
 Open access  Journal Article  DOI:10.1007/S10578-007-0065-6

Social and Behavioral Problems of Children with Agenesis of the Corpus Callosum
— Source link 

Denise H. Badaruddin, Glena L. Andrews, Sven Bölte, Kathryn J. Schilmoeller ...+3 more authors

Institutions: Northwest Nazarene University, Goethe University Frankfurt, University of Maine

Published on: 13 Jun 2007 - Child Psychiatry & Human Development (Springer US)

Topics: Autism, Child Behavior Checklist, Agenesis of the corpus callosum, CBCL and Social relation

Related papers:

 Agenesis of the corpus callosum: genetic, developmental and functional aspects of connectivity

 Diffusion tensor imaging of the corpus callosum in Autism

 Cognitive and psychosocial deficits in agenesis of the corpus callosum with normal intelligence

 Comprehension of humor in primary agenesis of the corpus callosum

 Communicative deficits in agenesis of the corpus callosum: Nonliteral language and affective prosody

Share this paper:    

View more about this paper here: https://typeset.io/papers/social-and-behavioral-problems-of-children-with-agenesis-of-
45k18sby4r

https://typeset.io/
https://www.doi.org/10.1007/S10578-007-0065-6
https://typeset.io/papers/social-and-behavioral-problems-of-children-with-agenesis-of-45k18sby4r
https://typeset.io/authors/denise-h-badaruddin-4j3cosfwa2
https://typeset.io/authors/glena-l-andrews-4q2vilijtj
https://typeset.io/authors/sven-bolte-21rz1r42rm
https://typeset.io/authors/kathryn-j-schilmoeller-3l39r4ehcx
https://typeset.io/institutions/northwest-nazarene-university-2pkpzkad
https://typeset.io/institutions/goethe-university-frankfurt-2bengykv
https://typeset.io/institutions/university-of-maine-26eond66
https://typeset.io/journals/child-psychiatry-human-development-3gdcxw2h
https://typeset.io/topics/autism-3sq9huf4
https://typeset.io/topics/child-behavior-checklist-1h6i5lke
https://typeset.io/topics/agenesis-of-the-corpus-callosum-3jgul1i7
https://typeset.io/topics/cbcl-2lagxlt9
https://typeset.io/topics/social-relation-w5d2vcmc
https://typeset.io/papers/agenesis-of-the-corpus-callosum-genetic-developmental-and-3i59b54hb8
https://typeset.io/papers/diffusion-tensor-imaging-of-the-corpus-callosum-in-autism-5b8hf5ov8s
https://typeset.io/papers/cognitive-and-psychosocial-deficits-in-agenesis-of-the-12nh9zumst
https://typeset.io/papers/comprehension-of-humor-in-primary-agenesis-of-the-corpus-as146xg68k
https://typeset.io/papers/communicative-deficits-in-agenesis-of-the-corpus-callosum-2pslf388ue
https://www.facebook.com/sharer/sharer.php?u=https://typeset.io/papers/social-and-behavioral-problems-of-children-with-agenesis-of-45k18sby4r
https://twitter.com/intent/tweet?text=Social%20and%20Behavioral%20Problems%20of%20Children%20with%20Agenesis%20of%20the%20Corpus%20Callosum&url=https://typeset.io/papers/social-and-behavioral-problems-of-children-with-agenesis-of-45k18sby4r
https://www.linkedin.com/sharing/share-offsite/?url=https://typeset.io/papers/social-and-behavioral-problems-of-children-with-agenesis-of-45k18sby4r
mailto:?subject=I%20wanted%20you%20to%20see%20this%20site&body=Check%20out%20this%20site%20https://typeset.io/papers/social-and-behavioral-problems-of-children-with-agenesis-of-45k18sby4r
https://typeset.io/papers/social-and-behavioral-problems-of-children-with-agenesis-of-45k18sby4r


Digital Commons @ George Fox University

Faculty Publications - Grad School of Clinical
Psychology

Graduate School of Clinical Psychology

2007

Social and Behavioral Problems of Children with
Agenesis of the Corpus Callosum
Denise Badaruddin

Glena Andrews
George Fox University, gandrews@georgefox.edu

Sven Bolte

Kathryn Schilmoeller

Gary Schillmoeller

See next page for additional authors

Follow this and additional works at: http://digitalcommons.georgefox.edu/gscp_fac

Part of the Child Psychology Commons, and the Cognitive Psychology Commons

This Article is brought to you for free and open access by the Graduate School of Clinical Psychology at Digital Commons @ George Fox University. It

has been accepted for inclusion in Faculty Publications - Grad School of Clinical Psychology by an authorized administrator of Digital Commons @

George Fox University. For more information, please contact arolfe@georgefox.edu.

Recommended Citation
Published in Child Psychiatry and Human Development, 2007, 38(4), pp. 287-302

http://www.georgefox.edu/?utm_source=digitalcommons.georgefox.edu%2Fgscp_fac%2F101&utm_medium=PDF&utm_campaign=PDFCoverPages
http://www.georgefox.edu/?utm_source=digitalcommons.georgefox.edu%2Fgscp_fac%2F101&utm_medium=PDF&utm_campaign=PDFCoverPages
http://digitalcommons.georgefox.edu?utm_source=digitalcommons.georgefox.edu%2Fgscp_fac%2F101&utm_medium=PDF&utm_campaign=PDFCoverPages
http://digitalcommons.georgefox.edu/gscp_fac?utm_source=digitalcommons.georgefox.edu%2Fgscp_fac%2F101&utm_medium=PDF&utm_campaign=PDFCoverPages
http://digitalcommons.georgefox.edu/gscp_fac?utm_source=digitalcommons.georgefox.edu%2Fgscp_fac%2F101&utm_medium=PDF&utm_campaign=PDFCoverPages
http://digitalcommons.georgefox.edu/gscp?utm_source=digitalcommons.georgefox.edu%2Fgscp_fac%2F101&utm_medium=PDF&utm_campaign=PDFCoverPages
http://digitalcommons.georgefox.edu/gscp_fac?utm_source=digitalcommons.georgefox.edu%2Fgscp_fac%2F101&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/1023?utm_source=digitalcommons.georgefox.edu%2Fgscp_fac%2F101&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/408?utm_source=digitalcommons.georgefox.edu%2Fgscp_fac%2F101&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:arolfe@georgefox.edu


