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Introduction

Institutionalization
Institutionalization is defined as any large congregate care facility 

in which round-the-clock professional supervision supplants the 
role of family-like caregivers [1]. Children are institutionalized due 
to different factors like abandonment, orphaning, maltreatment and 
also physical or mental disabilities. Many authors have related the 
institutionalization with a lack of stimulation in different spheres like 
motor, cognitive and social-affective [2-4], since factors like the absence 
of personalized treatment according to the ratio between infants and 
caregivers (15:1) [5] and the lack of quality care of caregivers [6,7] since 
the poor commitment for wellbeing of infants and the poor response 
and insensibility for the necessities of the infants [8], the round-to-
clock type of work [1], the constant rotation of caregiver [9] and the 
lack of professional training of caregivers [8] among others deficiencies. 
Therefore, institutionalization has been associated with consequences 
in brain and behavioral development.

Institutionalization and brain/cognitive affectation

Among brain areas affected by institutionalization, the 
institutionalized children often present lower volume of the prefrontal, 
temporal and parietal areas [10,11] than non-institutionalized children. 
In addition, post institutionalized children present abnormities in some 
bundles that connect the different cortical areas. In this regard, several 
recent studies have reported a lower fractional anisotropy values in the 
left uncinate fasciculus and in the superior longitudinal fascicule in post 
institutionalized children compared to children without this personal 
background [12,13]. In a functional level, Chugani et al. [14] reported 
a reduction in glucose metabolism in the amygdala and hippocampus 
during rest conditions in post institutionalized children compared 
to never institutionalized children and neurological patients. In the 
EEG, it has been found a higher fronto-central and fronto-temporal 
coherence in institutionalized children compared to children that were 
previously institutionalized but were adopted before 24 months old 
[15]. Also, it has been found a generalized lower alpha power which 

is positively related to social skills according to a maturational patter 
found on institutionalized children placed on a foster care home before 
20 months of age [16]. Finally, it has been demonstrated that the more 
time for children living in institutional settings, the more affectation 
this population suffers [17].

In relation with behavioral and cognitive consequences, diverse 
studies have found that the institutionalized children present 
impulsivity [18], social problems and delinquent behavior [19], as 
well as, affectation in cognitive functions like working memory, 
inhibitory control, memory for faces and visual attention [2,5]. Talking 
about social abilities, it has been demonstrated that children that was 
previously institutionalized and were randomly assigned to a foster 
care intervention program have better social abilities with less social 
communication problems compared to institutionalized children 
[20]. Also, it has been shown that institutionalized adolescents have 
less number of friends, less frequency of contacts with friends and less 
membership in organizations [19]. Finally, signs of alteration in the 
Theory of mind, a function that sustains social abilities, has been found 
in post institutionalized children that spent more than 6 months on 
institutions [3]. Therefore, perhaps in these children some executive 
functions, like the decision-making, express an alteration, mainly in 
those decisions that are presented in a highly complex context like 
social one.

Social decision-making and brain areas

Social decision-making is defined as those that affect oneself and 
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Abstract
The institutionalization is related with a deprivation of social-emotional stimulation and with alterations in the 

physiology of the prefrontal cortex, the electroencephalogram (EEG) and the social behavior. The aim of this 
study was to compare the EEG correlation during a social decision making task (Ultimatum Game) in a group 
of institutionalized (INST) adolescents with a never institutionalized group (NINST). The EEG correlations among 
prefrontal (Fp1-F3, Fp2-F4), prefronto-temporal (F3-T3, F4-T4) and prefronto-parietal (F3-P3, F4-P4) areas were 
recorded in 20 adolescents: 10 INST and 10 NINST. There were not differences between both groups in behavioral 
parameters. However, the INST group showed a higher correlation in delta and alpha-1 during the acceptance and 
rejection of proposals respectively, between Fp1-F3 areas. This group also presented a lower gamma correlation 
between F3-T3 areas during the acceptance and the rejection of proposals. Finally, INST group showed, during 
the acceptance of proposals, a lower gamma correlation between F3-P3 and higher F4-P4 delta correlation. These 
results reflect the neural characteristics of processing information from complex environments in institutionalized 
population and perhaps represent the bias for presentation of psychiatric conditions.
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their parents. All participants were right-handed males, studied the 
high school, had an IQ ≥ 70 evaluated by Wechsler Intelligent Scales 
[29,30] and had normal scores of attention and concentration in the 
battery NEUROPSI [31]. They neither had current neurological and 
psychiatric treatment. Both groups of adolescents were matched with 
respect to age and IQ (r=0.912, p ≤ 0.001). 

