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ABSTRACT

Brodmann showed areas 26, 29, 30, 23, and 31 on the human posterior cingulate gyrus
without marking sulcal areas. Histologic studies of retrosplenial areas 29 and 30 identify
them on the ventral bank of the cingulate gyrus (CGv), whereas standardized atlases show
area 30 on the surface of the caudomedial region. This study evaluates all areas on the CGv
and caudomedial region with rigorous cytologic criteria in coronal and oblique sections Nissl
stained or immunoreacted for neuron-specific nuclear binding protein and nonphosphory-
lated neurofilament proteins (NFP-ir). Ectosplenial area 26 has a granular layer with few
large pyramidal neurons below. Lateral area 29 (291) has a dense granular layer II-IV and
undifferentiated layers V and VI. Medial area 29 (29m) has a layer III of medium and NFP-ir
pyramids and a layer IV with some large, NFP-ir pyramidal neurons that distinguish it from
areas 291, 30, and 27. Although area 29m is primarily on the CGv, a terminal branch can
extend onto the caudomedial lobule. Area 30 is dysgranular with a variable thickness layer
IV that is interrupted by large NFP-ir neurons in layers IIIc and Va. Although area 30 does
not appear on the surface of the caudomedial lobule, a terminal branch can form less that 1%
of this gyrus. Area 23a is isocortex with a clear layer IV and large, NFP-ir neurons in layers
IIIc and Va. Area 23b is similar to area 23a but with a thicker layer IV, more large neurons
in layer Va, and a higher density of NFP-ir neurons in layer III. The caudomedial gyral
surface is composed of areas 23a and 23b and a caudal extension of area 31. Although
posterior area 27 and the parasubiculum are similar to rostral levels, posterior area 36’
differs from rostral area 36. Subregional flat maps show that retrosplenial cortex is on the
CGv, most of the surface of caudomedial cortex is areas 23a, 23b, and 31, and the
retrosplenial/parahippocampal border is at the ventral edge of the splenium. Thus,
Brodmann’s map understates the rostral extent of retrosplenial cortex, overstates its
caudoventral extent, and abridges the caudomedial extent of area 23. J. Comp. Neurol.
438:353-376, 2001. © 2001 Wiley-Liss, Inc.
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Armstrong et al., 1986; Vogt et al., 1995). However, con-
sideration of the Brodmann map suggests some disagree-
ment with the histologic studies that place retrosplenial
cortex further rostral. Brodmann also showed that cortex
surrounding the splenium of the corpus callosum was
retrosplenial areas 29 and 30, whereas histologic studies
showed these areas in the callosal sulcus (CaS) at caudal
levels.

Problems with the Brodmann map became acute when a
widely used standardized atlas (Talairach and Tournoux,
1988) attempted to localize the retrosplenial areas with-
out plotting the full depth of the CaS or its histologic
features and errors were made transposing Brodmann’s
map to cross-sections. For example, Brodmann used a
narrow width of symbols at the caudal lip of the central
sulcus for area 3, suggesting it is in the central sulcus, and
this has been confirmed histologically (Braak, 1980; Zilles,
1990). Although most investigators know the area 3 prob-
lem, this transposition error was repeated in all cortical
regions, including the posterior cingulate gyrus, and the
location of retrosplenial cortex (RSC) on the CGv is not
generally appreciated. Mislocating RSC impedes imaging
studies from assessing the contribution of these areas to
brain functions.

The structure of each area in the posterior cingulate and
retrosplenial regions is best understood in terms of the
principles of cortical transition based on the evolutionary
studies of Sanides (1970) and human studies of von
Economo (1929), and described for posterior cingulate gy-
rus (Vogt, 1976, 1993; Vogt et al., 1997). Each area repre-
sents one or more transitional events, including differen-
tiation of layers through changes in dendritic architecture
and cell sizes and packing densities. Periallocortical areas
have a densely granular external pyramidal layer that
progresses to proisocortical areas with a weakly defined or
dysgranular layer IV and which differentiates into isocor-
tex with a well defined layer IV and large pyramidal
neurons in layers Illc and Va. Although early investiga-
tors referred to transitional area 30 (Brodmann, 1909),

Abbreviations
CalS calcarine sulcus
CaS callosal sulcus
CcC corpus callosum
CCs splenium of the corpus callosum
CG cingulate gyrus
CGv ventral bank of the cingulate gyrus
CML caudomedial lobule
CMR caudomedial region
CS cingulate sulcus
CTPCS common truck of the parieto-occipital and calcarine sulci
1G induseum griseum
MR marginal ramus of the cingulate sulcus
NeuN antibody to neuron-specific nuclear binding proteins
NFP-ir immunoreactive-nonphosphorylated neurofilament pro-
teins
PHG parahippocampal gyrus
PHGt transitional parahippocampal gyrus
PMI postmortem interval
POS parieto-occipital sulcus
Pro area properistriata
PS parasubiculum
PSD postsplenial dimple
RSC retrosplenial cortex
SM132 antibody for nonphosphorylated neurofilament proteins
SpS splenial sulci
Sub subiculum
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area LD (von Economo, 1929), or Rsag (Rose, 1928) as
agranular, they did not have the modern concept of a
dysgranular architecture now recognized in orbitofrontal
(Hof et al., 1995), insular (Mufson et al., 1997), and ante-
rior and posterior cingulate cortices (Vogt, 1976; Vogt et
al., 1995).

The context for the present studies was defined by hy-
potheses from Brodmann’s map and its transposition to
sectional anatomy by Talairach and Tournoux (1988). The
structural criteria for areas 29 and 30 on the CGv and
area 23a on the cingulate gyral surface are provided in the
present study and are based on previous observations in
the monkey and human brains cited above. These criteria
were used to determine areas forming the isthmus of the
cingulate gyrus and where they abut posterior parahip-
pocampal areas. Because the gross morphology of this
cingulate subregion is not uniform, structural variants
must be part of its analysis. In some instances, this cortex
is thrown into a fold termed the caudomedial lobule by
Goldman-Rakic et al. in the monkey (1984; CML). When
an overt CML is not apparent in a human case, the term
caudomedial region (CMR) is used here.

The null hypothesis is based on the maps of Brodmann
(1909) and Talairach and Tournoux (1988) and states that
the CML is composed mainly of periallocortical and proiso-
cortical areas, and there is no evidence for an isocortical
layer IV like that in area 23. This hypothesis was tested in
the following manner: (1) Characterize areas 26, 29, and
30 on the CGv and area 23a above the splenium where
their structure is established. (2) Evaluate the distribu-
tion of these areas around the splenium, including the
CMR in multiple planes of section. (3) Define each area
with an antibody to neuron-specific nuclear binding pro-
tein (NeuN) for determination of neuronal architecture
without glial and vascular elements. (4) Evaluate immu-
nohistochemical material above the splenium and across
the CMR with an antibody to nonphosphorylated neuro-
filament proteins (SMI32; Nimchinsky et al., 1997; Vogt et
al., 1997). (5) Evaluate the parahippocampal areas adja-
cent to posterior cingulate cortex to ensure the criteria for
each retrosplenial area does not overlap with them. (6)
Generate subregional flat maps similar to von Economo’s
(1929) to ensure a consistent application of histologic cri-
teria, to assess variability for different gross morpholo-
gies, and to show the distribution of each area and borders
between the cingulate and parahippocampal regions. Al-
though a small part of area 29m occasionally appears at
the rostral edge of the CML, the null hypothesis was
discarded because of the robust layers IIlc and IV on the
surface of the CML.

MATERIALS AND METHODS
Case material

Cases were selected from a large collection of brains
depending upon whether there was a complete series of
sections through the entire retrosplenial and posterior
cingulate cortices and excellent quality histology; i.e, uni-
form, dark, and well-differentiated Nissl staining and im-
munohistochemistry. Cases were excluded with neurode-
generation (i.e., evidence for long-standing infarcts) either
in this region or in areas that project to RSC such as
parahippocampal cortex. Cases in which more than 1% of
the thionin-stained cortical neurons were negative for



CYTOLOGY OF HUMAN CAUDOMEDIAL/RETROSPLENIAL CORTICES

NeuN were excluded because they may be expressing an
undiagnosed, preclinical neuropathology. For example,
lack of NeuN immunoreactivity in thionin-stained neu-
rons occurs in Alzheimer’s disease (Vogt and Hof, unpub-
lished observations), and this raises concern about such a
finding in “control” cases. Based on these criteria, three
celloidin-embedded cases and six frozen-sectioned cases
were selected. All cases were Caucasian, five were male
and four were female, and none had evidence of cognitive
impairments based on an evaluation of the clinical records
and family reports. There was one 45-year-old man in
each set; one died of a small brainstem stroke and the
other in an automobile accident and there was no evidence
of cortical damage in either instance. The former of these
cases had a brain weight of 1,093 g and a 6-hour postmor-
tem interval (PMI), whereas the latter had a 1,280 g brain
and 10.5-hour PMI. All other cases were from elderly
individuals with an average age of 73 years. Three died of
carcinoma of the liver or lung, two of pneumonia, and two
had an unknown cause of death and average brain weight
was 1,190 g. The average PMI for five of these cases was
6.2 hours, and those for the other two are unknown.

