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Human Medial Temporal Lobe Damage Can Disrupt the
Perception of Single Objects
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The idea that the medial temporal lobe (MTL), traditionally viewed as an exclusive memory system, may also subserve higher-order
perception has been debated fiercely. To support this suggestion, monkey and human lesion studies have demonstrated that perirhinal
cortex damage impairs complex object discrimination. The interpretation of these findings has, however, been disputed because these
impairments may reflect a primary deficit in MTL-mediated working memory processes or, in the case of human patients, undetected
damage to visual processing regions beyond the MTL. To address these issues, this study investigated object perception in two human
amnesic patients who were chosen on the basis of their lesion locations and suitability for detailed neuroimaging investigation. A
neuropsychological task with minimal working memory demands was administered in which participants assessed the structural coher-
ency of single novel objects. Critically, only the patient with perirhinal atrophy was impaired. Moreover, volumetric and functional
neuroimaging data demonstrated that this deficit cannot be attributed to the dysfunction of visual cortical areas. Additional analyses of
eye-movement patterns during the perceptual task revealed an inability of this patient to detect structural incoherency consistently. This
study uses a combination of techniques to provide strong evidence that the perirhinal cortex subserves perception and suggests that the
MTL perceptual-mnemonic debate cannot be dismissed on the basis of anatomy or a working memory impairment.

Introduction
Traditional theory states that the medial temporal lobe (MTL),
including the hippocampus (HC), entorhinal cortex (ERC),
perirhinal cortex (PRC), and parahippocampal cortex (PHC),
functions as a dedicated long-term declarative memory system
(Squire et al., 2004). Recent work suggests, however, that the
MTL may also be critical for higher-order perception (Buckley
and Gaffan, 2006; Murray et al., 2007).

At the center of this controversy are convergent studies that
have demonstrated visual discrimination deficits in nonhuman
animals and humans with MTL damage, with HC lesions impair-
ing complex spatial discrimination, and PRC damage producing
complex object discrimination deficits (Buckley et al., 2001; Bussey
et al., 2002, 2003; Barense et al., 2005, 2007; Lee et al., 2005a,b,
2006, 2007; Bartko et al., 2007a,b). The interpretation and impli-
cations of these findings have, however, been debated for several
reasons. First, these discrimination impairments have not been
replicated by proponents of a dedicated MTL memory system
(Buffalo et al., 1998, 1999; Stark and Squire, 2000; Levy et al.,
2005; Shrager et al., 2006). Second, studies that have reported

visual discrimination deficits after MTL damage have all relied on
neuropsychological tasks that require participants to compare
multiple simultaneously presented images, such as oddity judg-
ment. Thus, it is plausible that memory and perception are con-
founded in these tests, and poor performance may reflect a deficit
in MTL-mediated working memory processes (Ranganath and
D’Esposito, 2001; Olson et al., 2006; Hartley et al., 2007) or the
failure to use long-term memory representations (Shrager et al.,
2006) rather than a perceptual problem. Finally, volumetric
magnetic resonance imaging (MRI) analyses were previously
not possible in those amnesic patients that demonstrated visual dis-
crimination problems. The MTL perceptual-mnemonic debate has,
therefore, been dismissed on the basis that the original lesion de-
scriptions provided for these patients were inadequate and thus
failed to detect potential damage to structures beyond the MTL
(Shrager et al., 2006), for instance, lateral temporal cortex or extra-
striate visual areas.

We aimed to resolve these issues by investigating whether
perirhinal damage impairs the processing of objects presented in
isolation. To counter anatomical concerns, we focused on two
amnesic patients who, from previous visual ratings (Lee et al.,
2005a), do not appear to have lateral temporal cortex damage
and, more importantly, are suitable for additional MRI investi-
gations, thus allowing volumetric lesion analyses and functional
MRI of extrastriate visual areas. By adapting a classic object deci-
sion paradigm (Schacter et al., 1990), the patients and matched
healthy participants were asked to assess the structural coherency
of single drawings of novel objects. Performance on this task was
compared with that on a test in which participants made same/
different judgments of two novel objects presented simulta-
neously (a task that demanded the comparison of multiple
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stimuli but not higher-order object perception). Crucially, eye
movements were recorded to gain detailed insight into the pa-
tients’ performance.

