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Background: Previous investigations suggest that mal-
treated children with a diagnosis of posttraumatic stress
disorder (PTSD) evidence alterations of biological stress
systems. Increased levels of catecholaminergic neuro-
transmitters and steroid hormones during traumatic expe-
riences in childhood could conceivably adversely affect
brain development.

Methods: In this study, 44 maltreated children and
adolescents with PTSD and 61 matched controls under-
went comprehensive psychiatric and neuropsychological
assessments and an anatomical magnetic resonance im-
aging (MRI) brain scan.

Results: PTSD subjects had smaller intracranial and
cerebral volumes than matched controls. The total mid-
sagittal area of corpus callosum and middle and posterior
regions remained smaller; while right, left, and total
lateral ventricles were proportionally larger than con-
trols, after adjustment for intracranial volume. Brain
volume robustly and positively correlated with age of
onset of PTSD trauma and negatively correlated with
duration of abuse. Symptoms of intrusive thoughts, avoid-
ance, hyperarousal or dissociation correlated positively
with ventricular volume, and negatively with brain volume
and total corpus callosum and regional measures. Signif-
icant gender by diagnosis effect revealed greater corpus
callosum area reduction in maltreated males with PTSD
and a trend for greater cerebral volume reduction than
maltreated females with PTSD. The predicted decrease in
hippocampal volume seen in adult PTSD was not seen in
these subjects.

Conclusions: These data suggest that the overwhelming
stress of maltreatment experiences in childhood is associ-
ated with adverse brain development.Biol Psychiatry
1999;45:1271-1284 ©1999 Society of Biological Psychi-
atry
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Introduction

The development of the brain is regulated by genes, that
interact profoundly with early experience. The body’s

major biological stress systems, the hypothalamic-pitu-
itary-adrenal (HPA) axis, and the catecholamine system
(the locus ceruleus [LC]-norepinephrine [NE]/sympathetic
nervous system [SNS]) are needed for survival. Over-
whelming stress, such as child maltreatment experiences,
may lead to alterations of these stress systems and ad-
versely influence brain development.

PTSD and Brain Development

Maltreatment of children, defined as neglect, physical abuse,
sexual abuse, and emotional maltreatment (that includes
verbal threats to the child and witnessing domestic violence)
is a serious public health problem. It is both a cause and a risk
factor for the diagnosis of posttraumatic stress disorder
(PTSD) (De Bellis 1997; De Bellis and Putnam 1994).
Trauma may have psychopathological (signs and symptoms
of PTSD) as well as developmental consequences. Childhood
is a unique period of progressive physical, behavioral, cog-
nitive, and emotional development. Child abuse experiences
may cause delays in, deficits of, or failures of multisystem
developmental achievements in behavioral, cognitive and
emotional regulation (for review see De Bellis 1997). Thus,
PTSD in childhood can lead to failures in behavioral and
emotional regulation (Pynoos et al 1995) as well as cognitive
consequences resulting in the co-morbid psychopathology
commonly seen in maltreated children (Cicchetti and Lynch
1995; National Research Council 1993; Shields et al 1994).

Paralleling these developmental stages are changes in
brain development. The last decade has witnessed an impres-
sive expansion of our knowledge regarding human brain
development. The most dramatic increase in myelination,
including the corpus callosum, that connects all major sub-

University of Pittsburgh Medical Center, Pittsburgh, Pennsylvania (MDDB, MSK,
DBC, BJC, NDR); Western Psychiatric Institute and Clinic, Pittsburgh,
Pennsylvania (MDDB, DBC, BJC); Developmental Traumatology Laboratory,
Western Psychiatric Institute and Clinic, Pittsburgh, Pennsylvania (MDDB,
AMB, KF); and NIMH, Bethesda, Maryland (JNG).

Address reprint requests to Michael D. De Bellis, Director, Developmental
Traumatology Laboratory, Western Psychiatric Institute and Clinic, University
of Pittsburgh Medical Center, 3811 O’Hara Street, Pittsburgh, PA 15213.

Received June 18, 1998; revised December 15 1998; revised February 16, 1999;
accepted February 19, 1999.

© 1999 Society of Biological Psychiatry 0006-3223/99/$20.00
PII S0006-3223(99)00045-1



divisions of the cerebral cortex, occurs between the ages of 6
months to 3 years and continues into the third decade of life;
while grey matter and the proportion of cerebral grey matter
to white matter, (that reflects reductions in synaptic density
and pruning), decreases progressively after age 4 (Jernigan
and Sowell 1997). Subcortical grey matter and limbic system
structures (septal area, hippocampus, amygdala) actually
show an increase in volume until the third decade (Jernigan
and Sowell 1997). The prefrontal cortex has the most delayed
ontogeny of all regions and its development also continues
into the third decade (Goldman1971; Alexander and Gold-
man 1978; Fuster 1980). The prefrontal cortex subserves
executive cognitive functions such as planned behaviors
(Fuster 1980), working memory (Goldman-Rakic 1994),
motivation (Weinberger 1987), and discriminating be-
tween internally and externalizing derived models of the
world (Knight et al 1995).

Results from previous investigations suggest that alter-
ations of biological stress systems in victims of abuse may be
permanent psychobiological sequelae of childhood maltreat-
ment (De Bellis et al 1999; De Bellis et al 1994a; De Bellis
et al 1994b; De Bellis and Putnam 1994; Hart et al 1996;
Kaufman 1991; Kaufman et al 1997b; Perry 1994). In the
adult brain, alterations of HPA axis and catecholamine
activity may result in sensitization of mature structures.
Results from studies in animals suggest that elevated levels of
catecholamines and cortisol may lead to alterations in brain
development, through mechanisms of accelerated loss (or
metabolism) of neurons (Edwards et al 1990; Sapolsky et al
1990; Simantov et al 1996; Smythies 1997), delays in
myelination (Dunlop et al 1997), or abnormalities in devel-
opmentally appropriate pruning (Lauder 1988; Todd 1992).
For example, elevated levels of glucocorticoids during trau-
matic stress may have neurotoxic effects and result in
learning and concentration impairments secondary to damage
to the hippocampi (Edwards et al 1990), the principal neural
target tissue of glucocorticoids (Sapolsky et al 1990). Stress
associated alterations of this structure were also noted in
primates and humans. Hippocampal degeneration was seen in
monkeys after sustained social stress (Uno et al 1989).
Smaller hippocampal volumes and functional deficits in
memory were found in adults with Cushing’s Syndrome
(Starkman et al 1992), combat veterans with PTSD (Bremner
et al 1995; Gurvits et al 1996), adults with PTSD secondary
to child abuse (Bremner et al 1997), and women survivors of
childhood sexual abuse with and without a diagnosis of
PTSD (Stein et al 1997). In this way, PTSD in maltreated
children may be regarded as an environmentally induced
complex developmental disorder. It is possible that many of
the acute and chronic symptoms associated with maltreat-
ment arise in conjunction with alterations of the above
mentioned stress systems adversely influencing brain devel-
opment.

