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In this supplement, we build onwork previously published under the HumanConnectome
Project. Specifically, 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 part
4, we specifically address regions relevant to the medial frontal lobe, anterior cingulate
gyrus, and orbitofrontal cortex.
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T his section groups the medial frontal
and anterior cingulate regions with the
orbitofrontal cortices not only due to their

anatomic proximity, but also due to the common
association of many of these areas with limbic
and emotional function.1-5 As brain mapping
efforts repeatedly link areas like the anterior
cingulate and orbitofrontal cortex (OFC), and as
surgeons increase their interest in intervening in
these areas, a common nomenclature will become
essential for sharing results and studying this area
in a scientific fashion.
One word of caution: 2 of the orbitofrontal

regions, OFC and posterior OFC (pOFC),
were noted by the Human Connectome Project
authors to be only marginally well parcellated
due to technical difficulties with imaging this
region near the midline skull base.6 These
regions largely lie within the gyrus rectus. We
think it is important to note these limitations,
though we do provide some discussion of the
connectivity of these regions for the sake of
completeness.

ABBREVIATIONS: ACC, anterior cingulate cortex;
DMN, default mode network; OFC, orbitofrontal
cortex; PCC, posterior cingulate cortex; pOFC,
posterior OFC; RSC, retrosplenial cortex; SCEF,
supplementary and cingulate eye field; SFG,
superior frontal gyrus

ANTERIOR CINGULATE REGIONS

It is well established that the cingulate gyrus
is far from a unitary structure. Since Brodmann
divided it into 6 areas (areas 23 24, 25, 31, 32,
and 33),7 others have continued to subdivide
the gyrus based on various characteristics.8
The present classification scheme divides the
cingulate gyrus into 21 distinct regions. The
anterior portion contains 13 of these: 6 regions
as part of area 24, 5 regions as part of area
32, and 1 region each for areas 25 and 33.
The regions comprised by the posterior cingulate
cortex (PCC) are discussed in Chapter 8 of this
series with the medial parietal lobe.
Though confusing at first glance, the schema

for these areas is actually quite simple to
learn. There are essentially 3 parallel, C-shaped
rows of areas which follow the shape of the
anterior cingulate from posterior to anterior,
bending inferiorly to reach the subcallosal region.
Immediately adjacent to the corpus callosum, in
the depths of the callosal sulcus, is area 33prime,
which represents the inner row. The middle
row comprises area 24 subregions which extend
superiorly in their posterior aspect into the
paracentral lobule. The outer row comprises area
32 subregions whichmake up the superior border
of the anterior cingulate gyrus and portions
of the cingulate sulcus. Both area 24 subre-
gions and area 32 subregions have prime and
standard areas, with the prime areas being located

S122 | VOLUME 00 | NUMBER 00 | 2018 www.operativeneurosurgery-online.com

D
ow

nloaded from
 https://academ

ic.oup.com
/ons/advance-article-abstract/doi/10.1093/ons/opy257/5107675 by C

N
S M

em
ber Access,  sughruevs@

gm
ail.com

 on 01 O
ctober 2018

mailto:sughruevs@gmail.com


CONNECTIONAL ANATOMY OF THE MEDIAL FRONTAL LOBE
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FIGURE 1. Anatomical location of medial frontal lobe parcellations shown on the right hemisphere of a cadaver brain. A, Medial view of the frontal lobe
highlighting anterior cingulate parcellations. B, Medial view of the frontal lobe highlighting middle cingulate parcellations. C, Medial view of frontal
lobe with widening of the sulcus of corpus callosum to show area 33pr. Corresponding labels are shown in the lower right corner of each figure.

posterior to the standard pairs. Thus, the area 24 row, from
posterior to anterior, has the 24d regions, areas 24dd and 24dv,
followed by the prime regions, area posterior 24prime and area
anterior 24prime, followed by the standard pairs, p24 and a24.
The area 32 row has, from posterior to anterior, p32prime,
a32prime, followed by 3 standard regions, d32, p32, and s32.
These parcellations all lead to subcallosal area 25. The anatomic
location of these parcellations is shown on a cadaver brain in

Figure 1. The combined tractography of the parcellations is shown
in Figure 2.

Inner Row
Area 33prime
Where is it? Area 33prime is located in the depths of the anterior
callosal sulcus.
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FIGURE2. Combined structural connectivity of anterior cingulate parcel-
lations. A, Sagittal and B, axial planes are shown. Tracks include 33pr
(pink), 24dd (light blue), 24dv (dark blue), p24pr (gray), a24pr (light
green), p24 (pink), a24 (dark green), p32pr (orange), a32pr (green), d32
(red), p32 (yellow), s32 (gray), and 25 (light blue).

What are its borders? Area 33prime borders the retrosplenial
cortex (RSC) posteriorly and 3 area 24 subdivisions superiorly,
areas a24pr, p24pr, and p24.

What is its functional connectivity? Area 33prime is connected
to areas IFSa, IFJa, and p9-46v in the lateral frontal lobe, areas
a24prime and p24prime in the medial frontal lobe, areas TE1p

and PHT in the temporal lobe, and areas IP1 and IP2 in the
parietal lobe (Figure 3).

What are its white matter connections? Area 33 prime is struc-
turally connected to the cingulum. Fibers project anteriorly above
the corpus callosum to end at a24, p32, and 10r, anterior fibers
also curve around the rostrum of the corpus callosum to end at
25. Posterior cingulum fibers terminate at the precuneus to end
at areas 7m and v23ab. Posterior fibers also curve around the
splenium of the corpus callosum to end at the RSC (Figure 4).

What is known about its function? Area 33prime is located on
the ventral surface of the anterior cingulate cortex (ACC) and
plays a major role in coordinating autonomic, visceromotor, and
endocrine activity that accompany emotion.1

Middle Row
Area 24dd
Where is it? Area 24dd (24 dorsal-dorsal) is located in the anterior
inferior paracentral lobule straddling into the upper bank of the
cingulate sulcus.

What are its borders? Area 24dd has as its superior boundaries,
from anterior to posterior, supplementary and cingulate eye field
(SCEF), area 6mp, area 4, and area 5m. It continues into the
marginal ramus of the cingulate sulcus, bordering area 5mv poste-
riorly and inferiorly. Its inferior border includes area 24dv and
area 23c.

What is its functional connectivity? Area 24dd demonstrates
functional connectivity to areas 1, 2, 3a, and 3b in the sensory
strip, area 4 in the motor strip, areas 6mp, 6v, and 6d in the
premotor regions, areas 5mv, SCEF, and 24dv in the middle
cingulate regions, areas OP4, OP1, and 43 in the superior
opercular areas, areas PBelt and A4 in the lower opercula and
Heschl’s gyrus regions, area 7PC in the parietal lobe, area V2 in
the primary visual areas, and areas FST and MST in the lateral
occipital lobe (Figure 5).

What are its white matter connections? Area 24dd is struc-
turally connected to the contralateral hemisphere. Fibers from
24dd project through the body of the corpus callosum to end at
24dd, 4, 5mv, 23c, SCEF, 6mp, and 24dv. Local short association
bundles connect with 4, 5mv, 23c, SCEF, and 6mp (Figure 6).

