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ABSTRACT: 
 
Introduction: Child maltreatment is a global problem, not 
only for its repercussions at the time of the act but also for 
its possible sequelae; therefore, it is crucial to characterize 
the changes found in magnetic resonance, to correlate the 
structural outcome with its functional repercussions.  
Objective: To demonstrate brain changes and their 
functional repercussions using magnetic resonance imaging 
in people exposed to chronic child abuse. This article seeks 
to unify and summarize what is already known. 
Materials and methods: We performed a systematic 
literature review; the search was carried out through 
PubMed, LILACS, ScienceDirect, and Embase. The 
inclusion criteria were studies published in English, Spanish 
and French, between January 2015 and March 2020 that 
discussed the clinical and encephalic alterations in MRI 
caused by child abuse.  
Results: 7 studies with 760 participants were included, 
mean age ranging between 6-35 years. In 42% of the article's 
alterations were evidenced at the amygdala and 
hippocampus, defined as volume reduction or decreased 
connectivity. On the other hand, 28% of the articles included 
alterations in the frontal cortex. 
Conclusions: Child maltreatment produces brain 
anatomical and functional changes, which may be reversible 
if early intervention is performed by separating these 
children from the focus of abuse. It is possible to conclude 
that structural changes in the brain vary depending on the 
sub-type of abuse; nevertheless, it remains controversial 
which changes correspond to each child maltreatment sub-
type. There is not enough literature to classify the anatomical 
variations caused by child abuse according to gender, for 
which the literature must be expanded to emit a concept. 
 
Keywords: Child Abuse, child abuse sexual, magnetic resonance 
imaging, brain, deprivation 
 

RESUMEN: 
Cambios encefálicos en resonancia magnética y 

sus repercusiones clínicas ocasionadas por 
maltrato infantil una revisión sistemática de la 

literatura. 

 
Introducción: El maltrato infantil es una problemática a 
nivel mundial, no solo por sus repercusiones al momento del 
acto sino también por sus posibles secuelas, es indispensable 
conocer y caracterizar los cambios encontrados en la 
resonancia magnética para correlacionar las consecuencias 
estructurales con las funcionales.  
Objetivo: Evidenciar los cambios encefálicos mediante 
resonancia magnética y sus repercusiones clínicas en 
personas expuestas a maltrato infantil crónico. En este 
artículo se busca unificar y actualizar lo que se sabe hasta el 
momento. 
Materiales y métodos: Se realizó una revisión sistemática 
de la literatura; la búsqueda se llevó a cabo a través de 
PubMed, LILACS, ScienceDirect y Embase, incluyendo 
estudios en ingles, español y francés, entre enero del 2015 y 
marzo del 2020, se incluyeron estudios que evaluaran las 
alteraciones encefálicas y las repercusiones clínicas 
secundarias a maltrato infantil documentado por resonancia 
magnética. 
Resultados: Se incluyeron 7 estudios con un total de 760 
participantes, edad promedio oscilando entre 6-35 años. En 
42% de los artículos se evidenciaban alteraciones a nivel de 
la amígdala e hipocampo, definidas como una reducción del 
volumen o disminución de la conectividad. Por otro lado, en 
28% de los artículos incluidos se mencionaron alteraciones 
a nivel de la corteza frontal. 
Conclusiones: El maltrato infantil produce cambios 
anatómicos y funcionales en el cerebro, los cuales pueden 
ser reversibles si se realiza una intervención temprana 
separando a estos niños del foco de abuso. Es posible 
concluir que los cambios estructurales a nivel cerebral 
varían dependiendo del subtipo de maltrato infantil, sin 
embargo, permanece en controversia cuales cambios 
corresponden a cada subtipo de maltrato. No hay evidencia 
suficiente para clasificar las variaciones anatómicas 
causadas por el maltrato infantil de acuerdo con el género. 
La literatura debe expandirse para poder emitir un concepto.  
 
Palabras clave: Maltrato a los niños, abuso sexual infantil, 
imagen por resonancia magnética, encéfalo, deprivación. 
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I. INTRODUCTION  
 

Child abuse involves different sub-types within 
which we find neglect, sexual, physical, and 
emotional abuse (1). Other authors include 
deprivation as a form of abuse, which refers to 
stressful events during childhood, such as family 
separation, severe financial problems, or a family 
member's death (2). 
 