In this cross sectional investigation, maltreated children
and adolescents with PTSD and matched healthy controls
underwent comprehensive clinical evaluations including cog-
nitive assessments and an anatomical magnetic resonance
imaging (MRI) brain scan for measures of various brain
structures. It was hypothesized that maltreated children with
PTSD will show decreases in volumes of structures that may
be vulnerable to stress during developmental processes such
as the amygdala and hippocampus, the frontal and temporal
cortex, and select regions of the basal ganglia and corpus
callosum (consisting of fibers connecting cortical association
cortices). It was further hypothesized that PTSD symptoms
and trauma characteristics will significantly correlate with
anatomical brain measurements. We were not only interested
in studying maltreated children with PTSD from past trau-
mas, but also children who were not currently experiencing
overwhelming stress, to ascertain if traumatic experiences
were associated with persistent changes in brain develop-
ment. Because this investigation was cross sectional, it is
difficult to separate out the effects of heterogeneous sources
of trauma and other confounding factors, e.g., poverty,
substance abuse, low educational levels, poor parenting
skills, and legal and social service entanglements (De Bellis
and Putnam 1994). These factors greatly complicate research
designs. Developmental traumatology, the systematic inves-
tigation of the psychobiological impact of chronic interper-
sonal violence on the developing child, is a relatively new
area of study in child psychiatry that synthesizes knowledge
from developmental psychopathology, developmental neuro-
science, and stress and trauma research. In the emerging field
of developmental traumatology, measures of trauma (type,
age of onset, and duration of trauma) as well as other
mediating factors such as social support and demographic
measures are regarded as independent variables and behav-
ioral, cognitive, emotional, and biological measures as de-
pendent variables. Because PTSD in maltreated children is
hypothesized to be associated with global deficits in behav-
ioral, cognitive, and emotional functioning, alterations of
biological stress systems, and adverse brain development, a
cross sectional study showing an association between abuse
and the dependent variables is the first scientific step in
evaluating these issues. Although cross sectional investiga-
tions do not establish cause-effect relationships, they were
undertaken to generate likely hypotheses that can be tested in
a more expensive prospective longitudinal studies of child
abuse.

Methods and Materials

Subjects
Maltreated children and adolescents with PTSD (n 5 44) and
healthy non-abused controls (n 5 61) were recruited (Table 1).
Some maltreated prepubertal PTSD subjects (n 5 13) and matched
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controls (n 5 11) were also recruited for studies of 24-hour baseline
urinary free cortisol and catecholamine concentrations, results are
reported elsewhere (De Bellis et al 1999). Because of the high
degree of known variability in volume of brain structures (Giedd et
al 1996a) one to two controls were case matched for each PTSD
subject for age (within 6 months), gender, handedness (except for
two left-handed PTSD subjects), height (within 5 cm), weight
(within 4 kg), Tanner Stage, and race. Control children were
recruited by advertisement from the community. These children
were without a current or lifetime episode of Axis I diagnosis as
well as without a history of trauma or maltreatment. Thirty eight of
the 44 PTSD subjects had co-morbid psychiatric disorders: major
depressive disorder (n 5 20), dysthymic disorder (n 5 29),
oppositional defiant disorder (n 5 23), and attention-deficit hyper-
activity disorder (n 5 14). Twenty-eight of 44 met criteria for 3 or
more DSM -III-R Axis I diagnoses (mean 2.96 1.1). We were able
to obtain birth weight and pregnancy history of biological mother
for most of our subjects. The PTSD and control groups did not differ
on birth weight or history of full term pregnancy. Six of the PTSD
subjects had a history of taking psychotropics (stimulants, antide-
pressants, and clonidine); four of these 6 also had a history of
experimenting with alcohol and 2 of those also with other drugs
(cannabis, glue). The mothers of 10 PTSD and 5 control subjects
had a history of either alcohol or cannabis use on a greater than 2
times a month basis during their pregnancy with the subject. PTSD
subjects were lower on socioeconomic status (SES), as measured by
the Hollingshead four factor index (Hollingshead 1975) compared
to the control group. Subsequent analyses controlled for SES. All
subjects underwent the clinical evaluation as described below.

Clinical Evaluation
Subjects were evaluated by the primary author (a board-certified
child psychiatrist) using a detailed trauma interview as described
(De Bellis 1997) and again by a trained Master’s level clinician

(who was blind to clinical status before the structured interview)
using a modified version of the Schedule for Affective Disorders
and Schizophrenia for School-Age, Present Episode (K-SADS-P)
(Chambers et al 1985) and Lifetime Version (K-SADS-E)
(Orvaschel and Puig-Antich 1987) interview with both child and
parent(s) as informants. Questions concerning traumatic events
and PTSD symptoms over the subjects lifetime were incorpo-
rated into an expanded assessment of PTSD completed as part of
the K-SADS. Additional questions involved the types of inter-
personal and non-interpersonal traumas and the nature and
circumstances of the such traumatic experiences are described
(Kaufman et al 1997a). Consensus meetings were held after the
structured interview (M.D.D.) with the clinician and all discrep-
ancies were resolved with information written in the medical
records or on reinterviewing the child or parent to clarify
information. All subjects completed the Childhood Depression
Inventory (CDI) (Kovacs 1985) during the initial screening.
Parents of subjects completed the Child Behavior Checklist
(CBCL) (Achenbach and Edelbrock 1983), and the Child Disso-
ciative Checklist (CDC) (Putnam and Peterson 1994), and the
clinician completed the Children’s Global Assessment Scale
(GAF) (Shaffer et al 1983) and Hollingshead Four factor index of
socioeconomic status (SES) (Hollingshead 1975). All subjects
also underwent the vocabulary, digit span, block design and
object assembly subsets of the Wechsler Intelligence Scale for
Children (WISC-R) for an estimate of IQ (Wechsler 1974) and
the 12 handedness items from the Revised Physical and Neurolog-
ical Examination for Subtle Signs (PANESS) inventory (Denckla
1985) where 8 out of 12 items were defined as right handed.

Maltreated children with PTSD were recruited from the
outpatient clinic of Western Psychiatric Institute and Clinic, the
University of Pittsburgh Medical Center (UPMC) and private
mental health agencies that serve maltreated children in the City
of Pittsburgh. Inclusion criteria were the following:

Table 1. Demographic Characteristics of Maltreated Children with PTSD and Non-Maltreated Healthy Control Subjects

PTSD Control Statistic p

N 44 61 — —
Age (years) 12.26 2.4 12.06 2.3 t103 5 .28 NS

(range in years) (6.7 to 17) (7 to 17)
Race

White/African American/biracial 31/7/6 48/7/6 X2 5 .93 NS
Weight (kg) 51.46 19.2 49.26 18.4 t103 5 .58 NS
Height (cm) 153.96 14.7 151.76 22.7 t103 5 .57 NS
Handedness (right/left) 41/3 60/1 X1,103

2 5 1.89 NS
SES 33.16 10.5 43.36 11.0 t103 5 5.10 ,.001**

(range) (17–59.5) (18–64)
Gender (female/male) 19/25 25/36 X2 5 .05 NS
Verbal IQ 101.26 13.9 114.26 14.6 t103 5 4.57 ,.001**

(range) (70–129) (87–145)
Performance IQ 102.36 18.0 120.66 20.3 t103 5 4.80 ,.001**

(range) (64–140) (69–152)
Fullscale IQ 101.76 14.5 119.06 17.7 t103 5 5.34 ,.001**

(range) (71–127) (78–153)
Tanner Stage I/II/III/IV/V 9/15/9/6/5 18/20/11/8/4 X1,103

2 5 1.61 NS
Birth weight (kg) 3.386 .41 3.396 .44 t92 5 .03 NS
Birth (fullterm/premature/unknown) 43/1/0 59/1/1 X1,102

2 5 .05 NS

PTSD5 posttraumatic stress disorder; SES5 socioeconomic status.
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1. A DSM-III-R and DSM-IV diagnosis of PTSD that re-
sulted from child maltreatment (interpersonal violence)
defined as physical abuse, sexual abuse, or emotional
abuse (witnessing domestic violence).

