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ARTICLE

Lateralization of Neurobiological Response in Adolescents
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Childhood Sexual Abuse: the Tri-Modal Reaction (T-MR)
Model of Protection
Tuba Mutluer, MDa, Vedat Şar, MDb, ÇiğdemKose-Demiray, PhDc, HarunArslan,MDd,
Sibel Tamer, MDe, Serap Inalf, and Anıl Ş. Kaçarg

aDepartment of Child and Adolescent Psychiatry, Koc University Hospital, Istanbul, Turkey;
bDepartment of Psychiatry, Koc University School of Medicine (KUSOM)Istanbul, Turkey; cDepartment
of Psychology, Istanbul Arel University, Istanbul, Turkey; dDepartment of Radiology, Van Yuzuncu Yıl
University School of Medicine, Van, Turkey; eDepartment of Neurology, Sincan Koru Hospital, Ankara,
Turkey; fPsychology Unit, Van Regional Research and Education Hospital, Van, Turkey; gDepartment of
Psychiatry, Koc University School of Medicine (KUSOM), Istanbul, Turkey

ABSTRACT
This study inquires into neurobiological response to stress and its
clinical correlates among adolescents with post-traumatic stress
disorder (PTSD). Structural magnetic resonance imaging (MRI)
measures of cerebral anatomy were carried out on 23 female
adolescents with PTSD related to severe childhood sexual abuse
and 21 matched healthy controls. Clinician Administered PTSD
Scale for Children and Adolescents, Adolescent Dissociative
Experiences Scale, Childhood Trauma Questionnaire, Schedule
for Affective Disorders and Schizophrenia for School Age
Children, Beck Depression Scale, and a set of neuro-cognitive
tests were administered to all participants. Compared to controls,
PTSD group bilaterally had smaller amygdala, hippocampus, ante-
rior cingulate, and thinner prefrontal cortex but normal thalamus.
Further analyses within the PTSD group suggested an association
between symptoms of PTSD and sizes of right brain structures
including smaller amygdala but larger hippocampus and anterior
cingulate. Thinner right prefrontal cortex and larger right thala-
mus seemed to be related to denial and response prevention,
respectively. Being related to both hemispheres, dissociative
amnesia was negatively associated with proportion of the right
amygdala to right thalamus and to both left and right prefrontal
cortex. Suggesting a neuro-protective effect against traumatic
stress at least through adolescence, depersonalization–derealiza-
tion and identity alteration were correlated with thicker left pre-
frontal cortex. Unlike the lateralization within PTSD group,
correlations between regions of interest were rather symmetrical
in controls. The graded response to stress seemed to be aimed at
mental protection by lateralization of brain functions and possibly
diminished connection between two hemispheres. A Tri-Modal
Reaction (T-MR) Model of protection is proposed.
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Chronic traumatization in childhood, at critical times of brain development, can
cause neurodevelopmental deficits that may lead to harm in emotional, cognitive,
and behavioral spheres (Solomon & Heide, 2005). In chronic stress, activation of
the hypothalamic–pituitary–adrenal axis results in increased cortisol level leading
to volume reductions in hippocampus, amygdala, and anterior cingulate
(Bremner, 2006). Bilateral reduction in frontal cortex gray matter volume was
also associated with childhood sexual abuse (SA) (Sheffield,Williams,Woodward,
& Heckers, 2013). Despite consensus about particular neurobiological sequelae of
chronic traumatization, inconsistencies in findings continue to feed ambiguities.
For example, two studies on women with a history of childhood SA reported no
significant differences in amygdala volumes (Andersen et al., 2008; Bremner et al.,
1997). Better linking of neurobiological data to clinical observations would assist
researchers in navigating through scientific endeavors.

Not only the childhood adversity itself, but the subsequent psychopathology,
preexisting features, and the phase of the trauma-generated response may influ-
ence the findings. Andersen et al. (2008) proposed that hippocampus was affected
only if the trauma was lived between 3 and 5 or 11 and 13 years of age, corpus
callosum 9–10, and frontal cortex 14–16 years. In a meta-analysis, hippocampus
was bilaterally smaller in adults with childhood maltreatment-related PTSD
compared to healthy controls, but not in children with maltreatment-related
PTSD, suggesting that these deficits may not be apparent until adulthood
(Woon & Hedges, 2008). Indeed, in a study on children with SA-related PTSD
(De Bellis, Hall, Boring, Frustaci, & Moritz, 2001), there was no evidence of a
smaller hippocampus.

Compared to adults, childhood trauma reports of adolescents address a
relatively near period of life and the neurobiological response to stress is in its
earlier yet expanding phase. The present study inquired a group of adolescents
who had PTSD related to severe SA. We investigated the volumes of selected
brain regions in comparison with those of the healthy controls. Additionally,
clinical data were gathered from, and neuropsychological tests were adminis-
tered to all participants. Beside a comparison between traumatized and control
groups, analyses were conducted within the PTSD group to inquire into possible
components of trauma-generated response. Finally, we tried to integrate the
neurobiological data with clinical features and neuropsychological test results in
context of a proposed model.