According to the Colombian Institute of Family 
Welfare (ICBF), 77,780 reports of child abuse were 
received by 2012, of which 46,288 cases 
corresponded to children in early childhood, 
representing 59% of the total cases (3). According 
to the World Health Organization (WHO), a quarter 
of the adult population suffered child abuse. One of 
every 13 men and one of every five women reported 
sexual abuse during childhood (4). Child abuse is a 
global problem, so it is essential to know its 
implications on neurological development and its 
possible functional and structural consequences. 
 
Exposure to abuse and early stress produces a 
cascade of neurobiological events that may cause 
structural, functional, and neurohormonal changes 
during the brain development process (5). 
Childhood stress resulted from abuse generates 
serological elevation of catecholamines, 
corticotropin-releasing hormones, cortisol, and 
serotonin, which leads to apoptosis, abnormal 
neuronal pruning, delays in myelination, inhibition 
of neurogenesis, and decrease in brain growth 
factors (1). Some brain regions are vulnerable to 
early stress situations due to the high glucocorticoid 
receptors and postnatal neurogenesis capacity (6). 
 
In patients exposed to child abuse, functional 
nuclear magnetic resonance (fMRI) has shown 
hypo-activation of the orbitofrontal cortex and 
hyper-activation of the amygdala, which is related 
to outbursts of aggressiveness and low impulse 
control (7,8). The exposure to chronic stress caused 
by child abuse has been associated with delays in 
the myelination of the corpus callosum in up to 17% 
of patients, which promotes the independent 

development of both cerebral hemispheres 
generating important changes in the individual's 
behavior due to the lateralization of the cerebral 
neurotransmitter systems (6). 
 
The hippocampal region is very susceptible to the 
effects of child abuse, mainly between 3-5 years 
and 11-13 years old, due to the neuronal plasticity 
that this area has and the significant number of 
glucocorticoid receptors (9,10). A reduction in 
hippocampal volume has been documented through 
magnetic resonance imaging (MRI) techniques in 
children exposed to abuse. (6,9). 
 
The cerebellum is an area that plays a vital role in 
attention, language, cognition, affect, and due to its 
high amount of glucocorticoid receptors, it is very 
vulnerable to the effects of early abuse. A decrease 
in cerebellar volume has been documented through 
MRI in children exposed to abuse, which could 
explain some of the neurobehavioral changes 
caused by maltreatment (6). 
 
MRI, along with its different sequences such as 
fMRI, and diffusion sequence magnetic resonance 
imaging (dMRI), plays a crucial role in identifying 
structural and functional alterations in the brain. 
This review aims to summarize and update the 
available evidence regarding MRI brain changes 
and their clinical impact on children exposed to 
child abuse. 
 
II.MATERIALS AND METHODS 
 
A systematic literature review was carried out using 
the "Preferred Reporting Items for Systematic 
Review and Meta-Analysis" (PRISMA) as a guide.  
 
Eligibility criteria: 
Cross-sectional studies, case-controls, cohorts, 
meta-analyses, randomized and non-randomized 
clinical trials were considered. The studies used 
MRI in patients exposed to child abuse, defined as 
neglect, physical, sexual and emotional abuse 
(determined by questionnaires or adverse 
situations) (1). 
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The inclusion criteria were: studies published 
worldwide, in English, Spanish, and French, 
performed between January 2015 and March 2020, 
whose primary outcomes evaluated were 
encephalic changes and their clinical repercussions 
secondary to child abuse documented by MRI. The 
exclusion criteria were post-traumatic stress 
disorder, participants over 45 years of age, and 
associated psychiatric pathology. The PICO 
strategy was used. 
 

Information sources: 
A systematic search was carried out in the 
following databases: PubMed, LILACS, 
ScienceDirect, Embase. The articles that were not 
open access were accessed through the platform of 
"Universidad El Bosque." 
 

Search strategy 
Broad search words were used instead of specific 
terms to ensure that no articles were missed. The 
MESH terms used were: "Child Abuse," OR "child 
abuse sexual," AND "magnetic resonance 
imaging," AND "brain."  
 
