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Glial Tumors in Brodmann Area 6: 
Spread Pattern and Relationships 
to Motor Areas1

The posterior frontal lobe of the brain houses Brodmann area 4, 
which is the primary motor cortex, and Brodmann area 6, which 
consists of the supplementary motor area on the medial portion 
of the hemisphere and the premotor cortex on the lateral portion. 
In this area, safe resection is dependent on accurate localization 
of the motor cortex and the central sulcus, which can usually be 
achieved by using thin-section imaging and confirmed by using 
other techniques. The most reliable anatomic landmarks are the 
“hand knob” area and the marginal ramus of the cingulate sulcus. 
Postoperatively, motor deficits can occur not only because of injury 
to primary motor cortex but also because of injury to the supple-
mentary motor area. Unlike motor cortex injury, the supplementary 
motor area syndrome is transient, if it occurs at all. On the lateral 
hemisphere, motor and language deficits can also occur because of 
premotor cortex injury, but a dense motor deficit would indicate 
subcortical injury to the corticospinal tract. The close relationship 
of the subcortical motor fibers and premotor cortex is illustrated. In 
contrast to the more constant landmarks of the central sulcus and 
marginal ramus, which aid in preoperative localization, the variable 
interruptions in the precentral and cingulate sulci of the posterior 
frontal lobe seem to provide “cortical bridges” for spread of infil-
trating gliomas.
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After completing this journal-based SA-CME 
activity, participants will be able to:

■■ Identify the central sulcus and precen-
tral sulcus.

■■ Describe the clinical manifestations of 
SMA syndrome and the associated post-
operative imaging appearance.

■■ Apply knowledge of the clinical im-
portance and anatomy of the motor and 
premotor areas to preoperative evalua-
tion of brain tumors.

See www.rsna.org/education/search/RG.

SA-CME LEARNING OBJECTIVES

Introduction
Surgery is crucial in management of gliomas. The importance of 
the extent of resection for glioblastoma has been controversial, but 
modern literature supports safe maximal resection of low- and high-
grade gliomas (1–3). Surgical resection may be limited for a tumor in 
or near the motor area. This is not a small problem, because 25% of 
gliomas arise in the frontal lobe (4). Radiologists involved in preop-
erative evaluation of brain tumors should be familiar with the clinical 
importance and anatomy of the motor and premotor areas.

For precision in naming and localization of the cortical motor 
and premotor areas of the frontal lobe, publications by surgeons and 
anatomists often refer to Brodmann’s map. Brodmann divided the 
cerebral cortex into numbered areas on the basis of the histologic 
appearance of six cell layers, which generally correlate with func-
tion. We further applied the cortical Brodmann map to organize the 
superficial white matter of the cerebral hemispheres (5). This article 
illustrates the functional anatomy of gliomas that occupy the cor-
tex and superficial white matter of Brodmann area (BA) 6; we will 
stress the localization of vital structures, which can be used to guide 
surgery in this complex area. For clarity, the discussion is divided 
according to portions of BA 6 that are located on medial and lateral 
areas of the hemisphere (hereafter, medial and lateral BA 6).
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Figure 1.  BA 4 (black-dotted area) and BA 6 (white-dotted 
area) on the medial portion of the right hemisphere. The pos-
terior margin of BA 4 is the central sulcus. The anterior margins 
of BA 4 and BA 6 are variable on the medial hemisphere, and 
the inferior margin of both is the cingulate sulcus. The continu-
ation of the cingulate sulcus that curves up toward the convex-
ity is named the marginal ramus. The marginal ramus has a 
variable termination. It may be forked, as here, or reach the 
surface of the convexity.

Clinical Importance
The portion of BA 6 that is confined to the medial 
surface of the cerebral hemisphere has clinical rel-
evance because part of this cortex is an eloquent 
region that plans motor functions and rhythmic 
movements. In the dominant hemisphere, the an-
terior part of this area initiates speech. The middle 
part of the SMA mediates initiation and program-
ming of facial and upper extremity movement, and 
the most posterior part mediates the same func-
tions for the lower limb. The SMA must be stimu-
lated more intensely than the primary motor cortex 
to produce movement during surgery. The result-
ing movement is complex, such as opening and 
closing the hand (9–11). On the dominant side, 
stimulation during surgery causes anomia (8,12).