Authors

Denise Badaruddin, Glena Andrews, Sven Bolte, Kathryn Schilmoeller, Gary Schillmoeller, Lynn Paul, and
Warren Brown

This article is available at Digital Commons @ George Fox University: http://digitalcommons.georgefox.edu/gscp_fac/101

http://digitalcommons.georgefox.edu/gscp_fac/101?utm_source=digitalcommons.georgefox.edu%2Fgscp_fac%2F101&utm_medium=PDF&utm_campaign=PDFCoverPages


Social and Behavioral Problems of Children with

Agenesis of the Corpus Callosum

Denise H. Badaruddin Æ Glena L. Andrews Æ Sven Bölte Æ

Kathryn J. Schilmoeller Æ Gary Schilmoeller Æ Lynn K. Paul Æ

Warren S. Brown

Abstract Archival data from a survey of parent observations was used to determine the

prevalence of social and behavioral problems in children with agenesis of the corpus

callosum (ACC). Parent observations were surveyed using the Child Behavior Checklist

(CBCL) for 61 children with ACC who were selected from the archive based on criteria of

motor development suggesting a relatively high general level of functioning. Younger

children with ACC (ages 2–5) were rated as primarily having problems with sleep. Older

children with ACC (ages 6–11) manifested problems in attention, social function, thought,

and somatic complaints. The older children with ACC were also compared to CBCL data

from 52 children with autism who were selected from a previous study. Children with ACC

were generally less impaired than children with autism on nearly all scales, with signifi-

cantly less severe problems in the areas of attention, anxiety/depression, social function,

and unusual thoughts. A further questionnaire related to diagnostic criteria for autism

indicated that some children with ACC had traits that are among those that contribute to

the diagnosis of autism within the domains of social interaction and social communication,

but fewer who manifest repetitive and restricted behaviors.
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Introduction

Little systematic information is available regarding the social, behavioral, and cognitive

outcome of agenesis of the corpus callosum (ACC) among children who seemingly are

developing in a typical manner and who are not mentally retarded. As a consequence, there is

little information available to parents of children with ACC regarding the most likely tra-

jectory of their child’s development or the areas of behavioral difficulties they should

anticipate. This report summarizes parent observations of social and behavioral problems in

relatively high functioning children (ages 2–11 years) with ACC using the Child Behavior

Checklist (CBCL) [1–3] and a questionnaire based on diagnostic criteria for autism.

ACC is a congenital defect of the brain in which the 200 million axons of the corpus

callosum are either completely or partially absent [4, 5]. In a large majority of cases of

ACC, extra-callosal commissures (e.g., the anterior commissure) are still present [5, 6].

Although these pathways are considerably smaller than the corpus callosum, they serve as

alternative pathways allowing for a modicum of information to pass from one cerebral

hemisphere to the other. The prevalence of ACC in the general population is not yet well

documented. However, the California Birth Defects Monitoring Program suggests that

disorders of the corpus callosum are present in approximately 1:4,000 live births (J. Harris,

personal communication). Some studies report the prevalence as high as 1:1000 births

[7–9]. The prevalence of callosal disorders among children with developmental disabilities

is approximately 2–3% [7, 10, 11].

ACC is an anatomical abnormality in which the behavioral outcome and relationship to

other disorders is not yet well understood. O’Brien [12] surveyed the behavioral conse-

quences of ACC in a small population of unselected individuals with ACC covering a wide

range of levels of disability. ‘‘Emotional non-communicativeness’’ was found in 61.5%,

and 16% were characterized by ‘‘social indifference.’’ Among those individuals with ACC

who had some useful expressive language, echolalia was present in 86%, and ‘‘mean-

ingless/out of place’’ language was apparent in 100%. In general, O’Brien summarizes

ACC as having a ‘‘behavioral phenotype of emotional non-communicativeness and a

linguistic anomaly in association with lethargy, but in the absence of autism’’ (p. 245).

ACC was, at one time, thought to occur mostly in individuals with mental retardation.

However, over the last few decades the increased use of brain scans has resulted in more

frequent discovery of ACC among neurologically ‘‘asymptomatic’’ individuals with

normal-range IQs [6, 13]. In a previous survey of the same population used in this study,

Moes and colleagues (personal communication) report that 77% of 720 respondents were

considered to have some form of developmental delay, but only 30% were considered

mentally retarded. However, the actual proportion of individuals with ACC who are

relatively asymptomatic is unknown, particularly given selection bias of undetected cases.

Recent research is consistent in suggesting that these seemingly ‘‘asymptomatic’’

individuals with ACC nevertheless have areas of specific cognitive deficit or learning

disability [13, 14]. As of yet, the pattern of consistent cognitive deficits in ACC has not

been fully described. However, our results thus far, and those appearing in the research

literature, suggest that high-functioning adults with ACC typically have moderate but



detectable deficits in the following areas: interhemispheric transfer of complex sensory

information and learning [15–20]; bimanual motor coordination [18, 21, 22]; complex

novel problem-solving [13, 14, 23–26]; processing of subtle phonetic and semantic aspects

of language [13, 27–32]; comprehension of second-order meanings of language [33–35];

and psychosocial understanding and behavior [14, 35]. Since the individuals with ACC that

we have studied have complete ACC, normal IQs, and few, if any, other structural brain

abnormalities, we refer to this form of ACC as Primary ACC. This pattern of cognitive and

social deficits provides a preliminary definition of a Primary ACC Syndrome.

While there are many questions regarding the outcome of callosal agenesis for indi-

viduals at all levels of functioning, we have chosen to focus on those with Primary ACC for

several reasons: (1) ACC is an anatomical abnormality that can be accompanied by other

brain abnormalities which would, in most cases, lead to greater cognitive impairment.

Primary ACC, on the other hand, is more likely to reveal the impact of the ACC itself.

(2) The Primary ACC subgroup is more likely to be involved in typical school settings and

is more likely than those with multiple conditions to face expectations regarding normal

school performance and acting in a socially ‘‘appropriate’’ manner. Thus, a better

description of the range of behavioral problems that are likely to be associated with

Primary ACC would be helpful.

