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Abstract

The medial frontal cortex (MFC) is a part of the medial surface of the frontal lobe situated in the 
rostral portion of the corpus callosum (CC). In a surgical interhemispheric approach (IHA), the 
MFC covers the anterior communicating artery (Aco) complex until the final stage of dissection. 
To clarify the anatomical relationship between the MFC and the Aco complex, and to facilitate 
orientation in IHA, we analyzed the morphological features of the MFC in number, size, and pat-
tern of gyri from the medial surface of the hemisphere in the subcallosal portion using 53 adult 
cadaveric hemispheres. The mean width of the MFC excluding cingulate gyrus (MFCexcg) was 
20.6 ± as mm in the subcallosal portion. MFCexcg consisting of 2, 3, 4, or 5 gyri were observed in 
7.5%, 56.6%, 32.1%, or 3.8% of the hemispheres, respectively. Bilateral MFCexcg consisting of >2 
gyri were observed in approximately 85% of the hemispheres. Therefore, in many cases, the dis-
section performed at 2 cm upward from the base of the straight gyrus (SG) or 3–4 gyri of the MFC 
is sufficient to safely reach the upper portion of the cistern of lamina terminalis located distal to 
the Aco complex in IHA. The MFC is a good landmark for intraoperative orientation in IHA.

Keywords:  medial frontal cortex, cingulate gyrus, interhemispheric fissure, interhemispheric 
approach, basal interhemispheric approach

Introduction

In the interhemispheric approach (IHA), the inter-
hemispheric fissure (IHF) should be dissected 

carefully along with the ventral part of the bilateral 
medial frontal cortex (MFC) to prevent postoperative 
neuropsychological impairment by severe damage 
of it. The MFC represents the medial wall of the 
frontal lobe situated near the rostral portion of the 
corpus callosum (CC), and is implicated in not only 
memory learning but also social, cognitive, and 
affective functions.1) The sulcal patterns of the 
ventral part of the MFC are diverse.2–13) The strength 
of adhesion of the bilateral hemispheres at the IHF 
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is often the focus of attention during dissection in 
IHA, while the morphological features of the MFC 
may be ignored. Usually, the genu of the CC, the 
pericallosal artery, and the tuberculum sellae are 
used as landmarks in IHA to reach the cistern of 
lamina terminalis and the anterior communicating 
artery (Aco) complex. However, it is difficult to 
estimate accurately the position of the Aco complex 
during dissection, because the Aco complex is 
covered by MFC until the final stage of dissection 
in the IHA operative field. Therefore, especially in 
a basal interhemispheric approach (BIHA), it is 
difficult to judge the efficient dissecting range of 
the MFC to reach the upper portion of the cistern 
of lamina terminalis located distal to the Aco 
complex. However, few reports have discussed these 
anatomical relationships.14,15) In this study, we 
analyzed the morphological features of the MFC in 
number, size, and pattern of gyri using cadaveric 
dissections and investigated the anatomical rela-
tionship between the MFC and the upper portion 
of the cistern of lamina terminalis located distal to 
the Aco complex. Our results indicate that the gyri 
of MFC are good landmarks to safely reach the 
upper portion of the cistern of lamina terminalis 
located distal to the Aco complex and to obtain 
intraoperative good orientation during IHA.

Nomenclature
The MFC represents the medial wall of the frontal 

lobe which mainly contains the medial aspects of 
the superior frontal gyrus (SFG), the cingulate gyrus 
(CG), the straight gyrus (SG) and the paraolfactory 
gyrus (PaOG). In this study, we define the ventral 
part of the MFC (ventral MFC) as the area ventral 
to the imaginary line drawn horizontally from the 
genu toward the frontal pole (Fig. 1a). The ventral 
MFC mainly consists of the Brodmann area (BA) 
10, 11, 12, 24, 25, 32, and 3316–18) (Fig. 1a), and the 
sulcal patterns are diverse.2–13) We basically adopt 
the anatomical terms based on the Terminologia 
Neuroanatomica (TNA, 2017: http://FIPAT.library.
dal.ca). TNA is a revision of the terminology on 
the central nervous system in the Teminologia 
Anatomica (TA, 1998) that was made by the Working 
Group Neuroanatomy of the Federative International 
Programme for Anatomical Terminology (FIPAT) of 
the International Federation of Associations of 
Anatomists (IFAA).19) However, some sulci and gyri 
of the ventral MFC are not listed in the TNA, and 
their anatomical terms are controversial among the 
researchers.2–13,19) Especially, the definition of the 
superior rostral sulcus (SRS) and the inferior rostral 
sulcus (IRS) on the ventral MFC is clearly different 
between Ono et al5) and Economo et al.18) The former 

