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Abstract

Background: The parieto-frontal integration theory of intelligence revealed a novel scope of investigation examining how perfor-
mance networks are related to structural networks in the brain.
Objectives: These investigations highlighted the role of brain commissures, but no evaluation has been performed examining the
anterior commissure (AC) in determining the level of intelligence.
Patients and Methods: A total of 100 healthy volunteers were selected, and their brain MRIs were acquired. Measurements were
performed for the AC and the corpus callosum (CC) on MRI. Intelligence quotient (IQ) was calculated using the Wechsler Adult In-
telligence Scale-R (WAIS-R). P < 0.05 was considered significant.
Results: The average age of men was 32.58 ± 8.84 years, and the average age of women was 32.88 ± 7.83 years. The average IQ of
volunteers in the study was 103.57 ± 4.178. Partitioning the subjects by gender did not lead to significant results. No significant
correlation was determined between the dimensions of AC and IQ. The height of the CC had a positive correlation with IQ. However,
the thickness of the genu, body, and splenium of the CC demonstrated no significant relation to IQ.
Conclusion: The AC had no clear relationship with IQ, although it may have a role in women. The height parameter of the CC had
a significant correlation with IQ, suggesting the interference between the anterior and posterior parts of the brain in the human
intelligence process.
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1. Background

The improvement of modern cerebral imaging modal-
ities and the advent of analysis processing data technolo-
gies have enabled the examination of the neurobiological
nature of intelligence (1-3).

Following the introduction of the parieto-frontal inte-
gration theory of intelligence by Jung and Haier, there has
been a new strand of intelligence studies that focuses on
the investigation of the correlation between the anatom-
ical and functional frameworks of the brain (4, 5). As ex-
plained by Banich and Belger, interhemispheric transfer-
ring is beneficial for performing tasks that demand a high
level of attention, but such interaction is not necessary for
simple tasks with low demand (6). Brown and Banich also
argued that simple tasks are performed by only one hemi-
sphere and that more complex tasks involve interactions
between the two hemispheres (7-10). The anterior commis-
sure (AC) is a secondary interhemispheric communication

that exists in all mammals. This structure connects the
temporal lobes and amygdala in the two hemispheres and
is involved in memory, sensation, speech, hearing and sex-
ual behavior. The AC carries all fibers originating from the
neocortex in marsupials, while in placental mammals, the
AC conveys only some of the nervous tracts (11, 12). Studies
have also shown that the AC could be a compensatory path-
way in patients with corpus callosum agenesis (13). Most
likely, both the AC and the corpus callosum (CC) have some
similar functions in brain neural transfer. A multitude of
studies suggested that a larger CC confers greater intel-
lectual abilities (9, 10, 14-17). This positive relationship be-
tween the thickness of the corpus callosum and full scale
intelligence quotient (IQ) may be an indication of more
or better myelinated nerve fibers that enable interhemi-
spherring data transferring across the corpus callosum,
which is probably useful for integrating and processing
data (3).The findings of other researches also showed no re-
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lationship between CC size and IQ (4, 7, 18, 19). In spite of
these studies, associations have not yet been proven.

According to evolution theory, the CC is a newlycre-
ation only in placental mammals (20). However, it is not
observed in most of these animals. Unlike the AC as the pri-
mary mode of communication between the hemispheres,
the CC is not observed in marsupials (21). The function
of the AC is yet unknown and its size has not been inves-
tigated in relation to human intelligence. However, dys-
function in these white matter fibers have been stated in
pediatric bipolar disorder and chronic schizophrenia (22).
This study aimed to determine the correlation between the
measure values of the AC, CC and intelligence.

2. Objectives

These investigations highlighted the role of brain com-
missures, but no evaluation has been performed examin-
ing the AC in determining the level of intelligence.

3. Patients and Methods

This study was performed at the hospitals between Jan-
uary 2017 and September 2017. After approval was obtained
from the ethical committee, 100 healthy right-handed vol-
unteers aged 18 to 45 years were invited to participate
in the study. Patients were enrolled in the study if they
wished, after completing the consent form. All partici-
pants were screened through a self-report questionnaire
and the Structured Clinical Interview for DSM-IV disorders
(SCID) by a psychiatrist before entering the study. Exclu-
sion criteria were any history or current diagnosis of head
trauma and organic or neurological diseases (seizure dis-
order), intellectual disability, psychiatric disorders (mood
or psychotic disorders, and cognitive impairment), alco-
hol, smoking and substance abuse, and use of psychiatric
medications.