In order to characterized the sample, the Children’s Post-
Traumatic Stress Scale Spanish version (CPSS) [32] Spence Children´s 
Anxiety Scale (SCAS) Spanish version [33] and Children´s Depression 
Inventory (CDI) Spanish version [34] were applied (Table 1). 

Regarding the history of INST group, access to records of each 
individual in the government entities responsible for the protection of 
minors was obtained. Records were also reviewed in the institutions 
where they were living. It was found that none of them had been 
sexually abused, and prior to entering the institution, 50% had 
received physical violence, 40% physical neglect and 10% psychological 
violence. 4 teenagers were not included in the final analysis due to 
they had an excessive number of EEG segments contaminated by 
artifacts. Institutionalized adolescents were recruited from 4 different 
institutions from 3 different Mexican states. 

All these institutions were under the Mexican Official Norm For the 
Assistance Services For Children (Nom-167-SSA1-1997), confirming 
that the housing needs, clothing, food and health services were fully 
covered when the time of participation on this research project. All 
procedures involved in this experiment were approved by the Ethics 
Committee of the Institute of Neuroscience in accordance with the 
ethical standards laid down in the 1964 Helsinki Declaration, and all 
participants and their parents or tutors gave their informed consent 
prior to their inclusion.

Ultimatum game

For the application of the Ultimatum Game (UG), the program 
Multigame PC was used [35]. This game, with simultaneous EEG 
recording was carried out in rooms equipped to meet the basic 
methodological similarities (libraries, classrooms, multipurpose 
rooms). Each participant of INST and NINST groups always played 
the UG as respondent (or player 2 from here) on each session. In 
every single session there was another adolescent who played the role 
of the proposer (or player 1 from here), in the same recording room, 
but this participant were trained as an actor that pretended to play the 
Ultimatum Game, player 1 was not actually playing the game. This 
was done to let players 2 believe that were actually playing the game 
against another person. On a single session, player 1 and player 2 sat 
in front of each other with a respective computer and a correspondent 
keypad. Between computer of player 1 and computer of player 2, a 
USB cable connecting both computers was placed, to provoke a more 
realistic environment. On a single session, player 1 sat approximately 
5 meters away player 2 and were then introduced at that time by the 
experimenter, to prevent empathic influences. At the beginning of 
the game, the following instructions were presented to player 2 on the 

others as well as immersing individual and others preferences [21]. 
A good option for measuring the social decision-making through the 
distribution of resources is the Ultimatum Game (UG) [22]. In this 
game one player (proposer) has the role of proposing how to split 
10 dollars and the other player has the role of responding to accept 
or reject the proposal based on own preferences (respondent). If 
respondent decides to accept, the amount of money given is divided. If 
rejected, it is canceled and no one gets anything. For the proposer, the 
most rational and utilitarian propose is to provide the least amount of 
money for the player and for the respondent, to accept any amount of 
money since this is better than nothing. This game can be played in a 
“one shot” or in serial format [23]. In this game, the proposals can be 
fair or unfair; and the cognitive and neural strategies will be different 
in order to gain the biggest amount of money. Some studies has been 
focus on discover the neural basis that participate during the execution 
of tasks that evaluate the social decision-making. 

On the other hand, the image ology techniques, has been shown that 
the brain areas that participate preferentially in social decision-making 
are the prefrontal [24] and temporal regions [25]. Although, the parietal 
areas have not been traditionally related with social decision-making, 
these can contribute to the accumulation of external information [26] 
and since could play an important role on this complex function [27]. 
Besides, these cortical areas increase their functional connectivity 
during a social decision-making [28]. In this regard, a technique that 
allows measuring the functional coupling between cortical areas is the 
correlation or coherence analysis of the electroencephalogram. For 
example, Yun [28] found a higher coherence of left prefrontal and 
temporal areas during the acceptance and the rejection of proposals in 
the UG, respectively, in healthy participants compared to schizophrenic 
patients. 