Method

Participants

The participants were recruited from [redacted for peer review], located in a
non-industrialized region of eastern Turkey. All participants were Turkish
citizen of Kurdish ethnicity and belonged to low economic status. This state
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institution was hosting adolescents who were under governmental custody to
stop ongoing SA which was proven by a legal verdict. The study was con-
ducted between January 2013 and June 2014. The participants and their legal
guardians have given written informed consent. The study was approved by
the Ethics Committee of the [redacted for peer review] Hospital.

Psychiatric comorbidity except depressive and dissociative disorders was
considered as a reason of exclusion. Two adolescents with a clinical diagnosis
of PTSD declined to participate. One adolescent was excluded due to insuffi-
cient education. As the final study group, twenty-three female adolescents
with PTSD related to SA and 21 healthy female controls matched on age
(range = 13–18), education, and family income were assessed. None of the
participants was receiving any psycho-pharmacological treatment. Control
group was composed of typically developing children without a psychiatric
history recruited randomly from a state vocational school in the region. All
participants were right handed.

Assessment instruments

All administered instruments were validated in Turkish (Gökler et al., 2004;
Hisli, 1989; Karakaya et al., 2007; Şar, Öztürk, & İkikardeş, 2012; Zoroglu,
Sar, Tuzun, Tutkun, & Savas, 2002).

Clinician Administered PTSD Scale for Children and Adolescents (DSM-IV):
CAPS-CA is a 33-item clinician-administered diagnostic interview (Blake et al.,
1995) for 8–18 years of age.

Adolescent Dissociative Experiences Scale: ADES is a 30-item self-report
instrument to assess the severity of dissociative experiences in adolescents
(Armstrong, Putnam, Carlson, Libero, & Smith, 1997).

Schedule for Affective Disorders and Schizophrenia for School Age
Children-Present and Lifetime Version (DSM-IV): KSADS-PL is a semi-struc-
tured interview assessing 32 psychiatric disorders (Kaufman et al., 1997).

Beck Depression Inventory: BDI is a 21-item self-report instrument (Beck,
Ward, & Mendelson, 1961). A denial score was also derived from BDI by
counting the number of “0” responses.

Childhood Trauma Questionnaire: CTQ is 28-item self-report inventory
measuring severity of five types of childhood trauma alongside possible
minimization of them (Bernstein et al., 2003).

Childhood Abuse and Neglect Questionnaire: The 11-item CANQ screens
childhood traumata including their severity, age of occurrence, and the
perpetrator(s).

Neuropsychological Tests: Tower of London (executive planning), Clock
Drawing (visuospatial and constructional abilities), Judgement of Line
Orientation (visuospatial skills), Stroop TBAG (focused attention, ability of
altering the perceptual status when exposed to changing demands, sensitive to
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left frontal lobe—in particular the orbitofrontal region-), and Serial Digit
Learning (attention /concentration, general memory, information processing).

Procedure

Clinical instruments were administered by a female child and adolescent psy-
chiatrist (T.M.), and neuro-cognitive tests were conducted by a female psychol-
ogist. All participants underwent an MRI scan at the Van-City, State General
Hospital. Images were acquired with a GE Sigma 1.5-T system (GE Medical
Systems, Milwaukee). The whole brain was scanned with a 3D inversion recov-
ery prepared fast spoiled GRASS (SPGR) T1-weighted sequence. Images were
acquired in the coronal, axial, and sagittal plane with 1.5 mm contiguous
sections; TR 13.8 ms; TI 450 ms; TE 2.8 ms; flip angle 20°; one data average;
and 256 × 256 × 128 pixel matrix. MRI images were transferred to a workstation
and displayed using the DISPIM image display software. The images and
volumes of the subcortical structures were outlined using a mouse-driven
cursor. Thickness of the prefrontal (i.e., covering superior and middle frontal
areas) cortical gray matter was indicated using a fixed color scale and recon-
structed into a color-coded, three-dimensional surface model (for further details
see Schreyer et al., 2000; Wiegand et al., 2004). All images were coded and rated
twice by an experienced radiologist blind to the group affiliations. Intra-rater
correlation coefficients (ICC) were between 0.91 and 0.97 for all regions of
interest. Spearman method was utilized in calculation of all correlations.