Tissue processing

Standard methods were used and have been described
previously for celloidin (Vogt et al., 1995) and immunohis-
tochemistry (Nimchinsky et al., 1997). The entire dorso-
medial surface for six cases used for immunohistochemis-
try were postfixed in paraformaldehyde for approximately
3 days and then placed in phosphate buffer (pH 7.4) for
1-2 weeks and taken through a graded series of sucrose
culminating in a 1-week period in 30% sucrose in buffer.
These medial surfaces were cut into 0.5- to 1.5-cm blocks.
One entire brain for celloidin embedding was fixed in 10%
formalin for 1 year and the other two were fixed for 1 or 2
months before cutting into blocks for further processing.
After fixation, the medial surface of all cases was digitally
macrophotographed, cut into blocks, and then photo-
graphed again to record the limits of each block. Celloidin
tissue was cut into six series at either 50 or 66 pm thick,
and one series was stained with cresyl violet. The blocks
for frozen sectioning were cut in a cryostat into 50-pm-
thick sections in 6 or 10 series. One series was stained
with thionin, and the following immunohistochemical
techniques were used. All sections were preincubated in
75% methanol to block endogenous peroxidase and 25%
peroxidase for 15 minutes, 3-minute pretreatment in 95%
formic acid to improve reactant tissue penetration and
exposed to the antigens.

The NeuN antibody identifies an unknown antigen in
neurons (Mullen et al., 1992) and is ideal for cytoarchitec-
tural studies that seek to assess differences in the size,
shape, and density of neurons. In these studies, there is
always the chance, particularly in layers with many small
neurons such as layer IV of areas 23a and 30 or the
granular layer of area 29, that nonneuronal elements in-
terfere with the conclusions. Use of NeulN essentially
eliminates glial and vascular elements from the analysis.
Wolf et al. (1996) could find no evidence of nonneuronal
staining in human postmortem cortex and Eriksson et al.
(1998) found no evidence of cross-reactivity between glial
fibrillary acidic protein and NeulN immunoreactivity in
developing human hippocampus. In adult human cortex,
only Cajal-Retzius cells in layer I are not labeled with
NeuN (Sarnat et al., 1998). To monitor the efficiency of
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NeuN immunoreactivity, sections were counterstained
with thionin. The counterstain ensures that no alteration
in antigen expression goes undetected, i.e., cases with
many thionin-stained neurons that were NeuN negative
were excluded as noted above. The counterstain also pro-
vides the opportunity to consider the density and distri-
bution of blue-stained glial and vascular elements in the
context of the heavily immunoreacted neurons in each
layer. For example, neurons and glia in layers II and IV
were evaluated in this manner.

The NeuN antibody (Chemicon, Temecula, CA) was
used at a 1:1,000 dilution. Vectastain Elite Mouse ABC
Kit (Vector Labs, Burlingame, CA) was used with 3,3'-
diaminobenzidine tetrahydrochloride (DAB) as the horse-
radish peroxidase substrate. Expression of nonphosphory-
lated epitopes on the medium (168 kDa) and heavy (200
kDa) molecular weight subunits of the neurofilament trip-
let protein was analyzed with the SMI32 antibody (Stern-
berger Monoclonals, Lutherville, MD). It was used at a
1:10,000 dilution and then reacted with the Vectastain
Elite Mouse ABC Kit and DAB, mounted, and counter-
stained with thionin. Specificity of the immunoreactivity
was verified by performing the reaction without primary
antibody in each case.

Data analysis

Cytoarchitectural studies that use Brodmann’s number-
ing scheme and variations thereon begin with analysis of
the architecture of the center of each area (centroid anal-
ysis) to ensure that his intentions are understood in terms
of the structure and location of each area and are not
confounded by the structure of adjacent cortices. Although
Brodmann did not document each area photographically,
he used classic methods such as Nissl staining in celloidin-
embedded tissue and this is where the present analysis
begins. The areas considered in a first pass, microscopic
analysis through the Nissl and NeuN series for each case
were as follows: posterior cingulate areas 31, 23a, 23b;
ectosplenial area 26; retrosplenial areas 29 and 30; para-
hippocampal areas 27, parasubiculum (PS), 35, and 36. In
some instances, we were unable to identify a uniform area
during the first pass and it was subdivided further. Gran-
ular area 29 has a lateral division (29]1) and a medial
division (29m). In addition, we were unable to show that
caudal area 36 is equivalent to much of its rostral coun-
terpart. This transition cortex is termed area 36’, and it is
divided further to accommodate two different structures
(i.e., areas 36'd; 36'v). Once the cytoarchitecture of the
center of each unique area is specified in Nissl prepara-
tions, the borders were analyzed for nonphosphorylated
neurofilament protein (NFP) immunoreactivity with the
SMI32 antibody. This antibody is particularly useful in
midcortical layers IIlc and Va of areas 30 and 23 and IV of
area 29m where there are often moderate to large, NFP-ir
pyramidal neurons. This antibody is also very useful for
distinguishing the dysgranular composition of area 30 and
helps to determine its border with area 23a and for deter-
mining the composition of cortex in the CMR.

The analysis of each case involved testing preliminary
hypotheses derived from Brodmann (1909) and our expe-
rience with the histology of these regions in primate
brains. After defining each area on the ventral bank of the
cingulate gyrus (CGv), CMR, and posterior parahippocam-
pal cortex in each case, drawings of Nissl-stained sections
in a 11in 6 series of sections at 13X were made with an Aus
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Jena microfiche projector. By using higher magnifications
of 100—400X, each area was analyzed and its borders
plotted onto the drawn sections. Examples of the center of
each area were then photographed in both NeuN and
SMI32 preparations for detailed analyses of the cytologic
features required for localization of each area. At the end
of this hypothesis-driven phase of the research, represen-
tative cases of each gross pattern of sulci and gyri were
used for a flat map analysis as described below.

All documentation of histologic observations was made
by taking photographs with 4 inch X 5 inch Polaroid
positive/negative film (Type 55) and the negatives were
scanned with a Linotype-Hell flatbed scanner. The digi-
tized negatives were imported to Adobe Photoshop 5.2 and
reversed to positive images. In some instances, photomon-
tages were made of three to seven photographs as shown
in Figures 2 and 8. These montages were merged after
flatbed scanning in Adobe Photoshop 5.2. The concept of a
dysgranular cortex is particularly difficult to document
photographically in high magnification strips of area 30,
because sampling can easily be selected for parts that
have a clear layer IV or other parts that have a poorly
differentiated layer IV. To overcome this sampling prob-
lem, montages of photographs were taken of layers IIlc-Va
throughout the full lateral-to-medial extent of area 30
(Fig. 8) dorsal to the splenium at high magnification.

Each figure provides different levels of morphologic de-
tail and labeling thereof. There is a macrophotograph of
the posterior cingulate region, some orienting sulci and
gyri are labeled, and the levels of each section marked
with lines and/or arrows. In the macrophotograph, each
section level is designated with a letter or an arrow is used
to direct attention toward a section in the illustration. In
some instances, higher magnifications of particular areas
are provided and these are indicated with boxes around
the magnified cortex. Around each section, there are ar-
rows marking the borders between areas and the relevant
areal designation is shown between each pair of arrows.
Finally, higher magnification photographs of one or more
areas are provided. In addition to labeling borders be-
tween each area, the layers are marked on all NeuN
preparations, because neurons are always labeled in all
layers. The SMI32 preparations are labeled mainly where
there are immunoreacted neurons; layer II, for example,
usually does not have NFP-ir neurons and is usually not
labeled. An adjacent NeuN immunoreacted section is al-
ways provided as a guide to interpreting the SMI32 prep-
arations. In instances where all layers are marked in the
SMI32 photograph, the laminar borders are approxima-
tions based on the adjacent NeuN sections.

Because more than 50% of the cortical surface can be
located in the depths of cortical sulci, flat maps are a
necessary counterpart to any study of human cytoarchi-
tecture. Subregional flat maps are preferable to those that
reconstruct the entire medial surface, because the subre-
gional maps require fewer warping steps to accommodate
the unfolding procedure, i.e., they stretch the cortex in one
dimension rather than two and require no oblique warp-
ing. Subregional flat maps were constructed by drawing
each section at 13X and then defining the area borders
microscopically and placing each on the drawn sections. A
line was drawn midway between the pia and white matter
borders (i.e., midcortical level) and the length of this line
determined for each area. The edge of the fasciolate and
cingulate gyri was then estimated from the digital images
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of the medial surface and drawn onto graph paper. The
size and orientation of each tissue block was established
and the measurements for each area used to draw a
straight line for each section. Because this study was
restricted to the posterior cingulate, retrosplenial, and
parahippocampal areas, no further warping was applied
to the sections. The warping was produced in a single
posterior direction. This process resulted in a relatively
precise localization of each area without alterations in
other planes, and it meant that the surface area occupied
by each area on the flat map was an accurate measure-
ment of its overall area in this subregion. In the last case,
there were no clear markers of the CML and Adobe Pho-
toshop software was used to warp the flat map onto a
photograph of the medial cortex. Area localization in the
resulting map was consistent with multiple surveys of the
histologic sections.

RESULTS

Gross morphology and structural
hypotheses

The only gross structural feature in posterior cingulate
cortex that consistently delineates a cytoarchitectural bor-
der is the CaS at the apposition of the ventral apex of the
cingulate gyrus and the corpus callosum. This feature
designates the border between area 23a dorsally and area
30 ventrolaterally. Although the splenial sulcus does not
delineate an area per se, it is surrounded by area 31 and
identifies most of this cortical area. All other gross ana-
tomic features are so variable that they cannot be used to
consistently identify cytoarchitectural areas.

