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Role of the corpus callosum

TRESA M. ROEBUCK-SPENCER,SARAH N. MATTSON? SARAH DEBOARD MARION?
WARREN S. BROWNS anpD EDWARD P. RILEY?

INational Rehabilitation Hospital, Washington, DC 20010
2Center for Behavioral Teratology, San Diego, CA 92120
3Travis Research Institute, Fuller Graduate School of Psychology, Pasadena, CA

(RECEIVED July 10, 2003REVISED December 2, 2003AccepTED December 6, 2003)

Abstract

The corpus callosum (CC) is one of several brain structures affected in children prenatally exposed to alcohol. This
structure plays a major role in coordinating motor activity from opposite sides of the body, and deficits in bimanual
coordination have been documented in individuals with agenesis of or damage to the CC, particularly when the task
is performed without visual feedback. The Bimanual Coordination Test was used to assess speed and accuracy on a
task where both hands must coordinate to guide a cursor through angled pathways providing measures of
interhemispheric interaction or the ability of the two hemispheres to coordinate adfi@itiye corpus callosum.
Twenty-one children with fetal alcohol spectrum disorders (FASD) and 17 non-exposed control children (CON),
matched closely in age, sex, and ethnicity were tested. For trials with visual feedback (WV), children with FASD
were slower than CON children but were equally accurate. Although statistically significant group differences were
not observed on most trials completed without visual feedback (WQV), accuracy of the FASD group on WOV trials
was highly variable. Group differences in accuracy on WOV angles approached significance after accounting for
performance on the WV angles, and children with FASD were significantly less accurate on an individual angle
believed to be particularly sensitive to interhemispheric interaction. These results indicate that children with FASD
are slower than CON children but equally accurate on basic visuomotor tasks. However, as task complexity and
reliance on interhemispheric interaction increases, children with FASD demonstrate variable and inaccurate
performance. Preliminary analyses suggest that inaccurate performance on the bimanual coordination task, and
presumably impaired callosal functioning, may be related to the attention and problem solving impairments
commonly reported in children with FASDJINS 2004,10, 536-548.)

Keywords: Fetal alcohol syndrome, Prenatal alcohol exposure, Corpus callosum, Interhemispheric interaction,
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INTRODUCTION same since that time (Stratton et al., 1996) and consist of

A distinct patt ¢ i lated tal alcoh fhe following three characteristics: (1) a specific pattern of
IStinct pattern ot anomalies refated to prenatal alcono, o yjnfacial anomalies (e.g., small palpebral fissures, flat-

exposure was first documented in 1968 by French research- idf h hil hi lio):
ers who described 127 children of alcoholic parents (Lemlil[;ened midface, smoothed philtrum, and thin upper lip);

: .(2) pre andor postnatal growth deficiency; and (3) central
oine et al., 1968). Independently, a group of researchers i t N functi | . sabil-
the United States made similar observations (Jones & Smit ervous system (CNS) dysfunction (e.g., learning disabi

I y, mental retardation).
1973; Jones et al., 1973) and named the characteristic pat- ~,..
- Children born to mothers who consumed heavy amounts
tern the Fetal Alcohol Syndrome (FAS). The criteria for y

. . . ; of alcohol during pregnancy demonstrate a wide array of
receiving a diagnosis of FAS has generally remained th%ognitive and behavioral impairments. For many of these