Study selection 
The screening for duplicate articles was performed 
using the Mendeley duplicate detection tool. All the 
non-duplicated papers obtained through the search 
strategy were reviewed; the full text was read when 
considered relevant. Two authors carried out the 
search, selection, and evaluation of the quality of 
the studies: Andrés Herrera (AH) and Nury Rincón 
(NR); in cases of discrepancies, these were resolved 
by a third author: Lorena Fernández (LF). Only the 
articles that met the inclusion and exclusion criteria 
were included. 
 
Data extraction: 
The researchers carried out the collection of 
information based on a data extraction table that 
included the year of publication, type of study, and 
participant information (number of participants, 
age, gender, and country of origin).  

 
Quality assessment 
All the articles included were evaluated using the 
NIH quality assessment tool 
(www.nhlbi.nih.gov/health-topics/study-quality-
assessment-tools). Only studies with results of high 
or acceptable quality were included. 
 

III.RESULTS 
 
Search Results 
The studies grouped in the table met all the 
inclusion and exclusion criteria, also were of high 
or acceptable quality in the NIH quality assessment 
tool. Although the search initially yielded nine 
studies, two were excluded due to psychiatric 
illness in the sample. For which, seven studies were 
included in the systematic literature review (Figure 
1). 
 
Summary of studies 
Seven studies with 760 participants, mean age 
ranging between 6-35 years, showed that child 
abuse has physical repercussions at the moment of 
the act itself and produces long-term consequences 
in the brain, negatively impacting anatomy and 
functionality. In each study, MRI, fMRI, or dMRI 
was performed; different scales and questionnaires 
were carried out, which contributed to the 
evaluation and classification of the degree of abuse 
in the participants (trauma history questionnaire, 
MacArthur behavior questionnaire, and the PANAS 
scale). 
 
The Stroop test to evaluate neuropsychological 
disorders caused by child abuse was employed in 
two studies. In 42% of the articles, alterations were 
evidenced in the amygdala and hippocampus, 
defined as volume reduction or decreased 
connectivity. On the other hand, 28% of the articles 
mentioned alterations at the frontal cortex level. 
The following table provides a detailed breakdown 
of each of the relevant findings (Table 1).
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Figure 1. PRISMA diagram 

 

 
 
MRI: Magnetic resonance imaging 

 
 
 
 
 

Table 1. Summary of study findings. 
 

Mackiewicz et al. (12) 
 

Participants: 15 young women. Age 
range: 23-30 years, with a history of 
physical or sexual abuse before 13 
years. 

PHASE 1: Participants 
underwent the “trauma history 
questionnaire” and an 
intelligence quotient (IQ) 
measurement.  
 
PHASE 2: MRI and fMRI were 
performed at the same time as 
the “Stroop test”. 

It was evidenced that earlier age of 
exposure to child abuse affects 
neuronal systems' activation, mainly 
at the level of the anterior region of the 
cingulate gyrus and the medial and 
lateral area of the prefrontal cortex, 
leading to cognitive control issues in 
adulthood. 

9/12 

McLaughlin et al. (13) 
 

Duration: 2014- 2015  
Participants: 94 young people between 
6 to 18 years old exposed to physical 

The participants underwent 
MRI and the "childhood 
trauma questionnaire" to 

The abuse was associated with a 
reduction in total brain volume, 
amygdala, and hippocampus. It was 

10/12 

Study  Study design  Intervention Results Quality 

Blair et al. (11) Duration: 2016-2018 
Participants:116 
adolescents between 10-18 
years old, 15 not exposed to 
child abuse, and 101 
exposed to child abuse at 
some point in their lives. 

The participants were given the 
"childhood trauma questionnaire" and 
subsequently underwent fMRI at the 
same time as the "Stroop test" (which 
is divided into congruent tasks, 
incongruent tasks, and neutral tasks) 

The amount of abuse was negatively correlated 
to the responses in the incongruent task at the 
mid-region of the cingulate cortex (r of 
pearson= -0.33) (P=0.001), right postcentral 
gyrus, and lower parietal lobe (r de pearson= -
0.41) (P=0.001), medial region of the frontal 
cortex (r de pearson= -0.40) (P=0.001), pre-
central and left postcentral gyrus (r de pearson= 
-0.40) (P=0.001). These results suggest that 
child abuse generates atypical neuronal 
responses and alters brain areas involved in 
behavior, manifesting as increased or decreased 
brain response to the Stroop test.  