Although is known than the institutionalized children present 
anatomical alterations in prefrontal and temporal cortices and in the 
connectivity between them, there are no studies with institutionalized 
adolescents. Therefore, the objective of this study was to compare 
the EEG correlation between prefronto-temporal areas, between 
prefronto-parietal areas and within the prefrontal cortex (dorsolateral-
frontopolar) during the two types of responses (acceptance and 
rejection) of the UG between institutionalized (INST) and never 
institutionalized (NINST) adolescents. We hypothesize that INST will 
obtain less money in the UG compared to NINST. Besides, the INST 
group will present a lower EEG correlation among prefrontal regions, 
prefronto-temporal and prefronto-parietal. The study of the neural 
basis of the social decision-making in institutionalized adolescents 
in a naturalistic condition could be helpful for understanding of the 
long term effects of socio-emotional deprivation. Finally, we consider 
the importance of studying adolescents for understanding a possible 
cognitive and functional outcome of adverse early experiences and 
for considering the probable development perspective in adulthood 
stages. Also, this stage of life has the highest incidence of risk 
behaviors associated with social context, like drug consumption, sexual 
promiscuity and violence.

Materials and Methods
Participants

In this study participated twenty 13-16 years old male adolescents 
who were divided into two groups: 10 institutionalized adolescents 
or INST group (n=10) and 10 never institutionalized adolescents or 
NINST group (n=10) Participants of INST group had lived in the 
orphanage since before 4 years old, whereas, the NINST had lived with 

Institutionalized (n=10) Never institutionalized (n=10) Comparisons
M SE M SE t p

Age 14.8 1.033 14.1 0.738 1.74 0.098
IQ 88.9 14.07 85.0 8.62 0.75 0.463

CDI 48.5 2.34 42.11 2.24 1.826 0.085
CPSS 18.3 5.24 5 1.8 2.402 0.035
SCAS 59.2 2.021 51.2 4.09 1.754 0.097

Table 1: Demographic characteristics and psychopathological symptoms of the 
participants of both groups.
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screen: 1) you are playing the Multigame PC with the other adolescents 
has just met, 2) the other adolescent is going to make a proposal of 
how to split $ 10, 3) you can accept or reject the proposal, 4) if you 
accept the proposal, the money will be split between you and the other 
participant, but if you reject it, neither you nor the other will receive 
the money, 5) you will received the proposals immediately from the 
other computer (from player 1) through the USB cable 6) at the end of 
the research, each one will receive half the accumulated money. Since 
player 1 was not actually playing the game, proposals were pre design 
before starting the research project and were divided in 3 trials with 20 
proposals each in every session. The rate of fair and unfair proposals on 
each trial was 75% of unfair proposals and 25% of fair proposals. Firstly, 
the participant played 1 training trial with 5 proposals to become 
familiar with the game. At the end of this trial, the understanding of 
the rules (displayed below) and dynamics of UG, were confirmed. Only 
adolescents from INST receive the money accumulated at the end of 
the research. The total amount of money accumulated that was gain 
through the acceptance and the rejection of proposals were measured.