We have included problems with psychosocial behavior and understanding as a part of

the Primary ACC Syndrome, although this is a more difficult domain to measure. Family

members or friends of adolescents and adults with Primary ACC often describe mild but

noteworthy deficiencies in social functioning. Parents report a tendency for their child with

ACC to talk in clichés (although not to talk excessively or to be lacking in normal

expressive inflection), to have poor social judgment, and to have difficulty understanding

facial expressions [12]. In addition, parents have indicated that their child tends to miss the

point of jokes and stories [33].

Many of the social and behavioral problems associated with ACC are also associated

with Autism Spectrum Disorder. Autism is characterized by problems in social interaction

and communication that are manifested within the first 3 years. These problems tend to

remain stable throughout the lifespan [36, 37]. According to the DSM-IV-TR [38], to be

diagnosed with Autistic Disorder, an individual must show impairment in the areas of

social interaction, social communication, and restricted repetitive and stereotyped patterns

of behavior, interests, and activities. The autism spectrum includes individuals with

Asperger’s syndrome who manifest these autistic characteristics, but who have relatively

normal language capacities.

Both anecdotal evidence and accumulating research suggest that high-functioning

children with autism and children with Primary ACC have in common certain forms of

social disability [14, 39]. In addition, high-functioning individuals with autism and ACC

also share diminished ability to infer what other people are thinking, referred to as ‘‘theory

of mind’’ [40, 41] and deficits in abstract reasoning [14, 42–45]. However, in both the

social and cognitive domains it is uncertain how the deficits associated with ACC and

autism compare with respect to specific patterns of disability, severity, or prevalence. In a

large survey of persons with ACC from a broad range of levels of functioning (N = 733) a

diagnosis of autism was found in only 9.5% of those surveyed [46]. When a smaller sample

(N = 231) of higher-functioning individuals with ACC was selected from this group, 4.3%

were reported as having a diagnosis of autism.

Exploring similarities and differences between individuals with ACC and autism is of

particular interest given recent findings regarding white matter abnormalities in individuals

with autism, including reduced size of subregions of the corpus callosum [47–51]. For



example, Just and colleagues [50] recently report that individuals with autism have a

smaller genu and splenium, and that reduced callosal size was correlated with diminished

functional cortical connectivity as measure by synchronization of fMRI. Diffusion tensor

imaging of individuals with autism showed reduced fractional anisotropy in the corpus

callosum [52].

The CBCL [1–3] is used to determine the extent of behavioral anomalies in children and

adolescents. We have reported preliminary results of the CBCL ratings of parents of a

small group of 18 older children and adolescents (ages 7–18) with Primary ACC that have

participated in laboratory testing [53]. Among this group significant CBCL elevations were

found on Social Problems and Attention Problems. Brown and Paul [14] reported that two

adolescents with ACC who had normal intelligence rated themselves (using the Youth Self

Report version of the CBCL) high on the Thought Problems scale, but low on Social

Problems, whereas their parents rated them low on Thought Problems and high on Social

Problems.

With respect to individuals with autism, parental reports utilizing the CBCL showed

attention, social, and thought problems [54]. Even when compared to clinical norms, the

group with autism scored strikingly above the clinical populations on these scales.

Another study of Brazilian children with autism using the CBCL found that the Thought

Problems scale significantly differentiated the children with autism from both a nor-

mative population of schoolchildren and from a clinical population of children with other

psychiatric disorders [55].

While previous studies have elucidated some of the social and behavioral problems among

adults, adolescents, and older children with ACC, little information exists regarding very

young children with Primary ACC. In addition, many of the previous studies yielding

behavioral descriptions of ACC included in their study-groups lower-functioning individuals

[12]. Since ACC can occur in persons with an IQ score in the normal range, lower cognitive

functioning suggests the presence of other significant congenital brain abnormalities.

The current research analyzed available data from a survey of parents of higher-func-

tioning (i.e., nonretarded and apparently typically developing) children with ACC. The

survey included the CBCL, as well as items that operationalized abnormal behaviors used

in the DSM-IV diagnostic criteria for autism. The CBCL data were compared to data from

parents of children with autism. We hypothesized (1) that behavioral problems of children

with ACC would be consistently evident to parents, as demonstrated by the CBCL; (2) that

the CBCL profiles would overlap but differ for children with ACC and children with

autism; and (3) that symptoms contributing to the diagnosis of autism would be present to

some degree among children with ACC.

Methods

Participants

In order to exclude children who were particularly low functioning, surveys from parents

of children with ACC were selected from a larger database of parents who responded.

Reports were selected where the child with ACC was reported to be of appropriate age and

to have met developmental milestones for specific motor abilities (see below). Due to the

survey nature of the dataset, IQs were not systematically available. The resulting group

included 33 males and 28 females between 2 and 11 years old (mean = 6.3 ± 3.0 years). All

children were reported by their parents to have received a definitive diagnosis of complete



or partial ACC subsequent to a CT scan (33%) or MRI (67%). In addition, 34% of the

children had been prenatally identified via ultrasound as likely to have ACC. The children

that were selected had sat without support by an average of 7 months (range: 4 months to

the cutoff of 10 months), and walked independently by an average of 15 months (range:

9 months to the cutoff of 20 months). Of these 61 cases, 40 (68.2%) had complete ACC and

the remainder had partial ACC. Thirty-one parents (51%) reported that their child had

some other findings identified on neuroradiological reports (but these could not be

systematically surveyed). A majority of these children (72%) were receiving some form of

special education services. Fourteen (23%) had received a diagnosis of Asperger’s

syndrome or autism. These individuals were not eliminated since it is the specific aim of

this study to describe behavioral difficulties in higher functioning individuals with ACC,

regardless of current behavioral diagnosis, and to compare these individuals to a group

with an autism diagnosis.

Since different versions of the CBCL are applicable to younger and older children and

since we were interested in differences between younger and older children with ACC,

we analyzed the data separately for younger children between 2 and 5 years (n = 28;

mean age = 3.5 ± 1.0) and older children between 6 and 11 years (n = 33; mean

age = 7.9 ± 1.5).

CBCL data from the older group of children with ACC were compared to a group of

52 children with autism recruited at the Department of Child and Adolescent Psychiatry

in Frankfurt/M., Germany. This group was comprised of cases reported in Bölte et al.