In 1977, Laplane et al (13) described the full 
postoperative SMA syndrome as global contra-
lateral akinesia with speech arrest, sudden par-

The medial and lateral areas are at risk for dif-
ferent types of postoperative injury. Medial BA 
6, where the supplementary motor area (SMA) 
is located, is somatotopically organized and is 
involved in planning, rehearsing, programming, 
and initiating complex contralateral motor se-
quences. The SMA of the dominant hemisphere 
has a large role in speech initiation. Postoperative 
SMA syndrome results in transient motor and 
speech deficits and will be presented in more 
detail later (6,7). The prevention of postoperative 
deficit of BA 6 on the lateral hemisphere is de-
pendent on localizing the subcortical motor tract. 
Deficits involving the premotor cortex, or lateral 
BA 6, can manifest as apraxia; in the dominant 
hemisphere, the deficit can involve language (8).

In our experience, the variations in anatomy of 
medial and lateral BA 6 also influence the spread 
pattern of gliomas. Infiltrating gliomas may prefer 
to spread along the cortex rather than sulci, so 
that their appearance is determined by variations 
in sulcal anatomy. Glioblastomas often appear to 
have a more subcortical spread pattern.

Medial BA 6 and SMA

Anatomic Landmarks
BA 6 is one of several BAs that include both the 
lateral and medial surfaces of the cerebral hemi-
sphere. On the medial surface, BA 6 and the 
SMA are defined by the cingulate sulcus inferi-
orly. The SMA wraps over the top of the supe-
rior frontal gyrus to the superior frontal sulcus. 
The posterior margin of the SMA, and of BA 6 
above the superior frontal sulcus, is generally the 
precentral sulcus. Note that the precentral sul-
cus rarely extends to the medial surface. Brod-
mann acknowledged that the anterior margin of 
BA 6 was variable (5) (Fig 1).

TEACHING POINTS
■■ On the medial surface, BA 6 and the SMA are defined by the 

cingulate sulcus inferiorly. The SMA wraps over the top of the 
superior frontal gyrus to the superior frontal sulcus. The poste-
rior margin of the SMA, and of BA 6 above the superior frontal 
sulcus, is generally the precentral sulcus.

■■ SMA syndrome is a postoperative deficit in movement and/
or language programming, which is expected to improve 
rapidly, though some milder form of the deficit may persist.

■■ BA 6 and BA 4 in fact share the precentral gyrus, as can be 
clearly seen in Figure 5.

■■ The marginal ramus of the cingulate sulcus ends immediately 
posterior to the central sulcus in almost 100% of hemispheres.

■■ Many times, the distinctive bulbous enlargements of the cor-
tex that mediate the hand muscles will provide a helpful land-
mark, the hand knob, which has an omega (w) or epsilon (e) 
shape in the axial plane in 98% of hemispheres.

Color Coding of Sulcal Lines in Figures

Color Sulcus

Yellow Superior frontal sulcus
Blue Precentral sulcus
Purple Central sulcus
Orange Cingulate sulcus and its marginal ramus
Red Inferior frontal sulcus
Green Sylvian fissure
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cause a transient language deficit, as occurred in 
the case described in Figure 2. In the immediate 
postoperative period, the motor deficits may be 
presumed to have resulted from primary motor 
cortex or motor fiber injury; however, near-
complete recovery of motor deficit is expected 

tial motor recovery with reduction of spontane-
ous movement and speech, and long-term near-
complete recovery with continued disturbance 
of rapid alternating movement. Partial SMA 
syndrome can also occur. SMA syndrome due 
to SMA injury in the dominant hemisphere can 

Figure 2.  Partial SMA syndrome after glioma resection. A 22-year-old woman underwent magnetic 
resonance (MR) imaging because of seizures. She reported increasing incoordination, causing difficulty 
typing and walking her dogs. Resection of the SMA tumor revealed anaplastic astrocytoma. Postop-
eratively, she experienced a debilitating naming deficit, which improved, in keeping with partial SMA 
syndrome. (a) Axial fluid-attenuated inversion-recovery (FLAIR) MR image shows nonenhancing tumor 
confined to the superior frontal gyrus (yellow). (See Table for color coding of sulcal lines.)  (b) Axial 
functional MR image obtained during a right-hand motor task shows normal blood oxygen level–de-
pendent (BOLD) activation in the central sulcus at the hand knob (lateral white pixels) and in the 
SMA (medial white pixels) at the position of the upper extremity (UE) motor cortex region. The lower 
extremity (LE) region of the SMA should be somatotopically arranged posterior to the upper extremity 
SMA region, and the speech region is located anterior to it. (c) Axial functional MR image obtained 
during a category-naming task shows normal BOLD activation in the speech region of the SMA at the 
margin of the tumor. (d) Axial T1-weighted MR image shows the appearance after gross total resection 
of the anaplastic astrocytoma involving the speech region of the SMA.
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Figure 4.  Glioblastoma in the cingulate gyrus and BA 6, associated with an interrupted cingulate sulcus. A 
57-year-old man presented with left-upper-extremity shaking while playing golf. Resection of the cingulate gyrus 
and SMA tumor revealed glioblastoma. (a) Coronal contrast material–enhanced T1-weighted MR image shows 
heterogeneously enhancing glioblastoma in the right parafalcine posterior frontal lobe. (b) Sagittal T2-weighted 
MR image shows the glioblastoma in the cingulate gyrus and BA 6.