All volunteers with normal brain MRI results were en-
rolled. All images were acquired on a 1.5T MRI (General
Electric, USA), transverse and sagittal slices of T2-weighted
fast spin-echo sequences with these parameters: repetition
time/echo time = 3500 millisecond/85millisecond, voxel
size = 1 mm3, and 128 contiguous 1.5 mm. All images were
obtained in standard positions. Measurements were also
taken for anterior-posterior and superior-inferior diame-
ters of the AC (Figure 1) on the mid-sagittal plane, and the
transverse diameter of the AC was measured on the axial
images (23) (Figure 1). A variety of approaches have been
introduced to measure the corpus callosum. However, we
chose a manual technique that was conducted by two ra-
diologists simultaneously. To measure the dimensions of
the CC on mid-sagittal images, a line was drawn from the

anterior-most point of the CC to the posterior-most point,
and the other line was drawn from the superior to the in-
ferior part of the CC perpendicular to the first line. The
length of the CC was equal to the size of the first line and
the height was equal to the size of the second line (Figure
2). According to the maximum straight length of the CC by
Witelson’s method, it is categorized into three zones. The
genu, body and splenium portions of CC were divided as
anterior, middle and posterior third, respectively (24). The
thickness of the genu, body and splenium were measured
at the midportion of each zone (Figure 2).

Patients’ demographic information, such as age, gen-
der, and handedness, was gathered. Measures of IQ were
taken using the Wechsler Adult Intelligence Scale-R (WAIS-
R). After an MRI was performed for every subject, the WAIS-
R scores were calculated by a clinical psychologist under
the supervision of a psychiatrist who was unaware of the
MRI results. The validity and reliability of the Persian ver-
sion of the WAIS-R were studied in Iran. The WAIS-R sub-
scales showed their internal consistencies were 0.77 to 0.88
with split-half coefficients, and reliability from 0.69 to 0.87
on test-retest stability (25, 26).

3.1. Statistical Analysis

Data were recorded in SPSS 20 software (IBM Corp.
Released 2011. IBM SPSS Statistics for Windows, Version
20.0. Armonk, NY). The correlation coefficient (Pearson)
was used for quantitative sample data to measure how the
two variables were linearly correlated and dependent. Ad-
justments for age and sex were made using partial correla-
tions. A P value of < 0.05 was also considered significant.

4. Results

A total of 100 healthfully candidates were enrolled
(male/female ratio 50/50; age range 18 to 45 years; mean
age 32.73 ± 8.11 years). The average age of men and women
were 32.58± 8.84 years and 32.88± 7.83 years, respectively.
There was no statistically significant age difference by gen-
der. (P = 0.854). The average IQ of all participants in this
study was 103.57 ± 4.178 (range 90 to 116). The average IQ
was 101.84 ± 4.093 (range 90 - 109) in men and 105.30 ±
3.524 (range 99 - 116) in women (P = 0.627).

Correlations between each diameter of the AC and IQ
were analyzed in the total sample for men and women (Ta-
ble 1).

The superior-inferior diameter of the AC in the com-
bined sample showed a negative correlation with IQ,
which was maintained after removing the effect of age.
When this parameter was analyzed for gender, we observed
a negative correlation in men, while women had a negative
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Figure 1. How to measure the superior-inferior and anterior-posterior diameter of the anterior commissure (AC) and the transverse diameter on MRI.

Figure 2. How to measure the length and height of the corpus callosum (CC) and the thickness of the genu, body and splenium of the CC on MRI.

relationship similar to that of the combined sample but
with more intense and significant levels.

The anterior-posterior diameter of the AC does not
show a significant correlation with IQ before adjusting for
the effect of age. However, after removing the effect of
age, this negative correlation was not only significant, but
its values also increased. When this parameter was an-
alyzed by gender, we observed a negative correlation in
men and a positive correlation in women, while the cor-
relation increased in both samples after removing the ef-
fect of age. Transverse diameter measurements of the AC
for all three samples demonstrated no significant relation-
ship between the transverse diameters of the AC and IQ, in
contrary to the trend towards a negative relationship.