Results

Characteristics of the participants

All adolescents with PTSD reported SA. In 14 of them (68.0%), it included
coitus. Mean age during the first SA was 12.4 (SD = 0.6, range 6–16). For one
participant (4.5%) abuse occurred once, for seven (31.8%) a few times, for
five (22.7%) several times, and for nine participants (49.9%) regularly. In
38.0% (n = 9) of them, the perpetrator was either biological father or brother;
in 62.0%, this person was the stepfather, stepbrother, or a relative, acquain-
tance, or “husband” in an underage “marriage” enforced by parents. Five
victims got pregnant due to the SA. Two of them gave birth to their children
(one conceived from biological father), and the pregnancy was ended by
curettage for the remaining three girls. Of the victims, 90.0% reported at least
one suicide attempt, and 19.0% twice or more. Self-mutilation was reported
by 62.0% (n = 13) of the group. In addition to SA, 66.7% (n = 14) of the
participants reported physical abuse, 76.2% (n = 16) emotional abuse, and
61.0% (n = 13) emotional and/or physical neglect. Dissociation but not
depression scores differed PTSD from control group (Table 1).
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Structural brain imaging

Bilateral findings
Compared to controls, PTSD group had bilaterally smaller hippocampus,
amygdala, anterior cingulate cortex, and thinner prefrontal cortex with no
difference on thalamus (Table 2). Younger age during the earliest reported
SA was correlated with larger right (rho = 0.43 n = 22 p = 0.048) and left
(rho = 0.45 n = 22 p = 0.035) anterior cingulate. There was no correlation
between any brain region and specific trauma type (CTQ sub-scores not
reported) or dissociative amnesia (DA) in PTSD group (Table 3). However,
DA was negatively correlated with proportion of right amygdala to right
thalamus (rho = −0.44, n = 22, p = 0.041) and to both right and left
prefrontal cortex (right rho = −0.47, n = 18, p = 0.048; left rho = −0.54,
n = 19, p = 0.017).

Unilateral findings
Vast majority of correlations (Table 3 and Figure 1) within the PTSD group
pointed to lateralization of the neurobiological response. Smaller right amygdala
was associated with current and lifetime avoidance, current hyperarousal and re-
experiencing, depression, passive influence experiences, and absorption. Unlike

Table 1. Demographic and clinical characteristics of the participants (ANOVA).
PTSD

Mean SD
Control
Mean SD F (df = 44,1) p

Age 15.1 ± 1.9 15.7 ± 1.1 1.54 n.s.
Education (years) 9.3 ± 1.1 9.8 ± 0.8 2.35 n.s.
Siblings (nr) 7.5 ± 3.8 4.5 ± 1.5 2.35 .000
Adolescent dissociative experiences scale
Dissociative amnesia 27.5 ± 15.8 10.3 ± 10.0 18.57 .000
Absorption & imaginative involvement 26.7 ± 15.3 14.1 ± 9.5 10.73 .002
Passive influence 22.3 ± 14.2 10.2 ± 8.1 12.08 .001
Depersonalization/derealization 46.1 ± 35.6 20.5 ± 21.2 8.40 .006
Dissociative identities 16.3 ± 13.5 7.0 ± 8.5 7.48 .009
Dissociated relatedness 13.7 ± 10.3 5.1 ± 5.9 11.50 .002
Total score 122.3 ± 76.1 55.0 ± 69.3 13.20 .001
Childhood trauma questionnaire score
Sexual abuse 22.1 ± 3.6 5.6 ± 1.3 407.26 ˂.000
Physical neglect 11.8 ± 4.4 6.1 ± 1.5 31.87 ˂.000
Physical abuse 14.8 ± 5.7 5.6 ± 1.7 52.73 ˂.000
Emotional abuse 16.7 ± 5.6 8.1 ± 2.8 40.33 ˂.000
Emotional neglect 17.5 ± 5.5 8.2 ± 3.5 43.32 ˂.000
Total score 80.7 ± 18.9 33.3 ± 7.6 118.14 ˂.000
Minimization 0.1 ± 0.5 1.6 ± 1.3 23.50 ˂.000
Beck depression total score 21.1 ± 11.4 14.6 ± 10.3 3.75 .060
Neuropsychological tests
Clock drawing 2.7 ± 0.9 3.7 ± 0.6 13.74 .001
Judgement of line orientation 11.3 ± 5.3 19.2 ± 4.7 21.86 .000
Stroop TBAG (5) 39.6 ± 13.4 24.5 ± 7.7 16.22 .000
Tower of London (4) 1.7 ± 3.2 1.1 ± 1.6 0.47 .498
Total Time (minutes) 36.4 ± 9.5 25.4 ± 6.0 16.24 .000
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in PTSD (Table 4), size of the right amygdala was not related to any measure
among controls (Table 5). In PTSD, current re-experiencing was associated with
larger right hippocampus and right anterior cingulate. Also correlated with life-
time hyperarousal, right anterior cingulate was larger (M = 2.83 SD = 0.42) in
coitus group (i.e., more severe abusive act) compared to those with other types
(M = 2.34 SD = 0.47) of SA (Mann–Whitney U-test, z = 2.14 p = 0.032).