What is known about its function? Area 24dd has been impli-
cated in complex motor planning and regulation of muscles in
the lower limb and lower trunk through coordination with the
supplemental motor area and connections to the spinal cord.9

Area 24dv
Where is it? Area 24dv (24 dorsal-ventral) is located in the
anterior inferior paracentral lobule and straddles into the upper
bank of the cingulate sulcus.
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CONNECTIONAL ANATOMY OF THE MEDIAL FRONTAL LOBE
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FIGURE 3. Functional connectivity of 33pr demonstrated on an inflated left hemisphere. A, Lateral and medial views. B, Rostral and caudal views. C, Dorsal and
ventral views. Parcellations with the strongest functional connectivity are shown in yellow. Pink arrows designate the parcellation of interest.
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FIGURE 4. Structural connectivity of 33pr in the left hemisphere, shown
on T1-weightedMR images.A, Sagittal andB, axial planes showing. Pink:
white matter tracts of 33pr demonstrating connections with the cingulum.

What are its borders? Area 24dv has 24dd as its superior border,
p32pr and a small portion of SCEF as its anterior border, p24pr
as its inferior border, and 24dd as its posterior border. Note that
this area causes the 24 areas and the 32 areas to be slightly out of
sync in their anterior to posterior alignment.

What is its functional connectivity? Area 24dv demonstrates
functional connectivity to areas 1, 2, 3a, and 3b in the sensory
strip, area 4 in the motor strip, area 6mp in the premotor regions,

areas 5mv, SCEF, a24prime, p24prime, p32prime, 23c, and 24dd
in the middle cingulate regions, areas FOP1, FOP3, FOP4,
PFcm, OP4, OP1, and 43 in the superior opercular areas, areas
PoI1 and 52 in the lower opercula and Heschl’s gyrus regions,
areas 7AL, 7PC, and PFop in the parietal lobe, and area V2 in the
primary visual areas (Figure 7).

Whatare itswhitematter connections? Area 24dv is structurally
connected to the contralateral hemisphere, marginal branch of
the cingulate sulcus and precuneus. Contralateral connections
course through the body of the corpus callosum to 24dv, SCEF,
and p32pr. Fibers from 24dv project posterior to the marginal
branch of the cingulate sulcus and precuneus areas to 23c and
31a. Local short association fibers connect with SCEF, p32pr, and
24dv (Figure 8).

What is known about its function? Area 24dv has been impli-
cated in complex motor planning and regulation of muscles in
the upper limb and upper trunk muscles through coordination
with the supplemental motor area and connections to the spinal
cord.9

Area p24pr
Where is it? Area p24pr (posterior 24 prime) is located in the
middle cingulate gyrus.

What are its borders? Area p24pr borders area 24dv superiorly,
a24pr anteriorly, 33prime inferiorly, and 23d posteriorly.

What is its functional connectivity? Area p24pr demonstrates
functional connectivity to areas 33prime, 24dd, 24dv, 5mv, 23d,
a24prime, and p32prime in the cingulate areas, areas 6ma and
6r in the premotor areas, area 46 in the lateral frontal lobe, areas
FOP4, FOP5, PFcm, MI, 43, and PoI1 in the insula opercular
areas, areas PF, PFop, and 7AL in the parietal lobe, and area
TPOJ2 in the lateral occipital lobe (Figure 9).

What are its white matter connections? Area p24pr is struc-
turally connected to the marginal branch of the cingulate sulcus
and precuneus. Fibers from p24pr project posterior to the
marginal branch of the cingulate sulcus and precuneus to end at
parcellations 23c, 31a, 31pd, and 7m (Figure 10).

What is known about its function? Area p24pr has been impli-
cated as part of the “cognitive division” of the ACC and is involved
in stimulus and response selection during cognitively demanding
tasks that may require movement.2,10

Area a24pr
Where is it? Area a24pr (anterior 24prime) is located in the
middle cingulate gyrus. It is primarily located in the superior half
of the gyrus, and straddles into the inferior bank of the cingulate
sulcus.
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FIGURE 5. Functional connectivity of 24dd demonstrated on an inflated left hemisphere. A, Lateral and medial views. B, Rostral and caudal views. C,
Dorsal and ventral views. Parcellations with the strongest functional connectivity are shown in yellow. Pink arrows designate the parcellation of interest.

What are its borders? Area a24pr borders area 33prime
inferiorly, p24pr posteriorly, p24 anteriorly, and it shares its
portion of the cingulate with p32pr superiorly.

What is its functional connectivity? Area a24pr is connected to
areas 33prime, 5mv, 23d, 24dv, p24, p24prime, a32prime, and
p32prime in the cingulate areas, areas SCEF, FEF, PEF, 6a, and
6r in the premotor areas, area 9–46d, and 46 in the lateral frontal
lobe, areas FOP1, FOP3, FOP4, FOP5, OP4, PFcm, MI, 43,

52, PoI2, and PoI1 in the insula opercular areas, area PHT in
the temporal lobe, areas PGp, PF, PFop, and 7AL in the lateral
parietal lobe, areas DVT, 7am, and PCV in the medial parietal
lobe, areas V1, V2, V3, and V4 in the medial occipital lobe, and
areas V6, V6a, V3a, V3b, and V7 in the dorsal visual stream areas
(Figure 11).

What are its white matter connections? Area a24pr is struc-
turally connected to the cingulum. Some individuals have
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FIGURE 6. Structural connectivity of 24dd in the left hemisphere, shown
on T1-weighted MR images. A, Sagittal and B, axial planes showing.
Light blue: white matter tracts of 24dd demonstrating connections with
the contralateral hemisphrere and local parcellations.

contralateral connections through the body of the corpus
callosum but this tract is inconsistent. Fibers project anteriorly
above the corpus callosum to end at p32, anterior cingulum fibers
also curve around the rostrum of the corpus callosum to end at
25. Posterior cingulum fibers end at the precuneus to end at areas
POS1 and 31pv, posterior fibers also curve around the splenium
of the corpus callosum to end at RSC (Figure 12).

What is known about its function? Area a24pr shows little
response to affective processes, but is implicated in cognitive
response selection, and has been implicated in word and sentence
selection during language-based tasks.2

Area p24
Where is it? Area p24 (posterior 24) is located in the anterior
cingulate gyrus. It covers the entire gyrus and is just anterosu-
perior to the genu of the corpus callosum.

What are its borders? Area p24 borders areas d32 and a32pr
superiorly and area a24 anteroinferiorly. It has a posterior
boundary with a24pr and 33pr. Its inferior border is the callosal
sulcus.

What is its functional connectivity? Area p24 demonstrates
functional connectivity to areas a24, d32, 23c, a24prime, and
a32prime in the medial frontal lobe, area 9–46d in the lateral
frontal lobe, areas RSC and POS2 in the medial parietal lobe,
and area V1 in the medial occipital lobe (Figure 13).

What are its whitematter connections? Area p24 is structurally
connected to the cingulum. Cingulum fibers project anteriorly
to end at frontal lobe parcellations p32 and 10r, anterior fibers
also curve around the rostrum of the corpus callosum to end
at 25. Posterior cingulum fibers end at the precuneus, near the
splenium of the corpus callosum to areas POS1, v23ab and RSC
(Figure 14). Local short association bundles connect with a24,
d32, and a32pr.

