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ABSTRACT

The ability to read relies on the rapid mapping of perceived visual letters and their
combinations (i.e., visual word forms) to phonology and meaning. The central role of the left
ventral occipito-temporal cortex (VOTC) in processing letter strings, initially suggested by
lesion studies, is now widely accepted. Although this brain region has been extensively
studied with functional magnetic resonance imaging (fMRI), its causal role as a critical node of
a cortical network for reading remains unclear. Here we report a comprehensive case of pure
alexia during direct electrical stimulation (DES) of the left VOTC (patient SV, female, 38 yr old,
implanted with intracerebral electrodes for refractory epilepsy). During DES of the left posterior
occipito-temporal sulcus, but not of neighboring and remote cortical sites, SV was transiently
impaired at reading single words while being able to slowly read letter-by-letter. However,
SV was impaired when presenting a single letter in a rapid serial visual presentation, which
showed that their letter reading is not entirely preserved. In contrast, DES to the same
critical sites left performance for oral naming, auditory naming, reading numbers, writing,
auditory lexical decision, and semantic matching of pictures unaffected. Intracerebral
electrophysiological frequency-tagging investigations showed highly word-selective neural
responses at the critical sites. These functional responses were abolished by concurrent
DES, which also affected remote word-selective neural activity in the left VOTC. Altogether,
these observations provide original evidence for word-selective representations of the left
VOTC as a critical node of the cortical reading network.

INTRODUCTION

Reading is a real challenge for the human brain, requiring association of complex variable
visual patterns to sounds and meanings within a few hundred milliseconds. The question of
specific brain regions for processing visual letter strings has long been raised (Dejerine, 1891).
Brain lesions associated with pure alexia (i.e., reading impairment with preserved writing,
naming, oral repetition, or auditory comprehension) revealed the critical role of the left ventral
occipito-temporal cortex (VOTC) in reading (e.g., Cohen et al., 2003; Damasio & Damasio,
1983; Gaillard et al., 2006; Robotham et al., 2023; Starrfelt & Shallice, 2014; Starrfelt &
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Woodhead, 2021) with neuroimaging studies specifically defining a visual word form area
(VWFA) in the posterior fusiform gyrus (e.g., Cohen et al., 2000, 2002; Gaillard et al.,
2006; see also Petersen et al., 1990). Intense debates regarding the degree of specificity and
function of this region have been raised (e.g., Caffarra et al., 2021; Price & Devlin, 2003;
Yeatman & White, 2021), first and foremost about whether it processes only prelexical (Binder
et al., 2006; Dehaene et al., 2002) or also lexical representations (Glezer et al., 2009, 2015).
Moreover, the VWFA is described either as a single region including a hierarchical gradient
from letters to words (e.g., Dehaene et al., 2005; Vinckier et al., 2007; see Caffarra et al., 2021,
for review) or as decomposed into multiple discrete VOTC regions with their precise functional
organization remaining elusive (e.g., White et al., 2019; Yablonski et al., 2024; see Caffarra
et al., 2021, for review).

Neural investigations of reading have largely relied on functional magnetic resonance
imaging (fMRI), which suffers from magnetic susceptibility artifacts, partially masking signals
from the anterior VWFA portion (Wandell, 2011). In contrast, recordings in awake patients
implanted with intracranial electrodes (i.e., intracranial EEG [iEEG]) provide direct measures
of neural activity during reading without such artifacts, with high spatial and temporal resolu-
tion. iEEG studies generally support a hierarchical view of reading, with increasingly complex
representations from letters to words along the VOTC/VWFA (Hirshorn et al., 2016; Lochy
et al., 2018; Nobre et al., 1994; Thesen et al., 2012).

