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Abstract 
Background: The central sulcus may be located through magnetic resonance 

imaging (MRI) by identifying the ipsilateral inverted Omega shape. In a brain with a 

lesion in this area, its identification becomes a hard task irrespective of the technique 
applied. The aim of this study is to show the usefulness of the contralateral Omega 

sign for the location of tumors in and around the central sulcus. We do not intend 

to replace modern techniques, but to show an easy, cheap and relatively effective 
way to recognize the relationship between the central sulcus and the lesion.

Methods: From July 2005 through December 2010, 43 patients with lesions in 

and around the central sulcus were operated using the contralateral Omega sign 

concept. Additionally, 5 formalin-fixed brains (10 hemispheres) were studied to 
clarify the anatomy of the central sulcus where the Omega shape is found.

Results: The central sulcus has three genua. The middle genu is characterized 

by an inverted Omega-shaped area in axial sections known as the Omega sign. 
On anatomical specimens, Omega was 11.2 ± 3.35 mm in height, on average, 

and 18.7 ± 2.49 mm in width, at the base. The average distance from the medial 

limit of the Omega to the medial edge of the hemisphere was 24.5 ± 5.35 mm. 

Identification of the Omega sign allowed for the topographic localization of the 
contralateral central sulcus in all our surgical cases but one.

Conclusion: The contralateral Omega sign can be easily and reliably used to clarify 

the topographic location of the pathology. Hence, it gives a quick preoperative idea 
of the relationships between the lesion and the pre- and post-central gyri.
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INTRODUCTION

During neurosurgical planning, the potential risks for 
postoperative deficits resulting from damage to the 
eloquent cortex must be addressed.[25] Treatment of 

lesions adjacent to the sensorimotor cortex requires 
localization of the central sulcus.[11] The central 
sulcus may be located through magnetic resonance 
imaging (MRI) by identifying the ipsilateral inverted 
Omega shape which corresponds to its medial genu[26]  
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[Figure 1]. The usefulness of this structural landmark 
is limited where the lesion distorts the normal cerebral 
anatomy.[9] 

The aim of this study is to show the usefulness of the 
contralateral Omega sign, using MRI, for the topographic 
location of the central sulcus and the sensorimotor cortex 
in the pathological hemisphere. We do not intend to 
replace modern techniques, but to show an easy, cheap 
and relatively effective way to recognize the relationship 
between the central sulcus and the lesion.

MATERIALS AND METHODS

From July 2005 through December 2010, 43 patients 
harboring lesions in and around the central sulcus 
were operated. Lesions comprised 19 metastatic 
processes, 13 parasagittal meningiomas, 7 gliomas, 2 
cavernous angiomas, 1 arteriovenous malformation and 
1 tuberculous granuloma. The contralateral Omega sign 
and central sulcus were preoperatively identified on MRI 
in all patients but one.

Five formalin-fixed, cadaveric human brains (10 
hemispheres) were studied. Measurements were taken 
with a caliper (Draper, Japan; accuracy: 0.02 mm).

RESULTS

Central sulcus and Omega sign

The central sulcus is one of the most important and 

consistent landmarks in the convexity of the brain. It 
separates motor from sensory areas, and frontal from 
parietal lobes. Starting medially, it descends anteriorly 
along the lateral surface of the hemisphere. It resembles 
an “S” in appearance with three distinct curves or 
genua: the superior and inferior genua, which are convex 
anteriorly, and the middle genu – the deepest curve – 
which is concave anteriorly. This remarkable shape of the 
middle genu of the central sulcus has been compared 
to an inverted Greek letter Omega [Figure 1A-D]. The 
Omega signs corresponding to both hemispheres are 
approximately at the same coronal level [Figure 1D].

Omega measurements

The characteristics of the middle genu of the central sulcus 
were analyzed on 10 formalin-fixed, cadaveric human 
hemispheres (5 brains). Omega was 11.2 ± 3.35 mm in 
height, on average, and 18.7 ± 2.49 mm in width, at the 
base. The average distance between the medial edge of the 
hemisphere and the medial limit of the Omega averaged 
24.5 ± 5.35 mm [Table 1 and Figure 1B].

Localization of the contralateral Omega

Between March 2006 and December 2010, MR images 
(axial sections) of 43 patients were carefully studied 
preoperatively to identify the central sulcus using the 
Omega sign contralateral to the disease process. Some 
illustrative cases are shown.

The contralateral Omega sign could be accurately 
identified in all patients but one, as a consequence 
of an arachnoid cyst distorting the anatomy on the 
contralateral brain; thus identification on sagittal sections 
of the posteriorly oriented hook shape of the ipsilateral 
pre-central gyrus[3] was alternatively used for surgical 
planning.

Illustrative cases

Patient 1
A 43-year-old female presented with seizures. MRI 
showed a lesion at the right superior frontal gyrus 
posteriorly, which was partially distorting normal right-
brain anatomy. On the opposite side, a clear Omega 
sign was found and used to locate the central sulcus and 
the sensorimotor cortex in the pathological hemisphere. 
Following appropriate resection, the histopathologic 
diagnosis was a grade II astrocytoma. No motor deficits 
were seen postoperatively [Figure 2].

