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Evidence for individual face discrimination in
non-face selective areas of the visual cortex in
acquired prosopagnosia
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Abstract. Two areas in the human occipito-temporal cortex respond preferentially to faces: ‘the fusiform face area’ (‘FFA)
and the ‘occipital face area’ (‘'OFA). However, it is unclear whether these areas have an exclusive role in processing faces, or
if sub-maximal responses in other visual areas such as the lateral occipital complex (LOC) are also involved. To clarify this
issue, we tested a brain-damaged patient (PS) presenting a face-selective impairment with functional magnetic resonance imaging
(fMRI). The right hemisphere lesion of the prosoagnosic patient encompasses the ‘OFA but preserves the ‘FFA and LOC [14,
16]. Using fMRI-adaptation, we found a larger response to different faces than repeated faces in the ventral part of the LOC both
for normals and the patient, next to her right hemisphere lesion. This observation indicates that following prosopagnosia, areas
that do not respond preferentially to faces such as the ventral part of the LOC (vLOC) may still be recruited to subtend residual

perception of individual faces.

Keywords: Prosopagnosia, fMRI, fusiform gyrus, FFA, OFA, vLOC, adaptation

1. Introduction

The lateral occipital complex (LOC) plays a cen-
tral role in human object recognition [13]. It is locat-
ed anterior to retinotopic visual areas, extending both
ventrally (vLOC) on the lateral bank of the fusiform
gyrus and dorsally (dLOC) in two anatomically seg-
regated subregions. Anterior to the vLOC, a region
of the fusiform gyrus, the ‘FFA' [11] responds more
strongly to faces than to various non face stimuli. Larg-

to, and partially overlapping with the vLOC. FMRI-
adaptation [10] studies show a larger response in the
LOC to novel objects than to repeated objects (e.qg. [1])
and a correlation of that response with recognition
performance (e.g. [9]). Similarly, fMRI-adaptation
paradigms have shown that both the ‘FFA and ‘OFA
are involved in the individual discrimination of faces
(e.g. [8]). An unresolved issue is whether visual areas
that do not respond preferentially to faces, such as the
LOC, nevertheless contribute to the discrimination of

er responses to faces are also consistently observed inmembers of that category.

the ‘occipital face area’ (‘OFA' [8]) generally posterior
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Here we aimed to shed light on this issue by record-
ing fMRI-adaptation in a brain-damaged patient who is
no longer able to recognize and discriminate individ-
ual faces, i.e. prosopagnosia. The patient’s ability to
recognize nonface objects is remarkably preserved [14,
15]. Her prosopagnosia follows a dominant right hemi-
spheric lesion in the inferior occipital cortex, which
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damaged the territory of the right ‘OFA.. However,the 500 ms for the event-related face discrimination ex-
lesion spared the entire vLOC, as well as the right periment. A whole brain three-dimensional (3D) T1-
‘FFA [14,16]; Fig. 1). The unique pattern of struc-  weighted anatomical data set (resolutioh mm3) was
turally damaged and intact tissue in this patient’s brain also acquired (TR= 7.92 ms, TE = 2.4 ms, FA-15°,
allowed us to test whether areas that do not respond matrix size = 256x 256, FOV = 256 x 256 mm2,
preferentially to faces, such as the vLOC, may still be 176 slices, slice thickness = 1 mm, no gap, total scan
recruited to subtend individual face discrimination. time = 13 min and 43 s). fMRI signal in the differ-
ent conditions was compared using BrainVoyager QX.
Preprocessing consisted of a linear trend removal, a

2. Materialsand methods temporal high-pass filtering>3 cycles per run) and a
correction for interscan head movements. Data from
2.1. Subjects the event-related experiment were also corrected for the

difference between the scan times of the 21 slices. All

The prosopagnosic patient PS has been already de-volumes were spatially normalized [17]. Functional
scribed in detail in previous studies [6,14—-16]. PS is data were analyzed using multiple regression models
like normal subjects to discriminate faces from other consisting of predictors, which correspondedto the par-
objects but is impaired and slowed down to recognize ticular experimental conditions of each experiment [5].
faces at the individual level [15]. She does not present An adaptation index allowing a comparison between
any difficulty in recognizing objects, even at the sub- PS and the control group was computed [(different-