Importantly, iEEG also allows for direct electrical stimulation (DES), a powerful method for asses-
sing the critical function of a targeted region (Borchers et al., 2012; Desmurget et al., 2013; Jonas &
Rossion, 2023; Ojemann et al., 1989; Penfield, 1958). Cases of transient reading arrest during DES
of the left VOTC have provided evidence that this region is critical for reading (Cloppenborg et al.,
2021; Hirshorn et al., 2016; Mani et al., 2008; Sabsevitz et al., 2020; Woolnough et al., 2021,
2022; Woolnough & Tandon, 2024). However, reports have rather been anecdotal, that is, without
quantitative analyses of behavioral effects and independent functional mapping (e.g., Mani et al.,
2008; Sabsevitz et al., 2020), performed with only a few different reading tasks (e.g., Sabsevitz et al.,
2020; Woolnough et al., 2022; Woolnough & Tandon, 2024), or only briefly described among
extensive iEEG recording investigations (e.g., Hirshorn et al., 2016; Woolnough et al., 2021). Most
importantly, in-depth evaluation of other language functions is lacking, so that clear cases of
pure alexia following DES to the VWFA in the left VOTC remain elusive.

Here we report a comprehensive investigation of a rare case of pure alexia during DES of
the VWFA. To clarify the critical role of the stimulated region, reading was tested with various
tasks (i.e., nine reading tasks including reading words, letters, pseudowords presented at dif-
ferent speeds) along with nonreading tasks (i.e., writing, visual object naming, auditory object
naming, semantic matching, auditory lexical task). Task performance was assessed quantita-
tively with accuracy rates and response times before, during, and after stimulation. Functional
iEEG mapping performed with a frequency-tagging approach provided objective quantifica-
tion of word-selective neural activity (Lochy et al., 2015, 2018), overall demonstrating a tight
relationship between behavior and independently measured category-selective neural pro-
cesses in this key cortical region for reading.

MATERIALS AND METHODS

Case Description

The subject is a right-handed 38-year-old woman (SV) with refractory focal epilepsy who
underwent stereotactic electroencephalography (SEEG) in January 2022 as part of the clinical

Neurobiology of Language 2

Alexia due to left occipito-temporal cortex stimulation

D
ow

nloaded from
 http://direct.m

it.edu/nol/article-pdf/doi/10.1162/N
O

L.a.205/2564012/nol.a.205.pdf by guest on 21 N
ovem

ber 2025



investigation for her epilepsy. The SEEG showed a left anterior temporal epilepsy. Patient SV
gave written consent for the experimental procedures that were administered during her SEEG
exploration and were part of the clinical investigation. The study protocol was approved by a
national ethics committee certified by the French Ministry of Health (Institutional Review
Board: IORG0009855). She also gave written consent for the fMRI experiment (CARTA, N°
IDRCB: 2021-A02968-33) and the use of video material.

Neuropsychological Assessment

General assessment

SV had an average general intellectual efficiency (total IQ: 90; WAIS-IV [Wechsler, 2008]). Her
neuropsychological assessment showed normal performance in verbal short-term memory
(subtest Digit Span from WAIS-IV) but difficulties in the retrieval of long-term nonverbal and
verbal information and memory for face identities (French adaptation from the Buschke Selec-
tive Reminder Test [Buschke, 1973]; Rectem et al., 2004; Brief Visuospatial Memory
Test—Revised [Benedict, 1997]; Faces subtest of the MEM-III [Wechsler, 2001]). Executive
and attentional functions were preserved although with difficulties in mobilizing attention
(subtest Alertness, Sustained Attention, Divided Attention TAP [Zimmermann & Fimm,
2002]; subtest Stroop and Similarities fromWAIS-IV). SV performance was below the expected
range in the oral naming test (DO-80 naming test; Deloche & Hannequin, 1997) with a score
of 64/80 (± –14.3 from the population norms mean: 79.02) and a total response time of 262 s
(± –8.94 from the population norms mean: 100.92).

Her performance was below the normal range in verbal and nonverbal episodic memory
and oral naming, consistent with an epileptic focus in the left anterior temporal lobe
(Hamberger, 2015; Hermann et al., 1992; Hoppe et al., 2007; Mayeux et al., 1980).

Reading performance

Outside of the SEEG procedure, SV performed reading tests of a French battery for adults (Ecla
16+; Gola-Asmussen et al., 2010), which evaluated reading accuracy and speed (see Table 1
of the Supplementary Materials, available at https://doi.org/10.1162/NOL.a.205). Her perfor-
mance was compared with the mean and standard deviation of a sample of 181 people for
ECAL 16+ scores of the same socioeconomic level (Ecla 16+; Gola-Asmussen et al., 2010). For
each task, a Z score was calculated by comparing SV’s accuracy to the mean accuracy of the
population. SV was in the normal range for each task (performance less than two standard
deviations of the mean population) except for reading letters (time: 22 s compared to
16.25 s ± 2.82 for the population). Additionally, she completed a reading-aloud isolated
words test with varying lengths within a minute from the LMC-R battery (Khomsi, 1999) with
94 words correctly read out of 106.