Figure 1: (A and B) Superior view of the Omega sign in a right 
brain. (B) Measurements taken in this study are highlighted in this 
diagram, based on the specimen shown in (A): 1(d–e) Omega height; 
2(b–c) Omega width; 3(a–b) distance between the medial edge of 
the hemisphere and the medial limit of the Omega. (C) Post-central 
gyrus excised to expose pre-central gyrus. Note that the Omega 
shape of the central sulcus remains deep within the sulcus. (D) An 
axial section through both hemispheres resembles an MRI axial 
section. Note that both Omegas are at the same anterior posterior 
level, an anatomical fact that enables the use of the contralateral 
Omega sign for preoperative planning when the ipsilateral anatomy 
is distorted owing to a disease process

A B

C D

Table 1: Measurements at Omega (N = 10)

Measurements Average 

(mm)

Range 

(mm)

Omega’s height* 11.2 6–18

Omega’s width* 18.7 15–24

Distance between medial edge of the 

hemisphere and medial limit of Omega*

24.5 18–23

*Check Figure 3
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Patient 2
A 53-year-old female with a history of breast cancer 
presented with mild right crural paresis. MRI showed a 
lesion involving most of the left post-central gyrus and 
distorting normal left-brain anatomy. The Omega sign 
on the opposite side was used for preoperative planning. 
Total removal was accomplished with complete recovery, 
and no deficits were seen postoperatively [Figure 3].

Patient 3
A 51-year-old female with no history of disease presented 
with seizures and mild right paresis, which was identified 

as a result of writing problems. On MRI, a ring-
enhancing pre-central lesion with edema was found on 
the right superior frontal gyrus posteriorly that clearly 
distorted normal right-brain anatomy. Cancer screening 
tests were negative. A clearly demarcated Omega sign 
on the opposite side was used for preoperative planning. 
Complete excision was accomplished and no gross 
postoperative deficits were seen. Histopathology revealed 
a tuberculous granuloma [Figure 4].

Patient 4
A 63-year-old male with a history of lung cancer 
presented with severe hemicranial headache. MRI 
showed a small lesion at the right superior frontal gyrus 
posteriorly, which was slightly distorting normal right-
brain anatomy. A contralateral Omega sign helped to 
guide the identification of the central sulcus. Complete 
excision was performed, with no postoperative deficits 
[Figure 5].

Patient 5
A 49-year-old female presented with an abrupt-onset 
headache. Computed tomography (CT) and MRI showed 
a lesion on the right superior frontal gyrus posteriorly 
which was slightly distorting normal right-brain anatomy. 
On the opposite side, an Omega sign was well delineated 
for preoperative planning. Complete excision was 
accomplished; pathologically, the lesion was diagnosed as 
a cavernous angioma [Figure 6].

Patient 6
A 52-year-old female presented with mild left hypoesthesia 
and paresis. MRI showed an extraaxial lesion compressing 
the left frontal and parietal lobes and distorting normal 
left-brain anatomy. The contralateral Omega sign was 

Figure 2: (a and b) Pre-op axial MRI. Imaging reveals a lesion 
involving the right superior frontal gyrus posteriorly and partially 
distorting normal right-brain anatomy. On the opposite side, 
the Omega shape is highlighted in white. (c) Post-op axial MRI. 
Imaging demonstrates appropriate excision. Histologically, a grade 
II astrocytoma was found. (d) Follow-up. No motor deficits seen at 
neurological examination
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Figure 3: (a and b) Pre-op axial MRI. Imaging reveals a lesion 
involving most of the left post-central gyrus and distorting normal 
left-brain anatomy. On the opposite side, the Omega shape is 
highlighted in white. (c) Post-op axial MRI. Imaging demonstrates 
appropriate excision. Histologically, a breast cancer metastasis 
was found. (d) Follow-up. No motor deficits seen at neurological 
examination
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Figure 4: (a and b) Pre-op axial MRI. Imaging reveals a lesion in 
the pre central area distorting normal right-brain anatomy. On 
the opposite side, the Omega shape is highlighted in white. (c) 
Post-op axial MRI. Imaging demonstrates appropriate excision. 
Histologically, tuberculous granuloma was found. (d) Follow-up. No 
motor deficits seen at neurological examination
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Figure 6: (a and b) Pre-op axial MRI. Imaging reveals a lesion 
involving the right superior frontal gyrus posteriorly and slightly 
distorting normal right-brain anatomy. On the opposite side, 
the Omega has been highlighted in white. (c) Post-op axial MRI 
demonstrating appropriate excision. Histologically, a cavernoma 
is found. (d) Follow-up. No motor deficits seen at neurological 
examination
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Figure 7: (a and b) Pre-op axial MRI. Imaging reveals an extra-axial 
lesion pushing the frontal and parietal left lobes and distorting 
normal left-brain anatomy. On the opposite side, the Omega 
shape has been highlighted in white. (c) Post-op axial MRI. Imaging 
demonstrates appropriate excision. Histologically, a meningothelial 
meningioma was found. (d) Follow-up. No motor deficits seen at 
neurological examination
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Figure 5: (a and b) Pre-op axial MRI. Imaging reveals a small 
lesion with perilesional edema involving the right middle frontal 
gyrus posteriorly and distorting normal right-brain anatomy. On 
the opposite side, the Omega shape is highlighted in white. (c) 
Post-op axial MRI. Imaging demonstrates appropriate excision. 
Histologically, a lung cancer metastasis was found. (d) Follow-up. 
No motor deficits seen at neurological examination