Thinner right prefontal cortex was associated with larger right amygdala
and CTQ minimization of trauma and BDI denial scores. Additionally, right

Table 2. Comparison between PTSD and control groups: Brain regions (ANOVA).

Brain regions
PTSD (n = 23)

Mean SD
Control (n = 21)

Mean SD F df = (42,1) p

Right amygdala 1.14 0,07 1.22 0,07 15.48 .000
Left amygdala 1.14 0,05 1.22 0.06 20.95 .000
Right thalamus 6.31 0.44 6.36 0.42 0.19 .669
Left thalamus 6.46 0.50 6.49 0.55 0.04 .834
Right hippocampus 2.64 0.23 2.99 0.23 26.05 .000
Left hippocampus 2.60 0.25 3.01 0.25 28.11 .000
Right anterior Cingulate 2.69 0.48 3.04 0.22 9.84 .003
Left Anterior cingulate 2.60 0.50 3.00 0.16 12.38 .001
Left prefrontal cortex 2.80 0.41 3.06 0.24 5.37 .026
Right prefrontal cortex 2.83 0.38 3.10 0.31 5.64 .023

Table 3. Correlational analysis (Spearman) in the PTSD group: Volumetric measures of brain
regions and clinical scale scores.
Brain regions Lamy Ramy Ltha Rtha Lhipo Rhipo Lfro Rfro Lcin Rcin

CAPS-CA scores
Current re-experiencing −.09 −.48* .13 −.40 .30 .52* .17 .45 .27 .23
Lifetime re-experiencing −.18 −.28 −.13 −.59** .14 .39 .26 .26 .31 .39
Current avoidance −.27 −.72** −.02 −.44 .11 .31 .19 .31 .18 .16
Lifetime Avoidance −.24 −.75** −.03 −.36 .18 .20 .24 .23 .16 .12
Current Hyperarousal −.32 −.47* .05 −.32 .14 .34 .41 .16 .49* .37
Lifetime Hyperarousal −.32 −.40 −.05 −.57* −.11 .24 .20 .06 .37 .48*
Total current CAPS-CA −.25 −.72** −.05 −.45 .08 .31 .20 .37 .29 .22
Total lifetime CAPS-CA −.31 −.58** −.01 −.61** .05 .28 .28 .15 .40 .49*
CTQ scores
CTQ minimization .06 .02 −.38 −.38 −.02 .06 .14 −.54* −.26 .17
CTQ total −.02 −.28 .35 −.04 −.10 .06 .14 .35 .27 .01
BDI scores
BDI total −.10 −.48* −.18 −.19 .35 .24 .21 .00 .17 .36
BDI denial .14 .15 .10 .18 −.33 −.37 .05 −.49* −.32 −.33
ADES scores
Amnesia —.03 —.35 .12 .20 —.08 .12 .38 .01 .13 —.15
Absorption —.09 −.44* .18 .14 —.22 —.04 .38 .19 −.00 —.31
Passive influence —.11 −.43* −.08 —.08 —.07 .08 .37 .29 −.03 —.27
Depers.- dereal. —.06 —.38 .09 —.10 −.08 .14 .52* .16 .18 —.10
Dissociative identities —.05 —.34 .02 —.19 —.01 .12 .46* .16 .15 —.06
ADES total −.01 −.45* .07 .02 −.08 .45 .42 .19 −.23 .04

R: right, L: left, Amy: amygdala, Tha: thalamus, Hip: hippocampus, Fro: prefrontal, Cin: cingulate, ADES:
adolescent dissociative experiences scale, CAPS-CA: clinician administered PTSD scale for children and
adolescents, CTQ: childhood trauma questionnaire, BDI: beck depression inventory, Depers: depersonaliza-
tion, Dereal: derealization, *p < 0.05, **p < 0.001.
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thalamus was negatively correlated with lifetime hyperarousal and re-experi-
encing. As the only region of the left hemisphere involved, left anterior
cingulate (in correlation with right anterior cingulate) was associated with
current hyperarousal. Participants sexually abused by their biological father
or brother (i.e., perpetrator in “closer” relationship with the victim) had
smaller left anterior cingulate (M = 2.24 SD = 0.34) compared to that of
the victims of (M = 2.81 SD = 0.48) other perpetrators (Mann–Whitney
U-test, z = 2.42 p = 0.016) and reported more DA (M = 36.2 SD = 14.61

RIGHT                              LEFT

Dissociative Amnesia

Primary Reaction                        

“Inflammation”                  “The Trauma Ilness”                                         “

Secondary Reaction                                      Tertiary Reaction

Alienation”