Figure 3.  Glioma infiltration through an interrupted cingulate sulcus. (a) A 45-year-old man with left upper 
extremity seizure underwent gross total resection of tumor in the cingulate gyrus and SMA, revealing ana-
plastic astrocytoma. Preoperative sagittal FLAIR MR image shows glioma infiltrating over the cortical bridge 
between the cingulate gyrus and BA 6. (b) Sagittal FLAIR MR image in a 47-year-old man with left temporal 
oligodendroglioma shows normal interruption in the cingulate sulcus. Purple shading = communication be-
tween cingulate gyrus and BA 6. See the Table for color coding of sulcal lines.

for patients with full or partial SMA syndrome. 
A sudden improvement is seen within 10 days; 
further gains may be made with rehabilitation. 
Even when the cortex is resected, a deficit oc-
curs in about 30% of patients (6,14) (Fig 2). In 
summary, SMA syndrome is a postoperative def-
icit in movement and/or language programming, 
which is expected to improve rapidly, although 
some milder form of the deficit may persist.

Spread Pattern in  
Patients with Glioma
The well-known “butterfly” glioblastoma (15,16) 
may represent a late stage of medial frontal glioma. 
Before reaching the corpus callosum and opposite 
hemisphere, gliomas arising in BA 6 may infiltrate 

through interruptions in the cingulate sulcus. The 
opposite route of spread is also seen, from the cin-
gulate gyrus to BA 6. Interruptions in the cingulate 
sulcus are present in 40% of normal brain hemi-
spheres (17). In our experience, infiltrating gliomas 
tend to spread through gyri rather than through 
sulci. When gliomas infiltrate through normal inter-
ruptions in sulci, also called incomplete sulci, we 
call these cortical bridges (Figs 3, 4).

Lateral BA 6 and  
Primary Motor Cortex

Clinical Importance
Both the lateral and medial parts of BA 6 are 
involved in motor learning or generating prepro-
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Figure 6.  Schema shows the motor homunculus. At the 
high convexity, lower-extremity motor function extends 
onto the medial hemisphere anterior to the central sulcus. 
Motor function is arranged somatotopically, with lower 
face and voice motor control at the inferior margin of the 
central sulcus. Injury to the motor cortex results in a con-
tralateral deficit except at the forehead, which is bilaterally 
innervated; therefore, unilateral injury does not result in pa-
ralysis. (The color coding corresponds to the coloring of the 
corticospinal tracts seen in Figs 10–12: leg = yellow, pink = 
shoulder, blue-green = hand, light gray = upper face, light 
blue = lower face, purple = tongue and pharynx.)

Figure 5.  BA 4 (black-dotted area) and BA 6 (white-dotted 
area) on the lateral brain hemisphere. The posterior margin of 
BA 4 is the central sulcus. The margin between BA 4 and BA 
6 runs superoanteriorly to inferoposteriorly on the precentral 
gyrus. The anterior margin of BA 6 runs over the superior and 
middle frontal gyri. Below the inferior frontal sulcus, BA 6 is 
entirely contained in the precentral gyrus.

grammed processes that coordinate movement in 
time and space. Although these movements can 
be complex, they require decreased attention as 
they become learned. Examples include repro-
ducing rhythm and alternating hand movements, 
such as playing the piano or writing. Although 
both the SMA and lateral BA 6 are important 
for temporal control of movement and smooth, 
preprogrammed, complex movements, it seems 
that the SMA houses memorized programs while 
the premotor cortex (BA 6 lateral to the superior 
frontal sulcus) houses programs that respond to 
visual cues (9). On the left, BA 6 on the lateral 
hemisphere plays a major role in speech articu-
lation and picture naming. Stimulation during 
surgery of the premotor cortex anterior to the 
precentral sulcus resulted in naming deficits, 
while stimulation of the premotor cortex on the 
precentral gyrus resulted in dysarthria (8).