ordinate level [14,15]. A group of six control subjects same)/(different- same)] using the beta weights of the
(age range 25 to 35, 3 females) performed the same two predictors of our event-related experiment (same

experiments. faces and different faces conditions). fMRI signals av-
eraged over each subject’s ROIs were also extracted and
2.2. Simuli and procedures percent signal change was computed using the baseline

epochs as reference for each condition.
In the ‘FFA' localizer experiment, PS and controls
viewed 8 blocks per run (36 s per block, two runs of
6 min 42 s) of alternating pictures of faces and objects, 3. Results
with 12s fixation between blocks. They performed a
one-back identity task. 36 stimuli {4of visual angle) The areas were defined in each subject individually
were presented for 800 ms followed by a 200 ms blank by contrasting the percent signal change in response
screen during each block. Subjects were also scannedto faces as compared to pictures of common objects
during an independent LOC localizer [16]. across the conjunction of two runs [runl(faces — ob-
In the event-related fMRI experiment, subjects jects) & run2 (faces — objects)] . For each subject, all
viewed three runs (8 min 57 s 500 ms per run) of 60 contiguous voxels significant at> 5.59 [one-tailed,
pairs of cropped and colored faces in frontal views in  p(Bonferroni correctedyx 0.002] in the right fusiform
a delayed matching task. The first face was presented gyrus were considered as defining the ‘FFA’ (control
during 1000 ms following by a blank of 500 ms and subjects: 36t 4, —48 + 7, —15 + 4; mean cluster
thereafter by the second face of the pair for 1000 ms. size: 708 voxels- 516; PS: 35;-53,—20; 479 voxels)
Pairs were separated by a fixation cross during 5000, (Table 1). The right vLOC was defined by comparing
6250 or 7500 ms. common objects with the same stimuli scrambled, and
MR images of brain activity were collected using identifying all contiguous significant voxels in the in-
a 3T head scanner with repeated single-shot echo- ferior occipital cortex of the right hemisphere (control
planar imaging: echo time (TE} 50 ms, flip an- subjects: 40t 4, —66 + 9, —11 + 4; 302 voxelst
gle (FA) = 90°, matrix size = 64 x 64, field 193; PS: 43-64,—12; 632 voxels).
of view (FOV) = 224 x 224 mm, slice thick-
ness= 3.5 mm. The other scan parameters were repeti- 3.1. Event-related fMRI during face discrimination
tion time (TR)= 1500 ms, 24 slices, run time 6 min
42 s for the ‘FFA localizer, TR= 2000 ms, 24 slices, Normal participants performed the discrimination
run time = 5 min 20 s for the vLOC localizer and  task at ceiling (meas- 99.1%+ 0.74%) whereas PS’s
TR = 1250 ms, 21 slices, run time: 8 min 57 s accuracywas at 86.2%. PS (1379 ms across conditions)
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Table 1
Talairach locations, t-values and cluster sizes of the functionally defined re-
gions of interests (right-sided ‘FFA, ‘OFA and vLOC) defined in the localizer
experiments for PS and the control subjects

subject  region Talairach coordinates t cluster size
X y z (mm?)
PS ‘FFA 35 -53 -20 5.59 479
‘OFA lesioned
vLOC 43 —64 —-12 6 632
‘FFA 39 —44 —16 8 526
S1 ‘OFA 39 -70 -19 8 253
vLOC 37 —69 —15 8.25 278
S2 ‘FFA 37 —41 -16 5.59 1410
‘OFA 36 —68 —16 5.59 2545
vLOC 38 -73 -9 7 245
S3 ‘FFA 31 —58 -9 5.59 464
‘OFA 24 —73 —-10 5.59 171
vLOC 34 —-63 -14 8.35 61
S4 ‘FFA 39 —49 —20 10 654
‘OFA 35 —67 -18 10 64
vLOC 43 —68 -9 8.25 233
S5 ‘FFA 34 —-41 -15 5.59 1795
‘OFA 28 —-79 -7 5.59 153
vLOC 41 71 —6 6 567
S6 ‘FFA 39 —47 -18 9.6 91
‘OFA 38 —72 —11 9.6 43
vLOC 38 —-41 -18 3.6 263*
S1-S6 ‘FFA 37+ 3 —47+6 —16+4 — 823+ 644
S1-S6 ‘OFA 336 —-72+4 1445 — 538+ 986
S1-S6 vLOC 3%3 -64+12 —-124+5 — 277+ 183

Remarks: *q (False Discovery Rate) 0.05, otherwise: clusters defined at
p < 0.002 (Bonferroni corrected for multiple comparisons).