2. Reported and substantiated child maltreatment experiences
by Child Protective Services in the City of Pittsburgh, before
initiation of treatment and this research study.

3. The availability of at least one non-abusing caregiver who
could cooperate with this protocol.

4. Living in a stable home environment defined as not in
danger from perpetrator(s) for at least a period of 3 months
before this investigation.

5. Subjects were screened for any contraindication for MRI
scans (floating metallic bodies, severe claustrophobia).

The following were the characteristics of maltreatment: all
PTSD subjects experienced chronic adversity throughout their
development and had a diagnosis of chronic PTSD. The majority
of maltreated subjects (34 of 44) experienced PTSD secondary to
sexual abuse (mean age of onset and duration, 4.56 2.7 and
2.86 2.1 years, respectively). Perpetrators of sexual abuse were
mother (2 of 34), father or step-father (25 of 34), brother 5 years
senior than victim (4 of 34) or uncle or other close family friend
or relative whom served as a regular caregiver (3 of 34). Most
PTSD subjects experienced multiple types of maltreatment. Of
the sexually abused subjects, many experienced other interper-
sonal traumas including physical abuse (13 of 34; mean age of
onset and duration, 2.76 1.2 and 4.76 3.6 years, respectively)
and witnessing domestic violence (27 of 34; mean age of onset
and duration, 2.06 1.3 and 5.96 3.0 years, respectively). Other
PTSD traumas included physical abuse (4 of 44; mean age of
onset and duration, 6.06 3.6 and 4.56 4.0 years, respectively)
without histories of sexual abuse and witnessing domestic
violence (6 of 44; mean age of onset and duration, 3.76 2.0 and
5.0 6 2.5 years, respectively). In the later cases, these subjects
were involved with Child Protective Services for neglect. Some
subjects met DSM-IV PTSD criteria for more than one type of
maltreatment experience. Information was obtained from care-
giver(s), review of Child Protective Service or other available
medical/psychiatric records. During this study, all maltreated
subjects were living in stable home environments (permanent
placements) with non-abusing caregivers, 29 were living with
their mother, 3 with a grandmother, 4 with a legally adoptive
mother, 3 with an aunt, and 5 were living in group homes with
regular contact with non-abusing family members.

Exclusion criteria were:

1. The use or presence of medication with central nervous
system or HPA axis effects within the 2 weeks before MRI
scan, including over the counter cold preparations that
contain pseudoephedrine and related compounds.

2. Presence of a significant medical illness.
3. Gross obesity (weight greater than 150% of ideal body

weight) or growth failure (height under 3rd percentile).
4. Full scale IQ lower than 70.
5. Anorexia nervosa, autism or schizophrenia by DSM-III-R

criteria.
6. Positive trauma, maltreatment, or psychiatric illness his-

tory in subjects in the healthy volunteer control group.

This protocol was approved by the University of Pittsburgh
Institutional Review Board. Parent(s) or guardian(s) and adoles-
cents 14 years of age and older gave written informed consent.
Children assented before participating in this protocol. Subjects
received monetary compensation for participation.

MRI Acquisition
MRI was performed using a GE 1.5 Tesla Unit (Signa System,
General Electric Medical Systems, Milwaukee, Wis) running ver-
sion 5.4 software located at the UPMC MR Research Center. A
sagittal scout series verified patient position, cooperation, and image
quality. A 3-dimensional spoiled gradient recalled acquisition in the
steady state pulse sequence was used to obtain 124 contiguous
images with slice thickness of 1.5 mm in the coronal plane. (using
TE 5 5 msec, TR5 25 msec, flip angle5 40 degrees, acquisition
matrix 5 2563 192, NEX5 1, FOV 524 cm). Coronal sections
were obtained perpendicular to the anterior-commissure-posterior-
commissure line to provide a more reproducible guide for image
orientation. Axial proton density and T2-weighted images were
obtained to enable exclusion of structural abnormalities on MRI. A
neuroradiologist reviewed all scans to rule out clinically significant
abnormalities. All subjects except one female PTSD subject who
did not complete the scan secondary to anxiety, tolerated the
procedure well. No sedation was used.

Image Analysis
The imaging data were transferred from the MRI unit to a
computer workstation (PowerMacintosh, Apple Computer) and
analyzed using the IMAGE software (version 1.45) developed at
the NIH (Rasband 1996) that provides valid and reliable volume
measurements of specific structures using a semi-automated
segmentation approach. All measurements were made by trained
and reliable raters who were blind to subject information. The
raters were trained at the image analysis laboratory of NIH (Jay
Giedd, M.D.) or at WPIC/UPMC (Matcheri S. Keshavan, M.D.).
Methodological details are provided elsewhere (see Rosenberg et
al 1997; Giedd et al 1996a; Giedd et al 1994; Keshavan et al
1994 for details).

Intracranial volumes were calculated by summing up areas of
successive coronal slices, including gray and white matter and
cerebral spinal fluid (CSF) volumes and multiplying by slice
thickness. Cerebral volumes were measured after exclusion of
cerebellum and brainstem in the same manner.

Total cerebral, prefrontal lobe, amygdala and hippocampi
white and grey matter and CSF Volumes were calculated using a
semi-automated segmentation algorithm. This computerized seg-
mentation technique uses mathematically derived cutoffs for
gray matter-white matter-CSF partitions with histograms of
signal intensities (Rosenberg et al 1997).

Prefrontal cortex volumes were calculated by summing up
areas of successive coronal slices, including gray and white
matter and cerebral spinal fluid (CSF) volumes and multiplying
by slice thickness. The anterior boundary of the prefrontal cortex
was defined as the most anterior coronal section containing grey
matter. The coronal slice showing the genu of the corpus
callosum was used to mark the posterior limit of the prefrontal
cortex (Rosenberg et al 1997).
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Measures of temporal lobe, amygdala and hippocampus were
manually traced in the coronal plane as previously described
(Giedd et al 1996b). The temporal lobe was separated from
frontal and parietal lobes by the sylvian fissure. The temporal
stem was divided by a line connecting the most inferior point of
the insular cisterns to the most lateral point of the hippocampal
fissure. The coronal section including the posteriormost aspect of
the corpus callosum was arbitrarily designed the temporal lobe
posterior boundary (inclusive). The slice showing the most
anterior mammillary bodies was used as the amygdala-hip-
pocampus boundary. The structures were manually traced. White
and gray matter was calculated as above so each slice did not
include the CSF of the hippocampal sulcus. Then the areas were
summed for each slice, and multiplied by slice thickness.

The basal ganglia, caudate (head and body and the nucleus
accumbens) and putamen were manually traced in the coronal plane,
summed for each slice, and multiplied by slice thickness, delineating
the caudate nucleus medially by the lateral ventricle and laterally by
white matter tracts from the globus pallidus and putamen as
previously described (Giedd et al 1996a; Rosenberg et al 1997).

Lateral ventricles were obtained for right and left measure-
ments using a manual tracing technique in the coronal plane.
Measures were summed for each slice and multiplied by slice
thickness. This technique was used rather than measurements of
CSF to more reliably exclude the choroid plexus.

