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 In primates, specialized occipital-temporal face areas support the visual analysis of faces, 

but it is unclear whether similarly specialized areas exist in the frontal lobe.  Here, using 

fMRI in alert macaques, we identified three discrete regions of highly face-selective cortex 

in ventral prefrontal cortex, one of which was strongly lateralized to the right hemisphere.  

These prefrontal face patches may constitute dedicated modules for retrieving and 

responding to facial information. 
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 Faces are perhaps the most behaviorally significant class of visual forms processed by the 

primate brain.  The perception of a face reveals information about identity, age, gender, mood, 

gaze direction, and intention, and each of these pieces of information can powerfully influence 

behavior.  Faces activate a wide network of brain areas including the inferior occipital gyrus, 

fusiform gyrus, superior temporal sulcus, hippocampus, amygdala, inferior frontal gyrus, and 

orbitofrontal cortex 1-5.  A subset of these areas, all within the ventral pathway dedicated to 

visual form analysis, has been found to be face selective 3,4,6: these areas respond significantly 

more to faces than to various non-face object categories.  In one such face area, the macaque 

middle face patch, almost all visually responsive cells are face selective 7.   

 Since face perception has such a powerful and unique influence on behavior, we 

wondered whether face-selective modules exist outside the ventral visual pathway for translating 

face information into behavior.  Clusters of face-selective cells have previously been found in 

prefrontal cortex, in the inferior prefrontal convexity 8 and in orbitofrontal cortex 9, but the 

existence of face areas in prefrontal cortex could not be inferred from these studies due to the 

low penetration density and the small number of face cells recorded. 

 We scanned four macaque monkeys using a slice prescription that included all of the 

frontal lobe.  To our knowledge, this is the first attempt to search for face-selective areas in 

prefrontal cortex of any primate without active task requirements.  Previous fMRI studies of face 

processing either did not systematically cover the frontal lobe 4,5,7, did not test for face selectivity 

1,2,5, or required performance of cognitive tasks on faces and objects 10.   

 Monkeys were scanned while awake and passively fixating.  Stimuli consisted of human 

faces, macaque faces, hands, gadgets, fruits and vegetables, headless bodies, and scrambled 

patterns, presented in separate blocks.  Comparing activation to faces with activation to non-face 

objects revealed three discrete face-selective patches in prefrontal cortex.  

 In all four monkeys, we observed a bilateral pair of face patches within the lateral orbital 

sulcus (Fig. 1a, left column).  We term this area PO for “prefrontal orbital”.  Fig. 1c shows 

coronal, horizontal, and sagittal slices through the right hemisphere PO of monkey M4.   
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 We observed a second face-selective patch of cortex on the inferior convexity in all four 

monkeys (Fig. 1a, middle column).  We term this area PL for “prefrontal lateral”.  A striking 

feature of PL common to all four monkeys was a strong bias for the right hemisphere.  In three 

animals (M1, M2, M4), PL was found only in the right hemisphere; in the fourth (M3), PL was 

2.5 times larger in the right hemisphere than in the left (Supplementary Table 1 gives the size of 

the face patches in each monkey and hemisphere).  PL was located at the base of the inferior 

convexity in monkeys M1 and M2, and more dorsally, within the fundus of the infraprincipal 

dimple, in monkeys M3 and M4.  This difference in location across animals raises the possibility 

that PL may actually constitute two functionally distinct regions that are expressed exclusively of 

each other. 

 In two animals (M1 and M2), we found a third prefrontal face patch more posteriorly, 

within the anterior bank of the lower ramus of the arcuate sulcus (Fig. 1a, right column).  We 

term this face-selective region PA for “prefrontal arcuate”.      

 The match between the locations of PL and PO and the previously reported locations of 

face cell clusters is striking.  Scalaidhe et al. 8 found the largest cluster of face cells in a region 

within the infraprincipal dimple, precisely where PL was located in monkeys M3 and M4.  Rolls 

et al. 9 reported a concentration of face cells within the lateral orbitofrontal sulcus, matching the 

location of PO in all four monkeys.  Moreover, the fact that we were able to find these prefrontal 

face patches in passively fixating animals is consistent with the finding that most prefrontal face 

cells respond to faces under passive fixation conditions 8. 