Materials and Methods
Participants. Given the importance of well defined lesions and the poten-
tial influence of dysfunction in structurally intact visual areas, we only
selected amnesic patients with circumscribed MTL damage who were
suitable for extensive MRI investigations. Accordingly, two patients were
studied, one previously identified using qualitative visual ratings as hav-
ing predominant bilateral HC damage (patient HC3, female, 50 years old,
education of 10 years), and the other with a larger bilateral MTL lesion,
including the HC and PRC (patient MTL3, female, 64 years old, educa-
tion of 10 years) (Lee et al., 2005a). Patient HC3 suffered brain damage
after carbon monoxide-induced hypoxia, whereas patient MTL suffered
from herpes encephalitis. Patient HC3 demonstrates intact semantic
memory (category comprehension, 64 of 64; pyramids and palm trees, 52
of 52) but poor episodic memory recall (logical memory immediate re-
call, 22 of 75; delayed recall, 4 of 50; Rey-Osterrieth Complex Figure
delayed recall, 3 of 36) and impaired recognition memory for prose (logical
memory recognition, 19 of 30) but not scenes or faces (Warrington Recog-
nition Memory Test scenes, 26 of 30; faces, 44 of 50). Patient MTL3
possesses severe episodic memory recall (logical memory immediate re-
call, 13 of 75; delayed recall, 4 of 50; Rey-Osterrieth Complex Figure
delayed recall, 4.5 of 36) and recognition deficits (logical memory recog-
nition, 23 of 30; Warrington Recognition Memory Test scenes, 13 of 30;
faces, 30 of 50), as well as a mild semantic memory impairment (category
comprehension, 54 of 64; pyramids and palm trees, 46 of 52). Both pa-
tients perform within the normal range on the Rey-Osterrieth Complex
Figure copy condition, as well as all subtests of the Visual Object and
Space Perception Battery.

Critically, although patients HC3 and MTL3 perform within the normal
range on standard visuoperceptual tests, they exhibit different profiles of
performance on experimental oddity judgment tasks (supplemental Fig.
1, available at www.jneurosci.org as supplemental material) in which the
odd-one-out must be selected from an array of simultaneously presented
images. Both patients demonstrate normal accuracy on difficult oddity
judgment tasks involving simple visual stimuli (color oddity: patient
HC3, 70.77%; patient MTL3, 83.08%; size oddity: patient HC3, 82.86%;
patient MTL3, 82.86%; all t(9) � 1; p � 0.4 compared with matched
controls using two-tailed modified t test for small samples) (Crawford
and Howell, 1998), but both are poor at complex spatial scene oddity
(patient HC3, 45.16%; patient MTL3, 51.61%; both t � �3; p � 0.05),
underlining the importance of the hippocampus in complex spatial pro-
cessing. In support of a role for the perirhinal cortex in complex object
perception, patient MTL3 is also impaired at complex object oddity judg-
ment (familiar objects: patient HC3, 82.86%, t(9) � �0.087, p � 0.93;
patient MTL3, 51.43%, t(9) � �2.54, p � 0.032; novel objects: patient
HC3, 74.29%, t(9) � �1.18, p � 0.27; patient MTL3, 17.14%, t(9) �
�5.75, p � 0.001) (data from Lee et al., 2005b; Barense et al., 2007).

For behavioral assessment, two groups of six neurologically healthy
female participants were recruited to compare with patient HC3 (mean
age, 51.85 years; education, 10.83 years) and patient MTL3 (mean age,
65.23 years; education, 11.33 years). There was no significant difference,
however, between these two groups in terms of accuracy or response
times on the possible/impossible judgment task (accuracy, t(10) � 0.29,

p � 0.78; response time, t(10) � 0.35, p � 0.73) or the same/different
judgment test (accuracy, t(10) � 1.12, p � 0.29; response time, t(10) �
1.48, p � 0.17). Subsequently, all control participants were combined
into a single larger cohort (mean � SD age, 58.54 � 8.23 years; mean �
SD education, 11.08 � 1.00 years) for comparison with both amnesic
cases. There was no significant difference between each patient and this
larger control group in terms of age or years of education (all t(11) � 1,
p � 0.3).

All participants gave informed written consent. This research received
ethical approval from the Oxfordshire Research Ethics Committee (07/
H0604/115; 08/H0606/133), the University of Oxford Central University
Research Ethics Committee (MSD/IDREC/C1/2008/65), and the Cam-
bridgeshire Health Authority Local Research Ethics Committee.