Stereotaxic Placement of Intracerebral Electrodes

Intracerebral electrodes (Dixi Medical, Besançon, France) were stereotaxically implanted into
SV’s brain to delineate the seizure onset zone (Talairach & Bancaud, 1973). The sites of elec-
trode implantation were determined based on noninvasive data collected during an earlier
phase of the investigation. The implantation procedure is detailed in Salado et al. (2018). Fif-
teen electrodes were implanted in total, all targeting the left temporal lobe, with 8 electrodes
having contacts in the left VOTC (Figure 1). Electrode D0 (13 contacts) targeted the left lingual
gyrus by crossing the occipito-temporal sulcus (OTS) and the left middle temporal gyrus
(Figure 1).
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The SEEG signal was recorded at a 512 Hz sampling rate on a 256-channel amplifier
(Micromed). The reference electrode during data acquisition was a midline prefrontal scalp
electrode (Fpz).

Intracranial Electrical Stimulations

General procedure

DES was applied from 1 to 1.8 mA between two adjacent electrode contacts as biphasic
square wave electrical pulses with 1,050 μs width (alternating positive and negative 500 μs
phases, spaced from each other by 25 μs) delivered at 55 Hz during 10 s (except for 10 out
of 38 stimulations for D06–D07, and 9 out of 11 stimulations on other contacts performed dur-
ing 5 s; see Table 2 in the Supplementary Materials). These stimulation parameters are typical
in SEEG (Isnard et al., 2018).

During DES sessions, SV was asked to perform several types of tasks exploring different
linguistic processes. Considering the limited amount of testing time afforded by the clinical
context, we first identified the relevant electrode contacts for reading word impairment using
one task (i.e., reading isolated words) and then further tested these contacts with complemen-
tary tasks.

Figure 1. Q1Anatomical location of the stimulation site inducing reading impairment. A. Schematic localization of eight implanted electrodes,
displayed using a reconstructed cortical surface of subject SV’s brain. Sites that were electrically stimulated with reading tasks are highlighted
in color (yellow or blue). The critical site inducing transient pure alexia is displayed in clear colors (yellow) (D06–D07). B. Top: the critical
contact D07, in green, is functionally located at the edge of the visual word for area (activation for word – fixation cross, voxel p < 0.001 with
Bonferroni correction). Bottom: critical contacts D06–D07 is anatomically located in the occipito-temporal sulcus (OTS), adjacent to the middle
fusiform gyrus.
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The stimulation sites, the number of stimulation sessions performed at each stimulation site,
and the type of task used for reading assessment are presented in Table 2 in the Supplementary
Materials. The neurologist performed all electrical stimulations and set the stimulation site, the
stimulation parameters, the task, and the onset of the stimulation. After identifying the most
critical contacts for reading (D06–D07; see Results), the stimulation intensity was set at the
beginning of each half-day of stimulation sessions at the minimal intensity leading to a reading
impairment when stimulating contacts D06–D07 with the reading isolated task (half-day No 1:
1.2 mA; No 2: 1.6 mA; No 3: 1.2 mA; No 4: 1.8 mA). Once the stimulation intensity was set,
all the stimulations of the corresponding half-day were performed at this intensity (in total four
stimulation sessions were removed from analyses because they did not reach the threshold of
the day). The precise onset was predetermined before the beginning of the stimulation ses-
sions (SV was not aware of the stimulation onset). For each stimulation and task, we mea-
sured the accuracy and the response times on correct trials (when possible), before, during
and after stimulation, by retrospectively rewatching the video recording. For statistical anal-
yses, we compared, as in Volfart et al. (2022), accuracy during the stimulation time with the
accuracy outside stimulation (i.e., before and after) across stimulation sessions for each site
and task using chi-square tests (p < 0.05). For response times, we compared performance
outside and during stimulation using the two-tailed permutation test (1,000 permutations)
and estimated 95% confidence intervals for the mean differences by bootstrapping with
replacement.