EEG recording

EEG recordings were taken at six derivations of the International 
10/20 System. Electrodes were placed in prefrontal areas like frontopolar 
(Fp1, Fp2) and dorsolateral (F3, F4) areas and in temporal (T3, T4) and 
parietal (P3, P4) areas. All derivations were referred to linked ears with 
the ground electrode placed on the forehead. Electroculogram were 
recorded to detect eye-movement artifacts using a monopolar montage 
with electrodes placed at the outer canthi of both eyes. The EEG signals 
were digitally amplified with a Neuroscan-NuAmps digital amplifier, 
with EEG filters set at 1 and 50 Hz. Impedance for the EEG electrodes 
was kept below 10 kV using Neuroscan silver chloride electrodes. EEG 
signals were simultaneously recorded in the computer through the 
program Scan 4.3 Software. For the analysis of EEG segments were 
processed epochs link to the acceptance or rejection of proposals (± 
500 ms). The EEG epochs that were visually identified as contaminated 
by noise were removed manually using a computer program named 
CHECASEN [36] and contaminated segments were eliminated. 
Later, EEGs were analyzed by the EEGBands computer program [37], 
which initially calculated the Fast Fourier Transform (FFT) to seven 
frequency bands: delta (1.5-3.5 Hz), theta (3.5-7.5 Hz), alpha-1 (7.5-
10.5 Hz), alpha-2 (10.5-13.5 Hz), beta-1 (13.5-19.5 Hz), beta-2 (19.5-
30 Hz) and gamma (31-50 Hz). The correlation spectrum (r) was then 
calculated from the auto spectra and the cross-spectrum of the signals’ 
proportioning values between −1 and +1. Correlation spectra at 0 
delay for each subject and condition were obtained for each frequency 
band using amplitude values by means of Pearson product-moment 

coefficients to obtain intrahemispheric correlations (INTRAr) between 
derivations in the right (Fp2-F4, F4-T4, F4-P4) and left (Fp1-F3, F3-
T3, F3-P3) hemispheres. Correlation values were transformed to 
Fisher’s z-scores to approximate them to a normal distribution before 
conducting the statistical procedure. Z-score calculations were based 
on individual scores.

Procedure
The two groups were evaluated in the following manner: first, contact 

was made with the orphan institutions to get the permission to invite 
adolescents who met the inclusion criteria. In the case of control group 
the recruitment took place in a junior high school. After permission 
to participate by parents or caregivers was obtained, was settled the 
appointment for psychometric tests. The study was conducted in two 
sessions: in the first meeting attention, concentration, IQ, Depression, 
Anxiety and Posttraumatic Stress Disorder test were applied. In a later 
session the EEG during the Ultimatum Game was recorded.

Statistical Analysis
For the demographic characteristics and behavioral parameter 

total amount of money accumulated, were performed a t-test between 
institutionalized and never institutionalized adolescents. In the EEG 
analyses, we used two-factor ANOVAs (2 groups x 2 type of responses 
[accepted and rejected]) for each pair of the intrahemispheric 
derivations (Fp1-F3, Fp2-F4, F3-T3, F4-T4, F3-P3, and F4-P4) in 
each frequency band. A Tukey test was performed afterwards at a 
significance level of 0.05.

Results
UG performance

The t-test for behavioral parameter total amount of money 
accumulated did not reflect differences between groups (INST, M=113, 
E.S=8.260, NINST, M=119.9, E.S=4.552, p ≤ 0.495), so that both groups 
had the same amount of money accumulated at the end of the game.

EEG correlations

In the right dorsolateral-front polar correlation (Fp2-F4), there was 
no significant differences between-groups neither in the acceptance nor 
the rejection of the proposals. However, between pairs of electrodes 
Fp1-F3, it was found a higher correlation in the INST group compared 
to NINST group in delta band during the acceptance of the proposals 
(F1.27=15.48, p ≤ 0.015) (Figure 1, left) as well as a higher correlation in 
the INST group compared to NINST group in the alpha-1 band during 

Figure 1: Represents the higher presence of slow bands (delta and alpha-1) in the EEG correlation between Fp1-F3 during the acceptance (left) and 
during the rejection (right) of proposals in the INST group (mean ± 2 S.E).
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the rejection of the proposals (F1.27=9.39, p ≤ 0.003).

Between right dorsolateral and temporal areas (F4-T4) there were 
no differences between groups. Between pairs of electrodes F3-T3, it was 
found a lower correlation in the INST group compared to NINST group 
during acceptance (F1,27=4.30, p ≤ 0.006) (Figure 2, left) and during the 
rejection of proposals (F1,27=4.30, p ≤ 0.007) (Figure 3, right) in gamma band.