The surface of the posterior cingulate gyrus extends
ventrally to form an isthmus that abuts posterior para-
hippocampal cortex. In some instances, there is a tongue
of cortex in this region that provides no landmarks for the
transition from retrosplenial and posterior cingulate cor-
tices to the parahippocampal gyrus (PHG). In other in-
stances, there is a clear fold of tissue at the terminal part
of the posterior cingulate gyrus. Goldman-Rakic et al.
(1984) referred to this consistent and terminal part of the
monkey cingulate gyrus as the caudomedial lobule (CML).
When a CML is present in human cases, the common
trunk of the parieto-occipital and calcarine sulci (CTPCS)
appears to interrupt the isthmus to form the CML. When
an overt lobule is not present, the term caudomedial re-
gion (CMR) is applied here. Finally, there are instances in
which a cortical fold occurs just below the CML. Because
this fold contains mainly caudal extensions of parahip-
pocampal cortex, this is termed the transitional PHG
(PHGt). The PHGt is usually not observed without dissec-
tion, because it is buried in the CTPCS.

The Brodmann map of human RSC (1909) and Ta-
lairach and Tournoux’s (1988) interpretation thereof for
sections through a case in standardized anatomic space
provide specific hypotheses and a strategy for histologic
sampling. This region in Brodmann’s map is shown in
Figure 1, and an oblique section taken through it; a sec-
tion that is part of a case analyzed in detail below. On this
section are identified the approximate location of each of
the areas predicted from one interpretation of the Brod-
mann map. It includes a pass through areas dorsal to the
splenium where Brodmann shows that area 23 forms the
entire gyral surface and ventral bank of the cingulate
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B. Talairach & Tournoux (1988)

Z=+12mm
VR BN

Al AD

Fig. 1. The hypotheses and sampling strategies for the present
study derive from Brodmann’s map and its use for sectional anatomy
by Talairach and Tournoux (1988). A: Brodmann’s reconstruction of
the posterior cingulate region and predictions therefrom about the
distribution of areas on an oblique section through this region. An
important issue is whether or not area 30 is on the CML as it appears
from one interpretation of Brodmann or whether areas 29 and 30 are
located in the CaS. B: Because Talairach and Tournoux used the
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prediction stated in A, that did not consider the nature of cortical
folding in the posterior cingulate region, examples of transpositions
made by this atlas are provided. In the horizontal section at z~+12
mm, areas 29 and 30 are shown on the posterior cingulate gyrus as
they are for coronal sections approximating y~-35 mm and -50 mm.
Notice that, at z~+12 mm and y~-35 mm, there is essentially no CaS
represented, requiring that areas 29 and 30 be displaced to the gyral
surface. For abbreviations, see list.
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gyrus (CGv). One interpretation of this map is that, caudal
and ventral to the splenium, most of the CMR is composed
of areas 29 and 30 and a very small part of area 23. A
second interpretation is that Brodmann’s use of the folded
cortex and narrow bands of symbols for each area sug-
gested these areas are in the CaS and not directly exposed
on the surface of the CML. The null hypothesis for the
present study assumes that Brodmann intended the
former interpretation of his map and it states there is no
isocortical layer IV like that of area 23 in cortex of the
CML. This hypothesis is consistent with the expectation
that layer IV will have a dysgranular organization similar
to that in area 30. In the survey of sections and photo-
graphic documentation that follows, CML cortex is ana-
lyzed in an objective effort to test this hypothesis and is
based on established criteria developed by histologic stud-
ies of these areas on the CGv.

Talairach and Tournoux (1988) used the first interpre-
tation of Brodmann’s map, as discussed in the previous
paragraph, to transpose each area for sectional anatomy.
The null hypothesis states that their interpretation of
Brodmann is correct. It should be noted, however, that
they showed a truncated CaS, i.e., the depth of the CaS at
the level of the splenium is approximately half its actual
depth of 8—10 mm. The reduced depth of the CaS in their
atlas required that RSC be placed on the gyral surface.
Furthermore, area 26 is not shown in their atlas, but
Brodmann indicated it is present around the entire caudal
end of the splenium. Therefore, there are reasons to expect
the null hypothesis might be rejected and the distribution
of areas shown by Talairach and Tournoux (1988) is in-
correct.

Overview of caudomedial, retrosplenial, and
parahippocampal regions

One of the three celloidin-embedded cases was pro-
cessed in two planes of section; left hemisphere in the
coronal plane and right hemisphere in an oblique horizon-
tal plane to optimally capture areas in the CMR in a
perpendicular orientation (Fig. 2). The cytologic charac-
teristics of each area and their distribution can be deter-
mined in either plane of section. Cortex above the sple-
nium is shown in Figure 2A with ectosplenial area 26 and
retrosplenial areas 29 and 30 lining the CGv. The dorsal of
three oblique sections (Fig. 2E) shows that much of the
gyral surface in the CMR is composed of areas 23a and
23b, whereas the rostral part (Fig. 2B) has posterior divi-
sions of area 36 referred to as area 36’. Area 36’ has dorsal
and ventral subdivisions and each can be distinguished
cytologically from RSC as discussed below. There is a
small (1.5 mm) extension of area 29m onto the rostral
border of the CML in this case (Fig. 2B). Further rostrally
and just ventral to the splenium (Fig. 2D), there are para-
hippocampal area 27, the parasubiculum (PS in figures),
and perirhinal area 36. A similar topology is noted in the
oblique sections from the contralateral hemisphere (Fig.
2E—G). The most dorsal of three sections (E) has parts of
gyral areas 23a and 23b and a small caudal extension of
area 31. Even at low magnifications in these celloidin
sections, an isocortical layer IV can be seen in area 23 (E)
which is not present in area 30 dorsal to the corpus callo-
sum (A).

The problem of reconstructing RSC on the convoluted
surface of the human cortex is apparent in Figure 2E. This
section shows that the isocortical areas 23 and 31 directly
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overlie the ectosplenial and retrosplenial areas in the CaS.
It is not possible to accurately reconstruct these areas
without flattening the cerebral cortex to show areas in the
fundus of the CaS. At a more ventral level (F), the CAl
sector of the hippocampus replaces the indusium griseum
(IG) and area 29m extends onto the rostral border of the
CML adjacent to areas 36’'d and 36'v. Ventral to area 36'v
is the area properistriata of Braak (1980) or area pros-
triata of Sanides (1970; Pro in Fig. 2B,F). Area properis-
triata is a rostral visual area that is thin in relation to
parahippocampal and cingulate areas. Striking findings of
this case are that RSC does not completely surround the
splenium of the corpus callosum and area 30 does not
extend onto the CMR as suggested by the maps in Figure 1.

The reconstruction problem of the posterior cingulate
region is emphasized once more in Figure 3A where an
immunohistochemical preparation of NeuN is shown for a
coronal section through the CML. As discussed in detail in
the Materials and Methods section, most glia and vascular
elements are not immunoreactive for this antigen and the
laminar architecture is clearer in these preparations than
in those stained for Nissl substance; even at low magnifi-
cations. Thus, the isocortical layer IV of areas 23a and 23b
can be seen in cortex on the surface of the CML, whereas
areas 29 and 30 underlie this cortex in the depths of the
CaS and do not express a fully differentiated layer IV. The
problem presented by this region is that it is impossible to
accurately reconstruct it on the convoluted surface be-
cause cortical folding doubles the extent of cortex around
the splenium. This figure also clarifies one of the impor-
tant interpretations of Brodmann’s map. His reconstruc-
tion reflects the ectosplenial and retrosplenial areas in the
CaS and not on the surface of the CML. These observa-
tions, along with the detailed structure of cortex in this
region provided below, led us to reject the null hypothesis,
to conclude that Brodmann used narrow bands of symbols
for each ectosplenial and retrosplenial area because they
are located on the CGv, and to infer that the placement by
Talairach and Tournoux (1988) of area 30 as a primary
component of the CMR is incorrect.

Allocortex and ectosplenial area 26

Every section through RSC includes a segment of allo-
cortical hippocampus and the ectosplenial area 26. Above
the splenium, the hippocampal rudiment, indusium gri-
seum (IG), or areas L2 and HF (von Economo and Koski-
nas, 1925), is a single layer of densely packed ganglion
cells that are heavily NFP-ir (Fig. 4: SMI32). Adjacent to
the IG is the subicular rudiment (Sub) or area HE of von
Economo and Koskinas, which has many fewer and more
dispersed neurons. These two areas together form the
fasciolate gyrus on the dorsal surface of the corpus callo-
sum.