children, cognitive impairments tend to be global in nature
. . . and include deficits in the areas of general intellectual func-
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(for a comprehensive review see Mattson & Riley, 1998).exposed children the corpus callosum is located more ante-
Behaviorally, alcohol-exposed children have been derior and inferior in the posterior regions. This displacement
scribed as having poor judgment, difficulty perceiving so-was correlated with decreases in verbal learning ability,
cial cues, increased levels of activity, increased distractibilityeven after controlling for verbal intellectual ability. In con-
and difficulty regulating attention (Aronson et al., 1985; trast, when FSIQ was used as a covariate, visuospatial func-
Janzen et al., 1995; Landesman-Dwyer et al., 1981, Streissioning was not specifically related to corpus callosum
guth et al., 1989, 1996). Qualitatively similar but some-anatomical measures.
times less severe impairments in cognitive and behavioral Using morphometric methods, Bookstein et al. (2002b)
functioning are also seen in children prenatally exposed toecently demonstrated associations between cognitive func-
heavy amounts of alcohol who do not meet full criteria fortioning and callosal midline shape. These authors docu-
a diagnosis of FAS (Mattson & Riley, 2000; Mattson et al., mented a significant amount of variability in callosal shape
1997, 1998; Roebuck et al., 1999). in adult males with heavy prenatal alcohol exposure and
Given the devastating effects of alcohol on the developfound that this shape variation was associated with two
ing brain, it is likely that the behavioral and cognitive im- different profiles of neurobehavioral functioning, which were
pairments seen in alcohol-exposed individuals are relatethdependent of relationships with Full Scale 1Q. Executive
to underlying structural or functional changes in the brain.dysfunction was associated with a relatively thick callo-
Early autopsy reports documented wide-spread structuraum, and motor dysfunction was associated with a thin
anomalies and high rates of microencephaly, hydrocephazallosum.
lus, and holoprosencephaly (for review, see Mattson & Ri- Although these studies confirm alcohol’s teratogenic ef-
ley, 1996; Roebuck et al., 1998). Structural magneticfect on the corpus callosum and its relation to cognitive
resonance imaging (MRI) studies of surviving children with function, few studies have examined tasks sensitive to in-
heavy prenatal alcohol exposure have documented overakrhemispheric transfer of information. Because complex
reduced brain size and specific anomalies in the caudatsks such as problem solving and social interaction require
nucleus (Mattson et al., 1994, 1996c) and the anterior verrapid transfer and integration of information across the two
mis of the cerebellum (Sowell et al., 1996). Disproportion-cerebral hemispheres, documentation of performance on
ate volume reductions are also observed in white mattetasks requiring interhemispheric transfer provide insight into
relative to gray matter, with the most severe volume reducthe integrity of corpus callosum functioning. Finger local-
tions seen in the parietal white matter (Archibald et al.,ization tasks have frequently been used to investigate inter-
2001; Sowell et al., 2001b). hemispheric transfer of tactile information in normally
Specific to the current study, structural anomalies of thedeveloping children and in a range of clinical groups. In
corpus callosum have been reported in alcohol-exposed chiirormal adults, accuracy of localization on crossed (inter-
dren (Bookstein et al., 2001, 2002a; Clarren et al., 1978hemispheric) conditions is 7% poorer than on uncrossed
Coulter et al., 1993; Johnson et al., 1996; Kinney et al.conditions. Patients with a full commissurotomy were 82%
1980; Peiffer et al., 1979; Riley et al., 1995; Sowell et al.,worse on cross-localization trials and those with the trunk
2001a; Swayze et al., 1997; Wisniewski et al., 1983), andf the corpus callosum sectioned were 28% worse (Geffen
the incidence of agenesis of this structure is higher in alcoholet al., 1985). Recently, we demonstrated that alcohol-
exposed children (Mattson et al., 1992; Riley et al., 1995)xposed children made more errors than age-matched con-
than in other developmentally disabled groups (Jeret & Setrols on trials of a finger localization task that required
rur, 1991). In alcohol-exposed children without agenesisfransfer of information across the corpus callosum (Roe-
prenatal alcohol exposure is related to thinning and spatidbuck et al., 2002). An increase in errors on trials that re-
displacement of the corpus callosum, particularly in thequired information to cross the corpus callosum was
posterior regions (Riley et al., 1995; Sowell et al., 2001a)significantly correlated with smaller size of anterior and
The corpus callosum is a large white matter tract thafposterior portions of the corpus callosum, taken from mid-
connects the two cerebral hemispheres and facilitates effesagittal MR images. Callosal size was related only to
tive interhemispheric interaction. Individuals born without components of the finger localization task that required in-
a corpus callosum, who are otherwise neurologically asympterhemispheric transfer (i.e., trials completed without vi-
tomatic, display subtle cognitive and behavioral diffi- sual aid). Full Scale 1Q was not correlated with area of the
culties, including poor bimanual coordination, impaired corpus callosum in alcohol-exposed children, indicating
processing of complex information, poor psychosocial functhat the observed neuroanatomjt@havioral correlations
tioning, and decreased interhemispheric transfer of learnwere not explained by general reductions in intellectual
ing (Brown et al., 1999; Brown & Paul, 2000; Ferriss & functioning.
Dorsen, 1975; Fischer et al., 1992; Jeeves et al., 1988a; The corpus callosum plays a major role in coordinating
Paul et al., 2003, 2004; Preilowski, 1972, 1975; Sauerweimotor activity from opposite sides of the body. Deficits on
& Lassonde, 1994; Schieffer et al., 2000; Solursh et al.yarious tests of bimanual coordination have been docu-
1965). However, the functional implications of corpus cal-mented in patients with commissurotomy and callosal agen-
losum anomalies in alcohol-exposed children are uncleaesis (Eliassen et al., 1999, 2000; Gott & Saul, 1978;
Sowell et al. (2001a) recently reported that in alcohol-Preilowski, 1972, 1975; Silver & Jeeves, 1994; Zaidel &
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Sperry, 1974). On a bimanual coordination task requiring(Jeeves et al., 1988a; Preilowski, 1972, 1975) and is a com-
individuals to navigate diagonal pathways with one handputerized version of the task used by Larson and colleagues
controlling vertical movement and the other hand control-(2002) to document impairment in patients with multiple
ling horizontal movement, Preilowski (1972, 1975) demon-sclerosis and corpus callosum compromise. The cBCT as-
strated that the anterior forebrain commissures are necessagsses speed and accuracy when one or both hands must
for rapid and precise bilateral motor coordination. Onmove a cursor through narrow angled paths presented on a
Preilowski’s task, patients with surgically sectioned ante-computer screen when one hand controls vertical move-
rior forebrain commissures displayed slower and less accunent and the other controls horizontal movement. Perfor-
rate overall performance, diminished improvement aftermance on individual angled paths is grouped according to
practice relative to controls, and strikingly poor perfor- type of movement required, reflecting three functional do-
mance when denied visual feedback. Jeeves et al. (1988ajains (Marion et al., 2003; Steese-Seda et al., 1995). Per-
reported similar results on Preilowski’s task with acallosalformance on unimanual angles reflects simple motor speed.
individuals. Unlike control subjects, who, after practice, Performance on angled paths requiring symmetrical hand
performed well on this task without visual aid, acallosal speed reflects basic visuomotor skill (i.e., the ability to make
individuals were dependent on visual aid to perform effec-accurate motor adjustments based on visual feedback). Lastly,
tively, particularly on angles requiring asymmetric contri- performance on asymmetrical paths (i.e., those that de-
bution of hand speed. Arecent study by Larson et al. (2002jnand relative speed adjustment between the two hands)
measured bimanual coordination in patients with multipleand performance on paths completed without visual feed-
sclerosis using a modified version of Preilowski’s task. Pa-back reflect interhemispheric functioning as these two con-
tients with evidence of callosal dysfunctiowi@ cross-  ditions require subtle ongoing adjustments between the two
callosal evoked potentials) demonstrated impaired bimanudlands for successful completion and are specifically im-
coordination, whereas patients without evidence of callosapaired in individuals with agenesis or anterior section of the
dysfunction did not. corpus callosum (Jeeves et al., 1988a; Preilowski, 1972,