 In all four monkeys, the existence and location of the face patches was robust across 

independent scan sessions (as an example, Supplementary Fig. 1a shows the reproducibility of 

both PO and PL in monkey M4 across two sessions).  The overall layout of the three prefrontal 

face patches was similar across animals (Fig. 1b).  Mean time courses (Fig. 1d) and percent 

signal changes (Fig. 1e) to faces and non-face objects confirm the strong face selectivity of each 

of the three patches.  
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 Areas PO, PL, and PA represent a small subset of the larger object-responsive territory in 

macaque prefrontal cortex.  Fig. 1f shows the activation to faces and non-face objects versus 

scrambled patterns in two monkeys (M3 and M4).  This activation pattern is largely consistent 

with previous monkey fMRI studies describing activation to objects versus scrambled patterns in 

a large swath of ventral prefrontal cortex 3,11.  However, activation in orbitofrontal cortex was 

not reported in a previous monkey fMRI study employing images consisting only of non-face 

objects 11.   

 Orbitofrontal cortex has been implicated in the control of mood, processing of emotions, 

and social reinforcement 12, raising the possibility that it may be selective for facial expressions.  

Thus in a second experiment, we measured responses to neutral and expressive macaque faces 

(Fig. 2a) and to non-face objects.  All three patches responded more strongly to expressive than 

to neutral faces (Fig. 2b, c).  The difference was highly significant in PO (p = 1.9*10-7), but not 

PL (p = 0.10) or PA (p = 0.21).  In monkey M1, left and right PO were the only two brain 

regions activated by the contrast (expressive > neutral) at a threshold of p = 0.001 (Fig. 2d).  

Temporal lobe face patches, by comparison, were only weakly modulated by facial expression 

(Supplementary Fig. 2a-c).  Thus the increased activity to expressive faces in PO and PA was 

likely not caused by a general increase in attention or arousal; rather, these areas appear to play a 

specific role in responding to the emotional content of faces.    

 Goldman-Rakic and colleagues found face cells with selective delay activity in working 

memory tasks 8 near the infraprinciple dimple, where PL was located in two animals.  Thus PL 

may contribute to face-related working memory, attention to faces, face categorization, and 

perhaps even social reasoning about faces.  The most posterior prefrontal face patch, PA, lies at 

the border between areas 44 and 45B.  Area 44 is involved in fine control of facial musculature 

and may be the macaque homolog of Broca’s area 13.  The location of PA near area 44 may 

facilitate interaction between face perception and control of facial musculature, e.g., in 

mimicking behavior.  PA is also located near area 45B, which is involved in more general 

cognitive operations including active memory retrieval and set shifting 14.   
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 The selective fMRI response to faces in PO, PL, and PA could have been due to specific 

visual features in faces, to specific internal states elicited by faces (e.g., emotional arousal), or to 

specific physical behaviors triggered by faces (e.g., lip smacking or eye movements).  With the 

possible exception of PA, it is unlikely that activation of the macaque face patches was due to 

face-induced physical behaviors, since we did not observe face-selective activations in 

somatomotor cortex or frontal eye fields.  Furthermore, analysis of eye movement traces in the 

four monkeys did not reveal a significant difference across stimulus conditions (scrambled, 

faces, objects) for any of five different eye movement parameters analyzed (Supplementary Fig. 

3), ruling out differential eye movements as a possible source for the face-selective activation. 

 Previous work in humans on the material specificity of prefrontal cortex during memory 

tasks suggests a broad specialization for verbalizable content (e.g., words) in the left and for non-

verbalizable content (e.g., faces and abstract patterns) in the right posterior inferior frontal cortex 

10.  The strong right lateralization of PL raises the possibility that it may constitute the macaque 

homolog of the region in human right prefrontal cortex activated during remembrance of faces.  

It is then tempting to ask what is being coded by the corresponding left hemisphere region in the 

macaque -- the answer may reveal a precursor of language.  