Reading and lexical decision tasks

Reading aloud isolated words, syllables, or pseudowords. SV was presented with lists of isolated
words, syllables, or pseudowords, and she had to read them aloud one by one. SV was asked
to start reading once the neurologist pointed to an item. Words were composed of frequent
irregular and regular French common nouns, with variable length between five or six letters.
Syllables were 28 syllables, frequently encountered in French. Pseudowords were pronounce-
able letter strings of five or six letters.

Reading a text aloud. SV was asked to read aloud a text, “Le pollueur,” from ECLA 16+ (see
Table 1 in the Supplementary Materials).

Reading letters in a rapid serial visual presentation (RSVP) mode. SV was asked to read aloud iso-
lated single letters quickly presented one by one. Trials started with a fixation cross for 100 ms,
followed by a randomly selected letter on the center of a screen for 150 ms, then a mask (i.e.,
####) displayed for 300 ms (i.e., 1 letter every 550 ms, or 1,818 Hz). The whole task took ~32 s.
For each stimulation session, SV was presented with all 26 letters repeated twice.

Reading words during fast periodic visual stimulation (FPVS). SV was asked to read aloud isolated
words presented quickly in an FPVS paradigm originally designed to record word-based
semantic responses (SemWords; Volfart et al., 2021; Figure 2C), except that the frequency
was reduced to 2 Hz (instead of 4 Hz), hence one word every 500 ms. Sequences of 64 s were
composed of written words of city names presented on the screen at 2 Hz while inserting peri-
odically (every 4th image, 0.5 Hz) an animal name. SV was asked to read aloud the animal
names only. These stimulation sessions were also used to study the effective connectivity of
critical contacts (see below).

Lexical decision tasks of written stimuli. SV was presented with two versions of a task where she
was asked to indicate if a letter string was a word without reading it aloud. Forty stimuli, five to
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six letter strings, half words, and half pseudowords, were used. This task was either comput-
erized with stimuli presented one by one on a screen, or performed manually with stimuli
presented on paper sheets. For the computerized task, each trial started with a fixation cross
centered on the screen with a gray background, the stimulus then appeared, until SVanswered
by pressing buttons on a keyboard. Since she systematically replied outside stimulation that
the words “divan,” “hymen,” and “damné” were nonwords, these words were considered as
unknown and excluded from our analyses. For the noncomputerized task, two letter strings
(one word, one pseudoword) were presented side by side on a paper sheet and SV was asked
to answer which was a word by pointing to one of the two items.

Lexical decision tasks on oral stimuli. The neurologist read aloud either a word or a pseudo-
word, and SV was asked to tell if the spoken item was a word or not by responding “yes”
or “no.”

Reading numbers. SV was asked to read aloud one by one numbers composed of three digits
presented on a paper sheet.

Figure 2. FPVS experiments. A. Paradigm used to record word-selective neural activity (Lochy
et al., 2015, 2016, 2018). Two types of sequences are used with base stimuli as nonwords
(NW), pseudowords (PW), and oddball stimuli as words (W). Each sequence was presented ran-
domly and repeated twice during one session. B. Stimuli were presented by sinusoidal contrast
modulation at 6 Hz. Words are inserted every five stimuli so that the frequency of the word-selective
response is 1.2 Hz (i.e., 6 Hz/5). C. Semantic Word paradigm used to measure semantic categori-
zation (Volfart et al., 2021). Words are presented at 4 Hz, with an alternate category (i.e., name of
animals) inserted every 4th stimulus (i.e., among city names), so that the frequency of the alternate
category is 1 Hz (i.e., 4 Hz/4). A similar paradigm with a different presentation frequency (2 Hz) was
also presented to the patient during the electrical stimulation of the critical site D06–D07 to study its
effective connectivity.
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Other tasks

Visual object naming. SV was asked to orally name pictures of objects (living and nonliving)
presented one by one.

Auditory object naming. SV was asked to orally name an object (living or nonliving) from a
verbal cue (short sentence) read aloud by the neurologist. For example, “Which animal
meows?” (the cat).

Writing. SV was asked to write isolated words dictated by the neurologist. One error was
made during stimulation for the word “décor” (written “décore”), but this mistake was not con-
sidered significant as she did not detect this spelling as incorrect when presented with the
incorrect item after stimulation.