The corpus callosum was identified from a single midsagittal
section selected as the slice showing full visualization of the
cerebral aqueduct; after this, the rater manually traced the corpus
callosum along its edges. The maximum length of the corpus
callosum was taken as the line joining the most anterior and
posterior points of the corpus callosum. Perpendiculars were
drawn to divide this area into seven regions (rostrum, genu,
rostral body, anterior midbody, posterior midbody, isthmus, and
splenium) (Witelson 1989; Giedd et al 1994) (see Figure 1).

Intraclass correlation of interrater and intrarater reliability for
independent designation of regions on segmented images obtained
from 7 subjects were 0.99 and 0.99 for intracranial volume, cerebral
volume, cortical gray matter, cortical white matter, and cortical CSF
(K.F., A.M.B.); intrarater reliability from 7 subjects were 0.99 for
prefrontal lobe volume, 0.99 for prefrontal lobe gray matter, 0.99 for
prefrontal lobe white matter, 0.99 for prefrontal lobe CSF (A.M.B.);
intraclass correlation of interrater and intrarater reliability from 20
subjects were 0.99 and 0.99 for right temporal lobe, left temporal
lobe, and total temporal lobe (K.F., A.M.B.); intrarater reliability
from 8 subjects were 0.97 for right amygdala and hippocampus,
0.99 for left amygdala and hippocampus, and 0.98 for total amyg-
dala and hippocampus, respectively (A.M.B.); intrarater reliability
from 8 subjects were 0.99 and 0.99 for hippocampus and amygdala
gray and white matter, respectively (A.M.B.); intrarater reliability
from 10 subjects were 0.99 for right caudate, 0.96 for left caudate,
and 0.98 for total caudate respectively (K.F.); intrarater reliability
from 10 subjects were 0.98 for right putamen, 0.99 for left putamen,
and 0.99 total putamen respectively (K.F.); intrarater reliability from
20 subjects were 0.99 for right lateral ventricles, left lateral ventri-
cles, and total lateral ventricles respectively (A.K.); intrarater reli-
ability from 5 subjects were 0.99 for total corpus callosum area, 0.97
for region 1 (rostrum), 0.98 for region 2 (genu), 0.98 for region 3 (rostral
body), 0.99 for region 4 (anterior midbody), 0.99 for region 5 (posterior

midbody), 0.98 for region 6 (isthmus), and 0.99 for region 7 (splenium)
respectively (A.M.B.). With the exception of intracranial volume,
cerebral volume, cortical gray matter, cortical white matter, cortical
CSF, right temporal lobe, left temporal lobe, and total temporal lobe, all
structures were measured by one rater as described.

Statistical Methods
Data distributions were examined for normality. Where signifi-
cantly non-normal distributions were found the data were log
transformed to normalize the distributions before applying para-
metric tests. Demographic variables were compared using anal-
ysis of variance (ANOVA), student’st test or Pearson Chi Square
as appropriate. PTSD symptoms were grouped into the DSM-IV
criteria B (intrusive symptoms), C (avoidant symptoms), and D
(increased arousal symptoms) clusters. Because the PTSD cohort
had significantly smaller intracranial volumes and differed in
SES, ANCOVA controlling for intracranial volume and SES
were used for adjusted least squares means and these values were
used in one-way or two way (group-by-side) repeated-measures
analyses. In testing for covariate effect such as: age, gender, SES,
and interaction (age by gender, age by diagnosis, gender by
diagnosis) multivariate regression analysis was used. Adjusted
least squares brain structural means differing significantly be-
tween the groups were correlated with clinical data using
Spearman correlations. Spearman correlations were used because
of the non-normal distribution of trauma measures. All signifi-
cance testing was two-tailed with alpha5 0.05 (p 5 .1
constituted a trend). All data are presented as mean6 standard
deviation (SD) unless otherwise specified. Bonferroni correc-
tions were applied to correct for multiple correlations.

Results

Brain Measurements

Compared with controls, maltreated children and adolescents
had smaller intracranial volumes than non-abused controls.

Fig. 1. Midsagittal divisions of corpus callosum for quantitative
MRI measurements. Region 1 (rostrum) reflects the orbital
prefrontal and inferior premotor; Region 2 (genu), the prefrontal;
Region 3 (rostral body), the premotor, supplementary motor;
Region 4 (anterior midbody), the motor; Region 5 (posterior
midbody), the somatesthetic, posterior parietal; Region 5 (isth-
mus), the superior temporal, posterior parietal; and Region 6
(splenium), the occipital, inferior temporal cortical regions.
Adopted from Witelson 1989 and Giedd et al 1994.
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When we compared the raw data as well as when we
used age, height, weight, and gender as simultaneous
covariates, cerebral and prefrontal cortex volumes,
cerebral and prefrontal cortical gray matter and cortical
white matter, right and left amygdala and their respec-

tive gray matter, left and right temporal lobes, and the
corpus callosum and its regions 4,5, 6, and 7, were
significantly smaller in maltreated children with PTSD
(Table 2). Because our subjects were matched on age,
gender, weight, height, Tanner Stage, handedness and

Table 2. Global Morphometric Measures of Maltreated Children with PTSD and Non-Maltreated Healthy Control Subjects

Structures

Unadjusted Means (6SD) Adjusted Least Square Means (6SD)a

Statistic pPTSD Control PTSD Control

Intracranial volume (cm3) 1407.70 (162.50) 1518.13 (152.60) 1438.71 (157.45) 1496.26 (148.58) t1,1015 2.11 ,.05
Cerebral volume 1192.15 (132.64) 1289.35 (139.81) 1270.21 (136.17) 1219.30 (128.42) t1,1015 2.14 ,.04
Cortical gray matter 766.33 (79.34) 812.76 (96.27) 795.93 (42.57) 791.89 (50.78) t1,1005 20.48 NS
Cortical white matter 425.86 (76.74) 476.59 (73.81) 452.67 (41.01) 457.69 (48.01) t1,1005 20.63 NS
Cortical CSF 32.09 (13.95) 32.50 (10.19) 34.51 (12.07) 30.80 (9.07) t1,1005 21.72 ,.09
Lateral ventricles (total) 12.40 (6.23) 11.23 (4.44) 13.15 (5.73) 10.74 (4.20) t1,1005 22.34 ,.03

Right Lateral Ventricles 6.19 (3.56) 5.58 (2.15) 6.57 (3.25) 5.31 (2.04) t1,1005 22.06 ,.05
Left Lateral Ventricles 6.21 (3.01) 5.68 (2.70) 6.58 (2.84) 5.43 (2.59) t1,1005 22.44 ,.02

aIntracranial and cerebral volume means are adjusted for SES, all other means are adjusted for SES and intracranial volume.