has been adopted mainly by anatomists2–4,6–8,19) and 
the latter by researchers of the cortical architecture 
or the functional neuroimaging.9,11–13) In this study, 
we also follow the nomenclature of Ono et al.5) The 
SRS is the first major horizontal sulcus ventral to 
the CC. The IRS is the sulcus ventral to the SRS 
and separates the SG from the medial aspect of the 
SFG. An additional sulcus, ventral to the IRS, was 
observed in several subjects, but was not labeled 
by Ono.5) The paracingulate sulcus (PCS), which 
extends dorsally and parallel to the CS, is often 
present. The paracingulate gyrus (PCG) is the gyrus 
between the CS and the PCS. Although a few terms 
can be seen among the researchers,11,12) there are no 
established anatomical terms to represent the gyri 
between the CS or the PCS and the IRS. The area 
consists of the medial aspect of the SFG which 
mainly contains the BA 10.16–18) Therefore, we tenta-
tively label the gyrus between the CG or the PCS 
and the SRS as the superior medial segment of the 
SFG (smSFG), and the gyrus between the SRS and 
the IRS as the inferior medial segment of the SFG 
(imSFG). In the case that the sulcus ventral to the 
IRS is present, we tentatively label the gyrus below 
it as the SG1, and the gyrus above it as the SG2 
(Fig. 1a).

Materials and Methods

The sulcal patterns of ventral MFC were observed 
in 27 adult cadaveric brains (total 53 hemispheres; 
Right: 26, Left: 27) that were prepared for medical 
student dissection in 2012. One of the right 
hemispheres could not be used due to severe 
damage.

First, we identified the sulci and the gyri on the 
ventral MFC. The identified sulci were the CS, PCS, 
SRS, IRS, and sulcus ventral to the IRS. The iden-
tified gyri in the subcallosal portion were the CG, 
PCG, smSFG, imSFG, and SG (SG1, SG2). Second, 
the width of each gyrus was measured from the 
anterior margin of the callosal genu along a line 
drawn perpendicularly to the intercommissural line 
on the medial surface of the hemispheres (Figs. 1a 
and 1b). In addition, we identified that the MFC 
excluding CG (MFCexcg) was formed from 2 to 5 
small gyri at the subcallosal portion. For conve-
nience, we identified them as MFC1, MFC2, MFC3, 
MFC4, and MFC5, respectively, in order from the 
outermost layer in sagittal view, instead of the 
anatomical name (Fig. 1b). Figure 1c is a medial 
view of the MFC in the sagittal plane and an upside 
down coronal view in which the superior side is 
the cranial bottom. The eye-mark shows the actual 
intraoperative direction in IHA (Fig. 1c). Width 
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data of each gyrus of the MFC were demonstrated 
as the mean ± standard deviations (SD) (Table 1). 
Finally, we observed the numbers of the bilateral 
gyri of the MFC in the subcallosal portion and 
demonstrated their patterns in the upside down 
coronal view. As a result of discussions with Insti-
tutional Review Board of Graduate School of 
Biomedical and Health Sciences, Hiroshima Univer-
sity and Department of Neurosurgery, Graduate 
School of Biomedical and Health Sciences, Hiro-
shima University, in this report, we demonstrate 
the anatomical figures of the MFC without any 
photographs of cadaveric cerebral hemispheres 
because of an ethical considerations.