The relationship between the length and height of the
CC and the calculations of IQ is shown in Table 2.

The CC height showed a significant positive correlation

with IQ, but this correlation was not significant after re-
moving the effect of age. When this relationship was an-
alyzed based on gender, the male sample showed a signif-
icant positive correlation. However, after adjustment for
age, this correlation disappeared. The CC length demon-
strated a negative correlation with full scale IQ, such that
even after adjustment was made for age, the partial corre-
lation was not only maintained, but the value of that cor-
relation also showed an increase. The correlation between
the thickness of the CC and estimations of IQ is shown in
Tables 3 and 4.

When the thickness of the three parts of the CC, the
genu, body, and splenium, were assessed on behalf of the
anterior, middle and posterior CC, no significant correla-
tion was determined between the thicknesses of each of
these areas and IQ.
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Table 1. Correlations Between Anterior-Posterior, Superior-Inferior and Transverse Diameters of the AC and IQ

Measured parameter, Study
population

Mean ± standard
deviation (mm)

Simple bivariate correlation Partial correlation, considering the age of the control

ra P value ra P value

Anterior-posterior diameter

men 2.29 ± 0.38 -0.283 0.047 -0.357 0.012

women 2.19 ± 0.29 -0.283 0.046 -0.412 0.003

Total 2.24 ± 0.34 -0.115 0.256 -0.199 0.048

Superior-inferior diameter

men 4.01 ± 0.54 -0.169 0.242 -0.580 0.694

women 3.50 ± 0.531 -0.586 0.001 -0.584 0.001

Total 3.75 ± 0.59 -0.474 0.507 -0.466 0.001

Transverse diameter

men 52.82 ± 3.47 -0.096 0.001 -0.158 0.279

women 50.04 ± 3.34 -0.103 0.479 -0.060 0.684

Total 53.43 ± 3.45 -0.015 0.885 -0.136 0.179

Abbreviations: AC, anterior commissure; IQ, intelligence quotient.
aBivariate (Pearson) correlation.

Table 2. Correlation Between Length and Height of CC with IQ

Measured parameter,
Study population

Mean ± standard
deviation (mm)

Simple bivariate correlation Partial correlation, considering the age of the control

ra P value ra P value

CC length

men 69.24 ± 3.07 -0.411 0.003 -0.113 0.441

women 68.65 ± 7.38 -0.204 0.156 -0.186 0.201

Total 68.95 ± 3.76 -0.294 0.003 -0.346 0.001

CC height

men 21.43 ± 2.4 0.320 0.023 0.256 0.076

women 21.70 ± 1.92 0.098 0.497 0.201 0.166

Total 21.56 ± 2.17 0.234 0.019 0.111 0.274

Abbreviations: CC, corpus callosum; IQ, intelligence quotient.
aPearson correlation coefficient.

Table 3. Mean Thickness of Different Anatomical Parts of CCa

Measured parameter Total Men Women

Genu (mm) 10.59 ± 1.59 11.01 ± 1.60 10.18 ± 1.46

Body (mm) 4.60 ± 1.44 4.53 ± 1.41 4.68 ± 1.49

Splenium (mm) 11.41 ± 1.68 11.67 ± 1.69 11.15 ± 1.65

Abbreviation: CC, corpus callosum.
aValues are expressed as mean ± SD.

5. Discussion

This study showed that the superior-inferior diameter
of the AC, before and after the exclusion of the effect of age,
and the anterior-posterior diameter of the AC, only after ex-
cluding the effect of age, showed a significant negative cor-
relation with IQ, but no significant correlation was deter-
mined between the transverse diameter of the AC and IQ.

In this study, the height of the CC had a positive correla-
tion with IQ, and the length of the CC possessed a negative

relationship although the thickness of the genu, body, and
splenium of the CC showed no significant correlation with
IQ.