[54] as well as new cases. The sample included 43 males and 9 females aged between 6

and 11 years (mean age = 8.3 ± 2.0). IQ ranged between 71 and 134 (mean

IQ = 100.2 ± 19.8).

Procedures

The survey was mailed by the ACC Network to 2,015 families that are known to have a

family member with ACC. While survey data were collected from all individuals with ACC

who were 18 months or older and from all functional levels, the current study focused on

children between the ages of 2 and 11 (at the time of the survey) with partial or complete

ACC who were not mentally retarded. Responses were received from 398 families (19.8%),

which is less than the 35% return from a previous survey of the same population [46].

However, this 19.8% return rate is most likely an under-estimate of the actual return rate.

The 2,015 mailed surveys in this study represent two distinct groups of families in the ACC

Network: (1) those for whom the age of the individual with ACC was known to be at least

18 months or older and (2) those that had not identified the age of the individual with ACC.

Since some individuals with ACC in this latter group very likely were younger than 18

months of age, they would not have been eligible to be included in the study and their

parents were asked not to return surveys. Without knowing the proportion of this group that

was less than 18 months of age, the actual return rate cannot be calculated.

The individuals with ACC represented in the current sample and previous survey of the

same population [46] were similar in age and level of disability. Of the 398 surveys

returned, 274 were from families of 2- to 11-year-olds, of which 61 described children who

met the inclusionary criteria regarding developmental milestones. These 61 children

constituted the sample for this study.

The children that were selected from this sample were assumed to be relatively high

functioning (i.e., not mentally retarded), as indicated by attainment of two developmental



milestones: age the individual sat without support (�10 months), and age at which the

individual walked independently (�20 months). These milestone cutoffs were derived from

a previously studied large group of high-functioning persons with ACC (n = 733) [46]. From

this previous survey, a subgroup (n = 355) was selected who were rated as normal in their

achievement of both receptive and expressive language. From this subgroup we determined

the mean and standard deviation of ages for sitting and walking, and used this information to

create the criteria for an early indication of the likelihood of individuals in the current

sample being within the normal range of functioning (i.e., sitting alone �10 months, and

walking alone �20 months). The ages for these milestones are slightly older than what is

considered the typical rate of development in children with a corpus callosum.

Individuals with ACC were compared to a group of 52 children with autism. The

diagnosis of autism was made using the German forms of the Autism Diagnostic Interview

Revised (ADI-R) [3, 56, 57]; and Autism Diagnostic Observation Schedule (ADOS) [58],

and IQ was assessed with the German versions of the WISC-R (HAWIK-R) [59]. Indi-

viduals between 6 and 11 years old with IQs greater than 70 were selected for comparison

to the older group of children with ACC.

Tests Administered

The ACC survey instrument included the CBCL (2000 edition for ages 1½–5, and the 2001

edition for ages 6–18), as well as additional questions specifically related to diagnostic

criteria for autism. The CBCL is a broadband clinical questionnaire designed to record

behavioral problems and competencies of young individuals aged 4 through 18 as reported

by their parents or parent-surrogates. The relevant time period assessed is the past six

months. The behavior problem scale contains 118 items (plus two optional questions; all

rated on a 0-to-2 scale) of which 85 items constitute eight syndrome-scales: Withdrawn,

Somatic Complaints, Anxious/Depressed, Attention Problems, Aggressive Behavior,

Social Problems, Thought Problems, and Rule-breaking/Delinquency. The CBCL for

younger children (2–5 years old) does not include the last three of these scales, but adds

scales of Emotionally Reactive and Sleep Problems. For both versions of the CBCL, there

are two higher-order scales, Internalizing and Externalizing.

Confirmatory factor analysis supports the use of the CBCL by providing evidence of its

construct validity [60]. Furthermore, the CBCL was found to have long-term stability in a

5-year follow-up study in that children originally categorized by a particular profile type

using the CBCL were found to be categorized by that same profile type at follow-up [61].

Similarly, it has been found that ratings of a group of 5- to 6-year-olds based on the CBCL

corresponded to interview-defined diagnoses 1½ years later [62].

Although the US version of the CBCL was used in the ACC survey and the German

version was used by Bölte et al. [54], these two versions are highly comparable regarding

form, content, psychometrics, and data collection [63–65]. Most importantly, Döpfner and

colleagues [64] provide evidence for cross-cultural comparability of CBCL parent ratings

of behavior problems of children and adolescents (aged 4–18) in Germany (n = 1,622), and

The Netherlands (n = 2,076), compared to the data published by Achenbach [1] for the US

sample. Only relatively minor differences could be detected between the three samples and

it was concluded that the ‘‘American norms can serve as an orientation for German studies

using the CBCL.’’

In addition, questions were included that asked about behaviors specifically used in the

DSM-IV-TR diagnostic criteria for autism. Questions directly reflecting autism diagnostic



criteria included such questions as: ‘‘Has difficulty using nonverbal communication.’’

(Category 1); ‘‘Has difficulty developing peer relationships.’’ (Category 1); ‘‘Is able to

adequately communicate desires.’’ (Category 2); and ‘‘Excessively preoccupied with a

specific interest.’’ (Category 3). Parents answered questions on this survey with ‘‘never,’’

‘‘sometimes,’’ ‘‘frequently,’’ or ‘‘always.’’ Additional questions were added to this part

of the survey that reflected other behaviors sometimes found in autism, such as: ‘‘Has

difficulty understanding nonverbal communication’’; ‘‘Shows anti-social behavior’’; and

‘‘Has difficulty taking another person’s perspective.’’

The methods and procedures of this research were approved by the Institutional Review

Board of the Fuller Graduate School of Psychology. All parents who returned surveys also

returned a signed form consenting for the information they provided to be included in this

research.

Statistics

The CBCL scores of individuals with ACC were evaluated with respect to the probability

that the observed proportion of individuals with ACC would exceed the Borderline

threshold or above (T � 65), or exceed the Clinical threshold (T � 70), by chance. Fisher’s

Exact test was used to compare the actual proportion exceeding the particular threshold

with that expected based on the normative sample (p < .01, 2-tailed, not adjusted for

multiple comparisons). Fisher’s Exact test is an alternative to a Chi-square in the case of

a 2 · 2 comparison where probabilities are exact calculations from a hypergeometric

distribution. Individuals with ACC and autism were compared based on the frequency of

exceeding these thresholds, again using a Fisher’s exact test. Since a normative sample

was not available for the additional questions regarding diagnostic criteria for autism, these

results are reported as descriptive clinical information with respect to the sample of older

children with ACC, exclusively.