Lifetime and 

current 

avoidance 

Anterior

Cingulate

Hippocampus

Amygdala

Hippocampus

Lifetime 

hyper-arousal

Lifetime re-

experiencing

Depression

Passive 

influence and 

Absorption

Dissociative 

identities 

(switching)

Prefrontal 

Cortex

Current re-

experiencing

Prefrontal

Cortex

Thalamus Thalamus

Depersonalization

Derealization

Current

hyperarousal

Denial

Anterior

Cingulate

Amygdala

Figure 1. Three modes of trauma generated response (gray arrows demonstrate positive and
empty arrows demonstrate negative significant correlations; each arrow ending outside of a
quadrangle refers to correlations with all items inside of the quadrangle while those ending
inside refers to those with the pointed item only).
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versus M = 21.4 SD = 13.99) (z = 2.21 p = 0.027) and absorption (M = 35.89
SD = 11.57 versus M = 20.31 SD = 14.61) (z = 2.11 p = 0.035).

In contrast to the general downsizing of the brain structures in PTSD
group, thickness of the left prefrontal cortex was positively correlated with
depersonalization, derealization, and identity alteration (ADES) scores. Right
anterior cingulate was correlated with smaller left amygdala which was
negatively correlated with left prefrontal cortex.

Altered connectivity
Correlations in controls are shown in Table 5. Like in PTSD, hippocampus
and anterior cingulate but not amygdala and thalamus of the two hemi-
spheres were significantly correlated with each other. However, in contrast to
PTSD, there were significant correlations between left and right prefrontal
cortex which were correlated with anterior cingulate. These correlations
demonstrated better symmetry and suggested better connectedness between

Table 4. Correlational analyses (Spearman) in PTSD group: brain regions and neuropsychological
test scores.
Brain regions L-amy R-amy L-tha R-tha L-hip R-hip L-fro R-fro L-cin R-cin

R-amy .13 -
L-tha −.29 .15 -
R-tha −.03 .28 .42 -
L-hip .16 .00 .09 .13 -
R-hip .02 −.11 .14 .00 .65** -
L-fro −.46* −.21 .26 −.14 .14 .21 -
R-fro .12 −.43* −.02 −.22 .07 .16 −.24 -
L-cin −.62** −.01 .33 .08 .05 .16 .35 −.07 -
R-cin −.51* .10 .17 −.12 .13 .34 .04 −.25 .77** -
Clock drawing −.28 −.26 .37 −.08 .36 .48* .13 −.16 .31 .56**
Line orientation .01 −.17 .61** .07 −.01 −.24 .38 −.22 .12 −.14
Serial digit learning −.13 .43* −.10 90 −.30 −.19 −.58** −.38 −.24 .04
Tower of London-2a −.02 .13 −.22 −.31 −.44* −.26 −.15 −.37 −.18 .08
Stroop TBAG .20 .02 .12 .12 .27 .22 −.24 −.01 −.05 .01

R: right, L: left, Amy: amygdala, Tha: thalamus, Hip: hippocampus, Fro: prefrontal, Cin: cingulate, aTower of
London subtest 2, *p < 0.05, **p < 0.001.

Table 5. Correlational analyses (Spearman) in control group: brain regions.
Brain regions Lamy Ramy Ltha Rtha Lhipo Rhipo Lfront Rfront Lcin

Lamy -
Ramy .30 -
Ltha .37 −.02 -
Rtha .12 .13 .41 -
Lhipo −.04 .20 −.11 .06 -
Rhipo –.49* −.02 −.18 −.17 .70** -
Lfront .40 .19 .07 −.02 .35 .21 -
Rfront .32 .28 .32 .29 .03 −.06 .69** -
Lcin .10 .04 −.05 −.08 .32 .33 .73** .53* -
Rcin .33 .17 .07 .04 .33 .22 .71** .69** .73**

R: right, L: left, Amy: amygdala, Tha: thalamus, Hip: hippocampus, Fro: prefrontal, Cin: cingulate.
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two hemispheres in controls compared to the PTSD group (Figure 2). Unlike
in PTSD, right hippocampus was negatively correlated with left amygdala.

Neuropsychological tests

All neuro-cognitive tests were impaired in PTSD except the Tower of
London (Table 1). Representing a general impact, impairment of the
Stroop TBAG was not in a relationship with any brain region (Table 4).
Better performance in Clock Drawing and Serial Digit Learning was corre-
lated with two right brain structures: hippocampus and anterior cingulate;
that is, regions involved with current re-experiencing and lifetime hyperar-
ousal, respectively. Smaller right amygdala and thicker left prefrontal cortex
were also associated with impairment in Serial Digit Learning. Judgment of
Line Orientation was not associated with right hemisphere structures. It was
positively influenced by left thalamus (a structure not affected by PTSD).
Smaller left hippocampus was associated with impairment of Tower of
London-2.