Functional imaging studies also provide support for thel975). Children with FASD were expected to perform poorly
role of the corpus callosum in bimanual tasks (Andres et al.pn all measures compared to matched controls with rela-
1999; Gerloff & Andres, 2002). For instance, interhemi-tively poorer performance on asymmetric angles and on
spheric functional coupling between the premotor and senangles performed without visual feedback. Ancillary corre-
sorimotor areas was seen during an early stage of bimanukdtional analyses were conducted to determine whether se-
coordination learning (Andres et al., 1999; Gerloff & An- lected cBCT variables were correlated with performance
dres, 2002). Such coupling was not seen for unimanual tasken cognitive and behavioral measures.
However, interhemispheric coupling was reduced once the
task was adequately learned, indicating the corpus callo-
sum plays an important role in bimanual movements with d&METHODS
certain degree of conscious control, but a lesser role in
overlearned bimanual actions. Research Participants

Further analysis of corpus callosum functioning in alcohol-
exposed children is warranted given that the corpus calloTwo groups of children and adolescents between the ages
sum has been implicated in attention (Banich, 1998; Hine®f 10 and 19 participated in this study. One group included
et al., 2002; Roeltgen & Roeltgen, 1989), learning disabil-individuals with known exposure to large amounts of alco-
ities (Davidson et al., 1990; Moore et al., 1995; Njiokik- hol during their prenatal development. The second group
tjien et al., 1994), behavioral functioning (Brown & Paul, included non-exposed, normally developing individuals. All
2000; O'Brien, 1994; Paul et al., 2004), and auditory verbalparticipants were drawn from a larger group of individuals
learning and memory (Geffen et al., 1994a). Although ourfollowed at the Center for Behavioral Teratology (CBT) at
recent findings from a test of finger localization suggestSan Diego State University and had similar histories regard-
inefficient transfer from one hemisphere to the other, theying exposure to previous neuropsychological testing as
do not provide information about how well the two hemi- part of their participation in this larger ongoing study. Using
spheres interact to perform a task. similar samples of children, studies from the CBT have

In the current study, a computerized version of the Bi-documented a wide range of neurobehavioral (Mattson et al.,
manual Coordination Test (cBCT) (Brown, 1991; Marion 1996a, 1996b, 1997, 1998, 1999; Mattson & Riley, 1999;
et al., 2003) was used to measure basic visuomotor abilitiMattson & Roebuck, 2002) and neuroanatomical anomalies
and interhemispheric interaction in a representative sampléArchibald et al., 2001; Mattson et al., 1992, 1996c¢; Sowell
of children with fetal alcohol spectrum disorders (FASD) et al., 1996, 2001a, 2001b) in children with heavy prenatal
believed to exhibit the range of corpus callosum anomalieglcohol exposure.
described in the literature review above (Riley et al., 1995; All alcohol-exposed individuals were evaluated by a pe-
Sowell etal., 2001a). The cBCT was adapted from Preilowsdiatric dysmorphologist, Dr. Kenneth Lyons Jones. A diag-
ki’'s task used to document patterns of unusual performanceosis of FAS was made for those children who met the
in individuals with agenesis and partial commisurotomycriteria described earlierN = 13). Those children with
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documented histories of heavy prenatal alcohol exposuréfable 1. Demographic information for total sample of children
but who lacked the growth deficiency and facial dysmor-with fetal alcohol spectrum disorders (FASD) and

phology to receive a diagnosis of FAS, were identified ascontrols (CON)

having Prenatal Exposure to Alcohol (PEN;= 8). Al-
though detailed histories of actual levels and patterns of
exposure were not typically available, in all cases mothers
were known, through maternal report or medical or socialSex ()

service records, to have abused substantial amounts of al-Males 11 6 ns
cohol throughout their pregnancy. Both the FAS and PEA Females 10 11

groups fall under the umbrella label of Fetal Alcohol Spec-~9©

FASD CON
(n=21) (n=17)

trum Disorders (FASD; O’Malley & Nanson, 2002; Streiss- '\R/I (SD) 134 (2.71) 146 (2.73) ns
, . ange 10.0-19.8 10.4-19.9

guth & O’Malley, 2000). These groups were combined Diagnosis

because there is substantial evidence that children with FAS 5 g 13

and PEA show qualitatively similar cognitive impairments pga )