Results

CBCL Scores

Table 1 shows the percentage of younger and older children with ACC who scored above

the Borderline threshold, and those who also scored above the Clinical threshold, for each

CBCL scale. It can be seen that few problems are recognized by parents of younger

children with ACC. For both the Borderline and Clinical cut-off levels, the only frequency

that significantly exceeded the percentage expected based on the normative population was

the Borderline level for Sleep Problems (36%; Fisher’s exact test, p < .01). Other problems

that were frequently noticed were behavioral withdrawal and attention, although these were

not significant at either level. In addition, 25% of this younger group with ACC had

Externalizing scores above the Clinical threshold, but again this did not statistically exceed

the proportion that would be expected based on norms.

The number of individuals that were rated above both test score thresholds increased

dramatically in the case of older childrenwith ACC (Table 1). At the Borderline threshold, all

of the scales (including the Broad-band scales) exceeded expectations based on norms

(p< .01), with the exception of theWithdrawn andRule-Breaking/Delinquency scales. At the

Clinical threshold, all of the scales (including the Broad-band scales) exceeded the threshold



level at a statistically significant rate with the exception of the Anxious/Depressed, With-

drawn, and Rule-Breaking. The most remarkable areas of behavioral difficulties were

attention and problems in social interactions, where 48% and 39% (respectively) of older

children with ACC were rated as having a clinically significant level of problem.

The older children with ACC were also compared to children with autism of similar age

and level of functioning from the data of Bölte et al. [54] Since different versions of

the CBCL were used in these two samples (the English version in the group with ACC and

the German version in the group with autism), the groups were compared only with respect

to differences in the percentages that exceeded the Borderline and Clinical thresholds and

not in terms of mean scores.

In general, the group with autism was more likely than the group with ACC to manifest

behavioral problems on most CBCL scales at both Borderline and Clinical thresholds

(Table 2). At the Borderline and Clinical levels, individuals with autism were significantly

more likely to be anxious/depressed and withdrawn. At the Clinical level, the group with

autism was also more likely to have attention difficulties, problems in social interactions,

and unusual thoughts. On the Attention scale (the highest rated area in older children with

ACC), the likelihood of being rated as Borderline was not significantly greater for

individuals with autism, but the group with autism was above the Clinical threshold

significantly more often than the group with ACC. This suggests that the attention

problems, while remarkable in ACC, are less likely to be as severe as in autism. Individuals

with ACC were seen to have more clinical-level somatic complaints and aggression than

children with autism, but these differences were not statistically significant.

Table 1 Percentage of younger and older children with ACC whose CBCL T-scores are above the

borderline threshold or above the clinical threshold

ACC (n = 28) 2- to 5-year-olds ACC (n = 33) 6- to 11-year-olds

Borderline Clinical Borderline Clinical

Symptom Scale
a

Emotionally Reactive 14 1 – –

Anxious/Depressed 11 4 42* 15

Somatic Complaints 11 7 45* 30*

Withdrawn 18 18 33 12

Sleep Problems 36* 14 – –

Attention Problems 21 18 79* 48*

Aggressive Behavior 14 7 42* 30*

Social Problems – – 64* 39*

Thought Problems – – 64* 30*

Rule-Breaking /Delinquency – – 27 9

Broad-band Scale
b

Internalizing Score 29 11 58* 45*

Externalizing Score 36 25 45* 45*

a Symptom Scales: Borderline range = T � 65 (�93rd percentile); Clinical range = T � 70 (�97th

percentile)
b Broad-band Scales: Borderline range = T � 60 (�84th percentile); Clinical range = T � 64 (�90th

percentile)

*Greater than expected % exceeded this cutoff, p < .01, two-tailed, Fisher’s exact test



Post hoc Analyses of CBCL Scores

Anecdotal reports from parents have indicated equivalent or worse behavioral outcomes in

individuals with partial ACC (pACC) compared to those with complete ACC (cACC). To

test this possibility, t-tests of differences in mean CBCL scale scores were used to compare

pACC (n = 20) with cACC (n = 41). This comparison revealed no significant differences

between pACC and cACC on any of the scales.

In some individuals with ACC and relatively normal IQ, other forms of MRI findings

were reported by parents in addition to callosal absence. Fifty-three percent (n = 31) of the

children with ACC were reported by their parents to have ‘‘other brain abnormalities’’ as

they understood this from neuroradiology or neurology reports they had received. Post hoc

analyses of CBCL scale scores revealed no significant differences on any of the scales in

either age group when comparing children with and without reports of other MRI findings.

While absence of a significant difference on these post hoc comparisons cannot rule out

the possibility of an impact of either partial versus complete ACC, or the presence or absence

of other brain neuropathology (particularly in light of the indirectness of these reports), these

additional analyses at least suggest that these variables are not likely to have made a major

difference in outcomes on the CBCL.More direct analysis of data from neuroimaging and/or

more sensitive behavioral tests may well bring to light effects of both variables.

Questions Regarding Diagnostic Criteria for Autism

Table 3 shows the results from the additional questions regarding autism diagnostic criteria

in terms of the percentage of the entire ACC group of children who were reported by their

parents to display the autistic characteristic either ‘‘frequently’’ or ‘‘always.’’ Of the three

DSM-IV-TR categories for autism, the highest percentages of children with ACC were found

to have behaviors in the autistic direction for Category 1 (impairment in social interaction).

Table 2 Comparison of the percentage of children with ACC and with autism whose CBCL T-scores are

above the borderline threshold or above the clinical thresholds

ACC (n = 33) 6- to 11-year-olds Autism (n = 52) 6- to 11-year-olds

Borderline Clinical Borderline Clinical

Symptom Scale

Anxious/Depressed 42 15 83* 77*

Somatic Complaints 45 30 20 13

Withdrawn 33 12 75* 49*

Attention Problems 79 48 92 83*

Aggressive Behavior 42 30 43 21

Social Problems 64 39 83 75*

Thought Problems 64 30 75 75*

Rule-Breaking /Delinquency 27 9 47 30

Broad-band Scale

Internalizing Score 58 45 75 62

Externalizing Score 45 45 64 47

*Different from the older individuals with ACC, p < .01, two-tailed, Fisher’s exact test



On Category 2 (impairment in social communication), only the area of ‘‘initiating and

sustaining conversation’’ was frequently noted as problematic. Behaviors in Category 3

(restricted and repetitive behavior) were less likely to be seen by parents of children with

ACC. In general, parents reported that the most predominant autistic-like problems were

related to deficiencies in social functioning: initiating and sustaining conversation, devel-

oping peer relationships, and showing social and emotional give-and-take.

