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Abstract
Object The anterior commissure is a critical interhemispheric pathway in animals, yet its connections in humans
are not clearly understood. Its distribution has shown to vary
greatly between species, and it is thought that in humans it
may convey axons from a larger territory than previously
thought. The aim was to use an anatomical mapping tool to
look at the anterior commissure fibres and to compare the
distribution findings with published anatomical understanding.
Materials and methods Two different diffusion-weighted
imaging data sets were acquired from eight healthy subjects using a 3 Tesla MR scanner with 32 gradient directions.
Diffusion tensor imaging tractography was performed, and
the anterior commissure fibres were selected using threedimensional regions of interest. Distribution of the fibres was
observed by means of registration with T2-weighted images.
The fibre field similarity maps were produced for five of the
eight subjects by comparing each subject’s fibres to the combined map of the five data sets.
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Results Fibres were shown to lead into the temporal lobe
and towards the orbitofrontal cortex in the majority of
subjects. Fibres were also distributed to the parietal or occipital lobes in all five subjects in whom the anterior commissure was large enough for interhemispheric fibres to be
tracked through. The fibre field similarity maps highlighted
areas where the local distances of fibre tracts were displayed for each subject compared to the combined bundle
map.
Conclusion The anterior commissure may play a more
important role in interhemispheric communication than currently presumed by conveying axons from a wider territory, and the fibre field similarity maps give a novel
approach to quantifying and visualising characteristics of
fibre tracts.
Keywords Anterior commissure · DTI · Local distance
function · Corpus callosum
Abbreviations
AC
Anterior commissure
CC
Corpus callosum
DTI
Diffusion tensor imaging
DWI Diffusion-weighted imaging
STIR Short TI inversion recovery
Introduction
The cerebral hemispheres are interconnected by the corpus
callosum (CC) and the anterior, posterior and hippocampal
commissures. The largest of these connections is the CC
spanning across the length of the cerebral hemispheres, providing the majority of interhemispheric information transfer. In those who have complete sections of the CC, it has
been shown that motor, language, cognitive and behavioural
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Fig. 1 Inversion recovery sequence image of an axial slice at the level
of the anterior commissure, highlighting its connection between both
hemispheres