9/12 
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and sexual abuse. 
From the 94 recruited patients, four 
were excluded due to the inability to 
complete the tests.  
Therefore, only 90 patients were 
included in the study. (35 exposed to 
abuse and 55 controls) 

document the extent of the 
abuse. 
 
Afterward, patients underwent 
a fear conditioning test, 
receiving positive, negative, 
and unconditioned stimuli, 
which were performed 
simultaneously with a skin 
conductance response test to 
evaluate the sympathetic 
nervous system's activation 
during the stimuli.  
Participants reported when 
they were afraid, when they 
liked it or if the stimuli were 
unpleasant using the "Likert" 
scale, which varies from 0 
(none) to 10 (extreme). 

concluded that children exposed to 
child maltreatment fail to discriminate 
the situations that represent a threat. 
 
A generalized failure of associative 
learning was detected, making it 
difficult for them to predict when an 
unconditioned stimulus will occur.  
This interpretation is consistent with 
evidence documenting reduced IQ in 
children exposed to abuse. 

Cisler  et al. (14) 
 

Duration: 2011- 2016 
Participants: 88 girls between 11-17 
years old (59 girls were exposed to 
direct physical or sexual assault and 29 
of them were healthy controls) 

fMRI was used to calculate the 
stimuli' functional connectivity 
during the application of a 
facial emotion processing test. 
Data were then pooled, and the 
overall efficiency for stimulus 
connectivity was computed 
using a brain portion of 883 
regions of interest. 

A more modularized network 
organization was found to be related to 
hyperactivation of the amygdala and 
weakened connectivity between the 
amygdala and the right (p= 0.003) and 
left (p= 0.038) medial prefrontal 
cortex, which is associated with 
increased impulsivity. 

11/12 

Calem et al. (15) Searching the English literature using 
MEDLINE search terms, 15 articles 
that evaluated the amygdala and 
hippocampus volume were found. The 
sample included was children between 
12-18 years. 
Three articles focused on sexual 
abuse, six on multiple forms of abuse, 
three on stressful events in early life, 
two on neglect, and one on poverty.  

Measurement of tonsillar and 
hippocampal volume in boys 
and girls exposed and not 
exposed to child abuse.  The 
results were evaluated through 
a random-effects analysis. 

Patients exposed to child abuse have 
smaller hippocampal volumes than 
unexposed ones, g of hedge -0.15 
(p=0.01). 
When contrasting the hippocampal 
volume in patients exposed to child 
abuse by gender, a clinically relevant 
difference was not evidenced 
(P=0.012) 

7/8 

Bick et al. (16) Participants: 69 children between the 
ages of 8-10 years extracted from the 
"Bucharest early intervention 
project."   
23 patients were in foster care exposed 
to neglect, 26 were raised in 
institutions exposed to severe neglect, 
and 20 had never been in institutional 
care. 

All children underwent a dMRI 
at 8 and 10 years old. 
Depressive and anxiety 
symptoms were assessed using 
the "MacArthur" behavioral 
questionnaire simultaneously 
as dMRI. 
 
An extra dMRI sequence was 
obtained at 12 and 14 years old. 

An increased mean diffusivity 
(P=0.02) and decreased fractional 
anisotropy (P=0.01) at the corpus 
callosum were evidenced in children 
raised in foster care and institutions. 
Also, these children presented an 
increased mean diffusivity (P=0.03) 
and a decreased fractional anisotropy 
(P=0.025) at the left internal capsule.  
 
These findings suggest an alteration in 
the myelination of these areas, 
associated with increased anxiety and 
depression. 

12/14 

Everaerd et al. (17) 
 

Participants: 382 subjects between 18- 
35 years were divided into three 
groups. 
*Group exposed to physical, 
emotional, or sexual abuse: 127 
patients  
*Group exposed to deprivation: 126 
patients  

The participants underwent a 
T1 sequence MRI and the 
PANAS scale to evaluate their 
emotional condition. 
 