(Mattson et al., 1997, 1998, 1999; Roebuck et al., 1999)Hollingshead

psychosocial problems (Mattson & Riley, 2000; Mattson M (SD) 3.2(1.12) 41(1.03) p<.05

et al., 1997, 1998; Roebuck et al., 1999) and brain anomaandednessn %)

lies (Mattson et al., 1994, 1996¢; Riley et al., 1995; Sowell Right-handed 17 (81.0%) 17 (100%) ns

et al., 2001a). The distribution of intellectual functioning Left-handed 4 (19.0%) 0 (0%)

within this sample is consistent with that seen in other stud- Mixed 0 (0%) 0 (0%)

ies of FASD with approximately 29% of children with 1Q Ethnicity (n, %)

scores below 70 White 13 (61.9%) 13 (76.5%) ns
: . . African American 7 (33.3%) 2 (11.7%)
Non—expoged control children (CON) were recruited from Hispanic descent 0 (0.0%) 1 (5.9%)
the community and were screened for prenatal exposure to giher 1 (4.8%) 1 (5.9%)
alcohol and other potentially teratogenic substangasa  Fy|| Scale IQ
phone screen and parent questionnaire. Individuals were M (SD) 78.6 (16.24) 107.8 (11.83) p < .001
not included in the CON group if there was report of pre- Range 45-110 90-127

natal exposure to any known behavioral teratogen. Parents

or caregivers of children in the CON group reported mini_aData were not availgble for two children in the CON group. Hollingshead
data analyzed by chi-square.

mal or no alcohol consumption during pregnancy. To inSure|q was assessed using the Wechsler Intelligence Scale for Children—
a normally developing sample with no undetected psychiThird Edition. Data were not available for four children in the CON group.

atric or neurologic disorders, exclusion criteria for the CON
group were prenatal exposure to any potentially teratogenic
substances, Full Scale 1Q scores below 75, history of sighands must coordinate the movement of a cursor through
nificant psychiatric or physical disability that might inter- narrow pathways presented on a computer screen. Subjects
fere with ability to complete testing, and diagnosis of were asked to draw a line through a demarcated path using
Attention Deficit Hyperactivity Disorder (ADHD). Individ-  two knobs, the right controlling vertical movement and the
uals with ADHD were specifically excluded due to reports left controlling horizontal movement. The task comprised a
suggesting that ADHD may be related to anomalies of theseries of unimanual and bimanual angled paths. The uni-
corpus callosum (Giedd et al., 1994; Hynd et al., 1991). manual angled pathways test simple motor speed with the
In all, 38 individuals were tested as part of this project:right and left hand individually. Trials included a 9fath-
17 in the CON group and 21 in the FASD group. The CONway requiring only the right hand and a pathway requir-
and FASD groups were closely matched on the basis of agéng only the left hand. The bimanual pathways consisted of
sex, and ethnicity. See Table 1 for demographics. Socioecdhree right-facing angled paths (22.85°, and 67.8) and
nomic status was measured using the Hollingshead Fouhree left-facing angled paths (112.835.5, and 157.5).
Factor Index of Social Status. Scores represent social straiéee Figure 1 for examples of angled paths. To control for
indices, with higher scores representing higher socioecopractice effects, the presentation of the trials were random-
nomic status. ized within the right and left angles. The unimanual trials
were randomized separately from the bimanual trials and
were always presented first. The bimanual angled paths were
Measures tested in two ways: (1) with visual feedback (WV) and (2)
without visual feedback (WQV) for the last half of the tar-
get path (i.e., the cursor disappeared from view and the
The computerized version of the Bimanual Coordinationsubject was required to finish traversing the target path with-
Test (cBCT) was used to measure cooperation and coordaut the ability to see where the cursor was going). Each
nation between the two hands (Brown, 1991; Marion et al.angle was tested twice and performance measures were av-
2003). This task assesses speed and accuracy when bataged for data analysis.

The Bimanual Coordination Test
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to participation. Two examiners completed all testing and
were blind to diagnosis when possible. Both examiners tested

a similar percentage of individuals from the CON and FASD
groups. All children understood task directions without prob-
lem regardless of global intellectual level. A small incen-
tive to participate was provided following testing. As part
of other ongoing evaluations of these individuals at the CBT,

data from neuropsychological testing, including 1Q testing,

were available for all but 4 CON subjects. With the excep-

Response Box . . . . .
22.5° tion of one person in each group, all subjects received this
testing prior to participation in the current study. This test-
ing was always conducted prior to age 17 and all individu-

67.5° 45°

O O als received the same test protocol. Average time between
Left: Right: testing sessions was approximately 2 years (range 0—4
Horizontal Vertical

years). A subset of childrerN(= 9) with testing interval
less than 1.5 years was also examined.

