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ARTICLE

Orbitofrontal sulcal and gyrus pattern in 
human: an anatomical study
Padrões de sulcos e giros orbitofrontais em humanos: um estudo anatômico
Thiago Pereira Rodrigues1, Mariana Athaniel Silva Rodrigues2, Daniel de Araújo Paz1, Marcos Devanir Silva 
da Costa1, Ricardo Silva Centeno1, Feres Eduardo Chaddad-Neto1, Sergio Cavalheiro1

The cerebral cortex folding in humans allow that an ex-
tensive area of cerebral cortex fit into the limited space of the 
skull. The factors that guide this folding are complex and its 
final result leads to sulci and gyrus patterns in adult brain. 
These patterns, depending on the region of cerebral cortex 
analyzed, can have or not a high degree of variability1.   

There are some evidence that factors guiding the cerebral 
cortex folding starts in the beginning of cerebral morphogen-
esis. First, in a coronal brain slice, we can see that sulcus in 
the inferior and lateral surface of the brain are oriented to-
ward the ventricular cavity and sulcus in the medial surface 
are oriented parallel to corpus callosum fibers. (In cases of to-
tal corpus callosum agenesis, the sulcus in the medial surface 

seems to be ventricular-guided too). Second, neurons sends 
axons across the corpus callosum even before the neuron mi-
gration process end2, and this neuronal projection affect the 
final brain morphology3. Based on these observations, we can 
suppose that the final brain morphology depends on neuro-
nal migration, axonal connection and probably others factors.

The frontal lobe has four surfaces: a lateral, a medial, a 
basal and a sylvian surface4. The basal surface is in contact 
with the orbital roof, compounded of the frontal, ethmoid 
and sphenoid bones being, for this reason, called orbitofron-
tal surface.

In the last ten years, many studies have showed the re-
lationship between altered orbitofrontal cortical pattern and 
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ABSTRACT
The anatomical characterization of the orbitofrontal cortex in human is limited in literature instead of many functional and clinical studies 
involving it. Objective: Anatomically define the orbitofrontal region aiming to possible neurosurgical treatments and unify the scientific 
nomenclature as well. Method: We analyze eighty four human hemispheres using a surgical microscope. Then we chose four hemispheres 
and dissect them according to Klinger’ technique. Results: We found five main sulcus: olfatory sulcus, orbital medial sulcus, orbital lateral 
sulcus, orbital transverse sulcus and orbital intermediate sulcus. These sulcus, excluding the intermediate sulcus, delimit five gyrus: rectus 
gurys, orbital medial gyrus, orbital anterior gyrus, orbital lateral gyrus and orbital posterior gyrus. The main sulcal configuration can be 
divided on four more frequently patterns. Conclusion: Orbitofrontal cortex is associated with many psychiatric disorders. Better anatomical 
and functional characterization of the orbitofrontal cortex and its connections will improve our knowledge about these diseases.

Keywords: neuroanatomy, frontal lobe, gyrus pattern.

RESUMO
A caracterização do córtex orbitofrontal em humanos é limitada na literatura, a despeito de estudos funcionais e clínicos 
envolvendo-o. Objetivo: Definir anatomicamente o córtex orbitofrontal visualizando possíveis tratamentos neurocirúrgicos e unificar a no-
menclatura científica. Método: Analisamos oitenta e quatro hemisférios cerebrais humanos usando um microscópio neurocirúrgico. Escol-
hemos quatro hemisférios e os dissecamos de acordo com a técnica de Klinger para expor a substância branca subcortical. Resultados: 
Encontramos cinco principais sulcos: sulco olfatório, sulco orbital medial, sulco orbital lateral, sulco orbital transverso e sulco orbital in-
termediário. Estes sulcos, excluindo o sulco orbital intermediário, delimitaram cinco giros: giro reto, giro orbital medial, giro orbital anterior, 
giro orbital lateral e giro orbital posterior. A conformação de sulcos e giros orbitais pôde ser dividida em quatro padrões mais frequentes. 
Conclusão: O córtex orbitofrontal é associado com várias desordens psiquiátricas. Uma melhora caracterização anatômica, funcional e de 
suas conexões melhorará nosso conhecimento destas desordens.

Palavras-chave: neuroanatomia, lobo frontal, giros orbitais.
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psychiatric disorders5. We know that a high degree of vari-
ability exists in the folding of the orbitofrontal cortex in hu-
mans, but it is important to classify the distinct patterns of 
sulci and gyrus in this region.

Considering these points, Chiavaras and Petrides6 stud-
ied it based on magnetic resonance images of human brain, 
and analyses of monkey brain surface. They proposed to di-
vide the orbitofrontal cortex variation into three patterns 
according to the orbital sulcus visual appearance. In 2010, 
Charikova et al.7 refined Chiavaras’ classification system add-
ing an undescribed pattern, based also on magnetic reso-
nance images.  