What is known about its function? Area p24 is functionally
distinct from its anterior counterpart in that it plays a more
prominent role in selective attention, coordination of conscious
eye movements with complicated finger movement sequences,
and stimulus/response selection.4,8

Area a24
Where is it? Area a24 (anterior 24) is located in the anterior
cingulate gyrus just anterior to the genu of the corpus callosum.

What are its borders? Area a24 borders area p24 superiorly and
area 25 posteriorly. It abuts the genu of the corpus callosum. Its
inferior border is s32 and its anterior border is made up of p32
and 9m.

What is its functional connectivity? Area a24 demonstrates
functional connectivity to areas p24, d32, p32, s32, 10d, 10r, 9p,
and 9m in the medial frontal lobe, area 8ad in the lateral frontal
lobe, area TE1a in the temporal lobe, area PGs in the lateral
parietal lobe, and areas RSC, 31pv, 31pd, 23d, d23ab, v23ab, 7m,
and POS1 in the posterior cingulate areas (Figure 15).

What are its white matter connections? Area a24 is structurally
connected to the cingulum. Cingulum fibers project anteriorly
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FIGURE 7. Functional connectivity of 24dv demonstrated on an inflated left hemisphere. A, Lateral and medial views. B, Rostral and caudal views. C, Dorsal and
ventral views. Parcellations with the strongest functional connectivity are shown in yellow. Pink arrows designate the parcellation of interest.
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FIGURE 8. Structural connectivity of 24dv in the left hemisphere, shown
on T1-weighted MR images. A, Sagittal and B, axial planes showing.
Dark blue: white matter tracts of 24dv demonstrating connections with
the contralateral hemisphere, marginal branch of the cingulate sulcus, and
precuneus.

to end near the rostrum of the corpus callosum at 25. Posterior
cingulum fibers end at the precuneus, near the splenium of the
corpus callosum to areas 31pv and 23d (Figure 16). Local short
association bundles connect with p32 and 9m.

What is knownabout its function? Area a24 has been implicated
as part of the “affect division” of the ACC, and has been linked to

analysis of internal and external states to play a role in emotional
expression and motivation.2,3

Outer Row
Area p32pr
Where is it? Area p32pr (posterior 32 prime) is located in the
posterior inferior portion of the superior frontal gyrus (SFG). It
wraps into the superior bank of the cingulate sulcus.

Whatare its borders? Area p32pr borders SCEF superiorly, 24dv
posteriorly, a24pr inferiorly, and a32pr anteriorly.

What is its functional connectivity? Area p32pr demonstrates
functional connectivity to area 2 in the sensory strip, areas 5mv,
23d, 24dv, p24, p24prime, and a32prime, and a32prime in the
cingulate areas, areas SCEF, PEF, 6a, 6v, 6ma, and 6mp in the
premotor areas, area 9–46d, 46 in the lateral frontal lobe, areas
FOP1, FOP3, FOP4, FOP5, OP4, PFcm, MI, 43, 52, PoI2, and
PoI1 in the insula opercular areas, area PHT in the temporal lobe,
areas PGp, PFt, PF, PFop, LIPd, 7PC, 7PL, and 7AL in the lateral
parietal lobe, areas DVT and 7am in themedial parietal lobe, areas
V1, V2, V3, and V4 in the medial occipital lobe, areas V6, V6a,
V3a, V3b, and V7 in the dorsal visual stream areas, and area FST
in the lateral occipital lobe (Figure 17).

What are its white matter connections? Area p32pr is struc-
turally connected to the cingulum and contralateral hemisphere.
Cingulum fibers project posteriorly to from p32pr to end at
precuneus areas 31a, 31pd, 31pv, PCV, and v23ab. Contralateral
connections course through the body of the corpus callosum to
end at p32pr, SCEF, and a32pr. Local short association fibers
connect with p32pr, SCEF, and a32pr (Figure 18).

What is known about its function? Area p32pr has been impli-
cated as part of the “cognitive division” of the ACC and is involved
in stimulus and response selection in tasks that require attention
for linguistic and sensory information.2,10

Area a32pr
Where is it? Area a32pr (anterior 32 prime) is located in the
posterior inferior portion of the SFG. It wraps into the superior
bank of the cingulate sulcus.

What are its borders? Area a32pr borders area 8BM superiorly,
p32pr posteriorly, a24pr and p24 inferiorly, and d32 anteriorly.

What is its functional connectivity? Area a32pr demonstrates
functional connectivity to areas 8BM, SCEF, p24, d32, 23c,
p24prime, and p32prime in the medial frontal lobe, areas a9-46v,
9–46d, and 46 in the lateral frontal lobe, areas FOP4, FOP5, AVI,
and MI in the insula opercular areas, areas 7pm, RSC, and POS2
in the medial parietal lobe, and area V1 in the medial occipital
lobe (Figure 19).
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FIGURE 9. Functional connectivity of p24pr demonstrated on an inflated left hemisphere. A, Lateral and medial views. B, Rostral and caudal views. C, Dorsal and
ventral views. Parcellations with the strongest functional connectivity are shown in yellow. Pink arrows designate the parcellation of interest.
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FIGURE 10. Structural connectivity of p24pr in the left hemisphere,
shown on T1-weighted MR images. A, Sagittal and B, axial planes
showing. Gray: white matter tracts of p24pr demonstrating connections
with the marginal branch of the cingulate sulcus and precuneus.

What are its white matter connections? Area a32pr is struc-
turally connected to the cingulum and contralateral hemisphere.
Contralateral connections course through the body of the corpus
callosum to end at a32pr, p32pr, 8BM, and 9m. Cingulum fibers
project posteriorly from a32pr to end at precuneus areas 7m,
31a, 31pd, 31pv, RSC, and v23ab. Local short association fibers
connect with p24, 8BM, SCEF, and d32 (Figure 20)

What is known about its function? Research on this particular
region suggests that a32pr helps to guide behavior by evaluating
motivation, anticipating outcomes, recognizing reward values,
and encoding errors to influence attention allocation and motor
preparation.11,12

Area d32
Where is it? Area d32 (dorsal 32) is a vertically oriented area in
the inferior SFG. It is somewhat different in orientation to the
other cingulate areas.

Whatare its borders? Area d32 borders area 8BM superiorly, and
area 9m anteriorly. Its posterior border is a32pr and its inferior
border is p24.

What is its functional connectivity? Area d32 demonstrates
functional connectivity to areas p32, a24, p24, a32prime, p32,
9m, 10d, 8BM, and SFL in the medial frontal lobe, areas 8AV,
8AD, 8BL, 8C, 9a, 9p, a10p, p10p, i6-8, s6-8, and 47s in the
lateral frontal lobe, area AVI in the insula, area STSvp in the
temporal lobe, areas PFm, PGs, and PGi in the lateral parietal
lobe, and areas RSC, 31a, 31pv, 31pd, d23ab, 7m, POS2, and
POS1 in the posterior cingulate areas (Figure 21).

What are its whitematter connections? Area d32 is structurally
connected to the contralateral hemisphere, the cingulum, and
abundant local parcellations. Connections to the contralateral
hemisphere course through the corpus callosum to areas d32,
8BM, and 9m. Cingulum fibers project posteriorly to precuneus
areas 31pv, POS1, v23ab, and RSC. Local short association
bundles connect with 8BM, 9m a32pr, and 10d (Figure 22).