To check whether the correlation between the length
of the CC and IQ had an association with gender, the cor-
relation was examined separately for each sex. The re-
sults showed that men had a greater correlation coefficient
compared to the total sample, while compared to the total
sample; the correlation in women was lower and not sig-
nificant. In several previous studies, sexual dimorphism
had been demonstrated in terms of gender discrepancies
in the shape of the corpus callosum, cerebrum and brain
metabolism, as determined from measurements of cogni-
tive functions (27-32).

The results of a study by Mohammadi et al. did not
show remarkable sexual dimorphism in human CC param-
eters in North Iran. However the parameters of the CC in
males were higher than in females (24).

The anterior commissure, like the corpus callosum, is
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Table 4. Relationship Between the Thickness of CC and Estimations of IQ

Measured
parameter

Correlation in total sample Correlation in men Correlation in women

r P value r P value r P value

Genu (mm) -0.130 0.197 -0.153 0.288 0.143 0.321

Body (mm) 0.141 0.162 0.1110 0.443 0.154 0.287

Splenium (mm) -0.039 0.703 -0.041 0.775 0.111 0.441

Abbreviation: CC, corpus callosum; IQ, intelligence quotient.

a white-matter tract to bond the two hemispheres of the
brain. The measurement of the superior-inferior diameter
of the AC can be an index of the height of the CC and the
degree of neural fiber myelination and crowding. Thus,
the negative relationship between the superior-inferior
diameter of the AC and IQ may confirm the hypothesis
that higher intelligence is accompanied by less interhemi-
spheric transferring. The anterior-posterior and especially
the superior-inferior diameters of the AC showed negative
correlations with IQ, even with adjustment for age. The
decreased positive correlation of the anterior-posterior di-
ameter of the AC and the increased negative correlation
of the superior-inferior diameter of the AC with increasing
age in females shows that the role of this structure reduces
over the course of a lifetime. Therefore, it seems that the AC
causes women to have more interaction at a younger age.

At present, two theories indicate a relationship be-
tween intelligence and brain mechanisms. The first theory
states that intelligence related to the anterior portion of
the cerebrum is linked to parts of the rostrum, genu and
the anterior body of the corpus callosum.

The first theory is an old hypothesis that suggests that
the prefrontal cortex is related to a strong intelligence. In
addition, the new theory, parieto-frontal integration the-
ory, confirmed this subject by re-highlighting the function
of both the frontal lobe and parietal lobe.

The second theory is the correlation between intelli-
gence and the posterior parts of the brain that are linked
to the posterior part of the body, isthmus and splenium of
the corpus callosum. It can be argued that the correlation
between the CC and IQ, except for the role of CC dimen-
sions in the level of intelligence, which is an anatomical
phenomenon, may be a function of the thicker CC parts be-
ing less than the thinner parts.

A study by Luders and colleagues reported a significant
positive correlation between IQ and the thickness of the CC
over the posterior sections (posterior body, isthmus, and
splenium) (16).

In the present study, similar to the results reported by
Luders, a positive correlation was determined between IQ
and full CC height as well as posterior sections of the CC
in all samples (total, men and women). In contrast, the

study of Allin et al. marked that higher IQ was related to
a smaller posterior part of the CC in adolescents (average
age of 15 years) and adulthood (average age of 22 years) (19).
One possible explanation for the differences between the
two studies could be attributed to the age range of partic-
ipants. As CC is responsible for growth and development
all through adolescence and the beginning of adulthood,
it could be expected that the correlation between CC size
and IQ is highly related to age. The dynamic nature of CC
related to intelligence may mostly discuss heterogeneous
results in researches which vary due to age, sex and so-
cioeconomic conditions during the lifetime with multiple
evolution effects. However, the CC is not essential for nor-
mal and simple tasks but is rather necessary for more com-
plex processes (33). Therefore, the normal anterior com-
missure even with its enlargement, cannot carry entirely
interhemispheric transferring due to gross diversity origi-
nation of callosal and anterior commissure bundles (34).

Some limitations of our study should be noted. First,
verbal and performance IQ were not analyzed separately.
This study was limited to the assessment of IQ and the use
of structural MRI. Future studies with other neuropsycho-
logical tests for evaluating other cognitive domains and
multimodal neuroimaging techniques could be helpful.

In conclusion, we suggest studying AC as well as CC in
order to understand intelligence in terms of communica-
tion between the hemispheres, especially in women.
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