The bottom portion of Table 3 shows the percentage of parents who endorsed for their

children with ACC other behavioral tendencies sometimes observed in autism, but not

found in the DSM-IV-TR diagnostic criteria. Most notably, 36% of the children with ACC

were reported to have difficulty in ‘‘understanding nonverbal communication’’ (i.e.,

slightly different from the DSM-IV-TR criteria of ‘‘using nonverbal communication’’).

Discussion

The intent of this study was to summarize parent observations of children with ACC who

are relatively high functioning and typically developing. To give some additional

perspective on these results, we compared these parent reports with those from parents of a

Table 3 Presence of autism-like symptoms in ACC (ages 2–11; n = 61)

DSM-IV Diagnostic Criteria for Autism (% endorsed)

Category A (deficits in social interaction)

Using nonverbal communication 38

Developing peer relationships 46

Seeking to share enjoyment or interests with others 34

Showing social and emotional give-and-take 43

Category B (deficits in social communication)

Adequately communicating desires 25

Initiating and sustaining conversation 51

Using repetitive language 30

Using make-believe or imitative play 33

Category C (restricted/repetitive behavior)

Preoccupation with a specific interest 28

Engaging in nonfunctional routines or rituals 2

Engaging in repetitive motor movements 16

Preoccupation with parts of objects 10

Other Autistic Tendencies

Showing antisocial behavior 10

Following rules of society 8

Having empathy for others 11

Acting on own needs first 26

Understanding nonverbal communication 36

Taking another person’s perspective 30

Avoiding eye contact 20



group of high-functioning children with autism for whom the behavioral outcome is

already relatively well known by clinicians.

CBCL Results

The behavioral impairments observed by parents of older children with ACC involved

multiple areas of functioning (see Table 1). These older children significantly exceeded the

Clinical cut-off on the scales involving Attention Problems, Social Problems, Thought

Problems, Somatic Complaints, Aggressive Behavior, and Anxious/Depressed. In a

comparable small-group study of individuals with ACC brought to our laboratory for

testing (and in whom Full Scale IQ was known to be >80), we also found significantly high

ratings on the Attention and Social Problems scales [53].

The most remarkable behavioral disorder among children with ACC noted in the parent

responses was difficulties in attention. From CBCL parent ratings, it is difficult to

distinguish between problems in focal attention and problems created by difficulty

assimilating complex new information. The Attention Problem scale of the CBCL includes

questions about daydreaming, staring, being confused, inability to sit still, failing to finish

tasks, and wandering away. Thus, parents might endorse these items on the CBCL as a

result of their child’s inability (or unwillingness) to maintain attention to a constant task

over a longer period of time (i.e., task persistence). Alternatively, apparent attention

problems could be the result of a difficulty in thoroughly understanding all of the complex

ramifications of the situation. Without adequate comprehension, children with ACC may

appear to be daydreaming or inattentive. With respect to focused attention, evidence

suggests that this form of attention is not markedly deficient in individuals with ACC. In a

previous study, we found no difficulties among individuals with ACC in establishing

spatially focused visual attention, but some difficulty in shifting attention between the right

and left visual fields [66].

The ratings of parents with respect to problems in social interactions are consistent with

anecdotal reports from parents, as well as our own observations of individuals with ACC

who have been tested in our laboratory. We have previously hypothesized that reduced

ability to adequately comprehend complex information will translate into difficulty

tracking complicated, rapidly evolving social situations [14]. A number of studies have

demonstrated that individuals with ACC have difficulty on tasks involving complex novel

problem solving [13, 14, 23–26, 67–69]. In addition, individuals with ACC have deficits in

comprehension of the second-order meanings of language [33–35].

Younger children with ACC were rated by parents as having much less pervasive

behavioral problems. Thus, there appears to be a trajectory toward greater manifestation of

observable behavioral impairment as children with ACC get older. This trajectory may be

due to one or a combination of several factors: First, age-related changes in the test norms

reflect (in part) the continuing development and myelinization of the corpus callosum in

children without ACC, such that the corpus callosum (when present) is an increasingly

important contributor to behavioral regulation as children mature [70]. Thus, younger

children with ACC will look more similar to their peers who have a corpus callosum (and,

thus, similar to test norms), while older children with ACC will appear increasingly dis-

similar. Second, greater behavioral problems in older children with ACC may reflect

changes in the complexity of a child’s context (i.e., the social and academic demands as he/

she enters school). Children with autism are also reported to have more obvious behavioral

problems during the school years [39, 71]. A third possibility is that parents’ perceptions



may change as children get older, resulting in acknowledgement of behavior problems that

were previously dismissed.

A somewhat surprising result of this survey is the high rate of endorsement of sleep

problems among younger children with ACC. This problem may reflect some other as yet

unknown disorder not visible in an MRI that is typically associated with ACC (unrelated to

absence of the corpus callosum). Doherty and colleagues [72] report that children with

ACC have significantly more problems getting to sleep, waking up in the night, and

enuresis than their siblings who have a corpus callosum.

Comparison of ACC and Autism

To further clarify the nature of the behavioral deficits of the older children with ACC, this

study compared these children to high-functioning children with autism (see Table 2). The

value of this comparison is that the nature, range, and severity of disorders in high-

functioning autism are relatively well known to clinicians, whereas the impact of Primary

ACC is not well known. However, since ACC is an anatomical abnormality and autism is

based on behavioral observations, one should keep in mind that these could be concomitant

issues in some cases.

It is clear in these results that, at both the Borderline and Clinical thresholds, a higher

percentage of individuals with autism are rated as having behavioral difficulties than are

individuals with ACC. This difference was most clear at the threshold representing a

clinically significant disorder. The largest differences between groups are in areas that are

generally considered characteristic of autistic psychopathology (anxiety, withdrawal,

attention, social function, and thought problems).