Semantic matching with images. SV was asked to match a target image (presented centered at
the top) with one of two other images (at the bottom) displayed on a paper sheet (one seman-
tically related image and one distractor), by pointing out the semantically related image at the
bottom.

Intracerebral Mapping of Word-Selective Responses

Well-validated FPVS, or “frequency-tagging” (Norcia et al., 2015; Rossion et al., 2020), par-
adigms were used to define intracerebral word-selective (Lochy et al., 2015, 2018) and
semantic categorization neural activity (Volfart et al., 2021). This procedure is used clinically to
highlight which contacts along which electrodes display a selective response to words and/or
semantic categorization to guide neurologists in the choice of DES contacts.

Stimuli and Procedure

During these FPVS paradigms, subject SV was asked to fixate a small cross presented contin-
uously at the center of the screen and to detect (by key press) brief nonperiodic color changes
of this fixation cross.

FPVS Word paradigm

Word-selective responses were recorded using continuous sequences of visual stimuli, either
nonwords (NW) or pseudowords (PW), presented at 6 Hz through sinusoidal contrast modu-
lation with words inserted every fifth item, so that the word presentation frequency was
1.2 Hz, that is, 6 Hz/5 (Figure 2A and 2B). Each sequence lasted 70 s, with 2 s of fade-in
and 2 s of fade-out. Subject SV was presented with six sequences in each condition. Stimuli
and procedure are similar to those described in previous studies (e.g., Lochy et al., 2018),
except for the presentation frequency, and will not be detailed here.

Semantic Words (SemWords4Hz) paradigm

Sequences consisted of presenting names of cities (e.g., Berlin, Paris, Tokyo) at 4 Hz (i.e.,
4 images per second) for 74 s, with animal names (e.g., elephant) periodically embedded
every 4th image. Hence, the semantic categorization response frequency was 1 Hz (Figure 2C).
SV was presented with 12 stimulation sequences in total.
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Analysis of Intracerebral FPVS Responses

Analyses were performed using the free software Letswave5 (https://www.letswave.org/), fol-
lowing previously established procedures (e.g., Hagen et al., 2020; Jacques et al., 2020; Lochy
et al., 2018; Volfart et al., 2022).

Segments of SEEG corresponding to stimulation sequences were extracted, starting 2 s after
the onset of the sequence (i.e., after the fade-in period) until ~68 s for word-selective response
and ~72 s for semantic categorization (before stimulus fade-out) to contain an integer number
of 2 Hz cycles (respectively, ~66 s and ~70 s). These sequences, acquired with a scalp refer-
ence electrode (Fpz), were re-referenced to a bipolar montage (vs. the signal recorded at the
adjacent contact located laterally along the electrode). Sequences were averaged in the time
domain separately for each condition to increase the signal-to-noise ratio (SNR), and the
amplitude spectrum was computed for each contact using Fast Fourier Transform (FFT).

Selective responses significantly above noise level at the word stimulation frequency
(1.2 Hz), semantic categorization frequency (1 Hz), and their harmonics were determined
in each condition as follows: (i) the FFT spectrum was cut into segments of 50 bins centered
at the frequency of interest and the harmonics under the base rate, that is, 1.2, 2.4, 3.6, 4.8,
7.2, 8.4, 9.6, and 10.8 Hz for word-selective response and 1, 2, 3 Hz for the semantic
response; (ii) the amplitude values of FFT segments relative to the first harmonics before the
base response (i.e., up to 6 Hz for the Word paradigm and 4 Hz for the Semantic Words par-
adigm, therefore 4 harmonics for Words and 3 for Semantic Words); (iii) the summed FFT spec-
trum was transformed into a Z score. Z scores were computed as the difference between the
amplitude at the word frequency bin and the mean amplitude of 48 surrounding bins (25 bins
on each side, excluding the two bins directly adjacent to the bin of interest, i.e., 48 bins)
divided by the SD of amplitudes in the corresponding 48 surrounding bins. A contact was
considered as showing a significant response in a given condition if the Z score at the fre-
quency bin of interest exceeded 3.1 (i.e., p < 0.001, one-tailed: signal > noise).