functions can remain unaffected [1,2]. This suggests alternative routes play a part, and in particular the anterior commissure (AC), as seen in Fig. 1, has been shown to provide
many interhemispheric routes for information [3]. Investigating these connections of the AC may be important in the
understanding of epileptic spread between the hemispheres,
since both the CC and the hippocampal commissure have
been shown to be critical in the contralateral spread of electrical potentials [1]. Limiting seizure spread in those with
uncontrolled epilepsy is possible by sectioning the commissural fibres and has shown to prevent an unconscious state
during seizures [1,4]. It is common to leave the AC intact
during surgical procedures for epilepsy, and it may be possible for epileptic potentials to travel through this pathway,
inducing bilateral spread [1].
The mid-sagittal cross-sectional area of the AC has been
shown to be 1% of the CC area, and variations in the area
are thought to represent the distribution of interhemispheric
communication [5]. Hypertrophy of the AC especially in congenital agenesis of the CC may be due to re-routing of some
neuronal axons for better functional compensation [6,7]. An
increase in the total number of axons passing through the
AC without hypertrophy has also been observed in acallosal
mice, suggesting it can be used as an alternative pathway for
information transfer [8].
Distribution of the AC to various parts of the brain in animals has been shown to vary greatly between species [9,10].
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For species that do not possess a CC, the AC is the largest and most critical interhemispheric pathway, carrying the
CC-related functions [7,10–13]. Relatively less work has
looked at the human AC, and until recently it was presumed
that the commissure has connections similar to non-human
primates, but is now thought to convey axons from a much
larger territory [14].
The AC in humans is classically divided into two distinct
tracts, the anterior and posterior limbs. The anterior limb
connects to the olfactory bulbs, their nuclei and the inferiorposterior orbital gyri and is thought to be a minor component
of the AC fibre tracts [14,15]. It is thought that phylogenetically as the functions of the olfactory complex regress,
connections of the AC appear to shift to neocortical regions
in the temporal lobes, to which the corpus callosum does not
project [10,16,17].
The posterior limb travels within the basal part of the
striatum and into the temporal cortex towards the amygdala
[18], temporal pole [19], parahippocampal, inferior temporal and fusiform gyri [14,20–22]. Additional afferents from
the occipital cortex, precentral gyrus and central fissure have
been described through the posterior limb [14].
Studies in humans looking at the fibres passing through the
AC have mostly involved dissections of the brain, followed
by staining and tracing. However, with recent advances in
MRI neuroimaging techniques tractography from DTI data
enables the construction of pathways of high water diffusion that are associated with white matter fibre tracts in
the brain, thereby allowing visualisation and investigation
of connections between different brain regions, in vivo and
noninvasively. This can be used to better comprehend the
fibre connections through the AC.
DTI uses a set of diffusion-weighted MR images acquired
in at least six directions to enable estimation of the diffusion tensor in each voxel. Tractography algorithms, such
as streamlines, can then display the path of the principle
direction of diffusion in anisotropic tissue until termination
in areas of low anisotropy. Large anisotropic diffusion is
observed in white matter, where molecular motion is greater
parallel to the myelinated axonal fibres rather than perpendicular to them [23]. Fibres reconstructed, therefore, represent
paths of the most probable direction of molecular diffusion,
hence along the axonal fibres.
DTI has shown distribution of the AC fibres to the amygdala and temporal pole as well as the ventrolateral temporooccipital cortex [24–26], supporting Di Virgilio et al. [14]
who illustrated through dissection that the AC receives axons from the inferior occipital cortex in man and that these
connections are not present in macaque [27].
This study aims to use DTI-based tractography with an
anatomical mapping tool to look at the AC fibres and to
compare the distribution findings with published anatomical understanding.
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Materials and methods
Subjects and image acquisition
Data were acquired from eight healthy subjects using a
Philips Achieva 3T MRI system with an eight-channel head
coil. Two DTI data sets were acquired from each subject with
b-values of 0, 1,000 s/mm2 and 0, 1,500 s/mm2 , respectively. Echoplanar imaging with a simple Stejskal–
Tanner sequence was used with a TR/TE of 10,313/55
and 18,750/50.5 ms, respectively, with acquisition times of
7 min 38 s and 12 min 58 s. A lower TE was used with a
b-value of 1,500 s/mm2 to compensate for the reduced signal-to-noise ratio at this higher diffusion weighting. Other
acquisition parameters were 2 × 2 × 2 mm voxels, 60
slices, FOV = 224 mm, matrix size = 112 × 112, partial
Fourier = 0.678, SENSE factor = 2 and 32 diffusion-encoding directions. This was repeated on a separate occasion with
three of the subjects using identical acquisition parameters
to obtain data for assessing reproducibility.
Conventional T2-weighted volumes were acquired for
anatomical localisation of the fibre tracts in each subject
with a TR/TE of 3,000/80 ms and voxel size of 0.449 ×
0.449 × 4 mm. STIR (short TI inversion recovery) images
with a TR/TE/TI of 4,811/9.1/200 ms, voxel size of 0.449 ×
0.449 × 2 mm and slice spacing of 2 mm were also acquired
in the sagittal plane from each subject to produce images for
optimum visualisation of the AC for size measurements and
region of interest selection.
Data processing
The STIR data sets were registered with the b = 0 volume
from the DTI data using rigid manual landmark-based methods in MedINRIA ImageFusion to produce transformation
matrices. Points that were clearly visible on both images were
selected, including along the border of the AC and edges of
the globus pallidus and lateral ventricles. Tensor estimation
and fibre tracking was performed for each of the data sets
in MedINRIA DTI Track [28] using the standard streamline
approach for tractography [29,30], in which every voxel of
the data set was used as a seed point. The algorithm introduced a stabilisation “advection” vector to minimise fluctuations introduced by low anisotropy regions (especially planar
tensors) [31]. The parameter controlling the smoothness of
the tracking process is a factor between 0 and 1. A weighting factor of 0.20 was chosen as advised by Weinstein et al.
[31] which affects “how much the propagation should be
encouraged to puncture through planar tensor areas”. In this
framework, this parameter replaces an angle threshold used
in the basic streamline approach. The anisotropy threshold
was set to 0.3. All fibres were generated prior to the region
of interest selection, using every valid voxel of the data set,