Table 3. Brain Structures of Maltreated Children with PTSD and Non-Maltreated Healthy Control Subjects

Structures

Unadjusted Means (6SD) Adjusted Least Square Means (6SD)a

Statistic pPTSD Control PTSD Control

Prefrontal lobe volume 179.66 (26.83) 197.04 (30.99) 190.61 (19.17) 189.31 (16.61) t1,1005 20.39 NS
Prefrontal lobe gray matter 117.85 (17.29) 129.93 (24.11) 117.40 (29.80) 130.25 (39.70) t1,1005 0.26 NS
Prefrontal lobe white matter 49.34 (11.54) 56.20 (14.52) 53.25 (7.13) 53.44 (11.70) t1,1005 0.12 NS
Prefrontal lobe CSF 12.47 (6.33) 10.91 (3.38) 12.87 (6.16) 10.62 (3.30) t1,1005 22.15 ,.05
Temporal lobe (total) 180.71 (21.22) 194.75 (20.33) 187.78 (17.79) 189.77 (12.09) t1,1005 0.76 NS

Right temporal lobe 93.59 (10.66) 99.60 (10.43) 96.74 (8.79) 97.38 (7.30) t1,1005 0.46 NS
Left temporal lobe 87.07 (11.73) 95.15 (11.05) 91.01 (10.25) 92.37 (6.55) t1,1005 0.93 NS

Amygdala (total) 4.26 (1.18) 4.74 (.99) 4.47 (1.11) 4.59 (.88) t1,1005 0.67 NS
Right amygdala 2.33 (.59) 2.56 (.57) 2.49 (.53) 2.42 (.55) t1,1005 20.78 NS

Right amygdala gray matter 2.18 (.55) 2.41 (.53) 2.26 (.51) 2.36 (.50) t1,1005 1.11 NS
Right amygdala white matter .14 (.11) .16 (.11) .15 (.10) .15 (.11) t1,1005 .1 NS

Left amygdala 1.93 (.65) 2.19 (.55) 2.11 (.61) 2.06 (.58) t1,1005 20.51 NS
Left amygdala gray matter 1.87 (.63) 2.12 (.54) 1.99 (.62) 2.04 (.47) t1,1005 .28 NS
Left amygdala white matter .06 (.05) .06 (.05) .06 (.05) .06 (.05) t1,1005 0.14 NS

Hippocampus (total) 8.20 (1.13) 8.39 (1.11) 8.43 (1.02) 8.21 (.98) t1,1005 21.26 NS
Right hippocampus (total) 4.13 (.59) 4.26 (.64) 4.28 (.54) 4.17 (.56) t1,1005 21.13 NS

Right hippocampus gray matter 3.77 (.53) 3.87 (.57) 3.87 (.51) 3.80 (.52) t1,1005 2.75 NS
Right hippocampus white matter .36 (.20) .39 (.21) .39 (.18) .36 (.20) t1,1005 21.06 NS

Left hippocampus (total) 4.07 (.60) 4.12 (.52) 4.16 (.55) 4.05 (.48) t1,1005 21.20 NS
Left hippocampus gray matter 3.85 (.56) 3.83 (.63) 3.94 (.53) 3.76 (.57) t1,1005 21.82 5 .07
Left hippocampus white matter .21 (.12) .23 (.13) .23 (.11) .22 (.13) t1,1005 20.68 NS

Caudate (total) 8.91 (1.13) 9.21 (1.00) 9.11 (1.02) 9.06 (.91) t1,1005 20.28 NS
Right caudate 4.61 (.60) 4.74 (.53) 4.71 (.54) 4.67 (.49) t1,1005 20.44 NS
Left caudate 4.30 (.55) 4.47 (.51) 4.40 (.50) 4.39 (.46) t1,1005 20.10 NS

Putamen (total) 7.60 (2.06) 7.14 (1.85) 7.57 (2.02) 7.16 (1.84) t1,1005 21.20 NS
Right putamen 3.50 (1.13) 3.25 (.95) 3.44 (1.11) 3.29 (.96) t1,1005 20.83 NS
Left putamen 4.10 (1.00) 3.89 (.96) 4.12 (.97) 3.87 (.94) t1,1005 21.49 NS

Corpus Callosum (cm2) 7.14 (1.23) 7.92 (1.34) 7.29 (1.26) 7.81 (1.27) t1,1005 2.35 5 .02
Region 1 rostrum 1.48 (.36) 1.57 (.45) 1.52 (.37) 1.54 (.41) t1,1005 .35 NS
Region 2 genu .68 (.16) .73 (.17) .68 (.16) .73 (.16) t1,1005 1.67 5 .1
Region 3 rostral body .57 (.15) .63 (.14) .58 (.15) .62 (.14) t1,1005 1.35 NS
Region 4 anterior midbody .80 (.15) .89 (.17) .81 (.15) .90 (.16) t1,1005 3.07 ,.003
Region 5 posterior midbody .71 (.16) .81 (.15) .72 (.17) .80 (.15) t1,1005 2.82 ,.01
Region 6 isthmus .63 (.15) .71 (.16) .64 (.16) .70 (.15) t1,1005 2.07 ,.05
Region 7 splenium 2.00 (.40) 2.27 (.36) 2.05 (.39) 2.23 (.36) t1,1005 2.78 ,.01

aMeans adjusted for SES and intracranial volume.
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race, we choose to co-vary the independent variable in
which the subjects differed, namely SES, and intracra-
nial volume.

Intracranial and cerebral volumes were 7.0% and 8.0%
smaller in the maltreated subjects with PTSD compared with
controls. When SES was used as a covariate, intracranial and
cerebral volume remained significantly smaller (Table 2).
When intracranial volume and SES were taken into account,
right, left, and total lateral ventricles, and cortical and
prefrontal cortical CSF were larger than controls and the total
midsagittal area of corpus callosum and its regions 4, 5, 6 and
7 were smaller although region 2 showed a trend to be
smaller than controls (Table 3) (Figure 2). Rather than
finding the predicted decrease in hippocampal volume, there
was a trend toward an increase (or rather proportionally less
decrease) in left hippocampal gray matter compared with
controls (Table 3). The normal right. left asymmetries were
seen for all structures measured except the putamen where
the expected left. right asymmetry was found. There were
no significant side by diagnosis interactions. There were no

differences in intracranial volumes, lateral ventricles, the
corpus callosum and its regions 4, 5, 6 and 7, or the
hippocampus between PTSD subjects with and without
co-morbid mood disorder, with and without co-morbid
ADHD, with and without co-morbid oppositional defiant
disorder, with and without histories of psychotropic medica-
tion, with and without alcohol or polysubstance use, and with
and without prenatal alcohol or cannabis use.

Relationships Between Brain Structures and
Demographic and Clinical Factors

Maltreated subjects with PTSD showed significantly
lower levels of functioning on the GAF, more suicidal

Fig. 2. Lateral ventricles measures in an 11-year-old maltreated
male with chronic PTSD (right), compared with a healthy,
non-maltreated matched control subject.

Fig. 3. The relationship between the duration of the maltreat-
ment experiences that resulted in clinical PTSD (in years) and
least squares intracranial volume means (Spearmanr 5 2.32,
df 5 41, p , .04) in PTSD subjects.