Area 26 of Brodmann (1909), area LF of von Economo
and Koskinas (1925), and area “es” of Braak (1979) has an
architecture that is almost the inverse of that expressed
by the IG and subicular rudiment. As shown in Figure 4,
area 26 has a very dense layer of granular neurons, many
of which are NFP-ir, and there is a dense plexus of NP-ir
fibers in this layer. Deep to this granular layer, there
are few pyramidal neurons, some of which are NFP-ir
(compare NeuN and SMI32 in Fig. 4). Braak (1979) ob-
served that this layer was composed of only the multiform
layer VI.
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Fig. 2. Coronal (A-D; left hemisphere) and oblique, horizontal
(E-G; right hemisphere, shown for orienting levels) sections from the
posterior cingulate and parahippocampal regions of a celloidin-
embedded and Nissl-stained case. Sections B-E are montage recon-
structions from three photographs each. A: Although there is an
extension of area 29m onto the rostral edge of CMR (B), areas 23a,
23b, and 31 compose much of the surface cortex. Ventrally, there are
modifications of parahippocampal area 36 termed area 36’. The re-
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construction paradox of RSC is apparent in B and E where the RSC
underlies the CMR, indicating that accurate reconstructions of this
region cannot be produced on the convoluted brain surface. In section
F, the small rostral extension of area 29m onto the rostral edge of the
CMR is apparent as is the first enlargement of the CA1 sector of the
hippocampus. Section G shows a complete replacement of RSC by
area 27 and the parasubiculum (PS) just ventral to the splenium. For
abbreviations, see list. Scale bar = 2 mm in D (applies to A-G).
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Fig. 3. Photomicrographs of immunohistochemical preparations
through the posterior cingulate region and its junction with the PHG.
The reconstruction paradox of RSC is clear because it is in the depths
of the CaS lateral to the CML. The isocortical nature of areas 23a and
23b with their layer IV is apparent in both NeuN and matched SM132
preparations (A). As is true for all cingulate areas, layer Va is prom-
inent even in isocortex as labeled in A. These sections also demon-
strate the clarity with which each area of the CML can be assessed in
standard coronal sections. Although area 29m does not appear on the
CML in this case, its border with parahippocampal area 36'd on the

PHGt is demonstrated. Area 31 not only has the thickest layer IV of
any cingulate area, it also has the highest level of NFP immunoreac-
tivity in layer III as shown in the area 31 photograph of the SMI32
preparation. The line with a double asterisk in A: SMI32 shows the
level below which sections were enlarged for Figure 6. The sections
from B are caudal to those in A and show area 31 descending caudal
to area 23b to form the most caudal part of the CML. For abbrevia-
tions, see list. Scale bars = 2 mm in B (applies to A,B), 400 pm for
area 31.
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Fig. 4. Coronal sections of posterior cingulate and retrosplenial
cortices dorsal to the splenium (level indicated with the line and
arrow) immunoreacted with the NeuN and SMI32 antibodies. A low-
magnification orientation photograph is provided with a polygon that
selects the field for highest magnification photography. The sections
are separated by approximately 300 pm, and they show the composi-
tion of areas on the CGv. The granular layer of areas 26 and 29 is
outlined to emphasize the commonality of this layer to the ectosple-
nial and granular retrosplenial areas. Note that the overall density
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and sizes of neurons in this granular layer in area 29m is reduced
because large neurons in layer III of area 29m separate from the
granular layer. In area 26 of both preparations, there are almost no
neurons below the granular layer, i.e., there is essentially no internal
pyramidal layer. Each layer in area 30 is shown to the left, including
a variable layer IV. Notice the prominent continuity of the granular
layer of areas 29m and 30 in low- and high-magnification photographs
of the SMI32-immunoreactive section. For abbreviations, see list.
Scale bars = 1 mm.
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Granular area 29

Although the general architecture of RSC can be iden-
tified in Nissl-stained preparations as in Figure 2, the
details of cytologic organization are more clear with im-
munohistochemistry such as in Figures 3-8. Figure 4
shows a suprasplenial level of area 29. The unifying fea-
ture of its two subdivisions is the granular layer, which, in
lateral area 29I, is directly adjacent to layer I, and in
medial area 29m it is deep to a layer of medium pyramidal
neurons. These latter neurons are in a layer termed layer
III which contains neurons that have homologies to layer
IIIab in adjacent area 30. The granular layer is referred to
as layer III/IV in area 291, because it is an intermediate
stage of differentiation of layers IIT and IV on the CGv.
The granular layer contains many small and medium
pyramids that are NFP-ir, and the associated plexus is
prominent in Figure 4. In area 29m, the density and sizes
of neurons is reduced in layer IV, because many medium
neurons are separated from this layer into layer III (Figs.
4, 5). Beneath the granular layer in area 291 are poorly
differentiated layers V and VI, whereas in area 29m layer
V differentiates into layers Va and Vb. Many of the largest
pyramids in area 29 are NFP-ir, and they are located
mainly in the deeper part of layer V in area 291 and the
deeper part of layer Va in area 29m. Finally, there are
some NFP-ir neurons in layer VI throughout area 29,
although the associated plexus in layer VI is much less
dense than in layers IV and Va.

The details of area 29m architecture are shown in Fig-
ure 5 adjacent to area 30. The parvocellular layer IV not
only contains small and medium pyramidal neurons, it
also contains several large and solitary pyramids. These
neurons are NFP-ir and are a distinguishing feature of
area 29m along its full extent to its termination on the
rostral bank of the CML. Photomicrographs of area 29m
are shown in Figure 5 and examples of three of these
pyramids are emphasized with arrowheads in both the
NeuN and SMI32 preparations. At his magnification, it is
also clear that layer III of area 29m is composed of many
medium and large pyramids that are heavily NFP-ir.
These neurons likely are the undifferentiated counter-
parts of pyramids of layer IIIab in adjacent areas 30 and
23a.

The relative density of neurons in layer IV of areas 30
and 29m increases around the splenium and to its termi-
nation either in the ventral part of the CaS or the rostral
lip of the CML. For area 30, Figure 5C shows this increase
in both NeuN and SMI32 preparations. Termination of
area 29m in the CaS is shown in the pullout in Figure 6 at
a level that begins at the double asterisk in Figure 3. The
transition at this point is with area 36’'v. The NFP-ir
plexus in layers III and IV are apparent and disappear as
area 29m merges with area 36'v. Area 36'v only has an
NFP-ir plexus in layer V. Features of area 36'v that dis-
tinguish it from area 29m include a broad layers II-III
composed of more uniform, medium pyramids; a poorly
defined layer IV; and an infragranular layer dominated by
a uniform layer V and a narrow layer VI. Because area
36'v is quite short in its dorsoventral extent, it is easier to
assess in horizontal sections as discussed below.

Dysgranular area 30

Area 30 (Brodmann, 1909), LD (von Economo and Ko-
skinas, 1925), Rsag (Rose, 1928), and rsm (Braak, 1979)
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has been thoroughly analyzed histologically. Although
none of these histologic studies has shown this area to be
on the gyral surface in the CMR, there are two essential
issues raised by the atlas interpretations of Brodmann’s
map shown in Figure 1: First, does any gyral component of
the CMR share cytoarchitectonic features with area 30 in
the CaS? Second, how do the features of area 30 compare
with those on the CML, including that area which most
closely relates to area 30 (i.e., area 23a which it borders)?
There are several ways to answer the first question. (1)
Figure 2A shows area 30 above the splenium at a rela-
tively low magnification in the celloidin series. The large
and densely packed neurons of layer IIIc can be seen, but
no layer IV is apparent. In Figure 2B, layer IV can be
detected in areas 23 and 31 suggesting that area 30 is not
part of the gyral surface at the isthmus. Confirmation of
layer IV in the CMR is provided in Figure 3, where both
the NeuN and SMI32 preparations show layer IV in areas
23a and 23b. (2) Photographs were taken along the sple-
nium of the corpus callosum as shown in Figure 5. Both
levels A and B show the variable nature of layer IV in area
30 that fulfills the definition of a dysgranular cortex. A
dysgranular layer IV is one that is variable in thickness
and, at points, disappears because layer IIlc and Va
neurons intermingle. It is this occasional intermingling
of large neurons that led to the early misconception that
this is an agranular cortex and the dysgranular concept
was not available to early investigators. For compari-
son, anterior cingulate cortex is truly agranular, be-
cause it lacks a layer IV. Finally, at the juncture of
areas 30 and 29m in the depths of the CaS, i.e., lateral
to the CML, there is a slightly more developed layer IV
(Fig. 5C).

The second question posed above regarding the compar-
ative features of area 30 in the CaS with cortex on the
CML has been partly addressed already. In addition, Fig-
ure 7 provides higher magnifications of area 30 (Fig. 7A,
NeuN and SMI32) at a level equivalent to Figure 4B. Area
30 has a layer IV that is interrupted at the pair of aster-
isks by a bridge of layer IIlc and Va neurons spanning
layer IV (Fig. 7TA, NeuN). There are some medium, NFP-ir
pyramidal neurons throughout layer IV in area 30. Area
23a on the CML is selected for comparison with area 30
because no area with the architecture of area 30 could be
identified on the surface of the CML and area 23a is
adjacent to it throughout its rostrocaudal extent. Al-
though there are some large layer Illc and Va neurons
that are NFP-ir in area 23a on the CML, most layer IV
neurons do not express these proteins. The plates in Fig-
ure 7B are from the level in brackets on Figure 3A labeled
area 23a. Area 23a on the CML has a clear and continuous
layer IV. There are many more NFP-ir neurons in layer
IIlc, and there are almost no NFP-positive neurons in
layer IV; only an occasional large solitary pyramid can be
identified in layer IV when compared with area 30. Fi-
nally, there are no neuronal bridges connecting layers Illc
and Va to the exclusion of a layer IV in area 23a, although
there are occasional solitary and large neurons in layer I'V.
Thus, area 30 is not expressed on the CML as suggested
by hypotheses derived from Brodmann’s map, and this
finding confirms earlier rejection of the null hypothesis
based on low-magnification studies of the CMR.