where every voxel containing a positive tensor with a fractional anisotropy greater than or equal to 0.3 as seed point.
These fibre fields were then transformed using the previously
acquired matrices, and the STIR images were used to produce two three-dimensional regions of interest either side
of the AC, by manually drawing around the AC on up to
three sagittal slices either side of the midline. After this, only
fibres passing through both AC regions of interest from one
hemisphere to the other were retained.
In total, there were AC fibre tracts from 22 unique data
sets. Six of these data sets from three subjects were unusable as no interhemispheric fibre connections through the
AC were produced on tractography. The AC fibre data for
each of the remaining five subjects were then manually registered with each other using rigid landmark-based registration to ensure the AC was not translated across subjects.
A Procrustes algorithm is used by MedINRIA ImageFusion to perform this registration [32]. Initially, several landmarks distant from the AC were used, such as the tips
of the lateral ventricles, edges of the globus pallidus and
vertex of the brain for correcting obvious misorientation.
Landmarks were then focussed around the AC for more subtle alignments, including the most inferior-posterior point
in the AC as well as recognisable neuroanatomical features such as the inferior border of septum pellucidum,
the anterior border of the fornix and the inferior portion
of the corpus callosum. It was then possible to produce a
combined map of the total AC fibres across the five subjects.
The T2-weighted volumes were also registered with the
b = 0 volume using rigid manual landmark-based methods.
The AC fibre bundles were visualised on the T2-weighted
volumes, as seen in Fig. 2, along with the STIR volumes to
assess distribution of the fibres.
Intra-subject reproducibility
Two different diffusion weightings were used in all subjects
and repeat scans acquired from three of the subjects, in order
to assess reproducibility of the fibres tracked through the
AC. A b-value of 1,000 s/mm2 was used as it is found to
be the most common and clinically useful diffusion weighting. A larger b-value of 1,500 s/mm2 was also used to assess
whether it is consistent with the findings at 1,000 s/mm2 .
In each of the fibre data sets, the number of fibres passing through the AC from one hemisphere to the other were
counted, and this was compared to the mid-sagittal crosssectional area of the AC in that subject.
The AC cross-sectional area was calculated from the sagittal section STIR images by measuring the AC maximum
height and its perpendicular width on the Philips scanner
image viewing software. This was in turn used to calculate
the ellipsoid area of the AC. The CC cross-sectional area
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curves containing N1 and N2 points, this framework allows
the definition of a distance between the two sets as an inner
product in the Hilbert space as in Durrleman et al. [35],
giving




d 2 L 1, L 2 = |L 1 − L 2 |2 = L 1 − L 2, L 1 − L 2 W
=

i<N
1 i<N
2
i=1

Fig. 2 Image showing the anterior commissure fibres from a single
subject projected onto the three-dimensional T2-weighted volume, for
assessing distribution of the tracts

was also calculated in the midline sagittal plane, using Sante
DICOM viewer [33]. Being a larger structure, a region of
interest could be drawn around the CC on the mid-sagittal
STIR images, and its area was automatically calculated.
Fibre field similarity measure
Each subject’s data set was extracted from the combined map
of five subjects and then compared with the remaining pooled
four sets of data, hence using the ‘leave one out method’ to
calculate the fibre field similarity.
To locally identify dissimilarities between bundles L 1 and
L 2 , a local distance function denoted as d 2 (L 1 , L 2 ) was used.
The fibre field resulting from the DTI acquisition and fibre
tracking consisted of a set of three-dimensional curves following the primary eigenvector of the diffusion tensors. The
similarity measure between two fibre fields was computed
by embedding curves in the space of currents. Curves can be
considered as geometrical primitives that can be modelled
as currents [34,35]. The idea was to characterise shapes via
vector fields that are used to probe them. A current is the flux
of a vector field through the geometric shape. In the case of
a curve L, a current is the path integral of any vector field ω
through the curve:

(1)
∀ω ∈ W, L : ω → ω (l) |τ (l) I R 3 dl
L

where τ (l) is the unit tangent, and W is the ‘test’ space where
the vector field is defined. As described by Durrleman et al.
[35], the test space was constrained to the space of smooth
vector fields ω, following |ω| < 1. Considering two sets of
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2  t
(τi )t .e− pi − p j /λ . τ j

