where cerebral activation during gustative stimulus were compared.

Our hypothesis about the no predominance in any quadrant occurred due to the fact that the gustatory stimula-
tion occurred in clear nostrils. Thus the percentage of gamma rhythm may have increased in most brain qua-
drants as there have been a possibility of the olfactory stimuli influence during the activity involving tasting as
there is an association between olfaction and tasting [18].

It is noteworthy that there are no studies investigating the presence of gamma rhythm when compared to a
waking state with evocation of short-term memory involving the sense organs. However, in our study it wasn’t
observed statistically significant difference when control condition was compared to the short-term memory re-
call condition of the majority of the senses. We can infer that during brain activation through cognitive activities
there are few cortical areas that may present gamma rhythm when short-term memory is evoked after perform-
ing these activities. This may be so because the distracting task did not allow the information gathered during
the short-term memory tests were prolonged for long-term memory.

5. Conclusion

The result of our study allows us to speculate that the reverberating circuits responsible for several short-term
memories are concentrated at the back right quadrant. However, in this study the predominance of gamma
rhythm percentage was not observed in any brain quadrant when auditory and visual memories stimulated.
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