Regardless of the clinical importance of the orbitofrontal 
cortex, as far as we know there is not yet an anatomical study 
comparing and characterize this surface in human brain.

Therefore, we analyze the human brain orbitofrontal cor-
tex in the neuroanatomy laboratory of Universidade Federal 
de São Paulo.

METhOd

We analyze eighty four human hemispheres, coming 
from neuroanatomy laboratory of Federal University of 
Sao Paulo. All of them were fixed in a 10% formalin so-
lution. We remove the arachnoid membranes and dissect 
the orbitofrontal surface of frontal lobe of each one using 
a surgical microscope (KAPS model SOM 82, Germany). 
After that, we fill a detailed protocol for each hemisphere 
(the same person has analyzed all the hemispheres). Then 
we chose four hemispheres (one of each pattern) and dis-
sect them according to Klinger’ technique8 aiming to ex-
pose the subcortical white matter of the orbitofrontal 
cortex. The focus was to study the sulci and gyrus of the 
orbitofrontal cortex, the main configuration of this region 

and the white matter adjacent to the orbitofrontal cortex. 
We have done a review of the literature related with orbi-
tofrontal cortex anatomy as well.

RESUlTS

We found, in all hemispheres analyzed, five main sul-
cus: olfatory sulcus, orbital medial sulcus, orbital lateral 
sulcus, orbital transverse sulcus and orbital intermediate 
sulcus. The medial and lateral orbital sulcus can be divided 
into anterior and posterior portions taking into consider-
ation its connection with the transverse sulcus. These sul-
cus delimit the orbital gyrus. The anterior orbital gyrus is 
situated anterior to the transverse sulcus and between the 
anterior portions of the lateral and medial orbital sulcus. 
The medial orbital gyrus is situated medial to the medial 
orbital sulcus and lateral to the olfatory sulcus. The lateral 
orbital gyrus is situated lateral to the lateral orbital sulcus 
and join the pars orbitalis of the inferior frontal gyrus. The 
posterior orbital gyrus is situated posterior to the trans-
verse orbital sulcus (Figure 1).

The olfatory sulcus, the most medial of the orbitofron-
tal sulcus, accommodate the olfatory tract and the olfato-
ry vein.   Its posterior end in all the hemispheres studied is 
the olfatory trigone and its anterior end can bend medially 
(28/84), bend laterally (20/84), touch the division between 
orbitofrontal surface and medial surface of frontal lobe 
(27/84) or go beyond achieving the medial surface of frontal 
lobe (9/84). The posterior end of olfatory sulcus, after touch 
the olfatory trigone, can bend laterally in a hook-like shape 
(20/84) and hence can merge with an orbital sulcus (in the 
brains that we have studied, among 20 hook-like shape end-
ing of olfatory sulcus, only 8 merge exclusively with the pos-
terior medial orbital sulcus).

Figure 1. On the left, we expose the orbitofrontal cortex to characterize the sulcal pattern. On the right, we characterize the gyrus 
using colors. aOLS: Anterior portion of the orbital lateral sulcus; aOMS: Anterior portion of the orbital medial sulcus; IFG: Inferior 
frontal gyrus; OIS: Orbital intermediate sulcus; OTS: Orbital transverse sulcus; pOLS: Posterior portion of the orbital lateral sulcus; 
pOMS: Posterior portion of the orbital medial sulcus. 
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The intermediate sulcus, a deep longitudinal-oriented 
sulcus between the anterior portions of the medial and lat-
eral orbital sulcus, were found in all hemispheres and usually 
takes a form of the greek letter “lambda” (Figure 2).

The posterior orbital sulcus were found in 59/84 hemi-
spheres, and can be connected with the transverse orbital 
sulcus or can be an intragyral sulcus contained in the poste-
rior orbital gyrus.

The posterior orbital gyrus, in all of the studied hemispheres, 
is connected with the transverse insular gyrus (Figure 3).

We also divided the orbitofrontal cortex general config-
uration according to Chiavaras’ classification modified by 
Charikova et al.6,7. In this classification, the type I pattern is 
characterized by a continuous lateral orbital sulcus and a 
clearly distinct anterior medial and posterior medial orbital 
sulcus. The type II pattern is the well described “H-pattern”, 
in which the anterior and the posterior portion of the medial 
and lateral orbital sulcus are connected. In the type III pat-
tern, anterior and posterior portions of the both medial and 
lateral orbital sulcus are separated. The type IV pattern has a 
continuous medial orbital sulcus and a separated lateral or-
bital sulcus in anterior and posterior portions (Figure 4).

We observed the type I pattern in 35/84 hemispheres, 
type II pattern in 31/84 hemispheres, type III pattern in 
15/84 hemispheres and the type IV patter in 3/84 hemispheres. 
Taking into consideration the hemisphere side, 41/84 were 
right-sided hemispheres. Among these right-sided hemi-
spheres, 18/41 were type I pattern; 17/41 were type II pattern; 
5/41 were type III pattern and 1/41 were type IV pattern. 
In the left-sided hemispheres, 17/43 were type I pattern; 
14/43 were type II pattern; 10/43 were type III pattern and 
2/43 were type IV pattern.