Handedness was assessed by asking the person to dem-
onstrate performance of simple tasks (e.g., writing with a
pencil; using a spoon; using a comb; using a hammer; using
a toothbrush; picking up a coin; and throwing a ball). Hand-

157.5° edness was determined by demonstration of 5 of 7 items
Fig. 1. lllustration of angles used in the Bimanual Coordination With that hand. Four individuals (1 female, 3 males) in the
Test (cBCT). FASD group were left-handed.
Measures of behavioral and General Analyses
cognitive functioning Time to complete path and accuracy of performance were

Given the corpus callosum’s potential relation with behav-measured for each variable by computer. For data reduction
ioral and cognitive functioning (Banich, 1998), associa-Purposes, angles were averaged across trials according to
tions were examined between selected cBCT variables arféi€ type of movement required, resulting in the following
available cognitive and behavioral measures selezfadt ~ Variables: unimanual angles°(@nd 90), bimanual angles

ori from a pre-existing database. Measures were selected {45, 67.5, 22.5, 135, 157.5, and 112.8), symmetric bi-
reflect both general and specific cognitive domains (e.g.manual angles (4%nd 133), asymmetric bimanual angles
global cognitive function, motor function) or based on pre-(67.5,22.5, 157.5 and 112.9), right-hand facilitation an-
vious studies that documented relationships between behagles (67.3 and 112.8), and left-hand facilitation angles
ioral function and interhemispheric interaction (Banich, (22.5 and 157.3). These variables are similar to those an-
1998; O'Brien, 1994). Specific measures included werealyzed in other studies using the cBCT (Gladstone et al.,
Full Scale IQ (FSIQ) from the Wechsler Intelligence Scale1989; Marion et al., 2003; Moore et al., 1995). Speed was
for Children—Third Edition (Wechsler, 1991), Beery Buk- measured in seconds to complete each path. Accuracy was
tenica Developmental Test of Visuomotor Integration (VMI; calculated based on the amount of deviation from the line
Beery, 1997), dominant hand performance from the Groove@f best fit (as illustrated in Figure 1) expressed as area
Pegboard Test (PEGS; Spreen & Strauss, 1998), percentafgder the curve. Speed and accuracy measures from angles
of perseverative responses from the Wisconsin Card Sor€ontributing to WOV variables were log transformed due to
ing Test (WCST; Heaton et al., 1993), time to completesignificant violations of normality. Since the homogeneity
Part B of the Trailmaking Test (Trails B; Spreen & Strauss,of variance assumption was met for all variables, pooled
1998), short (SDF) and long delay free recall (LDF) scoresvariance estimates were used in the analyses. There were
from the California Verbal Learning Test—Children’s Ver- N0 significant main or interactive effects of sex, and there-
sion (CVLT-C; Delis et al., 1994), and the Attention, Delin- fore, the variable of sex was dropped from the final analy-
guency, and Aggression subscales from the Child Behavio$es- Further, there is no evidence of sex differences based
Checklist (CBCL; Achenbach, 1991). In all cases, standardon previous literature using this task with children and with

ized variables derived from published norms were used t@dults (Oakes et al., 2002; Steese-Seda et al., 1995). No
correct for age effects. differences in performance were seen as a function of tester

or handedness. Specifically, none of the below results
changed if left-handers were excluded from the analysis.
Given that left-handers are over-represented in alcohol-
All participants were tested at the CBT at San Diego Statexposed children, they were not excluded from the final

University. Informed consent and assent were obtained pricainalysis to insure that our sample was representative of the

General Procedures
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overall FASD population. To control Type Il errors that angles and the FASD children did not adjust their speed
might result from small sample sizes, an alpha level of .0%etween WV and WOV angles.
was considered to be statistically significant in all analyses.

Analysis of Accuracy Variables on the cBCT

RESULTS Accuracy was also tested lbyests, which revealed no sig-

nificant differences (.36< ps < .94) between accuracy
scores for the CON and FASD groups on WV variables.
Speed to complete pathways was comparettésts, which  Although group differences did not reach statistical signif-
revealed significant group differences in favor of faster re-icance for WOV variables (.0% ps < .20), inspection of
sponse times for the CON group compared to the FASDabsolute differences reveals a general trend for persons with
group on the following WV variables: unimanual angles FASD to be less accurate than CON individuals (Figure 3).
[t(36) = —3.1,p = .004]; bimanual anglefg(36) = —2.1, A small number of outliers, in the direction of extremely

p = .04]; and symmetrical angl¢$(36) = —3.2,p=.003].  deficient performance (i.e> 3 SDs from the mean) were