Volumetric assessment of patient lesions. T1 structural MRI scans were
acquired for each patient (patient HC3 at age 46 years, patient MTL at 59
years) and 11 female controls (mean � SD age, 55.27 � 10.80 years; no
significant difference between controls and patients, both t(10) � 1, p �
0.4) using a 1.5T GE Signa scanner at the MRI Department, Addenbro-
oke’s Hospital (Cambridge, UK). The matched healthy controls for the
volumetric analyses did not participate in the behavioral assessment or
functional MRI parts of this study.

Consistent with other recent studies (Tsivilis et al., 2008), volumetric
analyses were conducted by a single observer (A.C.H.L.). Regions of
interest (ROIs) were manually traced on coronal slices in each hemi-
sphere using MRIcron software (Rorden and Brett, 2000). All scans were
256 � 122 � 256 in size, with voxel dimensions 0.86 � 1.80 � 0.86 mm.
Temporopolar cortex (TPC), ERC, and PRC were defined using the In-
sausti protocol (Insausti et al., 1998), whereas the hippocampus (HC)
and amygdala were identified with the Mayo Clinic method (Watson et
al., 1997). The fusiform gyrus was measured from the slice coinciding
with the anterior boundary of the PRC, whereas the PHC was measured
from the slice immediately after the posterior boundary of the PRC. The
posterior boundaries of both these regions were delineated on the slice
coinciding with the posterior extent of the HC. A measure for lateral
temporal cortex was derived by obtaining a measure for the gray matter
of the entire temporal cortex from the tip of the TPC to the posterior end
of the HC and subtracting the volumes for TPC, ERC, PRC, PHC, and the
fusiform gyrus. The fusiform gyrus and lateral temporal volumes were
further subdivided into two by measuring separately the slices anterior
and posterior to the midpoint, the reason being that the anterior portion
of the temporal lobe toward the TPC is not known to be associated with
visual processing (i.e., as part of the ventral visual processing stream). All
measured volumes were corrected for intracranial volume, which was
determined by drawing around the brain tissue in all coronal slices, in-
cluding gray and white matter and ventricular space and excluding the
brainstem below the level of the pons. Repeatability was assessed by
re-measuring all ROIs in eight of the cases at least 6 weeks after the first
measurement (both patients and 6 of 11 controls) and calculating intra-
class correlation coefficients. These revealed good repeatability in all ar-
eas (all r � 0.9) (supplemental Table 1, available at www.jneurosci.org as
supplemental material).

Calculated Z scores for every measured brain region (supplemental
Fig. 2, available at www.jneurosci.org as supplemental material) for each
patient compared with the healthy controls revealed that patient HC3 has
significant bilateral HC damage (Z score ��1.96), with no significant
damage beyond this structure (Table 1). Patient MTL3 has significant

Table 1. Individual patient’s Z scores for each measured brain region in the left and right hemispheres

Temporopolar
cortex Amygdala Entorhinal cortex Perirhinal cortex Hippocampus

Parahippocampal
cortex

Anterior fusiform
gyrus

Posterior fusiform
gyrus

Anterior lateral
temporal cortex

Posterior lateral
temporal cortex

Left
HC3 1.06 1.86 1.44 0.18 �4.78 �0.74 �0.57 0.39 �0.43 0.49
MTL3 �0.17 �3.23 �4.72 �2.19 �3.46 �3.59 �1.08 �1.36 �0.58 �0.45

Right
HC3 0.43 0.94 0.31 �0.90 �3.92 �0.73 �0.09 0.78 �0.33 �0.53
MTL3 �7.01 �9.94 �4.63 �3.21 �6.66 �2.84 �3.31 �1.87 �5.27 �1.41

Bold indicates a significantly reduced volume compared with the healthy control group (Z � �1.96).
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damage in a number of regions within and beyond the MTL. Impor-
tantly, although there is significant damage to the PRC and HC bilater-
ally, there is no significant damage to the fusiform gyrus or lateral
temporal cortex in the left hemisphere (anteriorly or posteriorly) or to
the right posterior fusiform gyrus or right posterior lateral temporal
cortex, suggesting intact posterior visual regions.