What is knownabout its function? Area d32 has been implicated
in the evaluation of reinforcement and punishment in assigning
value to social information.4

Area p32
Where is it? Area p32 (posterior 32) is the central portion of the
medial SFG. It borders the anterior bend of the callosal sulcus.

What are its borders? Area p32 borders area 9m superiorly, and
10d anteriorly. Its inferior borders include areas 10r and s32. Its
posterior border includes a24 and a small portion of s32.

What is its functional connectivity? Area p32 demonstrates
functional connectivity to areas d32, a24, p24, a32prime, and 10r
in the medial frontal lobe, area 8AD in the lateral frontal lobe, and
areas RSC, 31a, 31pv, POS2, and POS1 in the posterior cingulate
areas (Figure 23).

What are its white matter connections? Area p32 is struc-
turally connected to the contralateral hemisphere and cingulum.
Connections to the contralateral hemisphere course through the
genu of the corpus callosum to areas p32, 9m, 10d, and 10v.
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FIGURE 11. Functional connectivity of a24pr demonstrated on an inflated left hemisphere. A, Lateral and medial views. B, Rostral and caudal views. C, Dorsal and
ventral views. Parcellations with the strongest functional connectivity are shown in yellow. Pink arrows designate the parcellation of interest.

OPERATIVE NEUROSURGERY VOLUME 00 | NUMBER 00 | 2018 | S133

D
ow

nloaded from
 https://academ

ic.oup.com
/ons/advance-article-abstract/doi/10.1093/ons/opy257/5107675 by C

N
S M

em
ber Access,  sughruevs@

gm
ail.com

 on 01 O
ctober 2018



BAKER ET AL

A

B

FIGURE 12. Structural connectivity of a24pr in the left hemisphere,
shown on T1-weighted MR images. A, Sagittal and B, axial planes
showing. Light green: white matter tracts of a24pr demonstrating connec-
tions with the cingulum.

Cingulum fibers project posteriorly to precuneus areas POS1,
31pv, RSC, and v23ab. Local short association bundles connect
with 9m, 10d, 10r, and p24 (Figure 24).

What is known about its function? Area p32 has been shown to
play a role in the emotional and cognitive integration of infor-
mation during social interaction tasks, as well as play some role in
error monitoring.4,5

Area s32
Where is it? Area s32 (subcallosal 32) lies in the subcallosal gyri.

What are its borders? Area s32 has a24, p32, and 10r as its
anterior and superior borders. Area 10v and the OFC region are
its inferior boundaries. Its posterior boundary is area 25.

What is its functional connectivity? Area s32 demonstrates
functional connectivity to areas a24, 25, 10d, and 10r in the
medial frontal lobe, area 8AD in the lateral frontal lobe, area
PGs in the lateral parietal lobe, and areas v23ab and POS1 in
the posterior cingulate areas (Figure 25).

What are its white matter connections? Area s32 is structurally
connected to local parcellations. S32 has posterior connections to
25 and anterior connections to p32 (Figure 26).

What is known about its function? Area s32 is heavily intercon-
nected to other areas of the limbic system and thus plays a higher
order role in emotional affect as well as reward expectation.4,5

Area 25
Where is it? Area 25 is located in the most posterior portion of
the subcallosal area.

What are its borders? Area 25 borders area a24 and s32
anteriorly. Its inferior and posterior borders include the OFC and
pOFC areas.

What is its functional connectivity? Area 25 demonstrates
functional connectivity to area s32 (Figure 27).

What are its white matter connections? Area 25 is connected
to the cingulum. White matter tracts from this parcellation are
variable. Some individual tracts connect to anterior parcellations;
however, this is inconsistent across individuals. Fibers from 25
project posterior above the corpus callosum to areas v23ab and
31pv (Figure 28).

What is known about its function? Area 25 has been impli-
cated as part of the “affect division” of the ACC and has been
linked to conditioned emotional learning, emotional expression,
assessment of motivational content, assignment of emotional
valence to internal and external stimuli, and maternal-infant
interactions.2,3

MEDIAL SFG REGIONS

After accounting for the areas comprising the lateral frontal
lobe and anterior cingulate gyrus, the remaining areas of the
medial frontal bank of the SFG are quite simple. They are large
areas that are mainly simple divisions of areas 8, 9, and 10. The
anatomic location of these parcellations is shown on a cadaver
brain in Figure 29. The combined tractography of the parcella-
tions is shown in Figure 30.
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FIGURE 13. Functional connectivity of p24 demonstrated on an inflated left hemisphere. A, Lateral and medial views. B, Rostral and caudal views. C, Dorsal and
ventral views. Parcellations with the strongest functional connectivity are shown in yellow. Pink arrows designate the parcellation of interest.
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FIGURE 14. Structural connectivity of p24 in the left hemisphere,
shown on T1-weighted MR images. A, Sagittal and B, axial planes
showing. Pink: white matter tracts of p24 demonstrating connections
with the cingulum.

Inner Row
Area SCEF
Where is it? Area SCEF (supplementary and cingulate eye field)
is located in the posterior medial SFG.

What are its borders? Area SCEF borders area 8BM anteriorly,
areas 6ma and SFL superiorly, areas 6mp and 24dd posteriorly,
and areas 24dv and p32pr inferiorly.

What is its functional connectivity? Area SCEF demonstrates
functional connectivity to areas 1, 2, 3a, and 3b in the sensory
strip, area 4 in the motor strip, areas PEF, FEF, 55b, 6ma, 6mp,
6a, 6r, and 6v in the premotor regions, areas a24prime, p32prime,
a32prime, 5mv, and 23c in the middle cingulate regions, areas
IFJa, 46, and 9–46d in the lateral frontal lobe areas OP4, OP1,
PFcm, 43, FOP1, FOP2, FOP3 FOP4, and FOP5 in the superior
insula opercular regions, areas PSL, 52, A4, MI, PoI1, and PoI2
in the lower opercula and Heschl’s gyrus regions, area PHT in the
temporal lobe, areas AIP, MIP, VIP, LIPd, LIPv, PFop, PF, PFt,
IP0, IPS1, 7AL, 7PL, and 7PC in the lateral parietal lobe, areas
7am and DVT in the medial parietal lobe, areas V1, V2, V3, and
V4 in the medial occipital lobe, areas V3a, V3b, V6, V6a, and V7
in the dorsal visual stream, area FFC of the ventral visual stream,
and areas PH, TPOJ2, LO3,MST, and FST of the lateral occipital
lobe (Figure 31).

What are its white matter connections? Area SCEF is struc-
turally connected to the contralateral hemisphere and thalamus.
Contralateral connections course through the body of the corpus
callosum to end at SCEF, 8BL, SFL, and 8BM. Thalamic
projections travel through the ventral thalamus to the brainstem
(Figure 32). Local short association bundles connect with SF,
8BM, SFL, and 8BL.

What is known about its function? Area SCEF is a higher order
oculomotor center implicated in appraising all possible oculo-
motor behaviors to direct primary oculomotor centers in goal-
directed behavior.13

Area 8BM
Where is it? Area 8BM (8B medial) is located in the posterior
medial SFG.