A marginally significant difference was seen on right-handobserved in both the CON and FASD groups. Because there
facilitation angles p = .08). The groups did not differ on was no reason to exclude these subjects, they were retained
asymmetric angles or left-hand facilitation angles, althoughn the final analyses. Notably, the results did not differ when
absolute differences were indicative of slower performancehese outliers were excluded. As described above, a ratio
times in the FASD group. Surprisingly, no group differ- score was calculated by dividing the average accuracy score
ences were observed for WOV anglgs (> .05). See Fig- for all WOV angles by the average accuracy score of all
ure 2 for a summary of these results. In order to examin&VV angles. Results of a between groupest examining
group differences on WOV angles after accounting for perthis variable were marginally significanp& .08) suggest-
formance on WYV trials, a ratio score was calculated bying a trend for the FASD group to demonstrate specific
dividing the average of all WOV angles by the average ofimpairment on WOV angles after controlling for WV
all WV angles. Results of a between-grautpst examining  performance.

this variable revealed significantly higher scores inthe CON Because large group differences were observed on the
group (p=.012). These results were not unusual given thatWOV variable but were not found to be statistically signif-
the CON group demonstrated slower performance on WO\icant,post hoanalyses were conducted to determine whether

Analysis of Speed Variables on the cBCT
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Fig. 2. Average time to complete angles on cBCT task in children with fetal alcohol spectrum disorders (FASD) and
controls (CON).
*p < .05; *p < .01.
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Fig. 3. Accuracy on combined angles of the cBCT task in children with fetal alcohol spectrum disorders (FASD) and
controls (CON). Greater accuracy scores correspond to poorer performance (i.e., greater area under the curve).

there were significant group differences on individual WOV speed and accuracy variables revealed no significant corre-
angles. For each angle, log transformed accuracy scoréations in either the CON or FASD groups (.£3ps < .96).
were analyzed witlitests using pooled variance estimates.
Theset tests revealed a statistically significant group dif-
ference on the WOV 157°&@ngle[t(36) = —2.44,p = .02;
Figure 4]. This difference remained significant after con-
trolling for performance on the average of all angles com-~or data reduction purposes and to reduce chance of Type |
pleted with visual aid[F(1,35 = 5.7, p = .02], and errors, only cBCT variables believed to be most reflective
performance on symmetric anglds(1,35 = 4.8,p=.04].  of interhemispheric functioning (e.g., WOV symmetric,
Group differences on the other individual angles were notWOV asymmetric, and WOV 15725angles) based on the

Correlations Between cBCT and Cognitive
and Behavioral Measures

significant (.14< ps < .63). current and previous studies (Jeeves et al., 1988a; Preilowski,
1972, 1975) were included in this analysis (see Table 2).
Likewise, a limited number of variables were selected
cBCT and Age

priori from available cognitive tests and behavior rating
Due to the wide range of age in the sample and the fact thatcales in order to represent specific domains of interest (i.e.,
several studies have documented age-related improvemegéneral intellectual functioning, visual-motor integration,
in bimanual performance (Fagard et al., 1985; Jeeves et afine-motor skills, verbal learning, executive functioning,
1988b; Marion et al., 2003; Steese-Seda et al., 1995), thend behavioral adjustment). In all cases, these variables
above analyses of speed and accuracy were examined withere corrected for age using published norms. For consis-
age as a covariate. In no case were the findings differertency purposes, standardized scores on the CBCL, Grooved
when age was covaried. However, trends toward sigPegboard, and Trail Making tests were transposed so that
nificance emerged on the following speed variables: WVhigher scores reflected better functioning. Two-tailed Pear-
Asymmetric Angles[F (2,35 = 3.4,p = .072] and WV  son product-moment correlation coefficients between cBCT
Right-Hand Facilitation AnglegF (2,35 = 4.0,p = .053].  and cognitive and behavioral measures are presented in
Trends toward significance were also seen on the followingrable 2 for all available individuals in the FASD group. The
accuracy variables when age was used as a covariate: WOSASD group was examined alone in order to rule out the
Asymmetric AnglesF(2,35 = 3.5, p = .07] and WOV  possibility that group differences in general functioning were
Left-Hand Faciliation Angle§F(2,35 = 3.0,p = .092].  contributing to observed correlations. Negative correla-
Correlations between age and cBCT performance for altions were expected for all variables, as it was expected that
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Fig. 4. Accuracy on individual angles completed without visual aid in children with fetal alcohol spectrum disorders
(FASD) and controls (CON). Greater accuracy scores correspond to poorer performance (i.e., greater area under the
curve).

*p < .05.

difficulty on cBCT (indicated by higher speed and accuracylines through a series of angled pathways presented on a
scores) would be related to poorer cognitive and behavioratomputer screen. Acallosal individuals and individuals with
scores. Associations were seen between accuracy on WQrgically sectioned anterior portions of the corpus callo-
symmetric angles and the WCST and the Attention subscalsum are impaired on similar measures of bimanual coordi-
of the CBCL. Associations seen in the FASD group be-nation, particularly during novel acquisition of the task and
tween cBCT variables and the WCST and the Attentionexecution of the task without visual feedback (Jeeves et al.,
subscale of the CBCL were not observed in the controll988a; Preilowski, 1972, 1975). Furthermore, recent stud-
group. Instead when the CON group was examined alones have shown that patients with multiple sclerosis and
marginally significant and significant associations in theknown evidence of inefficient callosal transfer perform more
expected directions were seen between the WOV symmepoorly on this task than those without callosal impairment
ric angles and the Grooved Pegboard test (—.506,p = (Larson et al., 2002).