Functional neuroimaging of extrastriate visual areas. The integrity of the
parahippocampal place area (PPA) (Epstein and Kanwisher, 1998), fusi-
form face area (FFA) (Kanwisher et al., 1997), and lateral occipital com-
plex (LOC) (Malach et al., 1995) was assessed, each suggested to be
important for perceiving spatial scenes, faces, and objects, respectively.
One four-dimensional MRI dataset was acquired for each patient (pa-
tient HC3 at age 50 years; patient MTL3 at age 64 years) and nine controls
(five female; mean � SD age, 57.38 � 10.41 SD; no significant difference
between controls and patients, both t(8) � 1, p � 0.5) on a 3 T Sonata
TRIO (Siemens) with a 12-channel head coil at the University of Oxford
Centre for Clinical Magnetic Resonance Research using an echo planar
imaging pulse (EPI) sequence to acquire T2*-weighted volumes with
blood oxygen level-dependent contrast. The matched healthy controls
for this part of the study did not participate in the volumetric analyses or
behavioral assessment. Axial-oblique slices angled away from the eye
balls were obtained to prevent image ghosting [voxel resolution, 3 � 3 � 3
mm; matrix size, 64 � 64 � 46; repetition time (TR), 3 s; echo time (TE), 30

ms; field of view (FOV), 192 � 192 mm; flip an-
gle, 89°]. The EPI scan was 512 s in duration, con-
sisting of 180 scans and four dummy scans at the
start to allow the MR signal to reach an equilib-
rium state. A T1 structural scan and magnetic
field maps were also obtained for each individ-
ual, the former with a three-dimensional
magnetization-prepared rapid-acquisition
gradient echo sequence (voxel resolution, 1 �
1 � 1 mm; TR, 2.04 s; TE, 4.7 ms; flip angle, 8°;
FOV, 192 � 192 mm; matrix size, 174 � 192 �
192) and the latter were with a dual-echo two-
dimensional gradient echo sequence with echoes
at 5.19 and 7.65 ms (voxel resolution, 3.5 � 3.5 �
3.5 mm; TR, 0.49 s; flip angle, 60°; FOV, 224 �
224 mm; matrix size, 64 � 64 � 44).

During scanning, a functional localizer task
(Epstein and Kanwisher, 1998) was adminis-
tered to identify extrastriate visual areas.
Fifteen-second blocks of grayscale images of
faces, scenes, objects, scrambled faces, scram-
bled scenes, and scrambled objects were pre-
sented. There were 20 images in each block,
with each image being presented for 300 ms
(interstimulus interval, 450 ms). There were
four blocks of each stimulus type, and the order
of the different blocks was pseudorandomized.
The participants were instructed to press a
specified button on a response box held in the
right hand when they noticed a repeating im-
age (i.e., one-back task). A fixation cross was
presented every four blocks throughout the
task (9 � 15 s), as well as a brief task instruction
screen (8 � 3 s) designed to remind the pa-
tients of what they were required to do (supple-
mental Fig. 3, available at www.jneurosci.org as
supplemental material).

The stimuli were presented with a computer
program written using the Presentation soft-
ware package (Neurobehavioral Systems). This
program was run on a desktop computer con-
nected to a liquid crystal display (LCD) projector
(1024 � 768 pixel resolution) that projected onto
a white screen situated at the head of the MRI
subject bed. The screen could be seen via an an-
gled mirror placed above the subject’s eyes in the
scanner.

Imaging data preprocessing and analyses were performed with the
FMRI Expert Analysis Tool (FEAT version 5.98) part of the FMRIB (Ox-
ford University Centre for Functional MRI of the Brain) Software Library
(www.fmrib.ox.ac.uk/fsl) (Smith et al., 2004). Each individual’s data
were first preprocessed by the following: (1) realigning all images to the
central volume using rigid body registration (Jenkinson et al., 2002); (2)
unwarping the EPI data using field-map data to correct for distortions
attributable to magnetic field inhomogeneities (Jenkinson et al., 2002); (3)
segmenting brain matter from non-brain matter using a mesh deformation
approach; (4) applying spatial smoothing using a Gaussian kernel (full-
width half-maximum, 6.0 mm); (5) implementing grand-mean intensity
normalization of the dataset by a single multiplicative factor; (6) performing
high-pass temporal filtering using Gaussian-weighted least-squares straight
line fitting with � � 150 s; (7) using independent component analysis-based
exploratory data analysis to identify and remove unexpected artifacts (Beck-
mann and Smith, 2004); and finally (8) registering each patient’s EPI dataset
to their T1 structural scan using affine registration (Jenkinson and Smith,
2001; Jenkinson et al., 2002).