Results

Details of the sulcal patterns of the ventral MFC 
are shown in Fig. 2a. The PCS was present in 
81% of the hemispheres (Type B1, C1, C2, D), 
with 73% and 89% in the right and left hemi-
spheres, respectively. The SRS and the IRS were 
present in all hemispheres. The sulcus ventral to 
IRS was present in 34% (Type B2, C2, C3, D), 
with 23% and 44% in the right and left hemi-
spheres, respectively. The anterior origin of the 
CS or the PCS with a connection to the SRS, that 
is, the pattern which the smSFG was not found 
in the subcallosal portion, was present in 83% 

Fig. 1  (A) Nomenclature of the medial surface of the anterior hemisphere and the relationship between the MFC 
and BA. Ventral MFC is an area below the black wavy line which is an imaginary line drawn horizontally from 
the genu toward the frontal pole. (B) Measurement of the width of each gyrus of the MFC. The width of each 
gyrus of the MFC was measured at Line A. Line A is a line drawn perpendicularly to the intercommissural line 
from the anterior margin of the callosal genu on the medial surface of the hemispheres. MFC excluding CG 
(MFCexcg) consists of 2–5 small gyri at the subcallosal portion and each gyrus is defined as MFC1, MFC2, MFC3, 
MFC4, and MFC5 in order from the outermost layer. (C) Anatomical view of the MFC. This image shows the 
medial view of the MFC in the sagittal plane and an upside down coronal view in which the superior side is 
the cranial bottom. This coronal view corresponds to the actual operative findings in IHA. The eye-mark shows 
the actual intraoperative direction in IHA. APaOS: anterior paraolfactory sulcus, CG: cingulate gyrus, CS: cingu-
late sulcus, IHA: interhemispheric approach, imSFG: inferior medial segment of SFG, IRS: inferior rostral sulcus, 
MFC: medial frontal cortex, PaOG: paraolfactory gyrus, PCG: paracingulate gyrus, PCS: paracingulate sulcus, SG: 
straight gyrus, smSFG: superior medial segment of SFG, SRS: superior rostral sulcus. 
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(Type A,B1,B2,C2), with 77% and 89% in the right 
and left hemispheres, respectively.

The mean width of the MFCexcg was 20.6 ± 
3.4 mm and that of the CG was 7.2 ± 3.2 mm in the 
subcallosal portion (Table 1). The variations of the 
MFC are shown in Table 1. MFCexcg consisting of 
2 gyri were observed in 7.5% (N = 4; Right: n = 2, 
Left: n = 2) of the hemispheres. The mean width of 
the MFCexcg was 15±1.2 mm, including the MFC1 
(8.3 ± 2.1 mm), and the MFC2 (6.8 ± (6 mm). The 
mean width of the CG was 13 ± 2.5 mm. MFCexcg 
consisting of 3 gyri were observed in 56.6% (N = 
30; Right: n = 17, Left: n = 13) of the hemispheres. 
The mean width of the MFCexcg was 19.6 ± 2.5 mm, 
including the MFC1 (6.3 ± (6 mm), the MFC2 (5.7 
± (5 mm), and the MFC3 (7.5± (7 mm). The mean 
width of the CG was 8.1 ± .1 mm. MFCexcg consisting 
of 4 gyri were observed in 32.1% (N = 17; Right: n 
= 7, Left: n = 10) of the hemispheres. The mean 
width of the MFCexcg was 23.5 ± was mm, including 
the MFC1 (6.4 ± 1.5 mm), the MFC2 (5.1 ± 1.5 mm), 
the MFC3 (4.7 ± 1.7 mm), and the MFC4 (7.4 ± 
(7 mm). The mean width of the CG was 4.6 ± 2.3 mm. 
MFCexcg consisting of 5 gyri were observed in 3.8% 
(N = 2; Right: n = 0, Left: n = 2) of the hemispheres. 
The mean width of the MFCexcg was 23 ± 1.4 mm, 
including the MFC1 (5.5 ± (5 mm), the MFC2 (5.5 
± (5 mm), the MFC3 (3.5 ± (3 mm), the MFC4 (3.5 
± (3 mm), and the MFC5 (5.0 ± 2.8 mm). The mean 
width of the CG was 5.0 ± .0 mm.