What are its borders? Area 8BM borders area 9m anteriorly and
SCEF posteriorly. It borders the following area 24 subdivisions
superiorly: a24pr, p24pr, and p24. Its inferior border contains
areas d32 and a32pr, and its superior boundary includes 8BL and
SFL.

What is its functional connectivity? Area 8BM demonstrates
functional connectivity to areas i6-8, s6-8, a10p, a9-46v, p9-46v,
8C, 8BL, 8AD, and 8AV in the dorsolateral frontal lobe, areas
SFL, a32prime, and d32 in the medial frontal lobe, areas IFSa,
IFSp, IFJp, 44, 45, a47r, and p47r in the inferior frontal lobe, area
55b in the premotor areas, area AVI in the insula, areas TE1m,
TE1p, and STSvp in the temporal lobe, areas LIPv, IP1, IP2,
PFm, PGi, and PGs in the lateral parietal lobe, and areas 7pm,
31a, and d23ab in the medial parietal lobe (Figure 33).

What are its whitematter connections? Area 8BM is connected
to the contralateral hemisphere, frontal aslant tract, inferior
front-occipital fasciculus, and thalamus. Contralateral connec-
tions course through the corpus callosum to end at 8BM and
9m. Frontal aslant tract fibers from 8BM project inferolaterally
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FIGURE 15. Functional connectivity of a24 demonstrated on an inflated left hemisphere. A, Lateral and medial views. B, Rostral and caudal views. C, Dorsal and
ventral views. Parcellations with the strongest functional connectivity are shown in yellow. Pink arrows designate the parcellation of interest.

to end at area 44. Thalamic connections run inferior to 8BM
and continue in the brainstem. Fibers with the inferior fronto-
occipital fasciculus project inferior and posterior through the
extreme/external capsule through the temporal lobe to end at
parietal and occipital connections 7PC, V1, V2, and V3. Local

short association bundles connect with 9m, d32, and SCEF
(Figure 34).

What is known about its function? Area 8Bm is involved in
maintaining visuospatial information as well as coordinating and
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FIGURE 16. Structural connectivity of a24 in the left hemisphere, shown
on T1-weighted MR images. A, Sagittal and B, axial planes showing.
Dark green: white matter tracts of a24 demonstrating connections with
the cingulum.

coding visuospatial information in terms of oculomotor and other
body-centered coordinate systems.14

Area 9m
Where is it? Area 9m (9 medial) is located in the anterior medial
SFG.

What are its borders? Area 9m shares borders with numerous
areas. Its posterosuperior border includes areas 8BM and 8BL,
its superior border includes areas 9a and area 9p. Its inferior and
posterior border forms a wedge which is surrounded by areas p32,
a24, p24, and d32 (from anterior to posterosuperior).

What is its functional connectivity? Area 9m demonstrates
functional connectivity to areas 9a, 9p, 10d, 8BL, 8AD, and 8AV
in the dorsolateral frontal lobe, areas SFL, a24, 10r, 10v, and d32
in themedial frontal lobe, areas 44, 45, 47s, and 47l in the inferior
frontal lobe, area AVI in the insula, areas TGd, TE1a, STSdp,
STSva, and STSvp in the temporal lobe, areas PGi and PGs in
the lateral parietal lobe, and areas 7m, POS1, 31pv, 31pd, 23d,
v23ab, and d23ab in the medial parietal lobe (Figure 35).

What are its white matter connections? Area 9m is struc-
turally connected to the contralateral hemisphere and cingulum.
Connections to the contralateral hemisphere course through the
corpus callosum to 9m, 8BL, and 8BM. Cingulum fibers project
posteriorly, above the corpus callosum to end at precuneus areas
31pv, v23ab, and POS1. Local short association bundles connect
with p32, 10d, and a24 (Figure 36).

What is known about its function? Area 9m is a newer parcel-
lation of the pre-existing area 9, which is a major constituent
of the dorsolateral prefrontal cortex. This region shows
increased activity when monitoring multiple pieces of spatial
information.14

Area 10r
Where is it? Area 10r (10 rostral) is located in the anterior inferior
portion of the medial SFG.

What are its borders? Area 10r borders area 10d and 10pp
anteriorly and inferiorly, respectively. Its superior boundary is
area p32 and its posterior boundary is area s32.

What is its functional connectivity? Area 10r demonstrates
functional connectivity to areas 9p, 10d, and 8AD in the dorso-
lateral frontal lobe, areas 9m, a24, 10v, s32, and p32 in the
medial frontal lobe, areas TGd, TE1a, STSva, PHA1, and
the hippocampus in the temporal lobe, areas PGi and PGs in the
lateral parietal lobe, and areas 7m, POS1, 31pv, 31pd, v23ab, and
d23ab in the medial parietal lobe (Figure 37).

Whatare itswhitematter connections? Area 10r is connected to
the contralateral hemisphere and cingulum. Connections to the
contralateral hemisphere course through the genu of the corpus
callosum to end at areas10r and 10v. Cingulum fibers project
posteriorly from 10r to precuneus areas v23ab, POS1, and RSC.
Local short association bundles connect with p32, 10d, and 10v
(Figure 38). White matter tracts in the right hemisphere have less
consistent connections with the cingulum.
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FIGURE 17. Functional connectivity of p32pr demonstrated on an inflated left hemisphere. A, Lateral and medial views. B, Rostral and caudal views. C, Dorsal and
ventral views. Parcellations with the strongest functional connectivity are shown in yellow. Pink arrows designate the parcellation of interest.
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FIGURE 18. Structural connectivity of p32pr in the left hemisphere,
shown on T1-weighted MR images. A, Sagittal and B, axial planes
showing. Orange: white matter tracts of p32pr demonstrating connec-
tions with the contralateral hemisphere and cingulum.

What is known about its function? The rostral portion of area
10 (or area 10r) is a newer parcellation of the pre-existing area
10. Research on this particular region suggests that area 10r plays
an important role in stimulus-oriented attention, indicating its
importance in concentration and working memory.15

Area 10v
Where is it? Area 10v is located in the depths of the inferior
anterior most region of medial SFG.

Whatare its borders? Area 10v shares a long inferior border with
the OFC. Areas 10pp and 10d form its anteroinferior borders,
area 10r is its superior neighbor. It has some border with area s32
superiorly. It terminates in the OFC posteriorly.

What is its functional connectivity? Area 10v demonstrates
functional connectivity to areas 10d, 47l, and 8BL in the dorso-
lateral frontal lobe, areas 9m, 10r, and s32 in the medial frontal
lobe, areas TGd, TE1a, STSva, and STSvp in the temporal
lobe, areas PGi and PGs in the lateral parietal lobe, and areas
7m, POS1, 31pv, 31pd, and v23ab in the medial parietal lobe
(Figure 39).

What are its white matter connections? Area 10v is structurally
connected to the contralateral hemisphere and the uncinate fasci-
culus. Connections with the uncinate fasciculus are not consistent
across individuals. Contralateral connections course through the
genu of the corpus callosum to end at areas 10v and 10d. Uncinate
fasciculus fibers project through the limen insulae to temporal
pole parcellation TGd (Figure 40).