For statistical analyses, a general linear model was fit in prewhitened data
space with seven explanatory variables (corresponding to the onsets and
durations of the seven stimulus conditions) and their temporal derivatives
(Woolrich et al., 2001). Each explanatory variable was convolved with a

Figure 1. The PPA (A), FFA (B), and LOC (C) in each patient (blue squares) as identified by the following contrasts: scenes �
(faces � objects); faces � (scenes � objects); and objects � (scenes � faces). Activity thresholded at p � 0.001 uncorrected
and rendered on each patient’s structural scan. The patterns of activity (�SE) at the most significant voxel in these regions are
shown. A, Anterior; P, posterior; L, left; R, right; S, superior; I, inferior. * indicates significantly different from controls, p � 0.01.
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double-gamma function to model the human hemodynamic response func-
tion and temporally filtered with the same high-pass filter as the data. Thus,
a parameter estimate image was created for each explanatory variable as well
as a number of planned contrasts to examine differential activity across ex-
perimental conditions, including the following: (1) the main effect of view-
ing intact scenes to locate the PPA: scenes � (faces � objects); (2) the main
effect of viewing intact faces to locate the FFA: faces � (scenes � objects);
and (3) the main effect of viewing intact objects to locate the LOC: objects �
(scenes � faces). Because single-subject data were analyzed and there were
clear predictions regarding regions of activity associated with the viewing of
scenes, faces, and objects, significant regions of activity were identified with a
threshold of p � 0.001 uncorrected for multiple comparisons. To illustrate
the pattern of activity in each extrastriate visual region, the mean percentage
signal change was extracted from the most significant voxel for all seven
conditions, thus allowing the comparison between each intact stimulus cat-
egory and its scrambled counterpart (i.e., scenes vs scrambled scenes, faces vs
scrambled faces, objects vs scrambled objects).

Functionally defined extrastriate visual areas were identified in both
patients in at least one hemisphere (Fig. 1), including the PPA bilaterally
in both patients (patient HC3, left: 55 voxels; maximum Z score of 7.41;
right: 276 voxels, maximum Z score of 8.43; patient MTL3, left: 41 voxels,
maximum Z score of 5.36; right: 28 voxels; maximum Z score of 6.35),
the FFA in both hemispheres in patient HC3 (left: 18 voxels; maximum Z
score of 5.83; right: 33 voxels; maximum Z score of 6.40), in the right
hemisphere in patient MTL3 (15 voxels; maximum Z score of 5.25), and
finally the LOC bilaterally in both patients (patient HC3, left: 22 voxels;
maximum Z score of 4.21; right: 61 voxels; maximum Z score of 4.59;
patient MTL3, left: 274 voxels; maximum Z score of 7.95; right: 222
voxels; maximum Z score of 7.53).

The PPA (Z score range of 4.21– 8.99), FFA (Z score range of 5.20 –
8.87), and LOC (Z score range of 4.42– 6.61) were also successfully lo-
cated in most healthy controls, the exceptions being the LOC in two cases
and the FFA in a third participant. The failure to find these regions is not
entirely surprising because previous work has also failed to find functionally
defined extrastriate regions in one or both hemispheres in a proportion of
neurologically healthy participants (Malach et al., 1995; Kanwisher et al.,
1997). Extracting the percentage signal change in these regions at the most
significant voxel (intact vs scrambled stimuli) confirmed that the pattern of
activity across the different stimulus categories in all of these areas in the
patients was highly similar to that of controls (Fig. 1). Two-tailed modified t
tests for small samples (Crawford and Howell, 1998) revealed no significant
differences in the levels of activity between either patient and controls in the
PPA (both patients all t(8) � 1.1, p � 0.3) or FFA (both patients all t(7) � 1.9,
p � 0.1) or between patient MTL3 and the controls in the LOC (all t(6) � 1.2,
p � 0.2). However, although there was no significant difference between
patient HC3 and controls in the LOC for the signal change associated
with the viewing of intact versus scrambled faces (t(6) � �2.24, p �
0.066), the change in activity was significantly greater in patient HC3
than that in controls for intact versus scrambled objects (t(6) � 6.31, p �
0.001) and intact versus scrambled scenes (t(6) � 4.19, p � 0.0057).

Behavioral assessment. Testing was conducted on a Tobii T120 system
(Tobii Technology), which consists of a 17 inch LCD monitor (1280 �
1024 pixel resolution) with an inbuilt 120 Hz infrared eye tracker, con-
nected to a laptop computer. Stimulus presentation, response recording,
and eye-movement tracking were managed by the Tobii Studio version
1.5 software package.