a
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used for preoperative planning. Complete excision was 
accomplished, with no deficits postoperatively. Histology 
revealed a meningothelial meningioma [Figure 7].

DISCUSSION

Anatomical literature is controversial about the number 
and appearance of the curves that the central sulcus 
shows along its course. Classical anatomical books such 
as those of Rouviere[20] and Testut[23] describe the sulcus 
as having three curves: the superior and inferior genua, 

which are convex anteriorly, and the middle genu, which 
is convex posteriorly. On the other hand, Ono et al.[16] 
and Rhoton[19] describe only two genua: a superior curve, 
which is concave anteriorly, and an inferior curve, which 
is concave posteriorly. This discrepancy may be due to 
the smaller size of the superior genu. In our study, the 
central sulcus has been found to display three well-
defined genua.

Classical general understanding has been that the motor 
cortical representation of the hand is located over the 
superior part of the pre-central gyrus.[17] In 1991, Salamon 
et al.[21] described a hook-like shape that corresponded 
to the hand projection area. In 1995, Naidich and 
Brightbill[14] described the cortical hand area as a knuckle. 
Also, in 1995, Puce et al.[18] described the motor hand 
area as a part of the pre-central gyrus that is located in 
front of the inverted Omega-shaped area of the central 
sulcus. Hence, the motor cortex hand area is located at 
the inverted Omega-shaped area on the pre-central gyrus, 
which becomes evident on an axial section through the 
central sulcus at the level of the interdigitation of the 
pre- and post-central gyri.[1]

MRI is a non-invasive type of study, which allows for 
a detailed analysis of cortical morphology.[26] Yousry 
et al.[26] could identify the central sulcus in 194 out of 
198 hemispheres examined with MRI. In their study, 
failure in recognizing the central sulcus resulted from 
space-occupying lesions in three hemispheres and a 
porencephalic cavity in the remaining one. Yetkin et al.[25] 
reported that in 18 out of 23 studies, the anatomically 
identified central sulcus was compatible with functional 
MRI findings. In two patients with brain tumors, the 
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central sulcus could not be identified because of the 
anatomical distortion caused by the disease, thereby 
confirming the observation that the anatomical 
identification of the central sulcus on a normal brain 
approaches 100%.

Three main techniques have reportedly been used to 
locate the central sulcus through MRI: (a) recognizing 
the ipsilateral Omega-shaped region corresponding to the 
motor hand area (Omega sign), (b) identifying the typical 
aspect of the crossroad formed by the superior frontal and 
pre-central sulci,[8] and (c) sequentially identifying the 
horizontal and ascending rami of the Sylvian fissure and 
the pre-central sulcus.[4,15] In our view, the Omega sign 
is a simple, easy-to-use and highly accurate technique 
in normal brains.[3,26] In a brain with a lesion, however, 
identification of the central sulcus becomes a hard task 
irrespective of the technique applied. 

In order to overcome this problem, the following 
techniques are proposed: (a) functional MRI, based 
on the changes of local cerebral blood flow and oxygen 
consumption associated with neuronal activation (BOLD 
effect);[7,9,10,12] (b) magnetoencephalography (MEG), 
which topographically displays the activity of specific 
cerebral areas;[6,9,22] and (c) intraoperative cortical 
mapping.[2,5,13,24] Although useful, these techniques are 
not available to every neurosurgeon. Our findings support 
previous evidence that the contralateral Omega sign 
enables the reasonable location of the central sulcus and 
the development of an operative plan to preserve the 
eloquent cortex, even in anatomically distorted brains. 
The surgical experience in our series of 43 patients 
operated using this method is strongly suggestive of 
the usefulness of the contralateral Omega sign. There 
are two important points to remark. Localization of the 
contralateral Omega sign is easier in old patients with 
brain atrophy; in contrast, sometimes in parasagittal 
tumors, the edema can be present in both hemispheres, 
making its identification difficult.

CONCLUSION

The contralateral Omega sign found in MRI can be 
easily and reliably used to locate the central sulcus and 
the sensorimotor cortex on the side harboring the disease 
process. This technique may guide an understanding of 
the relationships of the lesion to the eloquent brain in 
and around the central sulcus in patients where ipsilateral 
anatomy is distorted. Furthermore, the Omega sign 
contributes to the development of a successful operative 
strategy. 
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