What is known about its function? Area 10v is a new ventral
parcellation of the pre-existing area 10. This region is often
associated with the ventromedial prefrontal cortex and is thought
to play a role in behavioral decision making by integrating value
appraisals from the OFC and ACC.16

ORBITOFRONTAL REGIONS

The orbitofrontal boundaries have been discussed in previous
parts of this supplement, including discussions about areas 10
and 47 (and their subregions) which overlap with the edges of
the orbitofrontal surface. The remaining orbitofrontal regions are
discussed below. Of note, some of these regions were, admittedly,
of limited power given limitations when imaging these areas.
However, a standard nomenclature is beneficial in this area, as this
region has generally been only roughly localized in the past into
gyrus rectus and the orbitofrontal gyri. The anatomic location of
these parcellations is shown on a cadaver brain in Figure 41. The
combined tractography of the parcellations is shown in Figure 42.

Area OFC
Where is it? Area OFC (orbitofrontal complex) is located in
the gyrus rectus, the medial orbitofrontal cortices, and the
intervening sulcus.

What are its borders? Area OFC borders area 10pp anteriorly,
areas 11l and 13l laterally, and area 10v on its superior medial
bank. It abuts the pOFC posteriorly.

What is its functional connectivity? Area OFC demonstrates
functional connectivity to areas pOFC and 13L (Figure 43).

What are its white matter connections? Area OFC is struc-
turally connected to the contralateral hemisphere, the uncinate
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FIGURE 19. Functional connectivity of a32pr demonstrated on an inflated left hemisphere. A, Lateral and medial views. B, Rostral and caudal views.C,
Dorsal and ventral views. Parcellations with the strongest functional connectivity are shown in yellow. Pink arrows designate the parcellation of interest.

fasciculus, and inferior fronto-occipital fasciculus. Contralateral
connections course through the genu of the corpus callosum
to end at 10d, 10r, and 10v. Uncinate fasciculus fibers
project through the limen insulae to temporal pole parcel-
lation TGd. IFOF connections project posteriorly through the
extreme/external capsule to occipital lobe area V1 (Figure 44).

What is known about its function? The Area OFC plays an
integral role in the evaluation of rewards and punishment.17

Additionally, the OFC is suggested to be involved in self-
regulation, behavioral inhibition, and emotional control by
predicting the moment-to-moment value of stimuli, actions, and
choices based on internal states.18

Area pOFC
Where is it? Area pOFC (posterior orbitofrontal complex) is
located in the posterior gyrus rectus and themedial posterior most
portions of the orbitofrontal cortices.
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FIGURE 20. Structural connectivity of a32pr in the left hemisphere,
shown on T1-weighted MR images. A, Sagittal and B, axial planes
showing. Green: white matter tracts of a32pr demonstrating connections
with the contralateral hemisphere and cingulum.

What are its borders? Area pOFC borders OFC anteriorly, areas
47s and Pir laterally, and area 25 superomedially. Its posterior
border is with the anterior perforated substance.

What is its functional connectivity? Area pOFC demonstrates
functional connectivity to the OFC (Figure 45).

What are its white matter connections? Area pOFC is
connected to local parcellations. Short association bundles
connect to the temporal pole through the insula to end at area
TGd. There are anterior projections to OFC, 13l and PeEc
(Figure 46)

What is known about its function? This posterior parcellation
of the OFC is thought to play a role in behavior and decision-
making by evaluating sensory reinforcers, such as taste and odor.17

Area 11l
Where is it? Area 11l is located in the anterior OFC.

What are its borders? Area 11l borders area a10p anteriorly, area
a47r laterally, areas 13l and 47m posteriorly, and OFC medially.

What is its functional connectivity? Area 11l demonstrates
functional connectivity to areas 46, a9-46v, p9-46v, and IFSa in
the frontal lobe and IP2 in the parietal lobe (Figure 47).

What are its white matter connections? Area 11l is structurally
connected to the occipital lobe through the inferior fronto-
occipital fasciculus. In some individuals 11l also connects with the
uncinate fasciculus but this tract is inconsistent. Inferior fronto-
occipital fasciculus fibers project through the extreme/external to
end at occipital lobe area V1 (Figure 48).

What is known about its function? Research on area 11l
indicates its primary function is to receive, integrate, and
modulate olfactory information to evaluate food-related
reinforcers and analyze satiety and anticipation of food
rewards.19,20

Area 13l
Where is it? Area 13l is located in the posterior OFC.

What are its borders? Area 13l borders area 11l anteriorly, areas
47s and 47m posteriorly and laterally, and OFC medially.

What is its functional connectivity? Area 13l demonstrates
functional connectivity to areas 47m and OFC (Figure 49).

What are its white matter connections? Area 13l is struc-
turally connected to local parcellations. Short association bundles
connect with 11l, 47m, and 47s (Figure 50).

What is known about its function? Area 13l has been impli-
cated as a secondary hub for olfactory, gustatory, visceral and food
texture processing, integrating this information to assess satiety
based on a comparison between food reward and current internal
states.20-22

Area 47m
Where is it? Area 47m (47 medial) is located in the posterior
lateral OFC.
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FIGURE 21. Functional connectivity of d32 demonstrated on an inflated left hemisphere. A, Lateral and medial views. B, Rostral and caudal views. C, Dorsal and
ventral views. Parcellations with the strongest functional connectivity are shown in yellow. Pink arrows designate the parcellation of interest.
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FIGURE 22. Structural connectivity of d32 in the left hemisphere, shown
on T1-weighted MR images. A, Sagittal and B, axial planes showing. Red:
white matter tracts of d32 demonstrating connections with the contralateral
hemisphere, local parcellations, and cingulum.

What are its borders? Area 47m borders area 11l anteriorly, areas
47l and a47r laterally, area 47s posteriorly, and area 13l medially.

What is its functional connectivity? Area 47m demonstrates
functional connectivity to 13L in the orbitofrontal region, 8AD
and IFSp in the frontal lobe, TE1p and PHA2 in the temporal
lobe, and PGs and POS1 in the parietal lobe (Figure 51).

Whatare itswhitematter connections? Area 47m is structurally
connected to local parcellations and the inferior fronto-occipital
fasciculus. Fibers from the inferior fronto-occipital fasciculus
project posteriorly through the extreme/external capsule to end
at occipital lobe area V1. Local short association bundles connect
with 13l, 47l, 47s, AAIC, and Pir (Figure 52).

What is known about its function? Area 47m integrates
emotional information, cognitive appraisals, and physiological
internal states to aid in emotional regulation and assist in
decision-making processes.23

DISCUSSION

A simplified scheme of prefrontal function views the prefrontal
cortex as a 3-faced pyramid, with the dorsolateral face being
responsible for working memory and executive function,
the medial face being responsible for motivation, and the
orbitofrontal face being responsible for emotional regulation.
While very simplistic, there is some anatomic validity to consid-
ering the frontal lobe in this way: the dorsolateral prefrontal
lobe largely communicates with the rest of the brain via the
SLF/arcuate system as well as the IFOF; the medial frontal lobe is
largely the realm of the cingulum; and the OFC largely commu-
nicates via the IFOF and uncinate. Interestingly, these 3 systems
only seem to talk to each other through a series of local connec-
tions, and do not have substantial large interconnections between
them. This chapter covers 2 of these areas, the medial frontal and
orbitofrontal regions (the dorsolateral surface of the frontal lobe
was covered in Chapter 2).