Two tasks were administered: (1) possible/impossible object judgment
and (2) same/different object judgment (Fig. 2 A). In the former, subjects
were presented with 40 successive black and white line drawings of novel
objects, half of which contained a single region that was structurally
incoherent and thus “impossible” in the real world (“Impossible1” and
“Possible” figures from Williams and Tarr, 1997). Participants were in-
structed to determine whether each object was “possible” or “impossi-
ble” and to make their response by a prespecified key press. In the same/
different judgment task, 48 successive pairs of black and white line
drawings were presented. Each pair consisted of either identical or dif-
ferent objects (24 trials each; comprising “Impossible1,” “Impossible3,”
and “Possible” figures from Williams and Tarr, 1997). Participants indi-
cated whether each pair of objects was identical or different by pressing a

prespecified key. In both tasks, a 2 s fixation cross was presented between
trials and no object was repeated (each trial was unique). Moreover, no
stimulus appeared in both tests, thus reducing the influence of long-term
memory processes. All object stimuli were presented until a response was
made, and participants were encouraged to respond as quickly as possible
without compromising accuracy. Detailed instructions and separate practice
blocks (with different stimuli) were given before actual test administration.

Eye-movement data were filtered and analyzed using algorithms im-
plemented in Tobii Studio. Full details of this approach are available
elsewhere (www.tobii.com) but are summarized here: (1) all missing
gaze point data (e.g., attributable to eye blinks) are filled in using inter-
polation of acquired samples; (2) for each gaze point in the gaze data
sequence, a position difference vector is calculated using the means of the
sample points within two adjacent sliding time windows of 42 ms dura-
tion; (3) a position difference vector �35 pixels (indicating an abrupt
change in gaze position) is classified as a saccade, whereas vectors below
this threshold are treated as points of fixation; and (4) the spatial position
of the fixations between saccades is estimated by calculating the median
of all samples in the interval.

For the possible/impossible judgment task, eye movements were ana-
lyzed for those trials in which an impossible object was presented because
a significant patient deficit was found for these items (see Results). The
structurally incoherent region of each impossible object was delineated
as an ROI, and the fixation durations within and outside of this area

Figure 2. Sample trial from the possible/impossible (Ai) and same/different (Aii) judg-
ment tasks. B, Overall proportion correct for the possible/impossible and same/different
tasks. C, Proportion correct for possible and impossible objects (�SE). * indicates signif-
icant impairment, p � 0.01.
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relative to the total fixation time for the en-
tire object were calculated. A difference score
was obtained by subtracting the proportion
of fixation time outside of the structurally
incoherent region from the proportion of
fixation time within this area. For the same/
different judgment task, eye movements were
analyzed separately for correct trials for which
identical and different objects were presented.
In both cases, the left- and right-sided objects
were delineated as separate ROIs, and the fixa-
tion durations with these areas relative to the
total fixation time for the trial were calculated.
A difference score was obtained by subtracting
the proportion of fixation time on the right-
sided object from that on the left-sided object.

The various performance measures for each
patient were compared with the control group
using two-tailed modified t tests for comparing
an individual with a small sample (Crawford
and Howell, 1998).

Results
Patient HC3 had little difficulty on the
possible/impossible judgment task (Fig.
2) (t(11) � �0.40, p � 0.70), performing
similarly to controls regardless of whether
the presented object was possible (t(11) �
�0.58, p � 0.58) or impossible (t(11) �
0.022, p � 0.98). In contrast, patient
MTL3 was significantly impaired on this
task (t(11) � �3.61, p � 0.0041), with this
deficit being predominantly attributable
to a failure to identify impossible objects
(t(11) � �4.05, p � 0.0012), with the per-
formance on possible objects not being
significantly worse than controls (t(11) � �1.40, p � 0.19). Both
patients were able to determine whether two simultaneously pre-
sented objects were identical or different (both t(11) � 0.92, p �
0.38). Furthermore, the patients’ response times did not differ
significantly from healthy controls in either task (all t(11) � 1.3,
p � 0.2).

Given patient MTL3’s difficulties with impossible object tri-
als, her eye movements during these trials were analyzed. This
revealed that, for correct response trials (50% trials), there was
no significant difference between patient MTL3 and controls: both
spent a greater proportion of time fixating on the region that char-
acterized each item as being impossible compared with the remain-
der of the image (Fig. 3) (t(11) � �0.97, p � 0.35). In contrast, there
was a significant difference between patient MTL3 and controls on
incorrect response trials. Whereas controls continued to spend a
larger amount of time looking at the structurally incoherent seg-
ment of the object, patient MTL3 fixated more on regions beyond
this area (t(8) � �2.37, p � 0.045). Despite intact behavioral
performance, patient HC3’s eye movement patterns were similar
to that of patient MTL3: whereas there was no significant differ-
ence between patient HC3 and controls on correct trials (90%
trials) (t(11) � �1.44, p � 0.18), patient HC3 did spend signifi-
cantly less time looking at the impossible region of each object on
incorrect trials (t(8) � �2.44, p � 0.041).

