














probabilistic maps of human vSmc

Fig. 5. Probabilistic maps of function as in Fig. 3, transferred onto standard MNI brain surface. Infrasylvian sensory areas are arti-
facts of the transformation of 2D probability maps in Fig. 3 (which do not include an infrasylvian area along the y-axis) onto the 3D 
MNI template brain. The maximum and total probability values for all motor, all sensory, and speech arrest areas are, respectively, 
0.07 and 1, 0.06 and 0.97, and 0.09 and 0.82. The corresponding values for the individual motor areas are 0.023 and 0.18 for hand, 
0.08 and 0.58 for lips, 0.11 and 0.85 for jaw, 0.1 and 0.64 for tongue, 0.1 and 0.52 for throat, and 0.06 and 0.18 for vocalization. 
The corresponding values for the individual sensory areas are 0.06 and 0.52 for hand, 0.8 and 0.42 for lips, 0.8 and 0.36 for teeth 
and gums, 0.1 and 0.82 for tongue, 0.07 and 0.39 for mouth, 0.03 and 0.15 for throat, and 0.04 and 0.21 for cheek. The color scale 
shows probability values ranging from 0 to 0.1. Figure is available in color online only.
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and nonvocal laryngeal tasks, Liotti et al. demonstrated 
activations in this same area, which they called the larynx 
phonation area.2,3 The dorsolateral activation peak they re-
port anterior/superior to the area for lip activation, appears 
to be the same dorsal throat area observed with stimula-
tion. They postulated that the proximity of this intrinsic 
laryngeal musculature representation to the orofacial ar-
ticulator representation might facilitate the tight coordina-
tion of multiple muscle groups needed for human speech. 
Rodel et al. were able to establish separable cortical repre-
sentations of cricothyroid muscle (medially) and the voca-
lis muscle (laterally) by transcranial magnetic stimulation 
during electromyography.20 Our recent intracranial ECoG 
study demonstrating the cortical gamma activity associ-
ated with each speech articulator during a syllable articu-
lation task also found peaks in cortical gamma activity in 
both dorsal and ventral larynx areas.1 Nearby, we observed 
a high probability of ECS-evoked vocalization, which ap-
pears to be centered in the same vicinity seen by Penfield.18 
Activations in this region associated with both phonation 
and exhalation have been demonstrated with fMRI.13

Our probabilistic maps for lips, jaw, and tongue showed 
substantial overlap of the combined-population data, how-
ever the dorsal-ventral order of these motor and sensory 
groups in individuals was largely preserved. This ordered 
somatotopy with overlap is consistent with the findings 
in fMRI, ECoG, and microstimulation in primates.1,9,21 
Similarly, the probability map for speech arrest in the pars 
opercularis and precentral gyrus fits well with prior re-
sults.18,22

There are a number of limitations to the present study 
that should be mentioned. First, stimulation data are lim-
ited by craniotomy exposure. To account for this, our prob-
abilities were calculated for 5 × 5–mm2 cortical bins, in-
cluding only those patients stimulated in a given bin in 
the probability calculation. Second, observation, descrip-
tion, and subsequent classification of patient responses to 
stimulation based on visual information and patient re-
ports allow for some possibility of misclassification. By 
iterative review of intraoperative video recordings we have 
attempted to minimize noise related to errors in patient 
response classification. Furthermore, the fact that our re-
sults correspond with those from fMRI studies in which 
subjects performed controlled tasks involving isolated 
muscles is reassuring. Finally, the spatial scale is coarse 
and there is no access to the sulci, where a significant por-
tion of cortical representations also reside. Modern imag-
ing studies do not have the power to establish causality in 
the same way that stimulation does,22 and therefore our 
findings can be an important reference for complementary 
noninvasive imaging studies. By monitoring for afterdis-
charges, we have ensured that the responses observed are 
not due to distant cortical spread of current.

conclusions
In conclusion, we report probabilistic maps of function 

in the human vSMC based on direct electrical stimulation. 
We observed complex, stereotyped responses involving 
hand and orofacial musculature. The yield of specific re-
sponses could be highly variable across individuals; how-

ever, the dorsal-ventral somatotopic order of representa-
tions was always maintained. The locations of maximal 
probability correspond well with prior studies of the so-
matotopy of the vSMC, including a bimodal representa-
tion of throat. These results define the ECS-derived func-
tional map of the human vSMC.
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