Figure 2b shows the patterns of the bilateral 
MFCexcg. Patterns consisting of 2 gyri and 3 gyri 
of opposing MFCexcg were observed in two cases 
(7.7%). Patterns consisting of 2 gyri and 4 gyri of 
opposing MFCexcg were observed in two cases 
(7.7%). Patterns consisting of 3 gyri and 3 gyri of 
opposing MFCexcg were observed in eight cases 
(30.8%). Patterns consisting of 3 gyri and 4 gyri of 
opposing MFCexcg were observed in nine cases 
(34.6%). Patterns consisting of 3 gyri and 5 gyri of 
opposing MFCexcg were observed in two cases 
(7.7%). Patterns consisting of 4 gyri and 4 gyri of 
opposing MFCexcg were observed in three cases 
(11.5%). Thus, in approximately 85% cases, both 
MFCexcg consisted of 3 gyri and more. Over all, 
there was no statistical significance between right 
and left numbers of the gyri of MFCexcg (Table 1, 
Typing χ2 = 3.045, p >0.3847).

Discussion

The ventral MFC has been involved in a variety of 
social, cognitive, and affective functions. There has 
been a huge research studies on them.1,20,21) BA24/25/32 
in the region of the ventral MFC is involved in 
emotion, motivation, and interpersonal behavior,20,22) 
especially BA32 is involved in affective valence.23) 
Placebo effects and expectations for reduced pain 
increase the activity of BA24/32 in the region of 
the ventral MFC.24–26) BA10 and a part of BA32 in 

Table 1  Summary of the variations and width of the MFC

Total  
hemispheres

Hemispheres with 
MFCexcg  

consisting of 2 gyri

Hemispheres with 
MFCexcg  

consisting of 3 gyri

Hemispheres with 
MFCexcg consisting 

of 4 gyri

Hemispheres with 
MFCexcg consisting 

of 5 gyri

N = 53
N = 4 (7.5%)
Right: n = 2 
Left: n = 2

N = 30 (56.6%)
Right: n = 17 
Left: n = 13

N = 17 (32.1%)
Right: n = 7 
Left: n = 10

N = 2 (3.8%)
Right: n = 0 
Left: n = 2

MFC1 
(mean±SD)

8.3 ± 2.1 mm 6.3 ± 1.7 mm 6.4 ± 1.5 mm 5.5 ± 0.7 mm

MFC2 
(mean±SD)

6.8 ± 3.0 mm 5.7 ± 1.6 mm 5.1 ± 1.5 mm 5.5 ± 0.7 mm

MFC3 
(mean±SD)

- 7.5 ± 1.5 mm 4.7 ± 1.7 mm 3.5 ± 2.1 mm

MFC4 
(mean±SD)

- - 7.4 ± 1.7 mm 3.5 ± 2.1 mm

MFC5 
(mean±SD)

- - - 5.0 ± 2.8 mm

MFCexcg 
(mean±SD)

20.6 ± 3.4 mm 15.0 ± 1.2 mm 19.6 ± 2.5 mm 23.5 ± 2.6 mm 23.0 ± 1.4 mm

CG (mean±SD) 7.2 ± 3.2 mm 13.0 ± 2.5 mm 8.1 ± 2.2 mm 4.6 ± 2.3 mm 5.0 ± 2.8 mm

CG: cingulate gyrus, MFC: medial frontal cortex, MFCexcg: MFC excluding CG, SD: standard deviation.
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Fig. 2  (A) Schema shows the results of the pattern of the MFC in the sagittal view. (B) The patterns of numbers 
of the bilateral components of MFCexcg in the subcallosal portion are demonstrated in an upside down coronal 
view. MFCexcg, Medial frontal cortex excluding cingulate gyrus. 
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the region of the ventral MFC is involved in the 
subgoal processing to achieve higher-order action 
goals,27–29) and intentional recall of episodic memory.30–32) 
BA10/12/32 in the region of the ventral MFC is 
involved in value and decision-making, especially 
response to positive rewards.33–41) BA10/12 in the 
region of the ventral MFC is involved in cognitive 
empathy.42) The Default Mode Network (DMN) is a 
network classically observed during resting state 
and mind wandering. The DMN is mainly composed 
of the ventral MFC, the posterior cingulate cortex, 
and the lateral parietal cortex.43,44) The main hub of 
the DMN in the ventral MFC is located in the ante-
rior part of the IRS, in other words, anterior part 
of BA10/12.13) BA10/11/12 in the region of the 
ventral MFC is involved in moral cognition.45,46) 
BA11/12 in the region of the ventral MFC is involved 
in facial emotion cognition.47)