The significant responses for the two paradigms were then quantified for each contact as the
sum of harmonics. The number of harmonics included in the analysis (Word paradigm: 1.2 Hz
and 7 harmonics, up to 10.8 Hz excluding the 5th that coincided with the base frequency;
SemWords4Hz: 1 Hz and 2 harmonics, up to 3 Hz) was based on previous intracerebral FPVS
studies (e.g., Jonas et al., 2016; Lochy et al., 2018) and the highest number of consecutive
harmonics that showed a significant response across contacts (z score > 3.1; i.e., p <
0.001). Baseline-corrected amplitudes were computed as the difference between the ampli-
tude at each frequency bin and the average of 48 corresponding surrounding bins (25 bins
on each side, i.e., 50 bins, but excluding the 2 bins directly adjacent to the bin of interest,
i.e., 48 bins).

Effective Connectivity: Electrical Stimulations During FPVS

Intracerebral electrical stimulations were applied to the critical contacts D06–D07 during
sequences of the Semantic Words (SemWords2Hz) paradigm.

These sequences were run in addition to the sequences performed without the DES
described above. During the DES sequences, patient SV was asked to read aloud only the
names of animals that appeared on the screen. For this reason, the frequency rate of word
presentation was reduced (words presented at 2 Hz instead of 4 Hz).

SV was sitting in her hospital bed facing the computer screen placed 70 cm away from her
face. DES sessions were performed as follows. A SemWords2Hz continuous sequence was
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launched, running for 74 s (including 2 s of fade-in and 2 s of fade-out so that the full contrast
sequence lasted 70 s). A bipolar DES was manually triggered approximately 22 s after the
onset of the sequence (i.e., at 20 s of full contrast) and lasted for 10 s (1.2 mA, biphasic square
wave electrical pulses with 1,050 μs width at 55 Hz). Then, the sequence continued to run for
approximately 40 s, without stimulation. With this recently validated procedure (Angelini,
Jacques, et al., 2024; Angelini, Volfart, et al., 2024), we performed three DES sessions.

Analysis of intracerebral FPVS responses before, during and after stimulation

SEEG recordings obtained during the 70 s full contrast sequences were divided into periods of
10 s (i.e., 2 periods before DES, pre1 and pre2, 1 stimulation period, stim, and 3 periods after
stimulation, post1, 2, 3). Given that the DES was triggered manually, its onset varied slightly
across stimulation sessions; on average, the DES was administered after 20.81 s (20.81 ± 0.69)
of full contrast visual presentation.

These sequences were acquired with a scalp electrode (Fpz) as a reference channel and
were then re-referenced to a bipolar montage, as described earlier for the non-stimulated
sequences. FFT was applied to the 10 s segments, which were then averaged across stimula-
tion sessions separately for each stimulation site and period (e.g., averaging all the Pre1 seg-
ments relative to the stimulations on D06–D07). These averaged FFTs were then cropped into
segments of 20 bins centered at the base frequencies (2 Hz) and harmonics (2 Hz and 6 har-
monics, up to 14 Hz). The number of harmonics included in the analysis was based on the
highest number of consecutive harmonics that showed a significant response across contacts
(z score > 3.1; i.e., p < 0.001).

The amplitude values of these FFT segments were then summed, and baseline-corrected
amplitudes were obtained as the difference between the amplitude at each frequency bin
and the mean amplitude of 18 corresponding surrounding bins (10 bins on each side, i.e.,
20 bins, but excluding the 2 bins directly adjacent to the bin of interest, i.e., 18 bins). As these
analyses are conducted on shorter segments compared to the other intracerebral FPVS
responses recorded in this patient (i.e., 10 s segments vs. the complete FPVS sequences of
70 s), they are characterized by lower frequency resolution and cannot be conducted with
the same number of bins used for the complete FPVS sequences.

Statistical analyses

In order to observe a putative amplitude modulation of electrical stimulation on the frequency-
tagged neural response throughout the brain, we focused on the comparison between the DES
period and the average of the two segments obtained before DES (Pre1 and Pre2: PreGA).

The analysis of the FPVS sequences run during DES was limited to the contacts that showed
a significant base response (z score > 3.1; i.e., p < 0.001) during the SemWords4Hz sequences
recorded outside of stimulation.