Anatomic Landmarks
The shape of BA 6 on the lateral surface of the 
hemisphere is a peculiar combination of the ante-
rior bank of the precentral gyrus and the adjacent 
base of the middle frontal gyrus. The inferior 
frontal gyrus is not included in BA 6. The poste-
rior aspect of the middle frontal gyrus is a com-
mon site of glioma and is close to the primary 
motor neurons and fibers that arise from the pos-
terior bank of the precentral gyrus (5). BA 6 and 
BA 4 in fact share the precentral gyrus, as can be 
clearly seen in Figure 5. The proximity of lateral 
BA 6 gliomas to the primary motor area demands 

that every possible tool be used to prevent para-
lyzing the patient. The motor homunculus is pre-
sented in Figure 6.

Enormous effort has gone into developing pre-
operative imaging that can map the motor regions 
of the cerebral hemispheres. Diffusion tensor 
imaging and magnetoencephalography were de-
veloped to enable visualization of the motor tracts, 
but they are often difficult to perform when tumor 
has altered the surrounding brain (18,19). Func-
tional MR imaging was devised to localize the 
motor cortex—in particular the hand area—but 
its usefulness in even partially paralyzed patients 
is limited. None of these efforts has replaced the 
definitive standard of intraoperative stimulation, 
which is limited by many situations, not the least 
of which is the patient’s inability to fully cooperate 
for long periods of time (11). The interpretation  
of all these test results begins with the correct 
identification of the central sulcus and the hand 
knob area, a distinctive shape described in the 
next section. The discussion in the next section 
summarizes the approach employed at our institu-
tion to identify these anatomic landmarks.

Localization of Central Sulcus
 The central sulcus is among the most constant, 
meaning nearly always present normally, of cerebral 
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Figure 8.  The bracket sign. Once the marginal ramus (orange) is located, the central sulcus (purple) is identifi-
able as the first sulcus immediately anterior to the marginal ramus. (a) Sagittal unenhanced T1-weighted MR 
image. (b) Axial unenhanced T1-weighted MR image.

sulci, and is continuous, meaning without inter-
ruptions, in 92% of cerebral hemispheres (20). 
A starting point for locating the central sulcus on 
cross-sectional images is to realize that the central 
sulcus has a known relationship to the coronal su-
ture of the skull, which can always be found as a 
marrow-free strip that separates the frontal and pa-
rietal bones (21) (Fig 7). In cases where the central 
sulcus is not obvious, its relationship to other sulci 
can be used to identify it. The bracket sign uses the 
pars marginalis (marginal ramus) of the cingulate 

sulcus (22) (Fig 8). The marginal ramus of the 
cingulate sulcus ends immediately posterior to the 
central sulcus in almost 100% of hemispheres (17). 
Many times, the distinctive bulbous enlargements 
of the cortex that mediate the hand muscles will 
provide a helpful landmark, the hand knob, which 
has an omega (w) or epsilon (e) shape in the axial 
plane in 98% of hemispheres (23,24). The hand 
knob is hook-shaped in the sagittal plane (Fig 9) 
and is most often found at the level of the superior 
frontal sulcus. Other times, the best approach is to 

Figure 7.  Axial MR image shows 
that the central sulcus is 46.4 mm 
posterior to the coronal suture and 
21.1 mm lateral to the midline es-
tablished by the falx cerebri.
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find the precentral sulcus; the central sulcus will be 
the sulcus posterior to it. The pitfall in identifica-
tion of the precentral sulcus is that the precentral 
sulcus is often discontinuous; the upside is that its 
intersections with the superior frontal and inferior 
frontal sulci are seen in 88%–100% of hemispheres 
(20,25) (Figs 9–11). If these landmarks cannot be 
found in the glioma-bearing hemisphere, marking 
them on the opposite (normal) side can be helpful 
by providing reference points.

Once the central sulcus is identified, it is im-
portant to remember that the precentral gyrus is 
angled 7° forward as it slopes down the side of 
the hemisphere (20). Thus, the subcortical motor 
tracts course under the premotor cortex on their 
way to the posterior limb of the internal capsule.