The Default Mode Network
The default mode network (DMN) was discovered during the

analysis of the activity patterns of individuals not performing
any specific task during functional imaging.24 It has been found
to alternate its activity with the central executive network, a
frontoparietal network largely thought to be involved in goal-
directed behavior.25,26 The so-called salience network, which
involves a more posterior medial frontal area and the insula, is
thought to mediate the switching between these 2 networks.27
The DMN has been extensively studied given its putative role
in a large number of psychological processes and its functional
alteration in a wide number of diseases.28-33 Our group has
found that its preservation is important in avoiding akinetic
abulic states in surgery around the medial frontal lobe and corpus
callosum.34
Themain 3 components of theDMN are the anterior cingulate

gyrus and adjacent frontal lobe, the PCC and RSC, and the
lateral parietal lobes.35 Parts of the parahippocampal areas have
also been included in some models of the network; however, this
is not consistent between studies.36 Using this basic definition,
and using functional connectivity patterns of the various parcel-
lations, we would suggest that tentative members for inclusion
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FIGURE 23. Functional connectivity of p32 demonstrated on an inflated left hemisphere. A, Lateral and medial views. B, Rostral and caudal views. C, Dorsal and
ventral views. Parcellations with the strongest functional connectivity are shown in yellow. Pink arrows designate the parcellation of interest.
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FIGURE 24. Structural connectivity of p32 in the left hemisphere, shown on T1-weighted MR images. A, Sagittal and B, axial planes showing. Yellow:
white matter tracts of p32 demonstrating connections with the contralateral hemisphere and cingulum.

as members of the DMN include the following
parcellations:

Anterior cingulate regions: a24, p24, d32, 9M, 10r, 10v
Posterior cingulate regions: 31a, 31pv, 31pd, v23ab, d23ab, 23d,

RSC, 7m, POS1, POS2
Lateral parietal lobe regions: PFm, PGs, PGi

Though further work is needed to compare published
coordinate-based maps of resting state networks to the parcel-
lation locations, these areas seem to be reasonable candidates for
the purposes of discussion. Note that some areas activate a part of
the distant network; for example, a32pr is functionally connected
to RSC which is part of the DMN. Other areas, like a24pr, have
functional connectivity with neighboring members that are part
of the network, but do not demonstrate connectivity with distant
parts of the network, suggesting that while they may interact
with the network, they are not functionally part of it beyond any
doubt.

TheMiddle Cingulate Gyrus and the Cingulum Bundle
The cingulum bundle is the white matter pathway linking the

anterior and posterior cingulate components of the DMN. It is
also the pathway by which the middle cingulate areas commu-
nicate with the PCC. Themiddle cingulate is primarily comprised
of the “prime regions,” ie, a24pr, p24pr, a32pr, and p32pr. Our
analysis suggests that these middle cingulate areas are physically
highly interconnected with areas of the PCC. In many ways, they
appear to be more broadly connected to the posterior cingulate
region than the areas that are definitively in the DMN. However,

they cannot be conclusively added to the network as they do not
functionally correlate with the posterior cingulate areas to any
appreciable degree, at least based on our thresholding method for
functional connectivity.

Functional SegregationWithin the DMN
The section on the posterior cingulate regions (Chapter 8)

discusses the functional segregation of the DMN in more detail,
including the concept of a dorsal PCC, which coordinates
visuospatial body orientation,6,37-40 and a ventral PCC, which is
involved in self-reflection, self-monitoring, and other internally
motivated states.6,37-40 For the purposes of this discussion, we
suggest that 31a, 23d, d23ab, and possibly 23c make up the dorsal
PCC, and that 31pd, 31pv, and v23ab best describe the ventral
PCC.
The PCC has been shown in graph theoretical analyses to

have “rich club” topology,41 meaning these are highly intercon-
nected areas which are connected to many other areas. Our own
analysis suggests that there may be some basis for this beyond
theory. First is the observation that all of the PCC areas are all
functionally connected to other members of the PCC, effectively
forming in a tight network. This means if you are part of the
PCC, you talk to all other PCC members without exception,
suggesting they are tightly linked. Second is the observation that
all of the members of the PCC seem to have their own connec-
tions anteriorly, suggesting that there is no single hub or small
set of hubs in the PCC and instead most of the PCC members
are hubs in their own right. Thus, as a highly connected set of
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FIGURE 25. Functional connectivity of s32 demonstrated on an inflated left hemisphere. A, Lateral and medial views. B, Rostral and caudal views. C, Dorsal and
ventral views. Parcellations with the strongest functional connectivity are shown in yellow. Pink arrows designate the parcellation of interest.
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FIGURE 26. Structural connectivity of s32 in the left hemisphere, shown on T1-weighted MR images. A, Sagittal and B, axial planes showing. Gray:
white matter tracts of s32 demonstrating connections with the local parcellations.

hubs, the PCC seems to qualitatively meet many of the criteria
we would expect from a “rich club.”
Disentangling this anatomy is obviously complicated due to

the numerous overlapping sets of connections. However, our own
careful study of the structural connections suggests that there is
a pattern in the connections of these PCC regions to their more
anterior partners:

Dorsal PCC (31a, 23c, 23d, d23ab): These regions connect to
other PCC members and to the middle cingulate parcellations.
They do not connect to the anterior DMN members.
Ventral PCC (31pv, 31pd, v23ab, RSC): These regions connect to
the anterior DMN members, the PCC members and also to the
middle cingulate parcellations, making them more densely inter-
connected.

Given the suggested role of the ventral PCC in monitoring
self-referential states, 6,37-40 it is reasonable to conclude that the
ventral PCC regions and their connections with the anterior
DMN components represent the DMN proper, and that the
middle cingulate system represents a distinct but overlapping
network running in parallel with the DMN.

The Orbitofrontal Regions
It is clear that the orbitofrontal regions play a critical role

in emotional regulation,17,18 and should be preserved whenever

possible in neurological surgery.42 However, study of this region
has been limited by the complex nature of judgement and
emotional regulation, which we all intuitively understand, but
which defy easy quantification and definition. Further, compli-
cating this problem is the difficulty with imaging-related artifacts
caused by the skull base and nasal cavities in the anterior
fossa.
The orbitofrontal regions are primarily connected to the rest

of the brain through the IFOF and the uncinate pathways, which
link them to the early visual areas and to TGd, respectively. Inter-
estingly, while they are invariably linked to their neighboring
frontal regions in the dorsolateral brain through local connec-
tions, there is no evidence that the orbitofrontal regions commu-
nicate with the dorsolateral or medial frontal systems through any
form of large white matter tract, suggesting that these systems do
not follow a small world model when communicating with each
other.
Finally, in our opinion, the IFOF is a mysterious pathway,

especially with its connections to this region. Why early visual
areas need to talk directly to orbitofrontal regions is quite strange,
and while this could play a role in feedback regulation of visual
processing, we think this area needs further study. It may very well
redefine the way we view “judgement.”
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FIGURE 27. Functional connectivity of area 25 demonstrated on an inflated left hemisphere. A, Lateral and medial views. B, Rostral and caudal views.
C, Dorsal and ventral views. Parcellations with the strongest functional connectivity are shown in yellow. Pink arrows designate the parcellation of interest.
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FIGURE 28. Structural connectivity of area 25 in the left hemisphere, shown on T1-weighted MR images. A, Sagittal and B, axial
planes showing. Light blue: white matter tracts of area 25 demonstrating connections with the cingulum.