Table 4. Behavioral Measures of Maltreated Children with PTSD and Non-Maltreated Healthy Control Subjects

PTSD
(Means (6SD))

Controls
(Means (6SD)) Statistic p

Children’s Global Assessment Scale 53.96 7.2 87.36 8.6 t5 21.0 ,.0001
History of suicidal ideation (yes/no) 38/6 2/59 X2 5 74.8 ,.0001
History of suicide attempts (yes/no) 17/27 0/61 X2 5 28.1 ,.0001
Child depression inventory 10.46 8.8 4.46 4.6 t5 4.5 ,.0001
Child dissociative checklist 9.36 6.3 .96 1.4 t5 10.2 ,.0001
CBCL-withdrawal T score 61.86 11.5 51.36 3.2 t5 6.8 ,.0001
CBCL-somatic complaints 59.36 9.0 52.26 3.7 t5 5.6 ,.0001
CBCL-anxious/depressed T score 63.36 12.1 52.06 4.2 t5 5.7 ,.0001
CBCL-social competence T score 61.96 10.3 51.76 3.5 t5 7.2 ,.0001
CBCL-thought problems T score 62.06 12.5 51.86 4.1 t5 6.0 ,.0001
CBCL-attention problems T score 65.56 11.4 51.76 3.8 t5 8.8 ,.0001
CBCL-delinquent behaviors T score 66.76 11.0 51.86 3.6 t5 9.9 ,.0001
CBCL-aggressive behaviors T score 66.46 13.7 51.76 3.7 t5 8.0 ,.0001
CBCL-internal T score 61.66 12.4 43.96 9.2 t5 8.4 ,.0001
CBCL-external T score 65.56 12.9 44.16 9.6 t5 9.8 ,.0001
CBCL-total T score 65.36 12.4 43.46 9.4 t5 10.3 ,.0001

CBCL 5 Child Behavior Checklist.
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ideation and behaviors, greater child ratings of depression
on the Child Depression Inventory, greater parent ratings
for internalizing and externalizing symptoms on the Child
Behavioral Checklist (CBCL) and of dissociation on the
Child Dissociative Checklist, than controls (Table 4).
Intracranial volume and corpus callosum total area and
regions 4, 5, and 7, correlated negatively with the duration
of the maltreatment experience (in years) that led to a
PTSD diagnosis (see Figure 3) (Table 5). Intracranial
volume (after Bonferroni correction) correlated positively
with age of onset of maltreatment (see Figure 4). This
positive correlation persisted when means were addition-
ally corrected for chronological age of PTSD subjects (r 5
.37,p , .02; t1,395 2.1,p , .05). Intracranial volume and
region 7 of the corpus callosum correlated negatively with
PTSD intrusive symptoms. Total corpus callosum and
specific regions correlated negatively with PTSD symp-
toms, and symptoms of childhood dissociation. Volume of

lateral ventricles correlated positively with duration of
maltreatment and PTSD symptoms of intrusion, avoid-
ance, and hyperviligance (Table 5). The known positive
correlations between IQ subscales and intracranial volume
were seen for verbal (r 5 .24;p 5 .01), performance (r 5
.25;p , .01), and full scale (r 5 .29;p , .003) IQ. Verbal
(r 5 2.36; p , .0001), performance (r 5 2.42; p ,
.0001), and full scale (r 5 2.43; p , .0001) IQ also
showed robust negative correlations after Bonferroni cor-
rection with duration of the maltreatment experience (in
years) that led to PTSD. When Full Scale IQ (instead of
SES for reasons of collinearity) was taken into account,
intracranial and cerebral volumes in maltreated subjects
with PTSD showed trends to be smaller than controls
(F[1,101] 5 2.9, p , .09; F[1,101] 5 3.0, p , .08).
Furthermore, when intracranial volume and Full Scale IQ
were taken into account, right, left, and total lateral
ventricles, and cortical and prefrontal cortical CSF were
larger than controls and the total midsagittal area of corpus
callosum and its regions 4, 5, 6 and 7 were still smaller
(p , .05) although region 2 continued to show a trend
(p 5 .1) to be smaller than controls.

Males had larger intracranial volumes than females as
expected. Significant sex by diagnosis effect revealed
greater total corpus callosum area reduction in maltreated
males with PTSD (F[1,98] 5 4.04, df 5 1,98; p , .05)
and trends for gender by diagnosis interactions for greater
cerebral volume reduction (F[1,99] 5 2.9, p , .09), and
corpus callosum region 6 (isthmus) area reduction
(F[1,98] 5 3.7,p , .06), and larger total lateral ventricles
(F[1,98] 5 3.2, p , .08), and non-significantly greater
intracranial volume reduction (F[1,99] 5 1.8, p 5 .19)
than maltreated females with PTSD.

Discussion

Maltreated but medically healthy children and adolescents
with the diagnosis of PTSD had significantly smaller
intracranial and cerebral volumes than controls matched

Fig. 4. The relationship between the age of onset (in years) of
the maltreatment experience that resulted in clinical PTSD and
least square adjusted intracranial volume means (Spearmanr 5
.40, df 5 41, p , .008) in PTSD subjects.

Table 5. Significant Spearman Correlation’s of Adjusted Least Square Means Brain Structures of Maltreated Children with PTSD
and Clinical Measures

Intracranal
Volume

Lateral
Ventricles

(total)

Corpus
Callosum
(Total)

Corpus
Callosum
(Region 4)

Corpus
Callosum
(Region 5)

Corpus
Callosum
(Region 6)

Corpus
Callosum
(Region 7)

Duration of abuse 2.32 .21 2.19 2.20 2.23 NS 2.22
Abuse age of onset .40a NS NS NS NS NS NS
PTSD intrusive symptoms 2.20 .21 NS NS NS NS 2.20
PTSD avoidant symptoms NS .19 NS 2.22 NS NS 2.23
PTSD hyperarousal symptoms NS .21 NS 2.22 2.20 NS 2.23
Child dissociative checklist NS NS 2.25 2.23 NS 2.21 2.23

All values are significant at thep , .05 level without Boneferroni correction.
aFor Boneferroni correction atp , .05 (individual test,p , .01 without Boneferroni correction).
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on age, gender, handedness, Tanner Stage, race, height,
and weight. PTSD subjects were found to have propor-
tionally smaller intracranial and cerebral volumes when
the means were adjusted for SES. When intracranial
volume and SES were simultaneously co-varied, the total
midsagittal area of corpus callosum particularly its middle
and posterior regions (4, 5, 6 and 7) remained smaller than
controls; although right, left, and total lateral ventricles
and cortical and prefrontal cortical CSF volumes were
proportionally larger than controls. Intracranial volume
robustly and positively correlated with age of onset of
PTSD trauma after Bonferroni correction; and negatively
correlated with duration of the maltreatment experience(s)
that resulted in PTSD. Furthermore, the volumes of the left
and total lateral ventricles correlated positively; and total
corpus callosum and its middle and posterior regions
negatively, with duration of abuse. PTSD cluster symp-
toms of intrusive thoughts, avoidance, hyperarousal, or
dissociation correlated positively with ventricular volume,
and negatively with intracranial volume and total corpus
callosum area and various measures of its regions. Mal-
treated children did not show a reversal of the normal
anatomical right left brain asymmetry as suggested by
studies of EEG coherence (Teicher et al 1997).

As expected, males had larger intracranial volumes than
females. There was some indication that maltreated males
with PTSD may show more evidence of adverse brain
development than maltreated females with PTSD. A sig-
nificant sex by diagnosis effect revealed greater total
corpus callosum area reduction and trends for smaller
cerebral volume and corpus callosum region 6 (isthmus) in
maltreated males with PTSD compared with maltreated
females with PTSD. In accord with these findings, we also
noted a trend for a significant sex by diagnosis interaction
for greater lateral ventricular volumes in traumatized male
children with PTSD. Thus, our findings may suggest that
males are more vulnerable to the effects of severe stress on
brain development than females.