To examine the amplitude modulation of the base response at a single contact/region level,
we computed the amplitude decrease for each contact by subtracting the FFT spectra of the
stimulation period from the average of Pre1 and Pre2 (PreGA minus Stim); we then transformed
the result into a Z score (difference between the amplitude at each frequency bin and the mean
amplitude of the corresponding 18 surrounding bins, divided by the standard deviation of
amplitudes of these 18 bins). A contact was considered as showing a significant amplitude
reduction during stimulation if the Z score exceeded 2.32 (p < 0.01; Angelini, Jacques, et al.,
2024; Angelini, Volfart, et al., 2024).
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fMRI Word-Sensitivity

To localize the word-selective regions, SV performed an additional fMRI word localizer a few
months after the SEEG procedure, with an adaptation of a block design word localizer para-
digm (e.g., Dehaene et al., 2010), including two runs.

Word Localizer

We adapted stimuli of previous word localizer studies (e.g., Amalric & Dehaene, 2016;
Dehaene et al., 2010; Vinckier et al., 2007; Zhan et al., 2023). A standard block-design task
was presented across two runs, each run consisting of seven blocks (18 s) repeated twice, one
for each of seven different stimulus categories (i.e., words, faces, bodies, houses, tools, num-
bers, false fonts). All images within each category were randomly presented during 800 ms in
black and white with a gray font and were centered on the screen with an interstimulus inter-
val of 200 ms. A fixation cross was displayed between blocks for 9 s. Blocks were pseudor-
andomized within each run. Each run lasted 387 s, which corresponded to 258 dynamics. To
ensure attention during the task, the subject had to press a button when an image was pre-
sented in red.

MRI acquisition

The data was acquired at the CIC-IT (University Hospital of Nancy). We acquired the MRI
images using a 3T Siemens Magnetom Prisma system (Siemens Medical System, Erlangen,
Germany) with a 64-channel head-neck coil. Anatomical images were collected using a
high-resolution T1-weighted magnetization-prepared gradient-echo image (MPRAGE)
sequence (192 sagittal slices, TR = 2,300 ms, TE = 2.6 ms; flip angle (FA) = 9°, field of view
(FOV) = 256 × 256). Functional images were collected with a T2*-weighted simultaneous
multislice echo planar imaging (SMS EPI) sequence (TR = 1,500 ms, TE = 30 ms, FA = 72°,
FOV = 240 × 240 mm2, matrix size = 96 × 96, interleaved), which acquired 44 oblique-axial
slices covering the entire temporal and occipital lobes. The total duration of each scan session
was approximately 397 s, including 10 s of dummy scans. Images were back-projected onto a
projection screen by an MRI-compatible LCD projector. SVobserved the sequences through a
mirror placed within the radio frequency head coil. The images subtended a viewing angle of
8° × 8° (33.4 cm × 33.4 cm) at a view distance of 240 cm. The experiment was conducted
using the software E-prime 3.0 (Schneider et al., 2012).

Preprocessing analysis

Analysis and visualization were performed in BrainVoyager software (Goebel et al., 2006). A
3D motion correction (2 × 2 × 2 voxels) and a temporal high-pass filter were applied to func-
tional runs and then co-registered to the anatomical scan, corrected with an intensity inhomo-
geneity correction. We then normalized anatomical and functional runs into the same anterior
commissure–posterior commissure space. A general linear model contrast of words > fixation
cross was applied to both runs to localize word-selective regions. The data were z normalized
and reported with a Bonferroni correction at p < 0.001.

RESULTS

Accuracy and mean response times are reported in Figure 3 for reading and nonreading tasks
during stimulation sessions on D06–D07 contacts (see also Figure 7 in the Supplementary
Material). All statistical analyses of SV’s performance during DES on D06–D07 are indicated
in Table 3 in the Supplementary Materials.