.07) and the VMI ¢ = —.495,p = .08). The WOV symmet- In the current study, angled pathways from the cBCT
ric angles were significantly associated with the Aggres-were combined to measure simple motor speed (i.e., uni-
sion subscale of the CBCL & —.709,p = .007). Positive  manual angles), visuomotor integration (bimanual and sym-
associations were seen between WOV Symmetric Anglemetric angles with visual feedback), and interhemispheric
and LDF from the CVLT-C ( = .719,p = .006). Associa- interaction (i.e., asymmetric angles and all angles com-
tions in the expected direction were also seen between thgleted without visual feedback). It was expected that the
WOV Asymmetric Angles and Trails Br(= —.574,p = FASD group would exhibit slower and less accurate perfor-
.04) and the VMI ¢( = —.666,p = .03). mance compared to the performance of the CON group on
all measures, particularly on those most heavily dependent
on interhemispheric interaction.

DISCUSSION The FASD group consistently took longer than the CON
Geffen et al. (1994b) suggest that the corpus callosum playgroup to complete angles with visual feedback, displaying
an important role in bimanual tasksa inhibitory and ex-  slowed simple motor speed and visuomotor integration skills.
citatory transfer of motor commands between the two cereThese results are consistent with earlier studies demonstrat-
bral hemispheres. The current study used the cBCT (Browring impaired fine-motor speed in children with heavy pre-
1991) to assess how well the hands work together to drawmatal alcohol exposure on traditional neuropsychological
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Table 2. Pearson product moment correlations between cBCT and traditional measures
for the FASD group l = 21)

cBCT accuracy variables completed
without visual assistance

Cognitive and behavioral measures Symmetric Asymmetric 157.5
General intellectual functioning

FSIQ —.352 —.169 .054
Visual motor integration

VMI —-.359 -.351 —-.103
Fine motor skills

Pegs —.068 .064 .012
Executive functioning

WCST —.609* -.379 —.256

Trails B —.014 137 —-.021
Verbal learning (CVLT-C)

SDF —.348 -.315 —-.123

LDF —.244 —-.078 —.055
Behavioral functioning (CBCL)

Attention —.599+* —.402 —.292

Aggression —.151 -.110 —.001

Delinquency —.099 .059 .249
**p<.01.