To avoid confusion about the concept of a dysgranular
area 30, a higher level of magnification is provided for two
immunohistochemical preparations in Figure 8. Although
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Fig. 5. Three rostrocaudal levels of area 30 above the body of the
corpus callosum (A), dorsal to the splenium (B), and caudal to the
splenium and lateral to the CML as indicated with the arrow pointing
below the CML (C). The medium, NFP-immunoreactive neurons in
the parvocellular layer IV of area 29m are demonstrated at high
magnifications on the right where three of them are noted with white
arrowheads in each preparation. Although layer IV is a variable
thickness in area 30, it can be clearly identified in all three levels. The

level for section C is noted with brackets in Figure 3A: NeuN. This
level of area 30 is transitional to area 29m at its most caudal level, i.e.,
this is the terminal end of area 30. At this point, area 30 has a more
densely granular layers IT and IV and the sizes of layer III pyramids
are reduced with less prominent NFP-ir dendrites (C:30, SMI32). For
abbreviations, see list. Scale bars = 500 pm in all except for the
higher magnifications in B, where they represent 200 pm.



Fig. 6. Areas at the transition of the posterior cingulate and ret-
rosplenial areas to parahippocampal cortex in coronal section. These
sections are magnified from the level noted with double asterisks in
Figure 3. Area 23a merges with area 36'd, and area 29m merges with
area 36'v. Because the arrow between areas 23a and 36'd is also at

the dysgranular nature of area 30 in the CaS is compared
with the granular organization of area 23a on the CML
(Fig. 7) where the interruption of layer IV by bridging
neurons is shown, it is difficult in single strips of cortex to
fully appreciate the variable structure of a dysgranular
layer IV. Figure 8 shows all of layer IV at a relatively high
magnification in NeuN and SMI32 preparations. The
NFP-ir neuronal plexuses (Fig. 8; SMI32) show that these
plexuses in layers IIlc and Va of area 30 are continually
separated by layer IV. Because most layer IV neurons are
not NFP-ir and there are no glial or vascular elements
stained, this preparation emphasizes the continuity of
layer IV throughout area 30 as a negative image. How-
ever, there are breaks in layer IV by some large pyramids,
and there are more medium pyramidal neurons stained in
layer IV than is the case, for example, in area 23a. The
bridges of large pyramids between layers IIIc and Va are
noted in Figure 8 with asterisks above them in layer III.
Although each of these features can be detected in the
NeuN preparation, they are not as clear at this magnifi-
cation.

B.A. VOGT ET AL.

B: SMI32

the terminal end of the PSD, the ventral parts of these sections is the
transitional part of the PHG (PHGt). The pullout of area 29m is a 2X
magnification to emphasize the cytologic features of transition from
area 29m to area 36'v. Scale bar = 1 mm in B (applies to A,B). For
abbreviations, see list.

Isocortical areas 23 and 31

To this point, it appears that the posterior cingulate
gyral surface and that of the CMR are composed mainly of
area 23. In this context, the most viable interpretation of
Brodmann’s map is that he used narrow bands of symbols
around the splenium to indicate that RSC was on the CGv
and extension of these areas onto the CMR was an artifact
of his reconstruction technique. Figures 2 and 3 support
this view in showing that a complete layer IV is in most
caudomedial cortex, including areas 23a and 23b and at
caudal levels area 31, whereas areas 26, 29, and 30 are
lateral to the CML in the depths of the CaS.

Figures 7-10 provide examples of the structure of area
23, and Figure 7 was considered in the last section. The
transition from sulcal area 30 to area 23a dorsal to the
splenium is apparent in midcortical layers in Figure 8.
The thick layer IV is in both preparations and the large
and heavily NFP-ir pyramids in layer IIlc are apparent.
Moreover, although there are NFP-ir neurons in layer Va
of both areas 30 and 23a, there is a shift in the relative
density with an overall reduction in area 23a. The line
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Fig. 7. Area 30 dorsal to the splenium in the CaS is compared with  in A: NeulN). Area 30 also has a layer IV with many small and medium
area 23a on the CML because no equivalent to area 30 has been = NFP-immunoreactive (-ir) neurons (SMI32). In contrast, area 23a has
identified in this latter region. These photographs were taken from  no neuron bridges over layer IV and only occasional solitary NFP-ir
coronal sections marked with brackets in Figure 3 showing the archi- neurons in layer IV. Layer IIlc in area 23a has significantly larger and
tecture of these areas without recourse to horizontal sections. The more dense NFP-ir neurons than is the case for area 30. For abbre-
dysgranular nature of area 30 is emphasized at a point where layer viations, see list. Scale bar = 200 pm in B (applies to A,B).

IIlc and Va neurons intermingle (to the right of the double asterisks
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Fig. 8. The dysgranular nature of area 30 is best demonstrated
with full reconstructions of layer IV rather than single strips through
a sample region. These reconstructions are montages of seven photo-
graphs, each taken at an original magnification of 200X. Each mon-
tage is separated by approximately 300 pm and is from the level
shown in Figure 4. The lower left insert orients the section from which
the higher magnification photographs were taken (Ven, ventral; Dor,
dorsal; Med, medial; Lat, lateral). A continual layer IV appears in the
SMI32 preparation because of the negative-staining image, i.e., neu-
rons that are NFP-ir in this layer are much smaller than those in

NIV Va

layers Illc and Va, and the plexus of these dendrites is diffuse.
Variability in layer IV thickness is emphasized with asterisks at
points where neurons from layers IIIc and Va intermingle. The bor-
ders of layer IV are noted for area 23a, because the layer is uniform
and uninterrupted, whereas a similar outline was not made in area 30
to avoid obliterating critical morphology. The border between areas 30
and 23a is one of the clearest and most precise in the posterior
cingulate region and is easily determined in both NeuN and SMI32
preparations. For abbreviations, see list. Scale bar = 400 pm.
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Fig. 9. A-C: Three rostrocaudal levels of area 23a are shown to
consider architectural variability dorsal to the corpus callosum and on
the CML. Layer IV has a relatively uniform thickness throughout,
although there is some variation in the number of large, NFP-
immunoreactive layer III pyramids, which are greatest in level B

through both sections in Figure 8 makes the point quite
dramatically that the border between these areas is very
distinct, and it is one of the few instances where cytoar-
chitectural divisions can be made with the precision of as
little as a few hundred micrometers.

It is possible that area 23a varies significantly in its
rostrocaudal extent, and this could cause confusion about
its cytoarchitecture and relations to area 30 in the CMR.
Figure 9 shows area 23a at 3 rostrocaudal levels to con-
sider this issue. At its midpoint (Fig. 9B), there is a clear
layer IV with almost no NFP-ir neurons. This finding is
true for the same area at rostral and caudal levels, and it
can be said that area 23a is never dysgranular. Although
there are more NFP-ir neurons in layer IIlc of suprasple-
nial cortex than that on the CML (Fig. 9C), this difference
alone does not produce a qualitatively different cytoarchi-
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above the splenium. Level C was selected as an explicit test of the
hypothesis that areas 29 and 30 compose most of the CML as sug-
gested by Talairach and Tournoux (1988) and shown in Figure 1. This
area does not have the properties of either area 29 or 30. For abbre-
viations, see list. Scale bar = 500 pm.

tectural profile that could be construed as area 30, partic-
ularly in light of the heavy NFP-ir of layer Va neurons in
area 30 that does not occur in area 23a.

Another major component of the CMR is area 23b. This
area has such a well-defined layer IV that it is easily
determined at low magnifications as in Figure 2B,C,E and
Figure 3A,B. In Figure 3A,B, for example, both layers IV
and Va are well defined and the transition from area 23a
to area 23b is apparent (Fig. 3A) where both layers are
thicker in area 23b in both immunohistochemical prepa-
rations. These are the two most important features of area
23b; thickness and neuron densities in layers IV and Va.
Many large pyramidal neurons in layer Va, most of which
are NFP-ir, easily distinguish these areas. These features
are particularly prominent at caudal levels of area 23b
(Fig. 10C, NeuN and SMI32). As is true for area 23a,
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Fig. 10. A-C: Three rostrocaudal levels of area 23b, including a
level at the dorsal part of the CML (C). Although the essential struc-
ture of area 23b is maintained throughout with a heavily NFP-
immunoreactive (-ir) large neurons in layer III, thick layer IV, and
robust layer Va with few NFP-ir neurons, the thickness of layer IV

rostral levels of area 23b have a relatively more slender
layer IV (Fig. 10A). Finally, the distinctions between areas
23a and 23b are enhanced by the extensive size and num-
ber of NFP-ir neurons throughout layers IIlab and IIlc.
Although caudal levels of area 23b may have a somewhat
thinner layer II overall, the relative intensity of the
NFP-ir neurons is quite obvious in Figure 10B,C as well as
in Figure 3A,B: SMI32.

