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In this supplement, we show a comprehensive anatomic atlas of the human cerebrum
demonstrating all 180 distinct regions comprising the cerebral cortex. The location,
functional connectivity, and structural connectivity of these regions are outlined, and
where possible a discussion is included of the functional significance of these areas. In this
chapter, we specifically address regions integrating to form the cingulum.
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W e end our discussion of the major
white matter tracts of the brain
with the cingulum, an important

pathway that interconnects medial parts of
the frontal, parietal, and temporal lobes.1
While often described as a continuous fiber
bundle spanning from the subcallosal region to
the entorhinal cortex, some have suggested that
the cingulum actually consists of several white
matter tracts, including parahippocampal, retro-
splenial, and subgenual components.2 Its role in
connecting the anterior thalamic nucleus to the
entorhinal cortex was first described by Papez3
in his proposed circuit of the limbic system in
1937,3 implicating the cingulum in emotional
processing. Since then, our understanding of
the this white matter tract has changed, and
within the last two decades, the cingulum has
been identified as the major white matter tract
connecting the anterior cingulate and posterior
cingulate cortices of the brain’s default mode
network.4

While diffusion tensor imaging (DTI) and
gross anatomic dissection studies have clarified
the structural anatomy of the cingulum in some
detail,1,5-7 little is known about its various
cortical terminations. Recently, the Human
Connectome Project (HCP) published parcel-
lation data redefining the human cortex.8 This
provides a unique opportunity to elucidate the
macro-connectome of the human cerebrum, in
that high-resolution DTI tractography has been
shown to accurately illustrate the anatomy of
different white matter tracts in the brain.9-11

In this study, we delineate the bound-
aries of the cingulum utilizing the parcellation
scheme developed under the HCP.8 Through
diffusion spectrum Imaging (DSI), we show
the relationship between these parcellations and
the cingulum. We also provide a simplified
tract map summarizing those regions with white
matter connections specific to the cingulum.
The purpose of this study is to present the
structural connectivity of the cingulum in an
indexed, illustrated, and tractographically aided
series of figures and tables for anatomic and
clinical reference.

METHODS

Identification of Relevant Cortical Regions
The parcellation data entries within the first

9 chapters of this supplement were reviewed
to determine the specific cortical regions with
structural connectivity in the distribution of the
cingulum. These data were tabulated, and connec-
tions between individual parcellations within the
cingulum were recorded. These results served as
the basis for constructing a simplified tractography
map of the cingulum and performing deterministic
tractography.

Deterministic Tractography
Publicly available imaging data from the HCP

was obtained for this study from the HCP database
(http://humanconnectome.org, release Q3). Diffusion
imaging with corresponding T1-weighted images
from 10 healthy, unrelated controls were analyzed
(Subjects IDs: 100307, 103414, 105115, 110411,
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CONNECTIONAL ANATOMY OF THE CINGULUM

FIGURE 1. Simplified tract map showing the structural connections that integrate within
the cingulum. Connections between cortical areas are color-coded based on the parcellation
of origin (eg, turquoise arrows indicate structural connections from origin p32 to areas 9M,
10d, 31pv, POS1, RSC, and v23ab). Note that arrows are not meant to imply the direction
of information transmit.

111312, 113619, 115320, 117112, 118730, and 118932). A multi-
shell diffusion scheme was used, and the b-values were 990, 1985, and
1980 s/mm2 . Each b-value was sampled in 90 directions. The in-plane
resolution was 1.25 mm. The diffusion data were reconstructed using
generalized q-sampling imaging with a diffusion sampling length ratio
of 1.25.12

We performed brain registration to MNI space, wherein imaging is
warped to fit a standardized brain model comparison between subjects.
Tractography was performed in DSI studio using a region of interest
approach to initiate fiber tracking from a user-defined seed region. A two-
ROI-approach was used to isolate tracts. Voxels within each ROI were
automatically traced with a maximum angular threshold of 45◦. When
a voxel was approached with no tract direction or a direction change of
greater than 45◦, the tract was halted. Tractography was stopped after
reaching a maximum length of 800 mm. In some instances, exclusion
ROIs were placed to exclude obvious spurious tracts that were not
involved in the white matter pathway of interest. Tractographic results
are shown only for regions of interest within the left cerebral hemisphere.