We also expose the subcortical white matter of each pat-
tern of hemisphere to show the short association cortical U 
fibers (Figures 5 and 6). It provides a better visualization of 
the real sulcal and gyrus conformation of this region.

diSCUSSiOn

The main objective of this study is to characterize, by 
dissecting using the surgical microscope, the orbitofrontal 
surface according to its sulcal and gyrus anatomy. This sort 
of anatomical characterization is quite important to a real 
knowledge of the orbital part of frontal lobe. Instead, none 
detail anatomical description of orbitofrontal cortex have 
been found in our research.

There already are many studies that classify the orbito-
frontal sulcus and gyrus based on magnetic resonance im-
ages and our results were very similar to theirs results6,7,9,10,11. 
For instance, Chiavaras and Petrides (2000) found, among 
50 human brains analyzed by Magnetic Resonance Imaging 
scans, 56% of type I pattern, 30% of type II pattern and 14% 
of type III pattern. Charikova et al. (2010) found, also using 
Magnetic Resonance Imaging scans, 56.9% of type I pattern, 
23.6% of type II pattern, 15.3% of type III pattern and 4.2% of 
type IV pattern in 36 brains of healthy controls.

The fact that our results were similar to previews radio-
logical studies6,7,9,10,11 aggregate evidence in the anatomical 
characterization of the orbitofrontal cortex, as there are 
two different methods to investigate the same issue with 
similar results. 

In our study, unfortunately we could not find past infor-
mation, including medical history, genre and age, about the 
hemispheres analyzed. And, the postmortem human brain 
fixation method can change the morphology of the hemi-
spheres. This fact can compromised the reliability of precise 
measurements of sulcus and gyrus characteristics. Therefore, 
we described our findings in general anatomic language and 
patterns that are not affect by fixation method.

The presence, in 100% of the studied hemispheres, of a 
communication between the posterior orbital gyrus and 
the transverse insular gyrus, can be an important functional 
pathway linking the orbitofrontal cortex with the insula lobe 

Figure 3. The left temporal pole has been removed to show the 
connection between the posterior orbital gyrus and transverse 
insular gyrus. The posterior orbital sulcus, in this specimen, is 
an intragyral sulcus.

Figure 2. Note that posterior end of the olfactory sulcus, 
showing a hook-like shape, merge into the posterior portion of 
the orbital medial sulcus. Also, the intermediate sulcus taking 
form of the greek letter “lambda”.
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Figure 5. A type I and type II pattern before and after removing the cortex using the Klinge’ technique. (I) Note that the orbital 
lateral sulcus is continuous and the orbital medial sulcus is compound by two separates portions; and (II) A type II pattern 
showing the both orbital medial and orbital lateral sulcus continuous.  

Figure 4. The orbitofrontal cortex patterns. (I) The type I pattern is characterized by a continuous lateral orbital sulcus and a  
distinct anterior medial and posterior medial orbital sulcus; (II) In the type II pattern the anterior and the posterior portion of 
the medial and lateral orbital sulcus are connected; (III) The type III pattern shows a separation between anterior and posterior 
portions of the both medial and lateral orbital sulcus; and (IV) The type IV pattern has a continuous medial orbital sulcus and a 
separated lateral orbital sulcus in anterior and posterior portions.
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Figure 6. A type III and type IV pattern before and after removing the cortex using the Klinge’ technique. (III) Note that the both 
orbital medial and orbital lateral sulcus are separated in pattern III; and (IV) The rarely found type IV pattern characterized by an 
continuous orbital medial sulcus and a discontinuous orbital medial sulcus.
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and the basal nuclei region. Observing this gyral communi-
cation provide an alternative to insular glioma spreading to 
orbital part of the frontal lobe.

Since the initial description of orbitofrontal cortex pat-
terns8, several studies have showed altered proportion of this 
basic pattern numbers distribution in psychiatric disorders12 
and risk of psychiatric disorders7.

Further, a bilateral reduction of the medial orbitofrontal 
gray matter and functional connectivity abnormalities in the 
orbitofronto-striatal-thalamic-cortical was found in patients 
with obsessive compulsive disorders13. The anterior part of 

the internal capsule connects the orbitofrontal cortex, the 
cingulum, and the thalamus14. This region was used as target 
to deep brain stimulation with promising results in the ex-
perimental therapy setting15.

In conclusion, orbitofrontal cortex is associated with 
many psychiatric disorders. Better anatomical and function-
al characterization of the orbitofrontal cortex and its con-
nections will improve our knowledge about this diseases. 
Functional neurosurgery procedures aiming improve altera-
tions in the orbitofrontal pathways can be an important op-
tion to treat these diseases.