tests (Mattson & Riley, 1998b; Mattson et al., 1998). Sur-analysis revealed that the FASD group was less accurate
prisingly, the FASD group did not differ from the CON than the CON group on the WOV 157.&ngle. This spe-
group in terms of speed on angles completed without visuatific finding is suggestive of subtle callosal dysfunction,
feedback and performed better than CON children on ajiven that this angle is particularly dependent on interhemi-
ratio score of time to complete WOV angles after control-spheric communication. This angle not only requires per-
ling for timed performance on WV angles. Whereas theformance without the aid of visual feedback, a condition
CON group performed progressively slower as trials in-that has been shown to be specifically impaired in individ-
creased in complexity, the children in the FASD group diduals with callosal agenesis (Jeeves et al., 1988a; Preilowski,
not. These findings indicate differences in strategy and speet972, 1975), but is also leftward facing (requires mirror
accuracy trade-offs between the two groups. Specificallymovements of the hands) and requires faster left than right
children in the FASD group did not adjust their strategy ashand response speed for successful completion, both con-
the task became more complex. ditions proposed to place a relatively greater demand on
When accuracy of performance was examined, the FASInterhemispheric interaction (Jeeves et al., 1988a; Moore
group performed similarly to the CON group on angleset al., 1995). Similar results were found in studies of chil-
completed with visual feedback. The FASD group also perdren and adults with dyslexia (Gladstone et al., 1989; Moore
formed similarly to the CON group on WOV angles, de- et al., 1995), a condition believed by some to be related, in
spite the fact that, unlike the CON group, the FASD grouppart, to callosal anomalies (Hynd et al., 1995; Njiokiktjien
did not slow their response speed on these trials. Visuattal., 1994). Furthermore, developmental studies have shown
inspection of the data, however, revealed large group difthat Left-hand Facilitation and WOV angles are specifically
ferences in WOV accuracy scores that did not reach starelated to age and presumably corpus callosum maturation
tistical significance, most likely due to highly variable (Marion et al., 2003). Finally, current findings of ineffi-
performance in the FASD group. When age was included asient interhemispheric transfer are consistent with our ear-
a covariate, trends toward significance were seen on WOVer work demonstrating impaired performance on aspects
Asymmetric Angles on WOV Left-hand Facilitation Angles. of a finger localization task that required interhemispheric
Furthermore, there was a trend for the FASD group to demtransfer (Roebuck et al., 2002).
onstrate selectively worse accuracy on WOV angles com- Several studies have demonstrated improved perfor-
pared to the CON group when a ratio score controlling formance on bimanual coordination tasks related to age (Fa-
performance on WV angles was examined. gard et al., 1985; Jeeves et al., 1988b; Marion et al., 2003;
To more specifically examine potential group differencesSteese-Seda et al., 1995), with older children performing
on measures of accuracy, the CON and FASD groups weraster and more accurately and younger children perform-
compared to one another on individual WOV angles. Thising similarly to adults with commisurotomy. Age-related
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improvement on the cBCT mirrors that expected from de-callosum anomalies in the individuals with FASD or to cor-
velopmental myelination of the corpus callosum and ap-+elate with the behavioral measures. The lack of neuroimag-
pears to be most evident on asymmetric angles and on anglésy data precludes us from knowing what percentage and to
that require greater left than right hand contribution. How-what degree the current sample of alcohol-exposed individ-
ever, the current study found no associations between ageals demonstrated an absent, reduced, or displaced corpus
and any of the examined cBCT variables. Additionally, with callosum. If individuals without CC anomalies are included
a few exceptions, results generally did not differ when agen the sample, it would serve to attenuate the current find-
was included as a covariate. The absence of significant coings for those persons who are more severely affected by
relations with age is most likely attributable to the fact thatalcohol exposure, thus making our current findings of sub-
the age range in our sample was older than the age rangée interhemispheric interaction deficits more conservative.
used in previous developmental studies, increasing the po3+is possibility may also explain the high degree of vari-
sibility that individuals in our study had reached a plateauability seen in FASD group performance on the cBCT task
with respect to age-related changes on the cBCT task. as this variability increased with greater task complexity
The corpus callosum has been implicated in the regulaand presumed greater reliance on efficient callosal function-
tion of attention (Banich, 1998; Hines et al., 2002; Hynding. Itis likely that the current findings would be greater in
etal., 1990, 1991, 1995; Roeltgen & Roeltgen, 1989), learnmagnitude and less variable if we were able to limit our
ing and memory (Geffen et al., 1994a), reading and learnsample to those individuals known to have quantifiable
ing disabilities (Davidson et al., 1990; Moore et al., 1995,anomalies of the corpus callosum. Further study is war-
1996; Njiokiktjien et al., 1994), and behaviofabcial dis- ranted assessing the association between bimanual coordi-
turbance (Brown & Paul, 2000; O’Brien, 1994; Paul et al., nation with neuroanatomical measures of the corpus callosum
2004). Therefore, inefficient functioning of this structure in alcohol-exposed individuals.
may contribute to the myriad of cognitive and behavioral In sum, these results indicate that individuals with FASD
deficits observed in alcohol-exposed children. To test thisare slower than controls, but equally accurate on measures
hypothesis, associations between cBCT variables shown frowf basic visuomotor ability (i.e., angles performed with vi-
past research to be most dependent on interhemispheric fungdal feedback). The lack of group differences in speed on
tioning and performance on standardized behavioral andngles completed without visual feedback suggests that in-
cognitive measures were examined. Specifically, accuracgividuals with FASD did not adjust their strategy in the face
on symmetric WOV trials, asymmetric WOV trials, and the of greater task complexity. This may account for the high
WOV 157.5 angle were chosen for these analyses. Resultdegree of variability seen in the FASD group’s ability to
indicated that within the FASD group inaccurate perfor-accurately complete angles without visual feedback. Spe-
mance on the cBCT was related to parental report of attereifically, the FASD group was less accurate than the CON
tion difficulties and novel problem solving skills. These group on WOV angles when performance on WV angles
findings are consistent with a study by Brown and Paulwas accounted for and on one specific angle (i.e., WOV
(2000) demonstrating that deficits in novel problem solving157.5) believed to be the most heavily dependent on inter-
are basic to the symptomatology of individuals with agen-hemispheric interaction. These results are consistent with
esis of the corpus callosum. Similarly, it has been showrearlier findings of impaired interhemispheric transfer in this
that individuals with callosal agenesis have deficits in spagroup of children (Roebuck et al., 2002). Finally, prelimi-
tial attention (Hines et al., 2002). nary correlational analyses between selected cBCT and
Because the time interval between testing sessions waseuropsychological variables in children with FASD re-
quite large for several individuals, the above correlationalvealed that inaccurate performance on cBCT variables be-
analyses were conducted with a subset of individudls @)  lieved to reflect interhemispheric interaction was related to
with testing intervals less than 1.5 years, and the resultsnpaired novel problem solving and attention. These re-
were unchanged. Although the gap between normative scoresilts suggest that impaired callosal functioning may be con-
on traditional neuropsychological tests might be expectedributing to the behavioral deficits commonly reported in
to widen between FASD and CON groups over time giventhese functional domains.
potential reduced developmental gains in FASD children,
there is no reason to expect that their absolute performanc& CKNOWLEDGMENTS
on cognitive or motor tests would decline over time. There
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