On the same/different task, there was no significant differ-
ence between either patient and the control group, with all
participants spending approximately the same amount of time
looking at the left- and right-sided object on each trial for
same (patient HC3, t(11) � �2.06, p � 0.064; patient MTL3,

t(11) � �0.42, p � 0.68) and different (patient HC3, t(11) �
�0.83, p � 0.42; patient MTL3, t(11) � �0.15, p � 0.88)
response trials (Fig. 3).

Discussion
By adapting an object decision paradigm for use in two amnesic
patients with detailed lesion analyses, we have demonstrated that
MTL damage can impair the perception of single objects. Patient
MTL3, who has HC and PRC damage, was profoundly impaired
on a task that required participants to process the structural co-
herency of novel objects presented individually. In contrast, pa-
tient HC3, who has HC damage that spares the PRC, performed
within the normal range on that task. Neither patient was im-
paired when making a same/different judgment for two simulta-
neously presented images.

These findings provide strong evidence that object processing
deficits can be elicited in a patient with MTL damage, without the
need for a task that demands the comparison of multiple simul-
taneously presented stimuli. This undermines the possibility that
previously described visual discrimination deficits in amnesic pa-
tients (which were all in the context of tests that involved multiple
stimuli on each trial, e.g., oddity judgment) can be explained
entirely by a disruption to MTL-mediated within-trial working
memory processes (Ranganath and D’Esposito, 2001; Olson et al.,
2006; Hartley et al., 2007). Moreover, the use of trial-unique novel
stimuli in the present study also discounts the involvement of
longer-term between-trial memory representations (Shrager et al.,
2006). Instead, our data underline a critical role for the MTL in
higher-order perception (Buckley and Gaffan, 2006; Murray et al.,
2007).

Figure 3. A, Proportion of total fixation time spent on the impossible region of each object versus the rest of the object for
correct and incorrect trials (�SE). A positive y-axis value indicates longer fixation on the impossible region of each object.
* indicates a significant difference compared with controls, p � 0.05. B, Representative relative fixation duration heat map for
patient MTL3 and controls during a correct and incorrect response trial from the possible/impossible task. Warmer colors (red)
indicate longer relative fixation duration. C, Proportion of total fixation time spent on the left- versus right-sided object on the
same/different task (correct trials only) (�SE). A positive y-axis value indicates longer fixation on the left-sided object. D, Repre-
sentative relative fixation duration heat map for patient MTL3 and controls during a correct different trial in the same/different
task.
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We used volumetric and functional MRI in each patient to
rule out the possibility that reported perceptual deficits in these
cases may be attributable to damage or dysfunction beyond the
MTL. Patient HC3 possesses a selective HC lesion, as well as
intact extrastriate visual areas (PPA, FFA, and LOC, as indicated
by their presence and profiles of activity). Thus, it is unlikely that
patient HC3’s difficulties with complex spatial processing (see
Materials and Methods) can be explained by damage to regions
beyond the MTL, particularly the parahippocampal cortex,
which has been implicated in the processing and representation
of spatial scenes (Epstein, 2008).

As is common with amnesic patients with larger MTL lesions,
patient MTL3 has significant atrophy to multiple regions, includ-
ing the HC, ERC, PRC, amygdala, and PHC bilaterally, as well as
the TPC, anterior fusiform gyrus, and anterior lateral temporal
cortex in the right hemisphere (the latter attributable to an essen-
tially absent right anterior temporal lobe). Critically, patient
MTL3 does not possess damage to cortical regions that are typi-
cally associated with visual processing. There is no significant
damage to the posterior fusiform gyrus or posterior lateral tem-
poral cortex in either hemisphere, and functional neuroimaging
revealed the presence of an intact PPA, FFA, and LOC, therefore
underlining intact basic perception of scene, face, and object
stimuli. Additionally, patient MTL3 is unimpaired on difficult
size and color discrimination tasks and standard neuropsycho-
logical tests of perception (as is patient HC3) (see Materials and
Methods), arguing against a general impairment in visual percep-
tion. The profile of patient MTL3’s brain damage, therefore, con-
verges with (1) monkey studies that have demonstrated complex
object discrimination deficits after selective PRC damage (Buck-
ley et al., 2001; Bussey et al., 2002, 2003) and (2) functional neu-
roimaging studies in healthy human participants that have
reported PRC activity during object discrimination tasks (Devlin
and Price, 2007; Lee et al., 2008; O’Neil et al., 2009; Barense et al.,
2010), to support the idea that the PRC is critical for higher-order
object perception.