(2)

j=1

where τi and τ j corresponded to unit tangent vectors at positions pi and p j . The exponential term corresponds to the
Gaussian kernel of variance λ and captures local spatial distance between curves. The dot product between the tangents
captures the difference in orientation between curves. This
distance has the property to not assume any point correspondence between points. However, this similarity measure
between curves (or sets of curves) gives a global distance
between two fibre fields.
Additionally to the framework by Glaunes et al. [34] and
Durrleman et al. [35], the distance definition was extended to
a local one. Considering a set of curves L, a local version L 
can be defined by convolution of L with a Gaussian kernel
of variance σ centred in p:
L  ( p) = L ∗ e−x− p/σ

2

(3)

Thanks to this localisation, the influence of the set of
curves was constrained to those close to the point where the
distance was measured. It is then possible to define the local
distance in p between two sets of curves L 1 and L 2 by:




d 2 L 1, L 2 ( p) = L 1 ( p) − L 2 ( p), L 1 ( p) − L 2 ( p) W
(4)
This enabled visualisation of the local distance difference of
a particular bundle to the rest of the population.

Results
Reproducibility of tractography
The fibres tracked through the AC from the different
diffusion-weighted and repeat acquisitions are shown in
Fig. 3 for the five subjects. Although the distribution of the
major fibre bundles appear similar when scans are repeated,
the number of fibres does vary, especially when the diffusion
weighting is increased.
The number of fibres passing through the AC, its crosssectional area in the midline and its relation to the CC size
are shown in Table 1. These results are plotted on a graph
in Fig. 4, omitting the subjects in whom tractography was
unsuccessful. Using linear regression, a good correlation
was found between the AC mid-sagittal cross-sectional area
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Fig. 3 Fibres tracked through
the AC in the five subjects, with
differences between diffusion
weightings and the first and
repeat scans. The two views
shown are the superior and right
lateral views of the fibres

and the number of fibres passing through it at a b-value of
1,000 s/mm2 , although there was greater variation of fibre
numbers at a b-value of 1,500 s/mm2 .
Distribution and fibre field similarity
Fibre tracking revealed large differences in the distribution
of AC fibres across subjects. Tractography from subject 1,

as seen in Fig. 3, showed a large proportion of fibres in the
posterior limb of the AC travelling bilaterally above the hippocampus into the parietal lobe, especially into the inferior
parietal lobule where the majority terminated. Another bundle carried on further to the superior parietal lobule and postcentral gyrus, with a smaller bundle to the precentral gyrus.
The other portion of the posterior limb entered the temporal
lobe towards the amygdala, but much more so on the right
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Table 1 Anterior commissure and corpus callosum mid-sagittal cross-sectional areas measured from the inversion recovery images, with size ratios
and number of fibres tracked through the anterior commissure for the various acquisitions
Subject

AC Area (mm2 )

CC Area
(cm2 )

AC:CC Size
ratio

Number of fibres through AC
1,000 s/mm2

1,500 s/mm2

First scan

Repeat scan

First scan

Repeat scan
162

1

11.79

6.39

1:54

253

190

351

2

9.32

6.85

1:74

156

85

168

93

3

5.93

7.56

1:128

67

34

57

60

4

5.37

7.91

1:147

39

−

114

−

5

8.16

6.58

1:80

118

−

118

−

6

1.98

5.52

1:278

0

−

0

−

7

1.90

5.69

1:299

0

−

0

−

8

7.04

7.47

1:106

0

−

0

−

Fig. 4 Graphs showing the relationship between the anterior commissure mid-sagittal cross-sectional area and the number of fibres tracked
through it for a the acquisitions at 1,000 s/ mm2 and b acquisitions at
1,500 s/mm2