Fig. 1. Functional areas of the patient PS on brain slices. ‘FFA: ‘fusiform face area’, area responding more to faces than objects in the right
fusiform gyrus; dLOC and vLOC: dorsal and ventral part of the lateral occipital complex, area responding more to objects than scrambled objects.

was also slowert(= 6.169,p < 0.000) than controls faces in the ‘FFA f = 0.46) but a significant effect in
(659 ms+ 113 ms). There were strong releases from the vLOC { < 0.00368) only. When comparing PS’s
adaptation (Fig. 2) in both the ‘FFA (random effect indices directly to those of the controls (Fig. 2), there
analysisip < 0.001; individual p-values: ps 0.048) was a significant difference in the ‘FFA & —2.041,
and the vLOC (random effect analysig: < 0.012; p < 0.048; modified t-test [7]), but not in the vLOC
ps < 0.016) of the normal participants. In contrast, (¢ = 0.057, p = 0.478), indicating that the magnitude
PS did not show release from adaptation to individual of the effect was as large for PS and normal controls.
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Fig. 2. Comparison between PS and the control subjects in the event-related fMRI-face discrimifhalimo. conditions were presented to PS

and control subjects: second face different than the first (a) and second face identical to the first (b). All the faces were shown on frontal view
presented in colour and sustained a size of roughlgf4/isual angle. The faces were croppeBl. Comparison between PS and the control
subjects (CS): an Faces Index [(different—same)/(differersiame)] was computed for PS’s and each subject’s vLOC and ‘FFA’ using the beta
weights of the predictors used in the linear regression model. The Faces Index in the ‘FFA was significant for all subjects but PS contrary to her
adaptation index in the vLOC which is significant and of identical magnitude to the control’s i@d®&'’s and control subjects’ time-courses in

the right-hemispheric vLOC and ‘FFA.. PS did not show any evidence of a release from adaptation in the ‘FFA, but normal effects in the vLOC.

4. Discussion monly observed in prosopagnosic patients, who may
obtain relatively good scores at the Benton face match-
Despite her massive prosopagnosia, PS’s perfor- ingtests[3]with unlimited time presentation (e.g. [12]).
mance in the active face discrimination task was at There is now strong evidence that these residual in-
86.2% but was slowed down relative to controls, who dividual face discrimination and recognition abilities
performed at ceiling. Such residual abilities are com- are not subtended by the ‘FFA" of the patient, since
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this region does not show release from adaptation ef-
fects to identity, no matter the different procedures and
stimuli used [15]; the present experiment. However, [5]
the present fMRI-adaptation experiment indicates that
high-level visual areas that do not respond preferen- [6]
tially to faces, such as the vLOC, may subtend com-
plementary visual processes to discriminate individual
faces. The data strongly suggest that these processes
are independent from processes taking place in areas [7]
responding maximally to faces (‘FFA and ‘OFA) be-
cause there was no evidence of individual face discrim-
ination in the latter regions: the ‘OFA is structurally  [g]
damaged and the ‘FFA does not show release from
adaptation to face identity. These observations suggest
that there are multiple processes, with a certain degree [9]
of independence, which allow the extraction of an in-
dividual face representation in the normal brain. When
the most efficient processes, requiring the ‘FFA and
‘OFA are unavailable, one may still rely on alternative
processes in areas that do not mainly respond to faces
(e.g. vLOC).

Moreover, the discriminative responses of facial
identities observed in the vLOC of the patientand in the
normal brain are insufficient to carry efficient face dis-
crimination behaviour. Whereas the role of the ‘OFA,
and most probably the ‘FFA’ is critical for efficient dis-
crimination of individual faces and recognition [2,4,14,
15] the vLOC appears to carry different and comple-
mentary functions that may or may not be necessary
for face processing.
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