Patient MTL3 made 50% errors on impossible object trials
and, in contrast to controls, spent a smaller proportion of time
viewing the impossible region of each item compared with the
remaining structurally coherent areas on these trials. Because pa-
tient HC3 demonstrated a similar pattern of eye movements to
patient MTL3 and yet exhibited intact performance in identifying
impossible objects, it is difficult to conclude whether patient
MTL3’s eye movements on incorrect impossible object trials are a
direct result of abnormal object processing. What is certain, how-
ever, is that patient MTL3’s deficit in identifying impossible ob-
jects cannot be explained by a failure to look at the structurally
incoherent region of each impossible item. If anything, it is pos-
sible that patient MTL3 (and HC3), having looked at these re-
gions, did not perceive them to be of particular interest and
potentially incoherent in structure (indeed, controls reported de-
liberating over their decision before making a response on incor-
rect trials). Because patient MTL3 (and HC3) exhibited similar
viewing patterns as controls for correct impossible object trials
(spending the majority of time looking at the impossible region of
each presented item), it appears that, for these trials, patient
MTL3 had indeed identified the impossible region of the pre-
sented object, reflecting a clear understanding of the task.

Importantly, patient MTL3’s deficit in the possible/impossi-
ble judgment task cannot be attributed simply to a greater degree
of general difficulty of this task compared with the same/different
test. There was no significant difference between patient MTL3
and controls in the identification of possible objects, which con-

trols found more difficult than the identification of impossible
items (in fact, a number of controls performed numerically
poorer than patient MTL3 on same/different judgments). Fur-
thermore, patient MTL3 demonstrates intact performance on
difficult experimental perceptual tests such as fine size and color
discrimination (see Materials and Methods). Therefore, patient
MTL3’s difficulties on the possible/impossible task likely relate to
the significant demand that this test places on object perceptual
processing.

The PRC is suggested to play a role in perception by process-
ing complex conjunctions of object features, thus enabling the
formation of high-level object representations (Murray and Bus-
sey, 1999). Previous studies have stressed the use of such repre-
sentations by systematically implementing a large amount of
“feature ambiguity” among task stimuli. Feature ambiguity refers
to the degree of shared features between simultaneously or
successively presented stimuli. The discrimination of feature-
ambiguous objects is thought to rely on the processing of com-
plex object features and has been shown to be sensitive to PRC
damage (Bussey et al., 2002, 2003; Barense et al., 2005, 2007; Lee
et al., 2005a). Our findings demonstrate that feature ambiguity
may not be the only way to place a demand on high-level object
representations. The present possible/impossible judgment task
requires participants to assess the structural coherency of indi-
vidual objects by considering how their features combine to form
edges and surfaces. We suggest that this necessitates the process-
ing of feature conjunctions and thus the involvement of the PRC,
damage to which is the likely cause of patient MTL3’s impairment
on this task.

By presenting two stimuli on each trial, which could be distin-
guished using single object features, the same/different judgment
task was designed to place a greater demand on working memory
than the possible/impossible task, without the need for process-
ing complex object feature conjunctions. The intact performance
of both patients on the former, therefore, further emphasizes the
fact that visual discrimination deficits after MTL damage cannot
be explained entirely by impaired MTL-mediated working mem-
ory processes.

Finally, we acknowledge the limitations of the single case ap-
proach adopted here. The assessment of only two patients was
determined by the need for cases with circumscribed MTL dam-
age who were suitable for additional MRI investigations, the ab-
sence of which could cast doubt on the interpretation of any
behavioral data. Although the generalizability of our findings
may be unclear until proven, it is important to note that the data
from both patients meet the predictions of the MTL-perceptual
hypothesis (e.g., that only PRC damage should impair complex
object processing) and concur with the many studies that have
found evidence in favor of this viewpoint. We argue, therefore,
that our findings provide additional support for the notion that
the MTL does not function as an exclusive memory system but
also contributes to higher-order perception, with the PRC being
critical for complex object processing.
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