Overall, maltreated children and adolescents with a diag-
nosis of PTSD exhibited significantly greater psychopathol-
ogy and lower levels of Global Assessment of Function
scores than controls. PTSD in childhood as it is in adults is
associated with many psychosocial and cognitive conse-
quences as well as much co-morbid psychopathology (De
Bellis 1997). Our maltreated sample with PTSD is similar to
most studies of maltreated children that find significantly
increased rates of internalizing disorders (especially major
depression or dysthymia and suicidal behaviors) and exter-
nalizing disorders (oppositional behaviors) in abused children
(National Research Council 1993; Shields et al 1994). There-
fore, a developmental model of PTSD (Pynoos et al 1995) is
fitting to comprehensively understand the neurobiological
consequences of trauma.

The association between decreased intracranial volume
and duration of maltreatment from a very early age in
children with PTSD is intriguing. The robust positive corre-
lation with age of onset of PTSD trauma and negative
correlation with duration of abuse, suggests that traumatic
childhood experiences may adversely influence brain devel-
opment. Nevertheless, this is a cross sectional study, so
causation cannot be proved. Intracranial volume increases
steadily until age 10, with 75% of adult brain weight
occurring by age 2 (Carmichael 1990) and near completion of
adult intracranial volume by age 5 (Pfefferbaum et al 1994).
Human brain development takes place by an overproduction
of neurons in utero and then selective elimination of many of
these neurons (apoptosis) by age 4 (Jernigan and Sowell
1997). Early childhood is characterized by increases in
synaptic neuropil, but the process of synaptic elimination
begins in late childhood and continues throughout the first 3
decades of life (Rabinowicz 1986). Neurons generally en-
large with age (Blinkov and Glezer 1968). Axons become
thicker and the number of synaptic boutons increase through-
out life and are presumably involved in the mechanism of
learning (Werry 1991). During ages 5 to 18 years, myelina-
tion by oligodendrocytes is most influential in determining
brain size. Thus, neurons, glial cells, and packing density are
determinants of brain size (see Giedd et al 1996a for review).
These factors are affected by many factors including genet-
ics, hormones, growth factors, nutrients and enriched envi-
ronment as well as adversely by trauma, stress, or degree of
impoverished environment (Jacobson 1991; Diamond et al
1964). Our findings of lateral ventricular enlargement that
also correlated positively with duration of abuse, and of
increased cortical and prefrontal cortical CSF, may be indic-
ative of a general measure of neuron or neuropil loss
associated with severe stress in PTSD subjects. We recently
reported that prepubertal maltreated children with PTSD (13
of whom where subjects in this study) excreted significantly
greater amounts of 24-hour baseline urinary free cortisol and
catecholamine concentrations than non-abused controls (De
Bellis et al 1999). Furthermore, measures of urinary free
cortisol and catecholamine concentrations correlated signifi-
cantly with duration of maltreatment experiences (De Bellis
et al 1999). In the developing brain, increased activity of
steroid hormones and catecholaminergic neurotransmitters
are known to modulate the developmental processes of
neuronal migration, differentiation, and synaptic proliferation
and may affect overall brain development adversely (Lauder
1988; Edwards et al 1990; Sapolsky et al 1990; Simantov et
al 1996; Smythies 1997; Todd 1992). Smaller intracranial
and cerebral volumes may also be the result of living in a
chronically stressful and impoverished environment that is
lacking in mental stimulation; or may be associated with
chronic mental illness. Lateral ventricular enlargement has
been reported in many psychiatric disorders including child-
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hood-onset schizophrenia (Frazier et al 1996), and adult-
onset schizophrenia (Weinberger and Wyatt 1982), Alzhei-
mer’s disease (Jernigan 1986), alcoholism (Ron 1983),
bipolar disorder (Pearlson et al 1984), and major depression
with psychosis (Scott et al 1983) in adults. Prenatal and
postnatal malnutrition is strongly associated with retarded
fetal and infant brain growth especially from loss of neurons,
glial cells, and increased ventricles (Rosso 1990). Malnutri-
tion probably does not explain the results of our findings
because maltreated subjects with PTSD did not differ in birth
weight, history of full term pregnancies, or birth trauma; nor
did they differ in current height or weight from controls.

Our findings of smaller intracranial volume may be con-
founded by the lower IQ scores of our maltreated subjects
with PTSD as there is an established relationship in healthy
adults between IQ and brain size (Andreasen et al 1993). IQ
is considered a dependent variable and may be an integral
manifestation and consequence of chronic child maltreatment
experiences. Failures to develop cognitive skills may lead to
the significant global and cumulative cognitive, language and
intellectual impairments that are consistently reported in
abused and neglected children (Augoustinos 1987; Azar et al
1988; Kolko 1992) and may result in poor school perfor-
mance (National Research Council 1993; Trickett et al 1994).
Furthermore, Perez and Widom (1994) reported lower IQ and
reading ability in a large sample of adult survivors of child
abuse who were followed from childhood in a long term
prospective study of early (,age 11 years) child abuse or
neglect, compared with controls who were matched for age,
gender, race, and SES. Most studies report temporal stability
of intelligence scores in various pediatric populations includ-
ing handicapped children (Atkinson et al 1990; Elliot and
Boeve 1987). On the other hand, some investigations report
changes in IQ in high risk samples that are related to the
quantity of parent-child interaction and home environment
and to the degree of maternal depression (Money et al 1983;
Pianta et al 1989). In one case control study (Money et al
1983), low and persistent impairment of IQ was associated
with abuse disclosure; although IQ elevations were signifi-
cantly correlated with duration of “rescue” (in years) from an
abusive upbringing after longitudinal follow-up. The greatest
magnitude of change, from IQ 36 to 120, was seen in a girl
between the ages of 3.7 and 14 years (Money et al 1983).
Another study also found a negative correlation between
verbal IQ score and severity of abuse (Carrey et al 1995).
Thus, lower IQ may, in part, be a consequence of chronic
child abuse experiences. In our study, measures of IQ
positively and significantly correlated with intracranial vol-
ume. In our PTSD subjects, verbal, performance, and full
scale IQ also showed robust negative correlations after
Bonferroni correction with duration of the maltreatment
experience (in years) that led to PTSD. When full scale IQ
was taken into account, intracranial and cerebral volumes in

maltreated subjects with PTSD showed trends to be smaller
than controls. Also when intracranial volume and full scale
IQ were taken into account, right, left, and total lateral
ventricles, and cortical and prefrontal cortical CSF were
larger than controls; and the total midsagittal area of corpus
callosum and its regions 4, 5, 6 and 7 were still smaller
although region 2 continued to show a trend to be smaller
than controls. Adult studies have long reported cognitive
changes in patients with PTSD (Wolfe and Charney 1991).
Lower cognitive ability, particularly concentration, learning,
and memory problems, has been described in several military
veteran populations (Boulanger 1985; Sutker et al 1990;
Sutker et al 1991), refugee groups (Goldfeld et al 1988) and
in combat-related PTSD (Bremner et al 1993a; McNally and
Shin 1995; Pitman et al 1991). One study suggested that
premorbid lower IQ may increase the risk for combat-related
PTSD (Macklin et al 1998); but these subjects were not
screened for child abuse. Another study showed that child
maltreatment is a risk factor for later onset PTSD in combat
veterans (Bremner et al 1993b). In this cross-sectional MRI
study, it is unfortunately not possible to determine whether
lower intelligence in maltreated children was present before
the PTSD or whether it was a consequence of PTSD. Gender
has an effect on brain size independent of IQ. In our study,
the female control children and adolescents had 12% smaller
intracranial volumes than male controls with similar IQ
scores. Based on this review and our preliminary findings, we
must consider that the smaller cerebral volumes seen in these
maltreated subjects with PTSD may be associated with
permanent neuronal loss leading to lower IQ. Although a
genetic contribution to IQ is well known, our findings
support a multifactorial causation model of intelligence.