than left side. There was no anterior limb of the AC visible. Although there was a wide distribution of fibres from
the AC through the posterior limb, the fibre field similarity
maps showed a large Hilbert distance projected onto the parietal lobe fibres and fibres crossing the corpus callosum and
a small Hilbert distance in the main trunk of the posterior
limbs, as shown in Fig. 5.
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Tractography from subject 2 showed posterior limb fibres
travelling into the occipital lobe bilaterally, with a larger
number on the left. There were also temporal lobe fibres
through this limb, with a large number on the right. The
anterior limb contained fibres towards the orbitofrontal cortex bilaterally. Fibre field similarity maps showed a large
Hilbert distance in the left temporal lobe, where there were
fewer fibres than on the right and a relatively small Hilbert
distance in the anterior limbs.
Tractography from subject 3 showed a very small number
of fibres compared to the other subjects, although the majority of these made up the anterior limb bilaterally towards the
orbitofrontal cortex. The posterior limb showed small numbers of fibres into the occipital lobe and the temporal lobe
bilaterally. Fibre field similarity maps showed a large Hilbert
distance in the occipital lobes and a relatively small Hilbert
distance in the body of the AC.
Tractography from subject 4 showed bundles travelling
into the parietal and temporal lobes bilaterally. The anterior
limb fibres towards the orbitofrontal cortex were also present on the right. Fibre field similarity maps showed a large
Hilbert distance in the anterior limb and body of the AC.
Tractography from subject 5 showed the posterior limb
fibres to the occipital lobe and temporal lobe mostly on the
right, as well as the anterior limb fibres for a short distance
bilaterally towards the orbitofrontal cortex. Fibre field similarity maps showed a large Hilbert distance in the right posterior limb and relatively low Hilbert distance in the body of
the AC.
Discussion
Using tractography the fibres passing through the AC for five
of the subjects were isolated, fibre distributions were determined, and the fibre field similarity for each subject was calculated. The distribution of fibres through the AC was shown
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Fig. 5 Image showing the fibre
field similarity map produced
for subject 1 from a superior
view of the brain. The fibres are
colour labelled with the Hilbert
distance, a measure of the local
distance between each subjects’
fibre tracts and the combined
map. The histogram represents
the Hilbert distances for each of
the subjects 1–5

in all subjects to pass via the posterior limb to the temporal
lobe and either the occipital or parietal lobes. The temporal
lobe connections of the AC fibres to the amygdala and temporal pole were seen in the majority of subjects, as described
in the literature [18–22]. The parietal lobe fibres were seen
in two of the five subjects, and occipital lobe fibres in the
remaining three subjects. This is in line with results from the
dissection study by Di Virgilio et al. [14] which showed connections to the occipital cortex, central fissure and precentral
gyrus, as well as DTI studies showing fibres from the AC
extending to the ventrolateral occipital cortex [24–26].
The anterior limb which extends towards the orbitofrontal cortex after passing through the AC was visible to some