To ensure that cortex on the cingulate gyral surface
dorsal to the splenium is similar to that caudal to the
splenium, Figure 11 shows photographs from each area
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does decline as the border with area 24’ is approached (A) as is also
true for area 23a in the previous figure. Notice once again that there
is a very clear layer IV in both NeuN and SMI32 preparations at level
C just dorsal to the CML. For abbreviations, see list. Scale bar = 500
pm in C (applies to A-C).

matched for their location in relation to the dorsal edge of
the corpus callosum in another case. Layers IIlc-Va are
shown at a high magnification because these are respon-
sible for the critical differences between each area, and
area 31 is shown to calibrate the maximal thickness that
layer IV reaches in posterior cingulate cortex. Comparison
of each pair of photographs (B/E; C/F; D/G) confirms that
these are the same areas above and behind the splenium.
This case was used below to flat map the postsplenial
subregion of cingulate cortex because it has a clear CML
and PHGt.
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Fig. 11. A-G: A comparison of layers IIlc-Va of areas 30, 23a, and
23b above the splenium with the same areas caudal to the splenium,
i.e., the dorsal edge of the CML. The photomicrograph of area 31 (A)
provides a calibration for the greatest thickness attained by layer IV

Although most of area 31 surrounding the splenial sulci
(SpS) is not currently being considered, it does extend
caudally and ventrally to enclose area 23b and form the
most caudal part of the CMR. Figure 11 shows layers
IIIc-Va for area 31 in comparison to different levels of area
23b and emphasizes its thick layer IV. Figure 3 shows a
strip of area 31 and its massive population of NFP-ir
neurons throughout all of layer III and to a lesser extent in
layer Va. Each of these features serve to mark a clear
boundary of area 31 with area 23b.

Posterior parahippocampal area 36’

Ventral to posterior cingulate and retrosplenial cortices
are two divisions of posterior parahippocampal cortex that
share features with area 36. Area 36 has well-defined
layers IT and Va and a dense layer VI. Layer III is broad,
and the pyramidal neurons are relatively uniform in size
(Fig. 2D,G). The division of layer III into a superficial
layer IIIab and deeper layer Illc is possible, although the
neurons in layer IIlc do not reach the size and dispersion
characteristic of the cingulate neocortical areas (Fig. 12F).

In contrast to area 36, area 36’d has a less-
differentiated layer III (i.e., no ab/c divisions) and differ-
entiation with layer II is less apparent (Figs. 2C,E, 12D).

in this case in cingulate cortex. There is no apparent difference be-
tween comparable areas at these two levels of cingulate cortex (i.e.,
between B/E, C/F, and D/G). For abbreviations, see list. Scale bar =
200 pm in G (applies to A-G).

Layer Va is present but not at the clarity seen in area 36.
Area 36'v is more homogeneous overall (Figs. 2B,F, 12E)
with more differentiation in layer II and a more homoge-
neous distribution of neurons in layers III-VI. NFP immu-
noreactivity in these two areas can be compared in Figure
3A: SMI32. Area 36'd has a dense plexus of dendrites and
neurons in layer III and a smaller one in layer Va, al-
though this is broader than its equivalent in areas 23a and
23b. Area 36'v, in contrast, has only a narrow plexus of
SM1I32-ir dendrites and neurons in layer ITI, whereas that
in layer V is much broader than in area 36'd.

Subregional flat maps

Cytoarchitectural studies of human cortex require flat
map reconstruction of the areas identified because 50% or
more of the cortical surface is in the sulci and this is true
for the posterior cingulate region. One of the problems
interpreting Brodmann’s map (1909) is his use of the
convoluted medial surface rather than an unfolded coun-
terpart for a single brain. A flat map of the entire cingu-
late gyrus has been rendered in which the depths of the
CaS are represented and areas 29 and 30 are plotted on
the CGv (Vogt et al., 1995). As is true for flat maps of the
entire brain, however, flat maps of the entire cingulate



Fig. 12. A-F: Photomicrographs through different parts of areas
on the CGv, CML, and PHGt as noted with dots and A-F in Figure 13.
The similarity of area 29m in the CGv and the PHGt is shown in A and
B, respectively. C: Another explicit demonstration of area 23a on the
CML. Finally, there is a comparison of the architectures of each

cortex result in significant distortions in all areas due to
the need to warp all areas to fit a two-dimensional space
and still retain basic gross morphologic relationships.
Subregional flat maps alleviate this problem, because they
are limited to a subsector of cingulate cortex, flattening is
performed in only one direction rather than two, and it is
not influenced by flattening in other parts of cingulate
cortex to form a full map. von Economo (1929) provided
the first subregional map of the posterior cingulate gyrus,
although it was not a flattened surface. Subregional flat
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division of caudal area 36’ and area 36 showing the former have a less
differentiated layer III. Area 36'd has a thinner layer IV than area
36'v and somewhat larger neurons in layer V. For abbreviations, see
list. Scale bar = 500 um in F (applies to A-F).

maps were produced in the present study for two cases:
one with a clear CML and PHGt and another in which the
isthmus was formed by a relatively uniform tongue of
cortex without an apparent lobule.

Figure 13 shows a case in which postsplenial cortex was
sectioned in the plane of the flat map reconstruction. As-
terisks on the convoluted surface on the right are used to
orient the flat map at the left. The first one is at the CaS
and emphasizes that flattening was started at the depths
of the CaS, whereas the second asterisk shows the rostral
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Fig. 13. Subregional flat map of cortex caudal to the splenium,
including the entire CML. This is a linear expansion of posterior
cingulate and parahippocampal cortices in a single direction noted by
the large arrow on the scale bar (i.e., caudal from the fundus of the
CaS). The dorsal asterisk in the drawing on the right extends from the
depths of the CaS to an equivalent starting point on the flat map on
the left and the same is true for the rostral edge of the PHG/PHGt.

edge of the PHGt in both drawings. The depth of the CaS
was determined according to the curvature of the sple-
nium, and each area represented according to the length
of the midcortical line. Heavy lines in Figure 13 represent
cortex on the CGv, i.e., cortex in the CaS, and the caudal
edge of the CML, whereas in the ventral part of the map,
they represent the rostral and caudal limits of the PHGt
and PHG. The direction and calibration of flattening in
this case is shown with the arrow and scale bar, respec-
tively.

This map shows that almost all of RSC is buried in the
CaS. Area 30 ends just dorsal the area 29m, and this case
has a small termination of area 30 on the rostral edge of the
CML. Because standardized atlases based on Brodmann’s
map show that most of the CMR is composed of area 30, it
is of interest to determine the actual extent of area 30 on
the CML in this case. Because the map was produced by
flattening in only one dimension rather than two dimen-
sions, it accurately represents the relative surface area for
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Areas on the CGv are enclosed by thick lines on both sides of the
callosal sulcus, whereas those on the gyral surface are extended to the
right on the CML. The locations and interrelationships of RSC and
transitional parahippocampal areas are clear in this case with a
PHGt. The A-F designations with arrows point to dots where pho-
tomicrographs were taken for Figure 12. For abbreviations, see list.

each component of the CML and cortex on the CGv, pro-
portions of area occupied by each cortical area can be
calculated directly from the flat map. Area 30 composes
0.8% of CML (1.63 mm? + 200 mm?), whereas it is 33% of
area on the CGv at the level of the CML (31 mm? + 94
mm?). In contrast, area 29m composes 2.8% of the rostral
edge of the CML, whereas it is 26% of cortex on the CGv.
Thus, both areas 30 and 29m are almost entirely located
within the CaS, and all of areas 291 and 26 are in this
sulcus. Finally, the PHGt contains a small rostral exten-
sion of area 29m and areas 36'd and 36'v. As noted for the
case shown in Figure 3, neither area 29m or 30 appeared
on the CML. Thus, area 30 does not compose a substantive
part of the CML, and the null hypothesis can be rejected
on the basis of a quantitative measure.

Because the primary cortical fold that forms the CML is
not always readily apparent, the oblique, horizontal series
was used from the case shown in Figure 2 to produce
another flat map. Although all steps in the procedure were
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Fig. 14. The case shown in Figure 2 does not have an overt CML,
but rather, the isthmus is continuous without apparent interruption
and there is no gross morphologic feature associated with the transi-
tional posterior parahippocampal area 36’. A subregional flat map
was made, and the reconstruction was warped onto a photograph of
this region of the brain. It was done in such a way that the splenium
was reduced to show areas on the CGv. This strategy meant that

the same as for the previous case, the map was projected
directly onto the brain surface, because there were so few
identifying features in the CMR. The map was warped
with the computer software to place it onto the photograph
in such a way that areas on the CGv were placed over the
splenium to avoid artificially displacing adjacent area 23.
The border between areas 23a and 30, representing the
ventral apex of the cingulate gyrus, is thickened in Figure
14 along the dorsal edge of the splenium. It can be seen
that RSC is almost entirely located within the CaS except
for a small terminal extension of area 29m that is exposed
at the junction between RSC and the parahippocampal
areas. As noted in the discussion of individual sections,
the parahippocampal areas extend to a point just below
the splenium and the RSC extends much further dorsally
than suggested by Brodmann.