CONNECTIVITY OVERVIEW

Presented in Figure 1, we demonstrate the functionally
relevant and anatomically connected cerebral parcellation
data that integrates within the confines of the cingulum.

Pertinent examples of tractographically connected parcellations
are shown in Figures 2–5. It should be noted that the figures and
tables presented in this study do not imply directionality. Instead,
supposed information transit is utilized as a simplified means
for connectivity description and reference. Table summarizes the
macro-connected parcellated areas of the human cerebrum that
integrate to form the cingulum. No attempt has been made to
subdivide the cingulum into smaller white matter bundles as
has been described by others,2 as our methods preclude accurate
subdivision of the various white matter tracts of the brain. In
general, the cingulum can be seen to connect parcellations of the
medial temporal lobe to those of the precuneus, cingulate gyrus,
and medial frontal lobe.

DISCUSSION

In this study, we describe a detailed map of the macro-
connectivity of the cingulum and its relevant cerebral parcella-
tions. Anatomic models of the cingulum generally begin in the
subcallosal cortex inferior to the rostrum of the corpus callosum
from which the cingulum bends superocaudally around the genu
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C D

FIGURE 2. A and B, Cingulate connections from area PreS in the left cerebral hemisphere. Connections are shown on T1-weighted MR images in the
sagittal plane. Area PreS has connections to POS1, POS2, 9m, p32, and 10d in this subject brain. Panel B is the same image rotated 180◦ to demonstrate
the precise location of PreS in the medial temporal lobe. C and D, Cingulate connections from area EC in the left cerebral hemisphere. Connections are
shown on T1-weighted MR images in the sagittal plane. Area EC has connections to POS2 and a24pr in this subject brain. Panel D is the same image
rotated 180◦ to demonstrate the precise location of EC in the medial temporal lobe.
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CONNECTIONAL ANATOMY OF THE CINGULUM

A B

FIGURE 3. Cingulate connections from area 9m in the left cerebral hemisphere. Connections are shown on T1-weighted MR images in the A, sagittal
and B, axial planes. Area 9m has connections to 31pv, v23ab, POS1, and PreS in this subject brain. All parcellations are identified with white arrows
and corresponding labels.

to continue its course superior to the body and splenium of the
corpus callosum within the deep white matter of the cingulate
gyrus.1 At the level of the splenium, the cingulum bends again,
passing inferocranially into the medial parahippocampal gyrus
and uncus where it terminates within the temporal lobe.1
The cingulum has long been thought of as a part of

the limbic system, mediating important aspects of behavior,
including emotional processing and memory.3,13 As described
by Papez,3 the multimodal sensory processing that occurs in
the hippocampus is eventually relayed to the mammillary bodies
via the fornix before entering the anterior thalamic nucleus via
the mammillothalamic tract.13 The cingulum bundle serves as
the major point of information outflow at this point, trans-
ferring emotionally relevant information from the thalamus to the
cingulate cortex and eventually to the enterorhinal cortex from
which it is retransmitted to the hippocampus. While modifica-
tions to the circuit have been proposed over time,14 the cingulum
remains an important part of the limbic system.
Structural abnormalities within the cingulum have also been

identified in several clinical disease states. For example, white
matter damage to the cingulum (as well as the uncinate and
fornix) has been demonstrated in patients with Alzheimer’s
disease,15 including reductions in fractional anisotropy in
mild cognitive impairment states that are further reduced
in Alzheimer’s.16 These abnormalities are often correlated
with adjacent gray matter atrophy and worsening cognitive

ability.15 Reductions in cingulum and corpus callosum fractional
anisotropy have also been reported in patients with bipolar
disorder,17 while another study reported changes in the
microstructure of the cingulum and uncinate in patients with
negative emotionality traits, traits that are more commonly
associated with mood and anxiety disorders.18 Both of these
studies suggest that the cingulum subserves an important
functional role in emotional regulation. Altered structural
integrity to the cingulum has also been identified in patients
with schizophrenia, although numerous long-range white matter
bundles can be affected in this disease process.19 Finally, decreased
fractional anisotropy and increased mean diffusivity of the
cingulum and corpus callosum have been reported in patients
with autism spectrum disorder.20
Discovery of a default resting state in 2001 demonstrated for