The proposed model: Tri-modal reaction of protection

Unlike the symmetrical associations between brain structures in controls,
analyses conducted within the PTSD group yielded distinct patterns in two
hemispheres. In tandem with clinical phenomena and neuro-cognitive test

Figure 2. Statistically significant correlations between regions of interest volumes in the control group
(gray and black arrows demonstrate positive and empty arrows demonstrate negative correlation).
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results, neurobiological response to developmental trauma seemed to cover
three patterns each characterized by an interaction between trauma-related
intrusions and operations of controlling the subsequent psychological pain to
maintain a “window of tolerance” (Siegel, 1999).

The primary mode (“Inflammation”) covered current and lifetime re-
experiencing and lifetime hyperarousal. Neurobiologically, this pattern
was predominantly driven by right hemisphere structures; that is, smaller
amygdala and larger hippocampus and anterior cingulate. Possibly join-
ing larger right hippocampus and anterior cingulate in “remembering”
traumatic memories, smaller right amygdala seemed to be the main
driver of this mode. In contrast of this (representing operations of
control), denial of trauma was associated with a thinner prefrontal cortex
and a larger right thalamus which may dampen the perception of the
psychological pain.

The most consistently implicated structure of the secondary mode
(“Trauma Illness”) was smaller right amygdala which was correlated with
symptoms of lifetime or current, and in fact, Complex PTSD alongside
“dissociative depression” (Sar, Akyüz, Öztürk, & Alioğlu, 2013) and passive
influence experiences. Smaller right amygdala seemed to represent the
chronic and complex quality of this polisymptomatic phase. Participants
sexually abused by their biological father or brother reported more DA and
absorption compared to that of the victims of other perpetrators alongside
having a smaller left anterior cingulate (as the only region of the left hemi-
sphere involved). Hence, the latter phenomenon may possibly serve in
alleviating the stress by neuro-biologically facilitating the “attachment to
the perpetrator” who was also a “caretaker” (Ross, 1997). Namely, a larger
left anterior cingulate (in correlation with the right cingulate) was associated
with current hyperarousal.

The tertiary mode (“Alienation”) was characterized by core dissociative
phenomena representing the dissociative subtype of PTSD or dissociative
identity disorder (DID) (American Psychiatric Association, 2013); that is,
depersonalization, derealization, and identity alteration (Sar, Alioğlu, &
Akyuz, in press; Sar et al., in press). In contrast to the previous ones, this
pattern was related to the left hemisphere with possibly diminished connec-
tions between two hemispheres. Namely, in contrast to the general volume
decrease in structures, thickness of left prefrontal cortex was correlated with
core dissociative phenomena, suggesting a possible neuro-protective phe-
nomenon at the cost of cognitive impairment in Serial Digit Learning. As
valid for control group as well and possibly representing the extention of
response to the left hemisphere, right anterior cingulate was negatively
correlated with left amygdala. The latter was also negatively correlated with
left prefrontal cortex; that is, the impact of smaller left amygdala was
responded by deeper dissociation.
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Being associated with several brain regions, DA seemed to be involved
with all three modes. Although there was no significant correlation between
right amygdala and DA directly, such correlation existed in relation (propor-
tion) of the right amygdala to both right and left prefrontal regions and to
right thalamus. While smaller right prefrontal region (denial) was associated
with diminished correlation with DA, larger left prefrontal region (dissocia-
tion) and larger right thalamus (less pain) were associated with more DA.

Discussion

The findings may be interpreted in two ways: First, effects of PTSD and child-
hood adversity on the whole brain and regions of interest (inter-group differ-
ences). Second, analyses conducted in PTSD group only (within-group
differences). PTSD related to childhood trauma downsized hippocampus, amyg-
dala, anterior cingulate, and prefrontal cortex of both hemispheres with no
impact on thalamus. Within the PTSD group, however, a systematic lateraliza-
tion tendency was identified. A “Tri-Modal Reaction (T-MR) Model of
Protection”was proposed after contextualization of the neurobiological findings
with clinical and neuro-psychological assessment. Being in accordance with
basic principles of trauma treatment composed of stabilization, trauma proces-
sing, and integration (Van Der Hart, Nijenhuis, & Steele, 2006), this model is
also inspiring for further research on Eye Movement Desensitization and Re-
processing (EMDR) treatment covering bilateral stimulation of the brain
(Laugharne et al., 2016) and neurobiologically informed mindfulness therapies
adressing inter-hemispheric equanimity (Siegel, 1999).