DISCUSSION

Review of the Brodmann (1909) map of posterior cingu-
late and retrosplenial cortices on the convoluted surface of
the human brain in the context of immunohistochemical
observations as well as those of von Economo and Koski-
nas (1925) suggests the need for several modifications: (1)
areas 29 and 30 extend further rostral, (2) area 30 does not
significantly extend onto the CML, and when area 29m
does, it is to a minor extent, and (3) RSC does not extend
as far ventral around the splenium. It seems that Brod-
mann used narrow strips of symbols, as he did for area 3
on the postcentral gyrus, to indicate that each retrosple-
nial area is located in CaS and the reconstruction tech-

areas on the cingulate gyral surface did not require reductions in the
flat map. Notice how close the caudal parahippocampal areas are to
the ventral edge of the splenium. Consider sections F and G in Figure
2 as evidence that the posterior cingulate and retrosplenial areas do
not completely surround the splenium as shown in Brodmann’s map
(Fig. 1). For abbreviations, see list. Scale bar = 1 cm.

nique required that he reduce area 23 on the CML to
accommodate this representation.

The distribution of RSC and areas 23a and 23b dorsal
and caudal to the splenium of the corpus callosum have
been provided in complete maps of monkey and human
brains based on analyses of coronal series through the
entire cingulate gyrus (Vogt et al., 1987, 1995, 1997; Vogt,
1993) and the present findings substantiate these findings
with immunohistochemical preparations in multiple
planes of section. Furthermore, development of the retro-
splenial areas has been elegantly shown with immunohis-
tochemical analyses of coronal sections in the monkey
(Berger et al., 1997). This study showed that, in the CaS,
there is an arch of neurotensinergic neurons in the deep
layer of areas 29 and 30, and the elaboration of these areas
and their apposition to parahippocampal areas 27 and the
parasubiculum was demonstrated. Morris et al. (2000)
expressed concern that coronal sections through the CMR
in both monkey and human “do not appropriately reveal
the cellular organization of this cortical region.” Although
horizontal, oblique sections are useful for RSC in the CaS
caudal to the splenium, this plane of section does not add
to analysis of cortex on the gyral surface of the CMR. As
shown in Figures 2, 3, and 6, the architecture of areas 26,
29, 30, 23a, and 23b is clear in coronal sections through
the CMR. Indeed, if immunohistochemical techniques are
used, the cytoarchitecture is apparent at low magnifica-
tion. For example, layer IV in areas 23a and 23b on the
CML is apparent in both NeuN and SMI32 preparations
in human (Fig. 3) as well as neurotensin and parvalbumin
immunoreactive neurons in the monkey (Berger et al.,
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1997). More critical than the planes of section are the
precise criteria used to identify each area.

Junction of RSC, PCC, and
parahippocampal areas

An issue of general concern when localizing cortical
functions in the human brain is the border between the
retrosplenial/cingulate and parahippocampal cortices.
Brodmann (1909) depicted RSC as fully surrounding the
posterior and ventral edge of the splenium of the corpus
callosum, whereas von Economo (1929) showed a termi-
nation of retrosplenial areas LE and LD at a plane caudal
but not ventral to the splenium. Morris et al. (2000) show
RSC more than 0.5 cm below the ventral border of the
splenium and refer to a thick contingent of fibers in RSC
at this ventral position. Because these fibers could be
exposed by neurodegeneration like that shown in the sub-
iculum of this case, this border may not actually extend
this far ventrally. The flat maps for two cases presented in
the present study show that the border between
retrosplenial/posterior cingulate and parahippocampal
cortices is caudal but not ventral to the splenium. Thus,
the present findings fit most closely with those of von
Economo (1929).

The present study sought to identify the retrosplenial
extension into the calcarine sulcus previously shown in
adult monkey (Vogt et al., 1987) and its developmental
predecessors (Berger et al., 1997) where area 29m abuts
the presubiculum and parasubiculum. A calcarine exten-
sion of area 29m could not be found in the human brain.
Indeed, the monkey parieto-occipital and calcarine sulci
never join to form a common trunk as in human brain, and
there is not a simple redundancy in the distribution of
areas in these two species in the retrocalcarine region.
Instead, the rostral part of the common trunk contains a
dorsal division of Braak’s area properistriata (1977), and a
further assessment of this issue is needed to consider the
detailed structure of the dorsal bank of this sulcus.

Because the subiculum projects to RSC in monkey
(Rosene and Van Hoesen, 1977), cases with significant
neurodegeneration in the human subiculum might have
an altered RSC architecture depending on the time and
etiology of cell death. Morris et al. (2000) illustrated a case
with severe neurodegeneration in the subiculum (their
Fig. 2C-F). The asterisk in their Figure 1B overlies a
parahippocampal region that they refer to as posteroven-
tral retrosplenial cortex. Because the subiculum has never
been reported this highly differentiated dorsal to the sple-
nium (their Fig. 2B), it is possible that taking multiple and
different planes of section around the splenium in the
same hemisphere produced difficulties interpreting the
levels of each section. It is also possible that defining the
border between RSC and posterior parahippocampal areas
is impaired in cases with substantial cell death in the
subiculum, and it seems that the most ventral section in
their Figure 2 did not reach the level of the asterisk shown
in Figure 1B. Finally, it is necessary to provide a detailed
analysis of the adjoining parahippocampal areas to ensure
that differentiation of the retrosplenial areas is complete.
Thus, most evidence suggests that the border between
retrosplenial and posterior parahippocampal cortices oc-
curs caudal to the ventral border of the splenium rather
than around the splenium as proposed by Brodmann
(1909) or substantially ventral to it as suggested by Morris
et al. (2000).
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The dysgranular concept

At each point of transition from allocortex to isocortex
throughout the primate telencephalon, there is at least
one area that has the features of a dysgranular cortex.
This finding is true for orbitofrontal cortex and the insula.
In the insula, neurons in layer IV are said to form islands
as is characteristic of a layer that is of irregular thickness
(Mufson et al., 1997). In orbitofrontal cortex, the interme-
diate area has a thin layer IV, which can be difficult to
detect where the layer IIT and V pyramids are particularly
large (Hof et al.,, 1995). Because cortex on the CGv
progresses through several transitions beginning with the
allocortical indusium griseum and culminating in the iso-
cortical area 23a, the presence of a dysgranular cortex in
this region needs to be considered.

Brodmann (1909) referred to area 30 as agranular and
von Economo (1929) was quite explicit that his area LD is
not just agranular but that the “granulous” layer of area
LE (Brodmann’s area 29) is not continuous with the iso-
cortical layer of area LC2 (Brodmann’s area 23). Morris et
al. (2000) also state that layer III(IV) vanishes completely
next to area 23. Although there is no doubt that layer
III/IV in area 29 is not equivalent to layer IV in area 23a,
the following three points need to be considered. First, von
Economo (1929; his Fig. 50) vacillated on the presence of a
layer IV in LD and showed a layer III(IV) below layer III
therein. Second, our Figure 8 shows that the granular
layer IV of area 29m is continuous with layer IV in area 30
and layer IV in area 23a. This does not mean that layer IV
in each area is equivalent; however, von Economo’s state-
ment that they are not continuous and Morris and col-
leagues statement that it vanishes are not supported,
because immunohistochemical preparations clearly show
this continuity. Finally, the dysgranular concept for a
cortical architecture was not established during the early
years of cytoarchitectonic analysis nor were immunohis-
tochemical techniques available to clarify the concept.
Therefore, it is not surprising that the dysgranular struc-
ture of area 30/LD was not appreciated by early neuro-
anatomists.

We described the dysgranular nature of area 30 in mon-
key and human brains with Nissl, Golgi, and immunohis-
tochemical techniques (Vogt, 1976; Vogt et al., 1995,
1997). Layer IV is of variable thickness with points at
which layers IIIc and Va join by means of neuronal bridges
across layer IV, and the present study demonstrated the
dysgranular structure of layer IV in RSC by using photo-
montages along its full lateromedial extent in area 30.
Another example of a dysgranular cortex is in anterior
cingulate cortex where area 32, which sits at the juncture
of anterior cingulate and prefrontal cortices, and has is-
lands of neurons in layer IV (Vogt et al., 1995). Morris et
al. (2000) took a different approach to the variable nature
of layer IV of area 30 by attempting to identify agranular
and dysgranular parts. However, the borders of these two
parts of area 30 were not identified in the survey series of
histologic preparations. In view that the goal of cytoarchi-
tectonic studies is to identify areas with a single structure,
it is difficult to understand how two fundamentally differ-
ent forms of cortical organization can be subsumed by a
single area.

To further document the concept of a dysgranular area
30, the present study provides different levels of magnifi-
cation in two different immunohistochemical prepara-
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tions. In Figure 7, the dysgranular nature of area 30 in the
CaS is compared with the granular organization of area
23a on the CML. It shows the interruption of layer IV by
a bridge of neurons spanning between layers IIlc and Va.
However, it is difficult in single strips of cortex to fully
appreciate a structure as variable as a dysgranular layer
IV. Therefore, Figure 8 shows all of layer IV at a relatively
high magnification in both NeuN and SMI32 prepara-
tions. The NFP-ir neuronal plexuses in layers III and V
show by means of a negative image for layer IV that layer
IV is continuous throughout area 30. Because most of the
layer IV neurons are not immunoreactive and there are no
glial or vascular elements stained, this preparation em-
phasizes the continuity of layer IV. The NeuN preparation
shows that there are small neurons in layer IV and that
there are breaks in layer IV by medium and large pyra-
midal neurons. The bridges of large pyramids between
layers IIIc and Va are noted with asterisks. The profound
differences between the architectures of dysgranular area
30 and granular area 23a are also clear in Figure 8. Thus,
the dysgranular characteristics of area 30 are similar to
those described previously for dysgranular areas in orbito-
frontal, insular, and cingulofrontal transition areas (Hof
et al., 1995; Mufson et al., 1997; Vogt et al., 1995).