the first time a base-line functional brain network in individuals
who were neither sleeping nor performing tasks during functional
magnetic resonance imaging testing.21,22 The nodes of this
network, called the default mode or DMN, have been localized
to the anterior cingulate and medial frontal cortex, the posterior
cingulate cortex and precuneus, and the lateral parietal lobe.23
Study of the structural connections between these functionally
correlated nodes identified the cingulum as the primary white
matter pathway connecting the anterior and posterior cingulate
cortices.4 Increased average fractional anisotropy of the cingulum
has also been shown to correlate positively with the level of
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FIGURE 4. A and B, Cingulate connections from area v23ab in the left cerebral hemisphere. Connections are shown on T1-weighted MR images in the
A, sagittal and B, axial planes. Area v23ab has connections to a24, s32, p32, p24, d32, a32pr, p32pr, and 33pr in this subject brain.C andD, Cingulate
connections from area 31pv in the left cerebral hemisphere. Connections are shown on T1-weighted MR images in the C, sagittal andD, axial planes. Area
31pv has connections to a24, p32, p24, d32, a32pr, and p32pr in this subject brain. All parcellations are identified with white arrows and corresponding
labels.

functional connectivity between regions of the DMN.4 This
suggests that the structural integrity of the cingulum is important
for proper DMN functional connectivity, and that the functional
significance of the cingulum extends beyond simple emotional
regulation. For example, there is some evidence to suggest that

theDMN is involved duringmental exercises in which individuals
consider memories and future planning to construct and manip-
ulate hypothetical scenarios.24 Additional studies are necessary to
further characterize the role of the cingulum in DMN-related
activity.
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A B

C D

FIGURE 5. A and B, Cingulate connections from area POS1 in the left cerebral hemisphere. Connections are shown on T1-weighted MR images in the
A, sagittal and B, axial planes. Area POS1 has connections to a24, p32, p24, d32, and a24pr in this subject brain. C and D, Cingulate connections
from area 7m in the left cerebral hemisphere. Connections are shown on T1-weighted MR images in the C, sagittal and D, axial planes. Area 7m has
connections to a24, p24, d32, a32pr, a24pr, and p24pr in this subject brain. All parcellations are identified with white arrows and corresponding labels.

CONCLUSION

The cingulum is an important white matter tract coursing
around the corpus callosum as it connects medial aspects of the
frontal, parietal, and temporal lobes. It has long been described
as part of the limbic system, a series of structures important
in memory, emotion, and behavioral regulation. The cingulum

has also been identified as part of the default mode network,
suggesting its role in cerebral connectomics is more complex than
mere emotional processing. Further, subtract guided functional
and anatomic studies are needed to enhance our understanding of
the functional connectivity of the cingulum. However, our tracto-
graphic map of this white matter pathway can serve as a reference
point for these future studies.
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TABLE. Regions IntegratingWithin the Cingulum.

Original parcellation Terminations

9m 31pv
POS1
v23ab

25 23d
31pv
v23ab

a24 7M
9m
23d
25
31pv
p32
POS1
v23ab

a24pr 31pv
p32
POS1
RSC

a32pr 7m
8BM
23d
31a
31pd
31pv
d32
RSC
SCEF
v23ab

d32 7m
8BM
9m
31pv
POS1
RSC
v23ab

p24 7m
10r
23d
25
a24
a32pr
d32
p32
POS1
RSC
v23ab

p24pr 7m
23c
31a
31pd

p32 9m
10d
31pv
POS1
RSC
v23ab

TABLE. Continued

Original parcellation Terminations

p32pr 31a
31pd
31pv
PCV
v23ab

33pr 7m
10r
25
a24
p32
RSC
v23ab

d23ab a24pr
a32pr

EC a24pr
DVT
p24
POS2

PreS 7m
9m
10d
a24
p32
POS1
POS2
V1
V2
V6

ProS PEEC
s32 25

p32
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