Patients with a history of deprivation 
presented decreased volume of gray 
matter at the fusiform gyrus and 
medial occipital gyrus (P=0.05). 
These areas are related to the 
emotional perception of the scenarios 
and faces.  
In women with a history of 

9/12 
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*Healthy control group: 129 patients deprivation and child abuse, a 
decreased volume of the gray matter at 
the lower right visual region and the 
posterior precuneal region was 
evidenced (P=0.05); these areas are 
related to the processing of emotions. 
In men with a history of deprivation, a 
decreased gray matter volume at the 
post-central gyrus was seen 
(P=0.001). 
These differences in results by gender 
could justify the different psychiatric 
disorders in men and women, which 
would explain why depression is more 
frequent in women and impulse 
control disorders are more frequent in 
men. 

fMRI: functional nuclear magnetic resonance; dMRI: diffusion sequence magnetic resonance imaging; MRI:  magnetic 
resonance imaging 
 
 

IV.DISCUSSION 
 
This review indicates that patients exposed to 
different sub-types of child abuse have in common 
diverse manifestations, both clinical and 
anatomical. However, it should be pointed out that 
each sub-type of abuse generates its own brain 
changes. Therefore, the patient's clinical symptoms 
will largely depend on the sub-type of child abuse to 
which the person has been exposed (18). Patients 
who suffered physical or sexual abuse in childhood 
mainly present impulsivity and difficulty in 
discriminating threatening scenarios. On the other 
hand, patients exposed to negligence or emotional 
abuse predominantly show cognitive alterations 
such as disruption of learning and memory (11). 
All subtypes of child abuse have been associated 
with alterations of neuronal activation at the 
cingulate gyrus, pre-central gyrus, post-central 
gyrus, lower parietal lobe (11,19), along with 
decreased volume in the ventromedial region of the 
frontal cortex. All these findings are related to 
reduced cognitive control (20,21). 
Physical and sexual abuse in childhood typically 
results in hyperactivation and decreased volume of 
the amygdala. Hippocampus thinning and reduced 
connectivity at the medial prefrontal cortex are 
associated with reduced IQ, difficulty 
discriminating threatening scenarios, impulsivity, 
and aggression disorders (13,14). Recent research 
has linked borderline personality disorders in 

adulthood to physical and sexual abuse during 
childhood (22).  
Both negligence and emotional abuse in childhood 
produce similar structural and functional changes 
(21), such as alteration in the myelination of the 
corpus callosum, which has been associated with 
increased anxiety, depression, cognitive alterations 
of the working memory, and difficulties with the 
control of emotions (16). 
Deprivation in childhood has been shown to 
structurally affect the brain by decreasing gray 
matter at the fusiform gyrus and medial occipital 
gyrus, associated with altered emotional perception 
of scenarios and faces.  
Patients exposed to deprivation presented different 
anatomical changes between genders. In women, a 
decreased gray matter has been seen in the lower 
right visual region and the anterior precuneal region, 
leading to alterations in the processing of emotions, 
predisposing them to depression. A decreased gray 
matter in the post-central gyrus has been seen in 
men, predisposing them to increased impulsivity 
(17). These differences in results by gender could 
justify the different psychiatric disorders in men and 
women, which would explain why depression is 
more frequent in women and impulse control 
disorders are more frequent in men. (17,23-24).   
 
One of the limitations of this study is that the 
assessment of child abuse repercussion was done 
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through test scores instead of evaluating daily living 
behavior, which can induce bias. 
 
The importance of describing these findings lies in 
the fact that early intervention by removing these 
children from the abuse focus; has demonstrated the 
reversibility of structural and functional changes in 
the brain (25). 
 
V.CONCLUSIONS 
 
In this review, it is possible to conclude that long-
term child maltreatment leads to structural and 
functional changes in the brain, which may be 
reversible if early intervention is made by removing 
these children from the abuse focus. This concept is 
in line with the literature so far. It is possible to 
conclude that structural changes in the brain vary 
depending on child abuse's sub-type. Nevertheless, 
it remains controversial which changes correspond 
to each sub-type of child abuse due to the 
multifactorial nature of brain plasticity and the lack 
of publications that break down anatomical and 
functional alterations by sub-types of abuse. Thus, 
more literature is needed to support the results 
displayed and deliver an accurate concept. 
Concerning the study's limitations, it is not possible 
to conclude if there are clinically significant 
structural changes between genders due to the low 
number of publications regarding the subject.  
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