In the present study, smaller hippocampus and amygdala but larger ante-
rior cingulate of the right hemisphere (“Emotional Brain”) were associated
with symptoms of both “Simplex” and Complex PTSD (Sar, 2011). Amygdala
was the most consistently implicated structure. Many researchers have
hypothesized that the amygdala is hyper-responsive in PTSD (Shin, Rauch,
& Pitman, 2006) and alterations in amygdala functional connectivity pointed
to a disruption of the innate alarm network (Rabellino et al., 2016). The
effects of glucocorticoids and other neurotransmitters or neuromodulators
may explain downsizing of the structures over time (Driscoll et al., 2003).
Amygdala volumes were inversely associated with time spent in institutions
(Mehta et al., 2009) and positively associated with age at adoption in severely
deprived children /adolescents (Tottenham et al., 2010). Another study also
described negative correlation between severity of SA scores and right amyg-
dala volume (Veer et al., 2015). In consideration of these reports, the
relationship between smaller right amygdala and more PTSD symptoms
can be attributed to the chronicity and early onset of traumatization as
previously shown for patients with DID (Vermetten, Schmahl, Lindner,
Loewenstein, & Bremner, 2006).
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Schore (2009) underlined that the infant’s psychobiological reaction to
trauma comprised two response patterns: the active state of sympathetic
hyperarousal characterized by increased secretion of cortico-tropin releasing
factor (i.e., brain’s major stress hormone which creates a hypermetabolic
state) and the parasympathetic dissociative reaction characterized by inhibi-
tion and metabolic shutdown. According to Schore (2009), Schutz (2005)
noted that “the right hemisphere operates a distributed network for rapid
responding to danger and other urgent problems. It preferentially processes
environmental challenge, stress, and pain and manages self-protective
responses such as avoidance and escape.” Schore (2009) added that “the
right brain is fundamentally involved in an avoidant-defensive mechanism
for coping with emotional stress, including the passive survival strategy of
dissociation.” The present study pointed to a bilateral impact of PTSD on the
brain with a predominant role of the right hemisphere in primary and
secondary modes of reaction. However, unlike proposed by Shore, core
symptoms of dissociation seemed to be related to left brain, to the left pre-
frontal cortex in particular.

While providing neurobiological underpinnings of a dissociative subtype of
PTSD, Lanius et al. (2010) described two types of reaction to traumatic stress:
overmodulation (inhibition) and undermodulation (arousal) of emotions.
Representing “undermodulation” in the present study, those participants with
PTSDwho had a larger right hippocampus reported current re-experiencing and
those with a larger right anterior cingulate reported lifetime hyperarousal more
frequently. Operations of control consisted ofmore than one component as well:
Denial (thinner right prefrontal cortex), avoidance (smaller right amygdala with
impaired Serial Digit Testing), and alienation (thicker left prefrontal cortex with
impaired Clock Drawing). Representing the distinctness of the components,
these regions were not correlated with each other in size. Associated with a
thinner right prefrontal cortex, denial seemed to represent the worst scenario. As a
further component of the altered awareness of trauma, neurobiological findings
about DA seemed to be related to all three modes (Şar, Alioğlu, Akyüz,
Karabulut, 2014).

The impact was reversed for hippocampus and prefrontal cortex in the left
hemisphere (“Rational Brain”). The left prefrontal cortex was involved with core
symptoms of dissociation representing dissociative subtype of PTSD or DID
(American Psychiatric Association, 2013). Considering its relationship with a
thicker left prefrontal cortex, we propose that, unlike denial and avoidance,
dissociation (i.e., “alienation”) may have a neuro-protective effect (Ross, Goode, &
Schroeder, 2015) at least through adolescence. Although the thicker left pre-
frontal cortex is not an absolute neurobiological marker of mental health, the
obvious relationship between psychopathology and the downsizing of all eval-
uated brain regions in PTSD supported this proposal. Dissociative symptoms
cannot be considered as an expression of good mental health either. However,
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the possibility of successful treatment (“restitutio ad integrum”) of dissociative
disorders by means of psychotherapy (Brand, Classen, McNary, & Zaveri, 2009)
even at a later time in life and the probable positive natural course of dissociative
disorders in a subgroup of adolescents (Sar, Önder, Kilincaslan, Zoroglu, &
Alyanak, 2014) support the possible role of dissociation inmental survival (Şar &
Öztürk, 2007).

Cohen et al. (2006) could not determine the relative importance of specific
types of events. In the present study, there was no correlation between
specific or total childhood trauma scores and volumes of structures of
brain either. However, earlier age and more severe type of SA (i.e., involving
coitus) led to larger left anterior cingulate, while the opposite was valid for
SA by a perpetrator in a closer relationship with the victim. The latter
observation may be related to a relatively blank response (e.g., DA and
absorption) due to the “betrayal” (Freyd, 1994) in ongoing attachment
(Freyd, Deprince, & Zurbriggen, 2001). On the other hand, in severe and
repetitive SA, and with the involvement of fathers and brothers in particular,
the abuse may be mixed with severe forms of neglect by the perpetrator(s) or
other involved caretakers. Hence, it is difficult to attribute any neurobiolo-
gical alteration to SA only.