The hypothesis that social problems in individuals with ACC originates from problems

in complex problem-solving [14] is similar to the idea that a primary deficit in individuals

with autism is in the area of executive function [73–75]. This theory would suggest a

similar origin of social disability in ACC and autism. However, the hypothesis of problems

in empathy and theory of mind in individuals with autism [76] might suggest a different

origin of social problems in the two disorders. However, there is as yet little information

regarding empathy and theory of mind in individuals with ACC [41].

Autistic-like Behaviors in Children with ACC

Children with ACC were generally reported to share diagnostic characteristics in the

DSM-IV autism category of social interaction, with somewhat less overlap for social

communication, and clearly less impairment within the DSM-IV autism category of

repetitive and restricted behavior (see Table 3). Overall, the most frequently endorsed

autistic-like behavior was a deficiency in initiating and sustaining conversation (51%).

From parental anecdotes, this deficit seems to be one of social impropriety when

engaging in conversation (e.g., not informing the listener of a change in the topic of

conversation), rather than a lack of interest in social interaction (which might be

expected in individuals with autism) [39]. O’Brien’s survey [12] of the behavioral

consequences of ACC found ‘‘meaningless/out of place’’ speech to be characteristic of

nearly the entire group. Problems in social communication in persons with ACC could

be related to deficits in comprehension of nonliteral language expressions or in use of

linguistic pragmatics [34, 35, 44].



Autistic-like behaviors in the area of repetitive and restricted behaviorweremarkedly less

frequent in children with ACC. While 28% of children with ACC were reported as having a

preoccupation with a specific interest, very few were rated as engaging in nonfunctional

routines or rituals, engaging in repetitive motor movements, or having a preoccupation with

parts of objects. Thus, it is in this third domain of autistic symptoms that ACC and autism

show the least similarity. Unlike ACC, children with autism have been reported in previous

research [77] as showing higher rates of obsessive behaviors, such as ‘‘can’t get mind off

thoughts’’ (66%), ‘‘obsessive ideas’’ (60%), and ‘‘needs to be perfect’’ (52%).

Survey Participants

The children with ACC selected for this study were chosen based on the child’s meeting

specific developmental milestones. These criteria were meant to focus the research on the

children with ACC who are relatively high-functioning and could reasonably be assumed to

have at least low-normal intelligence. Thus, while these data do not reflect the entire func-

tional spectrum that is represented in ACC, the research findings are more likely to represent

the outcomes related specifically to absence of the corpus callosum, rather than to the various

other neurological anomalies that sometimes accompanyACC.That the data reflect primarily

the impact ofACCand not that of other brain abnormalities is supported by the absence of any

statistically significant differences between the subgroup whose parents reported other MRI

findings or thought their child had some other brain abnormality and those who thought their

child had ACC only. There was also a high degree of similarity in the CBCL results of this

survey group and that of the smaller group of individuals with ACC tested in our laboratory,

all of whom had a FSIQ greater than 80 [53].

There are also caveats to our comparison of children with ACC and children with autism.

First, the data regarding autism comes from a study done in Germany [54], whereas the data

on ACC come from data collected in the United States. While autism is a disorder that is

similar in all cultures, there is the possibility of cultural differences in the observations of

parents and their willingness to report. However, Döpfner and colleagues [63–65] provide

evidence for comparability of CBCL results in German and US populations. These studies

concluded that the American norms can serve as a basis for German studies using the CBCL.

In addition, both samples were taken from exiting data sets which used different criteria

to select higher-functioning subgroups. The selection criteria for the ACC group included

omitting children who had significant language delay or significant delay in motor mile-

stones (i.e., for sitting and walking). These criteria were meant to identify a group of

children with ACC who are likely to be within the normal range of intelligence. The

selection criteria for the autism group was based on psychometrically assessed IQ, and it is

at least possible that some children in the autism sample would not have met one or the

other milestone cut-offs used for children with ACC. While these two selection criteria

allowed us to compare children with autism who had normal-range intelligence to children

with ACC with presumably normal intelligence, these different approaches in selection

may have influenced the outcome.

Summary

Together, these findings suggest that children with ACC exhibit problems in multiple

behavioral domains, most particularly in the realms of attention problems, social problems,



somatic complaints, and thought problems. While behavioral problems are generally less

severe, children with ACC share symptoms with children with autism in the areas of social

interaction and social communication. Although there are limitations to conclusions from

surveys and parent reports, these data provide the first published behavioral description of

children with Primary ACC, and can serve as the basis for further work involving laboratory

tests.

References

1. Achenbach TM (1991) Child behavior checklist/4–18. Dept. of Psychiatry University of Vermont,

Burlington, VT

2. Achenbach TM, Rescorla L (2000) Manual for the ASEBA preschool forms & profiles: an integrated

system of multi-informant assessment. Aseba, Burlington, VT

3. Achenbach TM, Rescorla LA (2001) Manual for the ASEBA school-age forms & profiles: an integrated

system of multi-informant assessment. Aseba, Burlington, VT

4. Ramaekers G (1991) Embryology and anatomy of the corpus callosum. In: Ramaekers G, Njiokiktjien C

(eds) The child’s corpus callosum. Suyi Publications, Amsterdam, pp 24–39

5. Rauch RA, Jinkins JR (1994) Magnetic resonance imaging of corpus callosum dysgensis. In: Lassonde

M, Jeeves MA (eds) Callosal agenesis: a natural split brain? Plenum Press, New York, pp 83–95

6. Wisniewski K, Jeret JS (1994) Callosal agenesis: review of clinical pathological and cytogenetic

features. In: Lassonde M, Jeeves M (eds) Callosal agenesis: a natural split brain? Plenum Press, New

York, pp 1–6

7. Jeret JS, Serur D, Wisniewski K, Fisch C (1985) Frequency of agenesis of the corpus callosum in the

developmentally disabled population as determined by computerized tomography. Pediatr Neurosci