extent bilaterally in four of the five volunteers and has been
described in the literature [15]. This data is consistent with
observations from Di Virgilio et al. [14], suggesting that
axons to the AC may be conveyed from a larger territory than
previously proposed, specifically from parts of the occipital
cortex and various parts of the parietal lobe. This may be
due to connections of the AC shifting phylogenetically to
neocortical areas where the corpus callosum does not project
[10,16,17].
As shown in Table 1, the CC area varied between 54
and 299 times the AC cross-sectional area; hence, the AC
being 0.3–1.8% of the CC area. This supports the study by
Foxman et al. [5] that the AC area is about 1% of the CC
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cross-sectional area. It has been suggested that a larger commissural area would have more nerve fibres crossing between
the hemispheres, and consequently those cognitive functions
that rely on only one hemisphere are more likely to be shared,
and therefore less dependent on that one hemisphere [36].
The correlation between AC fibre number and cross-sectional area was as expected and shown not be a result of
postprocessing techniques. A b-value of 0, 1,000 s/mm2 is
typically the standard value used for clinical DWI [37]. As the
b-value increases, the signal intensity decreases as the contributions of T1 and T2 weighting decrease, leading to a reduced
signal-to-noise ratio as DWI signals are closer to the background noise level [38], but having an increased diffusion
sensitivity [39,40]. This may explain why the repeat scans
with a b-value of 1,000 s/mm2 were more consistent than at
1,500 s/mm2 . Due to the higher level of background noise,
there was much greater variation when scans were repeated,
and consequently the number of fibres passing through the
AC also varied considerably. At a b-value of 1,500 s/mm2 ,
there will have been greater diffusion sensitivity and consequently better estimation of fibre direction where nerve fibres
cross, and so it may suggest the general increase in fibre numbers when compared with a b-value of 1,000 s/mm2 .
One observation noted was that out of the eight subjects, there were five in which results were obtained, and
the remaining three subjects’ data sets could not be used
due to a lack of AC fibres passing from one hemisphere to
the other. As seen in Table 1, two of those subjects had AC
cross-sectional areas of below 2 mm2 , which were considerably smaller than the subjects in which tractography through
the AC was successful. The last subject had an AC cross-sectional area of 7.04 mm2 which is in the middle of the successful range of areas, yet there were still no fibres produced
on tractography. Fibres were produced in the structures surrounding the AC, such as the fornix, yet none passed through
the AC itself.
The fibre field similarity measure provided a novel
approach to calculation and visualisation of the distance
between bundles for a particular region of interest, using fibre
data between subjects. This technique can aid in the segmentation of white matter bundles within the brain, by identifying
the extent to which fibres are anatomically distant from the
population map. Fibres that appear to have a large Hilbert distance may be classed as outlying fibres which do not lie close
to the overall population fibre bundles. This along with other
fibre characteristics such as curvature and torsion appears
to have applications for looking at normal versus abnormal
fibre tracts for example in the presence of a tumour [41].
Limitations
Although the fibre field similarity measures and maps are
very useful, there were limitations in this study as comparing
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across subjects meant that any large anatomical differences
between the subjects would affect the fibre field similarity
calculations, causing a larger Hilbert distance to be displayed
if for example the brain size was significantly different to the
population.
There are also several limitations when using DTI to look
specifically at fibres through the AC. Since microscopic
information is averaged over the volume of the voxel, in
areas where anatomically large fibre tracts come close to
smaller fibre bundles, a proportion of fibres closest to the
larger tracts appear to follow incongruent paths indicative of
falsely reconstructed fibre paths. This could be the case with
the posterior limb of the AC, as anatomically the axons pass
posteriorly before turning anteriorly into the temporal lobe.
Lying close to this bundle is the inferior longitudinal fasciculus and fronto-occipital fasciculus, which transverse the
entire length of the brain and enter the temporal and occipital
lobes, respectively [42]. Since these pass fairly close to the
AC axons, it may be possible that with DTI several fasciculi
fibres are picked up erroneously as AC fibres to the occipital
lobe. Anatomical differences of crossing white matter tracts
between subjects may explain the inter-subject variation of
AC distribution as seen in Fig. 3, as it causes premature termination of the streamlines at various points along the AC fibres.
Intra-subject comparisons of the AC fibres shows fairly similar tracts, although these differences may be explained by
changes in the magnetic field inhomogeneities due to the time
difference between the first and repeat scans.
Ways to overcome the effects due to crossing fibres would
be to first improve the imaging resolution, for example by
using fast spin-echo DTI which allows sub-millimetre voxel
sizes, and also means that multiple voxels can characterise
the smaller anterior commissures in subjects [43]. Secondly,
other methods apart from conventional streamline tractography can be used, such as high angular resolution diffusion
imaging (HARDI) and Q-ball imaging (QBI), which allow
better reconstruction in areas with crossing fibres [44–46].
It is at present difficult to trust the connectivity maps of the
AC, but these methods may help define the normal anatomy
of the AC which is still under question from past dissection
studies and recent DTI work. They may also help overcome
the unsuccessful AC tractography in the last subject from
Table 1, where the problem may be related to the angle at
which the AC and the fornix are related. The fornix branches
off the AC just prior to the AC crossing from one hemisphere
to the other. If the angle of the white matter tract is steeper
within the AC than the fornix, it may be possible that the
fibres reconstructed represent those of only the fornix. Therefore, HARDI and QBI would be more appropriate and allow
a more reliable reconstruction of the AC fibre tracts, hence
giving a better understanding of the posterior limb connections of the AC, and how the AC cross-sectional area relates
to distribution.
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Conclusion
This DTI study has shown that the AC may play a more
important role in interhemispheric communication than currently presumed by conveying axons from a wider territory,
specifically from the occipital cortex and parietal lobes. This
may be clinically relevant in the spread of electrical potentials
from one hemisphere to the other in patients with epilepsy.
The study has also looked at the reproducibility of the AC
fibre tracts using DTI, confirming the previously recognised
temporal and orbitofrontal projections, and given a novel
approach to quantifying and visualising characteristics of
these fibre tracts through fibre field similarity measures and
maps. However, further work with improved technical and
processing methods is required to more accurately characterise these AC fibres and its normal anatomy.
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