In the correlation between left dorsolateral and parietal areas (F3-
P3) it was found a lower correlation in the INST group compared to 
NINST group r in the gamma band during acceptance of proposals 
(F1,27=14.88, p ≤ 0.009) (Figure 3, left) as well as a higher correlation in 
the INST group compared to NINST group in delta band in the right 
hemisphere (F4-P4) (F1,27=6.63, p ≤ 0.006) (Figure 3, right). There were 
not interactions between groups.

Discussion
In this study we compared the functional prefronto-temporal, 

prefronto-parietal and within prefrontal coupling through EEG 
correlation between the INST group and the NINST group during 
the execution of a computerized version of the Ultimatum Game. 
We found a lower EEG correlation between prefrontal and temporal 
areas in the gamma band in the institutionalized group during both 
the rejection and acceptance of proposals. Also we found a lower and 
higher EEG correlation between right and left prefrontal and parietal 
areas only during the acceptance of proposals, respectively, in the INST 
group compared to NINST group. In addition, we found a left higher 
EEG correlation between prefrontal and frontopolar areas during the 
acceptance of proposals and a higher EEG correlation between same areas 
but during rejection of proposals, both in INST compared to NINST.

Ultimatum game performance

According to the pattern of impulsivity described on this group 
in previous works [18], we expected a lower amount of money 
accumulated in the institutionalized group as a result of a series of 
emotional reactions related with unfair proposals (75% of the total 
trials). INST adolescents would be less able to sacrifice some financial 
gain in order to get some money perhaps according to a higher socio-
emotional reactivity. However, there were no differences between 
groups, so both groups got a mean of $120 pesos. If both groups would 
have accepted every proposal, they had gotten $185. It is necessary to 
consider that both groups comes from a low income socioeconomic 
status where the accessibility to money is not as easier as would be on 
higher socioeconomic status, therefore it could be that both groups 
were not able to sacrifice certain amount of money. However, more 
studies are needed to confirm the incentive value of money in low-
income population.

EEG correlation

Regarding our finding of the left higher correlation in the delta band 
between Fp1-F3 during the acceptance of unfair proposals in INST 
adolescents regarding NINST, other studies have found similar results 
in delta band during the execution of Wisconsin Card Sorting Test in 
sexual abused adolescents [38]. Also, higher delta band coherence was 
found on learning-disabled children, compared to a control group, 
between left prefrontal electrodes [39] and in children that come from 
low-income families [40]. Besides, delta band has been associated with 
immaturity [41]. 

It necessary to mentioned that in the baseline of both groups (EEG 

Figure 2: Represents the lower presence of fast band (gamma) in the EEG correlation between F3-T3during the acceptance (left) and during the 
rejection (right) of proposals in the INST group (mean ± 2 S.E).

Figure 3: Represents the lower presence of fast band (gamma) and higher presence of slow band (delta) in the EEG correlation between F3-P3 and 
F4-P4, respectively during acceptance of proposals in the INST group (mean ± 2 S.E).
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in rest), we obtained significant differences between groups in delta 
band correlation (in preparation), so the higher correlation in this 
band in INST adolescences could be related to structural immaturity 
in the left prefrontal cortex instead of processes related with cognitive 
abilities needed for playing the Ultimatum Game. This pattern of 
immaturity could be perhaps related with the lack of functional 
connectivity between VMPFC, DLPFC, VlPFC, insula thalamus, 
hippocampus, amygdala and cerebellum [42], associated with the lack 
of cognitive and affective stimulation that is derived by institutional 
rearing mentioned before. This finding also remark the sensibility of 
delta band to environmental factors and cognitive stimulation since 
previous reports have shown a gradual decrease of the slow bands such 
as delta, during the execution of the Continuous Performance Task in 
a group of children assigned to an enrichment of the environment in 
a nursery [43].