FIGURE 29. Anatomical location of medial frontal lobe parcellations shown on the right
hemisphere of a cadaver brain. Medial view of the frontal lobe. Corresponding labels are
shown in the lower right corner of each figure.
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FIGURE 30. Combined structural connectivity of medial superior frontal gyrus parcellations. A, Sagittal, B, axial, and C, coronal planes are shown.
Tracks include SCEF (dark blue), 8Bm (blue), 9m (brown), 10r (purple), and 10v (red).
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FIGURE 31. Functional connectivity of SCEF demonstrated on an inflated left hemisphere. A, Lateral and medial views. B, Rostral and caudal views.C,
Dorsal and ventral views. Parcellations with the strongest functional connectivity are shown in yellow. Pink arrows designate the parcellation of interest.
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A B

FIGURE 32. Structural connectivity of SCEF in the left hemisphere, shown on T1-weighted MR images. A, Medial sagittal view and B, axial view. Dark blue:
white matter tracts of SCEF demonstrating connections with the contralateral hemisphere and thalamus.
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FIGURE 33. Functional connectivity of 8Bm demonstrated on an inflated left hemisphere. A, Lateral and medial views. B, Rostral and caudal views. C,
Dorsal and ventral views. Parcellations with the strongest functional connectivity are shown in yellow. Pink arrows designate the parcellation of interest.
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FIGURE 34. Structural connectivity of 8Bm in the left hemisphere, shown on T1-weighted MR images. Sagittal views of A, medial and B, lateral planes,
and C, coronal view showing. Blue: white matter tracts of 8Bm demonstrating connections with the contralateral hemisphere, frontal aslant tract, inferior
front-occipital fasciculus and thalamus.
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FIGURE 35. Functional connectivity of 9m demonstrated on an inflated left hemisphere. A, Lateral and medial views. B, Rostral and caudal views. C,
Dorsal and ventral views. Parcellations with the strongest functional connectivity are shown in yellow. Pink arrows designate the parcellation of interest.
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FIGURE 36. Structural connectivity of 9m in the left hemisphere, shown on T1-weighted MR images. A, Medial sagittal view and B, axial plane showing.
Brown: white matter tracts of 9m demonstrating connections with the contralateral hemisphere and cingulum.
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FIGURE 37. Functional connectivity of 10r demonstrated on an inflated left hemisphere. A, Lateral and medial views. B, Rostral and caudal views. C,
Dorsal and ventral views. Parcellations with the strongest functional connectivity are shown in yellow. Pink arrows designate the parcellation of interest.
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A B

FIGURE 38. Structural connectivity of 10r in the left hemisphere, shown on T1-weighted MR images. A, Medial sagittal view and B, axial plane showing.
Purple: white matter tracts of 10r demonstrating connections with the contralateral hemisphere and cingulum.
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FIGURE 39. Functional connectivity of 10v demonstrated on an inflated left hemisphere. A, Lateral and medial views. B, Rostral and caudal views. C,
Dorsal and ventral views. Parcellations with the strongest functional connectivity are shown in yellow. Pink arrows designate the parcellation of interest.
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FIGURE 40. Structural connectivity of 10v in the left hemisphere, shown on T1-weighted MR images. Sagittal views of A, medial and B, lateral planes,
and C, axial view showing. Red: white matter tracts of 10v demonstrating connections with the contralateral hemisphere and uncinate fasciculus.
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FIGURE41. Anatomical location of medial frontal lobe parcellations shown on the right hemisphere of a cadaver
brain. Medial view of the frontal lobe. Corresponding labels are shown in the lower right corner of each figure.
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FIGURE 42. Combined structural connectivity of orbitofrontal region parcellations. Sagittal views of A, medial and B, lateral planes, and C, axial plane
are shown. Tracks include OFC (green), pOFC (gray), 11l (yellow), 13l (pink), and 47m (blue).
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FIGURE 43. Functional connectivity of OFC demonstrated on an inflated left hemisphere. A, Lateral and medial views. B, Rostral and caudal views. C,
Dorsal and ventral views. Parcellations with the strongest functional connectivity are shown in yellow. Pink arrows designate the parcellation of interest.
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FIGURE44. Structural connectivity of OFC in the left hemisphere, shown on T1-weighted MR images. Sagittal views of A, medial and B, lateral planes,
and C, axial view showing. Green: white matter tracts of OFC demonstrating connections with the contralateral hemisphere, uncinate fasciculus, and
inferior fronto-occipital fasciculus.
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FIGURE 45. Functional connectivity of pOFC demonstrated on an inflated left hemisphere. A, Lateral and medial views. B, Rostral and caudal views.
C, Dorsal and ventral views. Parcellations with the strongest functional connectivity are shown in yellow. Pink arrows designate the parcellation of interest.
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FIGURE 46. Structural connectivity of pOFC in the left hemisphere, shown on T1-weighted MR images. Sagittal views of A, medial and B, lateral
planes, and C, axial view showing. Gray: white matter tracts of pOFC demonstrating connections with local parcellations.
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FIGURE 47. Functional connectivity of 11l demonstrated on an inflated left hemisphere. A, Lateral and medial views. B, Rostral and caudal views. C,
Dorsal and ventral views. Parcellations with the strongest functional connectivity are shown in yellow. Pink arrows designate the parcellation of interest.
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FIGURE 48. Structural connectivity of 11l in the left hemisphere, shown on T1-weighted MR images. A, Sagittal and B, axial planes showing. Yellow: white
matter tracts of 11l demonstrating connections with occipital lobe through the inferior fronto-occipital fasciculus.
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FIGURE 49. Functional connectivity of 13l demonstrated on an inflated left hemisphere. A, Lateral and medial views. B, Rostral and caudal views. C,
Dorsal and ventral views. Parcellations with the strongest functional connectivity are shown in yellow. Pink arrows designate the parcellation of interest.

S170 | VOLUME 00 | NUMBER 00 | 2018 www.operativeneurosurgery-online.com

D
ow

nloaded from
 https://academ

ic.oup.com
/ons/advance-article-abstract/doi/10.1093/ons/opy257/5107675 by C

N
S M

em
ber Access,  sughruevs@

gm
ail.com

 on 01 O
ctober 2018



CONNECTIONAL ANATOMY OF THE MEDIAL FRONTAL LOBE

A B

FIGURE 50. Structural connectivity of 13l in the left hemisphere, shown on T1-weighted MR images. A, Sagittal and B, axial planes showing. Pink: white
matter tracts of 13l demonstrating connections with local parcellations.
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FIGURE 51. Functional connectivity of 47m demonstrated on an inflated left hemisphere. A, Lateral and medial views. B, Rostral and caudal views. C,
Dorsal and ventral views. Parcellations with the strongest functional connectivity are shown in yellow. Pink arrows designate the parcellation of interest.
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FIGURE 52. Structural connectivity of 47m in the left hemisphere, shown on T1-weighted MR images. Sagittal views of A, medial and B, lateral planes,
and C, axial view showing. Blue: white matter tracts of 47m demonstrating connections with the IFOF and local parcellations.
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