Layer III of area 29m

It may seem arbitrary to term the first neuronal layer
adjacent to layer I in area 29m as layer III rather than
layer II. However, this selection is not the simple result of
pia to white matter counting. It is based on the facts of
neuron structure and the principles of cortical transition
in the posterior cingulate region. It has been suggested
that this is not layer II in the monkey, because these are
not lancet-shaped neurons similar to those of layer II in
area 23a and a distinct layer II appears only in the medial
part of area 30 (Vogt, 1976).

The present study in human confirms and extends ob-
servations in monkey RSC in the following ways. First,
most neurons in layer III of area 29m are NFP-ir, whereas
almost none are in layer II of area 23a and medial area 30.
Second, there is a reduction in the overall density of neu-
rons and the NFP-ir dendritic plexus in the lateral part of
area 30, which is adjacent to area 29m (Figs. 4, 5B). Third,
the size and density of heavily NFP-ir neurons in layer III
of area 29m contrasts with those in layer IIlc of area 30
(Fig. 8). It might then be concluded that neurons in layer
IIT are most likely associated with layer IIlab as proposed
previously for the monkey (Vogt, 1976). Thus, the cytoar-
chitecture of monkey and human cortices, Golgi studies in
monkey and immunohistochemical studies in human all
point to the fact that layer III of area 29 is similar to layer
IIIab in neocortex rather than layers II, IIlc, or IV.

Standardized brain atlases

Because the architecture of each cortical area cannot be
determined with current imaging modalities, it is imper-
ative that standardized atlases seeking to localize Brod-
mann’s areas rely heavily on recent neuroanatomic obser-
vations rather than Brodmann’s reconstructions onto the
convoluted human brain surface. The widely used Ta-
lairach and Tournoux (1988) atlas emphasized the short-
comings of Brodmann’s reconstruction technique by not
distinguishing areas on the gyral surfaces from those in
the sulcal depths, miscalculating the depth of the CaS and
areas therein, and placing areas 29 and 30 entirely on the
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gyral surface. Each of these difficult topologic problems
can be resolved with subregional maps as first used by von
Economo (1929).

Hypotheses for the present study were related to the
Talairach and Tournoux (1988) interpretations of Brod-
mann’s reconstruction, and these hypotheses could not be
validated with clearly defined cytologic criteria. Thus, the
presentation in this atlas needs to be considered in detail.
The full depth of the CaS was accurately reconstructed in
only one transverse section (Talairach and Tournoux,
1988, their Fig. 88) where it appears to have a depth of
approximately 7 mm. In the next rostral section, the CaS
only measures 4 mm in depth. In general, the CaS has an
average depth of approximately 0.8—1 c¢cm, and we have
never observed a control case with no CaS as shown in
most coronal sections in this atlas. Even cases of late-
stage Alzheimer’s disease with degeneration of almost all
neurons have a clearly defined CaS (personal observations
of the current authors). At first this may seem to be a
minor point, however, if the CaS is not identified, the
retrosplenial areas must be applied to the surface of the
posterior cingulate cortex and CML rather than where
they are actually located on the CGv. Talairach and Tour-
noux (1988) placed areas 29 and 30 on the posterior cin-
gulate gyral surface, and area 30 was extended onto the
posterior parahippocampal gyrus (their Figs. 87, 88) with-
out histologic guidance. Indeed, their area 30 is located in
the depths of the parieto-occipital sulcus in the parasag-
ittal sections (their Figs. 43—46) where area 23 is shown
on the medial surface reconstruction (their Fig. 9). Fi-
nally, the retrosplenial area 30 was also placed on coronal
sections of the parahippocampal gyrus (their Figs. 87, 88).
The flat maps of posterior cingulate and retrosplenial
cortices provided by the present study should help to cor-
rectly located each of these areas on the CGv and CML/
CMR for future functional imaging studies. As the struc-
tural resolution of functional imaging techniques
improves, histologic guidance by higher resolution ana-
tomic studies will be imperative.

Functions of RSC and PCC and supporting
structural circuits

The boundaries of retrosplenial areas 29 and 30 and
posterior cingulate areas 23 and 31 have been determined
with detailed cytologic criteria and plotted in subregional
flat maps for cases with different surface morphologies.
Knowing the distribution of these two fundamentally dif-
ferent types of cortex is paramount to defining their func-
tion in imaging studies. The consequences of mislocating
areas 29 and 30 are apparent in a meta-analysis that
sought to determine the role of RSC in emotion (Maddock,
1999). Because this study incorrectly designated retro-
splenial area 30 on the CML and added RSC activation
sites to those in area 23, it was not possible to make valid
statements about the specific functions of RSC. Although
the role of RSC in emotion is unresolved and the problems
raised in this latter study have been considered (Vogt et
al., 2000), the involvement of RSC and PCC in working
and visuospatial memory is not disputed. Furthermore, as
the resolution of functional imaging methodologies im-
proves, it will become possible to uncover the unique con-
tributions of RSC and PCC to human brain function, in-
cluding their role in different types of memory.

Valenstein et al. (1987) presented a case with extensive
anterograde and retrograde amnesia after removal of an
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arteriovenous malformation near the splenium and re-
ferred to the syndrome as retrosplenial amnesia. Involve-
ment of the fornix may have contributed to the presenta-
tion in this case, and Parker and Gaffan (1997) placed
massive cingulate cortical or anterior thalamic lesions in
monkeys and tested for object-in-place memory. Interest-
ingly, although the cingulate lesions failed to show a sig-
nificant deficit in the task, there was substantial impair-
ment in the anterior thalamic group. Because the anterior
thalamic nuclei have as their primary projection the RSC
(Vogt et al., 1987), it is surprising that no deficit was
observed after cortical lesions. Explanations for the nega-
tive finding in the monkey are that the cortical lesions of
RSC were incomplete due to the effort to remove the entire
gyrus in anterior and posterior cortices and/or the task
was not sensitive enough to detect a cortical impairment.
There are other lines of evidence linking these two cingu-
late gyral areas to memory and visuospatial functions.

Working memory tasks elevate glucose metabolism in
the anterior thalamic nuclei (Friedman et al., 1990). Fur-
thermore, one of the highest levels of basal glucose me-
tabolism in the monkey brain is in RSC and glucose me-
tabolism in RSC is elevated when performing a delayed-
response task (Matsunami et al., 1989). We have directly
compared the distribution of anterior thalamic inputs
with RSC and basal glucose metabolism in the monkey,
and there is a striking correlation between the two (Vogt
et al.,, 1997). The tight link between anterior thalamic
projections to RSC, high levels of basal glucose metabo-
lism, and its modulation in both structures suggest that
the anterior thalamic/RSC system is a pivotal player in
memory functions.

Grasby et al. (1993) activated RSC and PCC in an
auditory-verbal memory task. One of the more interesting
aspects of this study is that it coactivated perigenual
anterior cingulate cortex in the same task. In other words,
there was a large expanse of midcingulate cortex that was
not activated. In view of the likely role of anterior tha-
lamic, RSC, and PCC in memory and the joint activation
of perigenual anterior cingulate cortex in some tasks, the
direct and indirect connections among these areas is of
new importance. Area TA is involved in auditory functions
and projects directly the RSC and the CML (Van Hoesen
et al., 1993; Yukie, 1995) and perigenual anterior cingu-
late cortex also has direct auditory afferents from the
superior temporal gyrus (Vogt and Barbas, 1988). One
important explanation for the joint activation of peri-
genual and perisplenial cingulate cortices in the auditory-
verbal memory task (Grasby et al., 1993) is the shared
auditory input. The relationships between perigenual and
perisplenial cortices, however, are even more profound.
Area 23a and RSC are reciprocally connected (Vogt et al.,
1987), and the perigenual and perisplenial cortices are
reciprocally connected without involvement of midcingu-
late cortex (Pandya et al., 1981; Vogt et al., 1987; Van
Hoesen et al., 1993). Amazingly, a limbic convergence zone
in area 11m receives major inputs from both perigenual
and perisplenial cortices (Carmichael and Price, 1995) and
pericallosal cortex in both regions receives direct subicu-
lar inputs (Rosene and Van Hoesen, 1977). Thus, primary
sensory inputs, reciprocal intracingulate connections, and
connections among limbic association areas preserves the
functional integration of perigenual and perisplenial cor-
tices to the exclusion of midcingulate cortex.
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Another contribution of RSC and PCC to brain function
is their role in topographic and topokinetic memory. Olson
et al. (1993) suggested that PCC is involved in large visual
scene assessment part of which is subserved by activity
generated by the orbital position of the eye. Focal lesions
that involve the right RSC impair memory of spatial po-
sitional relationships and are associated with topographic
disorientation (Takahashi et al., 1997). Furthermore,
mental navigation along memorized routes elevates blood
flow in PCC (Berthoz, 1997; Ghaem et al., 1997; Maguire
et al., 1998).

In conclusion, although there is little doubt that both
RSC and PCC are involved in working memory and visuo-
spatial functions, their specific contributions to each are
still not known. Observations of the present report will
ensure that higher resolution imaging studies with care-
fully controlled task designs can accurately identify the
location of each of these cortical regions.
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