 On the other hand, we found in INST participants a left higher 
correlation in the alpha-1 band between Fp1-F3 during the rejection of 
proposals. We consider that this reaction could be reflected a decrease 
in approach motivation in the face to the injustice [44]. Previous studies 
have found an increase of the activity of left prefrontal activation in 
approach motivation whereas the activation of the right prefrontal 
region has been associated with withdrawal motivation [45]. In addition, 
alpha band is inversely related with the activity of the cerebral cortex 
[46], so that, the presence of a greater correlation between anterior and 
dorsolateral prefrontal regions in alpha-1 band could be reflecting a 
decrease in approach motivation on a social decision-making in INST 
participants. Consequently, INST adolescents could have had a deficit 
in the motivation to try to change the unfair proposals. This idea could 
be related to “learned helplessness” in which the subject learns that 
cannot escape to an adverse and stressful event since a lack of control 
over it and hence has a lack of runaway motivation [47]. In this model, 
as the institutionalized population, the results are not under control 
of the individual. Again, these ideas are not far from the daily reality 
of the institutionalized population where they do not have control 
over important situations like being adopted or spend time with their 
relatives. 

INST adolescents presented lower gamma correlation between 
left prefrontal and temporal regions during the acceptance and the 
rejection of the proposals. We consider that this result could indicate 
difficulties in the social-emotional processing due to alterations in 
the functional connectivity between prefrontal and temporal regions. 
In this instance, it is known that temporal areas have been linked 
to social information processing [48] and with the Theory of Mind 
[49], whereas, dorsolateral prefrontal cortex, has been associated 
with the manipulation of the information for the decision-making 
[50] independently of the semantic meaning, in this case the socio-
emotional [51]. Therefore, the functional coupling between prefrontal 
and temporal areas could participate in the manipulation of social-
emotional information and this coupling is in part performed by 
uncinate fasciculus which provides strong connections between 
those regions [52]. This bundle, in the left hemisphere, shows a lower 
density in the institutionalized population [12,13]. Related with the 
communication between areas, gamma band has been related with 
this function on other works [53]. Consequently, the lower correlation 
between frontal and temporal regions in gamma bands could be a result 
of the alteration of uncinate fasciculus. It is remarkable to mention 
that similar EEG characteristics have been found in schizophrenic 
patients during both types of responses during the Ultimatum Game 
[28]. Thus, the lower fronto-temporal correlation in gamma band in 
institutionalized adolescents could be indicating a predisposition to 

develop psychiatric illnesses. Similarly, INST group showed a lower left 
prefronto-parietal correlation in gamma band during the acceptance 
of proposals which could be related to a disturbance in left anatomical 
connectivity between prefrontal and parietal areas and thereby 
problems in the understanding of others-perspective involved in the 
social decision. The frontal and parietal cortices are connected directly 
through superior longitudinal fasciculi [54] and this tract shows a 
lower density in institutionalized population [13]. Besides, left parietal 
cortex has been related with others-perspective decision-making and 
right parietal cortex with own-perspective decision-making [27,55,56]. 
Regarding this interpretation, it has been found that lower prefronto-
parietal coherence in gamma band is related with low trait emphatic 
concern (and higher scores of psychopathy) in normal adults [57]. 

On the other hand we found a higher delta correlation in right 
prefronto-parietal regions also during the acceptance responses in the 
INST group. It has been mentioned above that right parietal lobule 
was related before with the own-perspective decision-making. It is 
interesting to consider that delta band coherence between prefrontal 
and parietal areas was found as modulated by the decision-making 
related with the attention processes needed for the decision [58]. 
Therefore, it could be plausible to consider that INST adolescents are 
more prone to considering their own-perspective contribution to the 
decision. 