A note about methods: Figures 10–12 demon
strate confocal volume rendering with an embed-
ded deformable anatomic template with the use 

of a software program (Anatom-e [Anatom-e In-
formation Systems, Houston, Tex]). The confocal 
method allows the user to define a “see-through 
band” on a volume-rendered image (26). For 
example, the skull can be stripped away over a 
defined area, so the surface of the brain can be 
made visible over a specific region. The anatomic 
template is then anchored to the volume render-
ing by using the reliable landmarks of the hand 
knob and central sulcus and is adjusted in size to 
fit the patient’s anatomy. The anatomic structures 
in the template (eg, the fan of the corticospinal 
tracts) can be deformed to account for tumor 
mass effect (27–29).

Spread Pattern of Gliomas
The intersections of the precentral sulcus with 
the superior and inferior frontal sulci are rela-
tively constant, as mentioned in the previous 

Figure 9.  Localization of the precentral sulcus inter-
sections and hand knob. (a) Axial T1-weighted MR 
image shows the intersection of the superior fron-
tal sulcus (yellow) with the precentral sulcus (blue). 
The central sulcus (purple) forms an epsilon-shaped 
hand knob. See Figure 2b and 2c for an example 
of an omega-shaped hand knob. (b) Parasagittal 
T1-weighted MR image shows the “hook” sign of 
the hand knob in the sagittal plane. (c) Parasagit-
tal T1-weighted MR image lateral to b shows the 
intersection of the inferior frontal sulcus (red) with 
the precentral sulcus (blue), and the central sulcus 
(purple) behind it.
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Figure 10.  Normal 
variations in the precen-
tral gyrus (purple shad-
ing), demonstrated by 
confocal volume ren-
dering with an embed-
ded deformable ana-
tomic template of the 
corticospinal fibers and 
superimposed func-
tional MR images of a 
subject performing a 
right-hand motor task. 
The fibers appear as 
dashed lines with color 
coding correspond-
ing to that in Figure 6. 
White dot = hand knob, 
peach shading = po-
tential cortical bridge.  
(a–c) Images show a 
single, roughly hori-
zontal, T-shaped gyrus 
interrupting the pre-
central sulcus. (d–f) Im-
ages show a single in-
terruption in the length 
of the precentral sulcus. 
(g–i) Images show two 
interruptions of the pre-
central sulcus. 
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Figure 11.  Glioblastoma under the hand knob. A 52-year-old woman noticed left third- and fourth-
digit weakness that progressed to complete loss of left-hand function over 4–6 weeks. She was not a 
good candidate for functional MR imaging because of poor motor function. Diffusion tensor imaging 
was performed, but the tracts were not well seen. Contrast-enhanced T1-weighted MR images with 
embedded deformable anatomic template (see Fig 6 for color coding key) are helpful to show the 
relationship to the motor tract. The atlas-based motor tract was deformed around the glioblastoma 
to show the possible deviation in the tracts, assuming the tracts were intact. Resection of the rim-
enhancing lesion under the hand knob revealed glioblastoma. After surgery, the patient had dense left 
hemiplegia, which improved slightly over 8 months of physical therapy. (a) Axial contrast-enhanced 
T1-weighted MR image shows how the tracts may be displaced posterior to the tumor. (b) Sagittal 
contrast-enhanced T1-weighted MR image shows the manual deformation of the upper extremity 
tracts and the normal course of the lower face and tongue motor fibers.

section, but the remainder of the precentral 
sulcus is often interrupted. The interruptions in 
the precentral sulcus appear to provide corti-
cal bridges for infiltrating gliomas. Tumors that 
arise in BA 6 rarely spread posterior to the cen-
tral sulcus or do so at a late stage in our experi-
ence; however, they routinely infiltrate over cor-
tical bridges, thereby creating characteristically 
shaped tumors in the posterior frontal lobe. We 
speculate that the depth of the central sulcus 
presents an obstacle, while the cortical bridges 
facilitate spread between the superior and mid-
dle frontal gyri on one side and the precentral 
gyrus on the other (Fig 13).

Conclusion
BA 6, which includes the SMA (medial) and 
premotor cortex (lateral), has important roles 
in motor function bilaterally and in language on 
the dominant hemisphere. However, injuries in 
BA 6 are not as devastating to the patient as in-
juries to BA 4, the primary motor cortex, which 
resides in close contact to BA 6. Being able to 
localize the central sulcus, hand knob, precen-
tral sulcus intersections, cingulate sulcus, and 
marginal ramus is crucial to preoperative plan-
ning. Identification of interruptions in sulci also 
helps in understanding the observed pattern of 
glioma infiltration.
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