12(2):101–103

8. Jeret JS, Serur D, Wisniewski KE, Lubin RA (1987) Clinicopathological findings associated with

agenesis of the corpus callosum. Brain Dev 9(3):255–264

9. Wang LW, Huang CC, Yeh TF (2004) Major brain lesions detected on sonographic screening of

apparently normal term neonates. Neuroradiology 46(5):368–373

10. Bedeschi MF, Bonaglia MC, Grasso R, Pellegri A, Garghentino RR, Battaglia MA et al (2006) Agenesis

of the corpus callosum: clinical and genetic study in 63 young patients. Pediatr Neurol 34(3):186–193

11. Bodensteiner J, Schaefer GB, Breeding L, Cowan L (1994) Hypoplasia of the corpus callosum: a study

of 445 consecutive MRI scans. J Child Neurol 9(1):47–49

12. O’Brien G (1994) The behavioral and developmental consequences of corpus callosal agenesis and

Aicardi syndrome. In: Lassonde M, Jeeves MA (eds) Callosal agenesis: A natural split brain? Plenum

Press, New York, NY, USA, pp 235–246, vi 308

13. Sauerwein HC, Lassonde M (1994) Cognitive and sensori-motor functioning in the absence of the

corpus callosum: neuropsychological studies in callosal agenesis and callosotomized patients. Behav

Brain Res 64(1–2):229–240

14. Brown WS, Paul LK (2000) Cognitive and psychosocial deficits in agenesis of the corpus callosum with

normal intelligence. Cognit Neuropsychiatry 5(2):135–157

15. Brown WS, Jeeves MA, Dietrich R, Burnison DS (1999) Bilateral field advantage and evoked potential

interhemispheric transmission in commissurotomy and callosal agenesis. Neuropsychologia

37(10):1165–1180

16. Imamura T, Yamadori A, Shiga Y, Sahara M, Abiko H (1994) Is disturbed transfer of learning in

callosal agenesis due to a disconnection syndrome?. Behav Neurol 7:43–48

17. Jeeves MA (1979) Some limits to interhemispheric integration in cases of callosal agenesis and partial

commissurotomy. In: Russell I, Hof Mv, Berlucchi G (eds) Structure and function of the cerebral

commissures. Macmillian Co, New York, pp 449–474

18. Jeeves MA, Silver PH (1988) Interhemispheric transfer of spatial tactile information in callosal agenesis

and partial commissurotomy. Cortex 24:601–604

19. Karnath HO, Schumacher M, Wallesch CW (1991) Limitations of interhemispheric extracallosal

transfer of visual information in callosal agenesis. Cortex 27:345–350

20. Sauerwein HC, Lassonde M (1983) Intra- and inter-hemispheric processing of visual information in

callosal agenesis. Neuropsychologia 21:167–171

21. Jeeves MA, Silver PH, Jacobson I (1988) Bimanual co-ordination in callosal agenesis and partial

commissurotomy. Neuropsychologia 26:833–850



22. Jeeves MA, Silver PH, Milne AB (1988) Role of the corpus callosum in the development of a bimanual

skills. Dev Neuropsychol 4:305–323

23. Fischer M, Ryan SB, Dobyns WB (1992) Mechanisms of interhemispheric transfer and patterns of

cognitive function in acallosal patients of normal intelligence. Arch Neurol Mar 49(3):271–277

24. Gott PS, Saul RE (1978) Agenesis of the corpus callosum: limits of functional compensation. Neurology

28(12):1272–1279

25. Smith LA, Rourke BP (1995) Callosal agenesis. In: Rourke BP (ed) Syndrome of nonverbal learning

disabilities: neurodevelopmental manifestations. US Guilford Press, New York, NY, pp 45–92

26. Solursh LP, Margulies AI, Ashem B, Stasiak EA (1965) The relationships of agenesis of the corpus

callosum to perception and learning. J Nerv Ment Dis 141(2):180–189

27. Dennis M (1981) Language in a congenitally acallosal brain. Brain Lang 12:33–53

28. Jeeves MA, Temple CM (1987) A further study of language function in callosal agenesis. Brain Lang

32:325–335

29. Sanders RJ (1989) Sentence comprehension following agenesis of the corpus callosum. Brain Lang

37:(1):59–72

30. Temple CM, Ilsley J (1993) Phonemic discrimination in callosal agenesis. Cortex 29(2):341–348

31. Temple CM, Jeeves MA, Vilarroya O (1989) Ten pen men: rhyming skills in two children with callosal

agenesis. Brain Lang 37:548–564

32. Temple CM, Jeeves MA, Vilarroya O (1990) Reading in callosal agenesis. Brain Lang 39:235–253

33. Brown WS, Paul LK, Symington M, Dietrich R (2005) Comprehension of humor in primary agenesis of

the corpus callosum. Neuropsychologia 43:906–916

34. Brown WS, Symington M, Van Lancker-Sidtis D, Dietrich R, Paul LK (2005) Paralinguistic processing

in children with callosal agenesis: emergence of neurolinguistic deficits. Brain Lang 93:135–139

35. Paul LK, Van Lancker-Sidtis D, Schieffer B, Dietrich R, Brown WS (2003) Communicative deficits in

agenesis of the corpus callosum: nonliteral language and affective prosody. Brain Lang 85(2):313–324

36. Billstedt E, Gillberg C, Gillberg C (2005) Autism after adolescence: population-based 13- to 22-year

follow-up study of 120 individuals with autism diagnosed in childhood. J Autism Dev Disord

35(3):351–360

37. Bölte S, Bosch G (2004) Bosch’s cases: a 40 years follow-up of patients with infantile autism and

Asperger Syndrome. German J Psychiatry 7(1):10–13

38. American Psychiatric Association (2000) American Psychiatric Association. Task Force on DSM-IV.

Diagnostic and statistical manual of mental disorders: DSM-IV-TR, 4th text revision edn. American

Psychiatric Association, Washington DC

39. Volkmar FR, Klin A, Marans WD, McDougle CJ, Volkmar FR (1996) Autistic disorder. Psychoses and

pervasive developmental disorders in childhood and adolescence. American Psychiatric Association,

pp 129–190
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Validitèat der Child Behavior Checklist–eine Analyse in einer klinischen und einer Feldstichprobe. Z

Kinder Jugendpsychiatr 22(3):189–205
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haltensauffèalligkeiten von Kindern und Jugendlichen in Deutschland, den Niederlanden und den USA.

Eine kulturvergleichende Studie mit der Child Behavior Checklist. Nervenarzt 67(11):960–967
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