 The variety of cognitive tasks that involve faces is endless.  However, the visual 

component of each of these tasks may only require communication between prefrontal cortex 

and face-selective areas of inferotemporal cortex.  Therefore, PO, PL, and PA could receive 

visual inputs primarily from face modules in IT cortex, and at the same time receive diverse 

inputs from other sensory sources, and send outputs to a widespread region of cortex, as 

necessary for effecting a rich repertoire of face-related behavioral responses.  Our finding of a 

regional specialization for faces supports the notion put forward by Goldman-Rakic that 

information domain is a powerful organizing principle in prefrontal cortex 8.   
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Figure legends 

Figure 1.  Face-selective patches in prefrontal cortex of four macaques. 

a) Face-selective patches from four macaques superimposed on coronal anatomical slices.  

Activated regions showed a significantly greater response to faces than to four categories of non-

face objects.  The first column shows the orbital face patch (PO), the second column shows the 

ventrolateral face patch (PL), and the third column shows the face patch at the ventral tip of the 

anterior bank of the inferior arcuate sulcus (PA); patches are indicated by white arrows.  The AP 

position of each slice is indicated at the top left corner of each slice (in mm relative to the 

interaural canal).  Sulcal labels for (a) and (b): ps: principle sulcus, al: lower ramus of arcuate 

sulcus, sf: Sylvan fissure, los: lateral orbital sulcus, ipd: infraprincipal dimple. 

b) Prefrontal face patches overlaid on reconstructed inflated left and right frontal lobes of the 

four monkeys.  Order of monkeys from top to bottom same as in (a).   

c) Coronal, horizontal, and sagittal slices through the right hemisphere PO of monkey M4.   

d) Mean time courses extracted from the face patches shown in (a), averaged across monkeys 

and across hemispheres for patches that were bilateral.  To generate the data shown here and in 

(e) below, even runs were used to define ROI’s for the face patches in each monkey, and odd 

runs were used to extract the time courses and activation values.  Three different visual 

stimulation conditions were presented: faces (light grey epochs; F: human faces, M: monkey 

faces), non-face objects (dark grey epochs; H: hands, G: gadgets, V: vegetables and fruits, B: 

headless bodies), and scrambled versions of the same images (white epochs).  

e) Bar graph showing % fMRI signal change to faces (light grey bars) and to non-face objects 
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(dark grey bars) in the three prefrontal face patches.  Error bars indicate 95% confidence 

intervals.   

f)  Top: atlas of macaque prefrontal cortex, adapted from Petrides and Pandya 15.  Lateral view 

on the left, ventral view on the right.  The junction between areas 9/46v, 45A, and 47/12 

coincides with the anterior end of the infraprincipal dimple (ipd).  ala: anterior bank of lower 

ramus of arcuate sulcus.  Bottom: Activation to faces and non-face objects (hands, gadgets, 

vegetables and fruits, and bodies) versus grid-scrambled patterns.  The prefrontal face patches 

are indicated by green outlines.  In both of these monkeys (M3 and M4), the infraprinciple 

dimple could be seen in the anatomical MR images, and PL was located partially within this 

dimple.  See Supplementary Text 1 for discussion of area assignments for the three prefrontal 

face patches.   

 

Figure 2.  Sensitivity of prefrontal and temporal face patches to facial expression. 

a) Example images of neutral and expressive macaque faces used to test selectivity of prefrontal 

face patches for expressive versus neutral faces. 

b) Average time course from PO, PL, and PA to neutral faces (medium grey), expressive faces 

(light grey), and non-face objects (dark grey).  Data averaged across three monkeys (M1, M3, 

M4).   

c) Bar graph showing % fMRI signal change to neutral faces (medium grey), expressive faces 

(light grey), and non-face objects (dark grey). Data averaged across three monkeys (M1, M3, 

M4).  Error bars indicate 95% confidence intervals. 

d) Coronal slice showing activation to expressive versus neutral faces in monkey M1.  PO was 

the only region activated by this contrast at p = 0.001.  
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