An important finding of this research was the predominance of 
lower EEG correlation in left hemisphere since previous works have 
described also EEG differences in left hemisphere in adolescents with 
severe physical or sexual abuse background [38,59], violent subjects 
[60] or serial killer [61]. This EEG characteristic could be understood 
under the light of the “Bi hemispheric Autonomic Model” [62] which 
supposes that the normal reaction during anxiogenic situations (as a 
child being neglected) is mediated by right hemisphere, through the 
sympathetic system, with the activation and release of different systems 
and neurotransmitters like epinephrine and norepinephrine. However, 
in order to reduce the stress related activation, the left hemisphere 
increases its activation through the parasympathetic system, which 
supplies a management of the autonomic system. Along the normal 
brain development, perhaps, a depletion of this system could provoke 
an alteration in input signals from subcortical structures to medial 
prefrontal cortex [63]. This could lead to a strong bias in behavior in 
a non-functional manner becoming the normal leftward hemispheric 
reaction from physiological to pathological condition. Behaviors like 
freeze, shutdown or retreat are examples of these processes and if 
persisting it will prevent healthful engagement with life by most any 
reasonable measure. This would explain behavioral characteristic 
in institutionalized adolescents like social withdrawn, internalizing 
problems and thought problems [19] and our EEG results and other 
research left-lateralized findings. It is remarkably to consider that, our 
participants do not have motor nor alimentary deprivation, so that the 
lack of emotional or psychological availability could be the main factor 
related with left-lateralized EEG findings. However more studies are 
needed to deep about this explanation with the presence of slow bands 
and the lack of functional connectivity between prefrontal and other 
structures. 

Some authors have identified that institutionalized population 
has some quasi-autistic cognitive characteristics [64,65] since both 
institutionalized children and autistic patients have impaired social 
performance although the institutionalized group presents greater 
flexibility, greater social approach and an increased incidence of 
indiscriminate friendly compared to children diagnosed with autism 
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[66]. It is noteworthy that both institutionalized children and autistic 
patients have characteristics of abnormal connectivity between 
prefrontal and parietal regions [13,67] and between prefrontal and 
temporal regions [12,68], that perhaps are related with cognitive 
and behavioral similarities at school age (4-6 years). However, these 
similarities become less clear in the adolescence and hence only a small 
group of institutionalized adolescents have a permanent quasi-autistic 
pattern upon turning 11 years [65]. Also, the same EEG characteristics 
between prefrontal and temporal cortices have been found in 
schizophrenic patients during accepted and rejected proposals in 
execution of the Ultimatum Game [28]. Of great interest would deepen 
on the mechanism that derives on these electrophysiological differences 
between groups to determine the probability for presentation of 
psychiatric disorders in the future in institutionalized adolescents 
or other type of maltreatment population. These EEG characteristics 
could suggest that INST group has a predisposition to develop some 
psychopathologies with social abilities affected like in schizophrenia 
but this possibility should be explored in future studies. 

Finally, it is important to mention some limitations of the present 
work. The first of them has to do with the smallness of the sample despite 
the fact that the INST participants were recruited from foster homes 
of three different Mexican states. Many institutionalized adolescents 
were not included since artifact problems in the EEG, low IQ, current 
psychopharmacological treatment or very low scholarship. Another 
limitation was that many of the children in Mexico are admitted to 
the foster homes after the school age so they could not be part of our 
sample. We look for teenagers who had been institutionalized before 4 
years of age. Therefore, the scarce numbers of participants were related 
with the lack of participants available for this project. 

The second limitation was the difficulty to include participants 
without any kind of abuse and psychopathology. In Latin America 
the main reasons why children are institutionalized are by some type 
of violence and other stressing situations as poverty, partial or total 
orphans, street situations, irregular migrants, natural disasters, drug 
abuse, psychiatric illness or illness that makes them unable or because 
their parents are deprived of their liberty. So, the results in the present 
study may be a product of the coexistence of the socio-emotional 
deprivation proper to the institutionalization and the early stress that 
the participants suffered before entering to this alternative care system. 
We consider that it is necessary more investigation with this kind of 
population in order to differentiate the effects of child abuse and the 
institutionalization. It is important to mention that although the INST 
and NINST groups come from very different contexts, the participants 
of both groups were matched according to their age, schooling, IQ 
and socioeconomic level. For this reason, we consider that the NINST 
group was an adequate control. Another limitation of this study was the 
lack of more detailed behavioral parameters due to technical problems 
during the collecting of data.

Conclusion
Although there were not significant behavioral differences 

between groups, EEG differences were clear. Perhaps the differences 
in functional coupling within prefrontal cortex and between prefrontal 
and temporal and parietal cortices are revealing some deficiencies in 
social abilities. These EEG findings could represent a predisposition for 
psychopathological conditions for the future.
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