Children and adolescents with PTSD had smaller total
midsagittal area of corpus callosum and the middle and
posterior regions (4,5,6 and 7) than controls. The corpus
callosum is easily visualized on midsagittal MRI scans;
approximately 200 million fibers coursing through it remain
roughly topographically consistent while connecting homol-
ogous areas of the cortex (Innocenti et al 1974). Thus
abnormalities in a given area of the corpus callosum may
reflect abnormalities in the specific corresponding region of
the brain from where these fibers originate (de Lacoste et al
1985). The function of the corpus callosum, the major
interconnection between the two hemispheres, is broadly
conceptualized as facilitating the cortical communication
(Ramaekers and Njiokiktjien 1991). From a neuropsycholog-
ical standpoint, individuals who have experienced a commis-
surotomy exhibit marked behavioral discontinuities between
perception, comprehension, and response (Lezak 1995).
Symptoms of PTSD, dissociation, and executive difficulties
that accompany PTSD might be explained in terms of such
changes. We found negative correlations between posterior
region 7 (splenium) and each of the PTSD clusters of
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symptoms. Because axonal fibers from the occipital areas
(primary and secondary visual areas) and the limbic system
course through region 7, fewer neurons may be associated
with less response inhibition. Thus, when a PTSD subject is
presented with a traumatic reminder, less response inhibition
may lead to the core PTSD symptoms of flashbacks, intrusive
thoughts, and associated symptoms of avoidance, numbing,
and hyperarousal. A recent PET study showing activation of
limbic, paralimbic, and visual areas during trauma script
driven imagery supports this idea (Rauch et al 1996). Disso-
ciative symptoms are commonly seen in traumatized adults
and children (Putnam 1997). Dissociative symptoms are
defined as disruptions in the usually integrated functions of
consciousness, memory, identity, or perception of the envi-
ronment that interferes with the associative integration of
information (Putnam 1997). Our finding of negative correla-
tions with the Child Dissociative Checklist score and total
corpus callosum area is intriguing. One wonders whether
dissociative symptoms are the results of early neuron loss in
the parietal and temporal cortical regions of the brain, areas
that correspond to middle and posterior regions (5, 6, & 7) of
the corpus callosum. We did not find a decrease in specific
regions (regions 1 and 3 of the corpus callosum) correspond-
ing to the orbital prefrontal and inferior prefrontal cortex.
Because the prefrontal cortex continues to develop into the
third decade of life, this finding may be evidence for cortical
plasticity. We did find a trend for a decrease in the genu
(regions 2), an area that reflects axons from the prefrontal
cortex in maltreated subjects with PTSD. The prefrontal
cortex subserves executive cognitive functions such as
planned behaviors (Fuster 1980), working memory (Gold-
man-Rakic 1994), motivation (Weinberger 1987), and dis-
criminating between internally and externalizing derived
models of the world (Knight et al 1995); hypothesized neuron
loss in this area may therefore be responsible for the many
psychosocial, cognitive and behavior problems as well as
much of the co-morbid psychopathology seen in child and
adult survivors of childhood maltreatment. Because we did
not study maltreated children without PTSD and because we
do not know if these findings were present in our maltreated
children before the onset of PTSD or whether it was a
consequence of PTSD, these ideas must be viewed as
speculative.

In this study of childhood PTSD secondary to maltreat-
ment, we did not find the predicted decrease in hippocampal
volume. Rather there was a trend toward an increase (or
rather, proportionally less decrease) in the left hippocampal
gray matter. Limbic structures such as the hippocampus are
the principal neural target tissue of glucocorticoids (McEwen
et al 1992; Sapolsky and Pulsinelli 1985). In a related study,
we found elevated baseline 24-hour urinary free cortisol and
catecholamine concentrations in maltreated prepubertal chil-
dren with a diagnosis of PTSD compared to healthy non-

abused controls (also see Part I of this paper [De Bellis et al
1999]). Smaller hippocampal volumes were reported in
adults with Cushing’s Syndrome (Starkman et al 1992),
combat veterans with PTSD (Bremner et al 1995) (Gurvits et
al 1996), adult PTSD secondary to child abuse (Bremner et al
1997), and female adult survivors of childhood sexual abuse
(Stein et al 1997). The PTSD subjects in these investigations,
like our maltreated child and adolescent PTSD subjects, did
not differ in the degree of psychiatric co-morbidity. In these
studies and our own data, maltreated subjects with PTSD
exhibited high degrees of co-morbidity especially for co-
morbid mood disorders. Our subjects did have less co-morbid
histories of alcohol and substance abuse as only four of our
adolescent subjects had this history. High levels of alcohol
are known to be associated with hippocampal damage in rats
(Bengoechea and Gonzalo 1991) and humans (Sullivan et al
1995), and cocaine, another commonly abused substance in
adult PTSD patients, can theoretically cause high levels of
circulating catecholamines, and be potentially neurotoxic to
the limbic areas of the brain via free radical formation
(Smythies 1997); co-morbid substance abuse may account
for the differences in hippocampal findings between children
and adults with PTSD. Another possible explanation for the
differences in hippocampal findings between children and
adults with PTSD is neurodevelopmental plasticity; subcor-
tical grey matter structures that include the limbic system
(septal area, hippocampus, amygdala) actually show an
increase in volume until the third decade of life (Jernigan and
Sowell 1997). This increase may “mask” any effects of
traumatic stress in maltreated children with PTSD. A third
possible reason for the differences in hippocampal findings
between children and adults with PTSD is the differences in
methods used in these studies. Only one study of adult PTSD
measured total brain or intracranial volume and found non-
significantly smaller brains in PTSD subjects (Gurvits et al
1996). The other 4 studies, estimated intracranial volume by
area measurements, which may have influenced their results.
Thus more research on the brain development of chronically
stressed children is needed to understand the complex inter-
actions between brain maturation, stress, and psychobiology.

Taken together, data in Part I and Part II of our papers
suggest that the overwhelming stress of maltreatment expe-
riences in childhood is associated with alterations of biolog-
ical stress systems and with adverse influences on brain
development. PTSD in maltreated children and adolescents is
also associated with increased psychiatric morbidity and poor
psychosocial outcomes. An important mission for the field of
developmental traumatology research is to unravel the com-
plex interaction between an individual’s genetic constitution,
unique psychosocial environment, and proposed critical pe-
riods of vulnerability for and resilience to abusive experi-
ences, and how such factors may influence changes in
biological stress systems, adverse brain development, and

Brain Development in Childhood PTSD 1281BIOL PSYCHIATRY
1999;45:1271-1284



psychopathology seen. In our cross-sectional studies, we
could not establish causal relationships between abuse, psy-
chiatric symptoms, and biological changes. Caring for chil-
dren who have suffered prior maltreatment offers unique
challenges. Prospective longitudinal studies on the psychobi-
ology of maltreated and at risk children are clearly needed to
better clarify such cause-effect relationships. Studies of the
psychobiological effects of psychotherapeutic and psycho-
pharmacological interventions are also needed as early inter-
ventions may theoretically attenuate these changes. Elucidat-
ing the biological sequelae and mechanisms of symptom
production in PTSD and associated co-morbid psychiatric
disorders will clearly pave the way to better clinical and
social treatment of maltreated children in the future.
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