The sulcal patterns of the ventral MFC are 
diverse.2–13) However, what contributes to that diver-
sity is summarized as follows. One is the frequency 
of the occurrence of PCS, the second is the connec-
tion patterns between the SRS and the CS or PCS, 
and the third is the frequency of the occurrence of 
sulcus ventral to the IRS. According to the previous 
study, the PCS is present in 24–68% of cases and 
is more frequently found in the left hemisphere.5,7,10) 
The anterior origin of the CS or the PCS with a 
connection to the SRS is present in 21–86%.5,12) 
The sulcus ventral to the IRS is present in 64–70%.12,13) 
Therefore, exactly which gyrus MFC2-5 corresponds 
to depends on such sulcal patterns. And the rela-
tionship between each gyrus on the ventral MFC 
and BA is as follows. BA11 is contained in the 
ventral region of SG (or SG1), BA12 is in the dorsal 
region of SG (or SG2), BA10 is mainly in the imSFG, 
BA32 is mainly in the PCG, and a part of BA32 
may be contained in the smSFG or the imSFG. 
BA24 is mainly contained in the CG (Fig. 1a). 
Although it is difficult to accurately identify which 
BA MFC2-5 corresponds to during dissection of 
IHA, it can be estimated to some extent from our 
results. In cases which both MFC1 and MFC2 are 
large (Type A), the dorsal region of MFC1 is likely 
to include BA12, and MFC2 is likely to include 
BA10/32. In other cases, the dorsal region of MFC1 
may include BA12, MFC2 is likely to include either 
BA12 or BA10, MFC3 is likely to include either 
BA10 or BA32, and MFC4-5 is likely to include 
BA32 and BA24. These results are useful for careful 
dissection while recognizing the function of the 
dissected gyrus in IHA from the viewpoint of 
preserving higher mental functions.

Although there were some variations in IHA to 
treat anterior communicating artery aneurysms (Aco 

AN),48–50) they have been mainly classified into two 
approaches according to the range and direction of 
dissection of the ventral MFC. One is an anterior 
interhemispheric approach (AIHA)51–54) and the other 
is a BIHA.55,56) AIHA is the standard surgical approach 
for Aco AN.51,52,54,57–60) Dissection of the IHF in this 
approach is performed according to the three-step 
procedure described by Itoh et al.51,52) The first step 
is dissection of the anterior portion of the perical-
losal cistern located in front of the genu of the CC 
and the exposure of the pericallosal artery. The 
second step is that the dissection of the IH fissure 
proceeds anteriorly, inferiorly toward the planum 
sphenoidale from this anterior portion of the peri-
callosal cistern. The third step is the dissection 
between the MFC1 (SG)s posteriorly to reach the 
tuberculum sellae and the dissection of the cistern 
of lamina terminalis to expose the distal portion of 
the Aco complex according to the location and the 
size of the Aco AN. Finally, the Aco complex and 
the AN should be carefully dissected to complete 
occlusion of the aneurysmal neck. In other words, 
in AIHA, it is necessary to dissect almost the entire 
ventral MFC (MFC1-CG) (Fig. 3a).

On the other hand, in BIHA described by Yasui 
et al,55,56) the craniotomy is extended further into 
the anterior medial part of the frontal base and the 
nasal bones. The dissection of the IHF proceeds 
directly toward the planum sphenoidale and the 
tuberculum sellae. The direction of the dissection 
is changed toward the upper Aco complex without 
dissecting the pericallosal cistern. In other words, 
in original BIHA, the range of dissection is only 
1 or 2 gyri of the outermost layer of the MFC 
(MFC1-2)55,56,61,62) (Fig. 3b). The advantages of BIHA 
are that the range of dissection is smaller than an 
AIHA and the operation time becomes shorter. 
However, such a range of dissection is not sufficient 
for cases of high-positioned or large Aco AN. There-
fore, the procedures similar to the three steps of 
AIHA have been adopted in BIHA.61–65) The first 
step is dissection toward the anterior portion of the 
pericallosal cistern, similar to AIHA, but it is not 
always necessary to proceed the dissection to this 
cistern. The second and the third steps are exactly 
the same as an AIHA (Fig. 3c). In this method, in 
cases of high-positioned or large Aco AN, after all, 
it is often necessary to dissect almost the entire 
ventral MFC (MFC1-CG) like AIHA. On the other 
hand, in many cases of not high-positioned and not 
large Aco AN, it is not necessary to dissect the entire 
ventral MFC. However, it is unclear how much range 
of the MFC should be dissected, in other words, there 
are no established landmarks to determine the range 
of dissection of the MFC required to reach just around 
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the upper portion of the cistern of lamina terminalis 
located distal to the Aco complex in the operative 
field. According to a few reports, approximately 2 
gyri of the MFC or from the anterior skull base 
upward approximately 2 cm seems to be sufficient 
range of dissection in BIHA, based on their expe-
riences.61,63,65) However, the dissection of only 2 gyri 
of the outermost layer of the MFC is often difficult 
for inexperienced surgeons because it is necessary 
to dissect more carefully between the bilateral MFG 
with tight adhesion in the narrow operative field. 
And such a range of dissection is often insufficient 
in cases of high-positioned or large Aco AN. In our 
experiences, the dissection of 3 or 4 gyri of the 
outermost layer of the MFC has been sufficient to 
safely reach just around the upper portion of the 
cistern of lamina terminalis located distal to the 
Aco complex in BIHA (Fig. 4).