In their “preliminary” publication on traumatized dissociative patients,
Breuer and Freud (1893) stated:“the hysteric suffers mainly from reminis-
cences.” Indeed, traumatic memories seemed to be the main driver of “ill-
ness,” in primary and secondary modes in particular. Namely, right anterior
cingulate and hippocampus were associated with current re-experiencing.
Moreover, with its role as a “hub” embedded in numerous structures of the
limbic system alongside its contribution to the integration of emotion,
perception, and cognition (including memories of past autobiographical
events), amygdala forges the establishment and maintenance of an integrated
self (Markowitsch & Staniloiu, 2011) as implied by the association between
smaller right amygdala and passive influence phenomena in the secondary
mode. Interestingly, not the size of the right amygdala directly, but its
proportions to both right and left prefrontal cortex and to right thalamus,
was correlated with DA. This still suggested the presence of a relationship
between right amygdala and DA which was moderated by the levels of denial,
core components of dissociation, and perception of psychological pain.

Both right and left prefrontal cortex were involved with altering awareness
of traumatic experiences but not with symptoms of PTSD (Figure 1, see also
Depue, Curran, & Banich, 2007). Two previous studies using SPECT on
patients with DID also reported bilateral perfusion changes in frontal regions
(Sar, Unal, Kiziltan, Kundakci, & Ozturk, 2001; Sar, Unal, & Ozturk, 2007).
Suggesting a partial concordance between structural and functional imaging,
the second study (Sar et al., 2007) yielded bilateral increased perfusion in
prefrontal areas beside bilateral perfusion deficit in inferior (orbito-) frontal
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regions seen in both studies. Lack of lateralization in two previous functional
imaging studies may be related to the presence of DID (i.e., the most severe
type of dissociation) rather than PTSD in all participants.

There were more dense correlations between regional volumes in controls
compared to PTSD group including right and left prefrontal regions. Farina
et al. (2014) demonstrated that, compared to the controls, dissociative indi-
viduals did not show an increase in EEG connectivity after administration of
an interview triggering memories of early attachment; that is, the brain’s
overall response lacked the integrative reaction shown in healthy controls.
Decreased right/left cortical integration has been proposed as associated with
childhood SA and/or physical abuse (Teicher, Ito, Glod, Schiffer, & Gelbard,
1994). Corpus callosum is the major neural pathway that connects homo-
logous cortical areas of the two cerebral hemispheres both in an excitatory
and inhibitory role (Bloom & Hynd, 2005). The total corpus callosum area of
the abused/neglected patients was smaller than in controls and psychiatric
patients who had not been abused or neglect (Teicher et al., 2004). SA was
the strongest factor associated with reduced corpus callosum size in girls. In a
diffusion tensor imaging (DTI) study, adolescents with childhood SA-related
PTSD showed decreased fractional anisotropy (i.e., white matter integrity) in
corpus callosum (Rinne-Albers et al., in press). Abnormalities in the integrity
of the corpus callosum were related to anger. Another DTI study documen-
ted significantly decreased fractional anisotropy in right anterior corona
radiata of dissociative patients (Basmacı-Kandemir et al., in press). An
association between bad paternal relationships and lower fractional aniso-
tropy in the genu of the corpus callosum was shown in female patients who
were maltreated by their fathers. Considering both findings on lateralization
and connectivity in the present study, we speculate that diminished connectiv-
ity may be part of the “protective” response among traumatized adolescents to
“quarantine” left hemisphere while right hemisphere was operating in
“frontline.”

All neuro-cognitive tests were impaired in PTSD except the Tower of
London (Table 1). Possibly representing bilateral impact, impairment in
Stroop TBAG was not associated with any particular brain region.
However, Clock Drawing and Serial Digit Learning scores were correlated
with right hippocampus and right anterior cingulate; that is, regions involved
with current re-experiencing and lifetime hyperarousal, respectively. Smaller
right amygdala was also associated with less performance in Serial Digit
Learning. Left frontal region had a negative influence on Serial Digit
Learning; that is, cognitive impairment by “overmodulation” as cost of
dissociation. These findings fit the proposed model’s assumptions about
lateralization.

The present study has limitations. Although the findings are consistent
and fit clinical phenomenology well, the interpretations should be taken
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with caution as they are based on correlations with small numbers. Given
that all participants were assessed at one point in time, the evidence for
different modes of response may not be considered as strong. While the
absolutely severe and objectively documented SA histories maximize the
validity and reliability of the data, findings and assumptions cannot be
generalized to adult survivors either. Hence, the proposed “Tri-Modal
Reaction (T-MR) Model of Protection” but cannot be considered as a
fully proven way of thinking yet. Nevertheless, attempts to integrate
neurobiological evidence with clinical phenomenology by a simplified
modeling are highly desirable as they can guide subsequent elaborations
in clinical work and research.
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