From the morphology of the ventral MFC, theo-
retically the dissection of the entire MFC excluding 
CG is sufficient to safely reach the upper portion 
of the cistern of lamina terminalis located distal 
to the Aco complex in BIHA (Fig. 3c). Therefore, 
intraoperative identification of the range of MFCexcg 
provides the surgeons good intraoperative orienta-
tion not only in BIHA but also in AIHA. And 
knowledge of the sulcal patterns of MFC is important 
to determine the range of MFCexcg. The pattern of 
bilateral MFCexcg consisting of 3 gyri or more was 
observed in approximately 85% of the cadavers, 
that is, the CG corresponds to the fourth or fifth 
gyrus from the outermost layer in the subcallosal 
portion. Thus, the dissection of at least the outer-
most 3 or 4 gyri of both MFC is likely to be suffi-
cient to safely reach the upper portion of the cistern 

of lamina terminalis located distal to the Aco 
complex in BIHA (Fig. 4). However, the pattern of 
either MFCexcg consisting of 2 gyri was observed 
in about 15% of cadaveric cases. The mean width 
of the MFC1 (8.3±.3d mm) and that of the MFC2 
(6.8±.8d mm) were larger in this pattern. In the 
cases that both MFC1 and MFC2 are developed and 
large, the CG corresponds to the third gyrus from 
the outermost layer in the subcallosal portion with 
a high probability. Thus, in these cases, dissection 
of the outermost 2 gyri of the MFC is likely to be 
sufficient to safely reach just around the upper 
portion of the cistern of lamina terminalis in BIHA 
as well. The mean width of the MFCexcg in the 
subcallosal portion in all specimens was 20.6±3.4 
mm, although this measured value was based on 
cadaver specimens and is somewhat smaller than 
that in actual living brains. As a result, we conclude 
that the dissection from the base of the SG upward 
to about 2 cm, the dissection of the outermost 3 
or 4 gyri of the MFC in many cases, and the dissec-
tion of the outermost 2 gyri of the MFC in cases 
of both large MFC1 and MFC2 become landmarks 
to safely reach the upper portion of the cistern of 
lamina terminalis located distal to the Aco complex 
in BIHA. These results are quite consistent with 
our experiences and previous reports. Although the 
actual range of MFC dissection in BIHA depends 
on the adhesion of IHF, and the height, size, and 
location of the Aco AN, understanding of the 
anatomical relationship between the MFC and the 
Aco complex are useful to obtain intraoperative 
good orientation, and to increase the safety and 
efficiency of dissection not only in BIHA but also 
in AIHA.

Fig. 3  Three-step procedure of the dissection in an IH approach. (A) Anterior IHA. (B, C) Variations of dissec-
tion in a basal IHA. The orange arrow shows the first step of dissection. The yellow arrows show the second 
steps of dissection. The green arrows show the third step of dissection. The area of light blue shows the range 
of dissection. ACA: anterior cerebral artery, A-com: anterior communicating artery, IHA: interhemispheric approach. 
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Conclusions

It is useful to understand the morphological features 
of the MFC to obtain intraoperative good orientation 
in an IHA.
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