Neurobiology of Language 10

Alexia due to left occipito-temporal cortex stimulation

D
ow

nloaded from
 http://direct.m

it.edu/nol/article-pdf/doi/10.1162/N
O

L.a.205/2564012/nol.a.205.pdf by guest on 21 N
ovem

ber 2025

https://doi.org/10.1162/NOL.a.205
https://doi.org/10.1162/NOL.a.205
https://doi.org/10.1162/NOL.a.205
https://doi.org/10.1162/NOL.a.205
https://doi.org/10.1162/NOL.a.205


Figure 3. Accuracy and response times at all reading tasks while electrically stimulating word-selective contacts D06–D07. Impaired and
nonimpaired tasks are shown on the left side and on the right side, respectively. For each task, the number of stimulation sessions and the
number of trials across stimulation before (B), during (D) in red, and after (A) stimulation are indicated. Stars indicate a significant difference
between during and outside (before and after) stimulation, ***p < 0.001, **p < 0.01, *p < 0.05. The total number of items presented is indi-
cated under each task as “NB. item” before, during, and after the stimulation. The number of direct electrical stimulations is indicated under
the name of each task as “DES.”
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Stimulating the Left Occipito-Temporal Sulcus Elicits Word Reading Impairment

Upon stimulation of a specific pair of contacts in the left occipito-temporal sulcus (bipolar
stimulation of D06–D07; (Talairach coordinates D06: x = –29, y = –48, z = –14; D07: x =
–32, y = –50, z = –14; Figure 1), SV was transiently impaired at reading. When asked to read
isolated words, her accuracy dropped suddenly (unread words) during stimulation and her
response time increased (slow-down reading; accuracy outside stimulation: 96.3%, during
stimulation: 58%, (χ(1) = 17.881, p < 0.001; respons times (RTs): during = 1,174.54 ms > out-
side = 744.90 ms, p = 0.002, 95% CI [–825.93, –110.84], two-tailed permutation test, see
Figure 3; see also Table 3 in the Supplementary Materials). Stimulating other contacts in the
left VOTC (N = 11) did not impair word reading (see Figure 1; see also Table 2 in the
Supplementary Materials). When reading a text, she read fluently, but as soon as the stimula-
tion of D06–D07 was launched, she was unable to read some words and misread others
(“Rome” instead of “Berlin”; accuracy outside stimulation: 98%, during stimulation: 60%,
(χ(1) = 21.175, p < 0.001; see Figure 3).

When asked to read words at a relatively fast rate, that is, at 0.5 Hz (animal names of the
SemWords2Hz paradigm), her accuracy decreased during stimulation, with a trend toward
significance (accuracy outside stimulation: 77%, during stimulation: 53%, χ(1) = 3.791, p =
0.052; see Figure 3). During this task, SV was also asked to raise her hand if she experienced a
subjective difficulty in reading. SV raised her hand concomitantly to the stimulation for two out
of three stimulation sessions (Supplementary Materials, Video 1). These stimulations were also
used to study the effective connectivity of the D06–D07 critical site.

SV was also asked to read aloud isolated syllables and pseudowords. For both tasks, her
performance decreased during stimulation (accuracy decrease and RTs increase) without
reaching significance (except for RTs for syllables RTs: during = 992 ms > outside = 515 ms,
p < 0.01, 95% CI [–1075.50, –88.50], two-tailed permutation test), probably because of a low
number of trial sessions (only one stimulation session possible for each task).

For all the above tasks, SV was fully aware of her reading impairment during stimulation (“I
had difficulty reading”). She never reported visual changes in the words or visual hallucina-
tions. To assess whether her reading impairment concerns only full words or also isolated let-
ters, SV was asked to read letter by letter whenever she was unable to read a word. She was
able to correctly read letter by letter six out of seven unread words during stimulation (across 4
stimulation sessions). SV stated: “I can read the letters, but I can’t make out the word”
(Supplementary Materials, Video 2) “I can’t link them [letters] together.”

Stimulating D06–D07 contacts during lexical decision tasks further showed that SV was
impaired at distinguishing between pseudowords and meaningful words. SV was incorrect
for two trials during stimulation, one during the two-alternative forced-choice paper sheet
version (no response) and one during the computerized version (a word was classified as a
pseudoword). Therefore, her accuracy at pointing to the real word decreased during stimula-
tion (paper sheet: 66% during and 100% outside stimulation, χ(1) = 2.933, p = 0.087);
computerized: 80% during and 100% outside stimulation, χ(1) = 13.989, p < 0.001). She
also showed a significant increase in response time (paper sheet: RTs: during = 2,280 ms >
outside = 1,040 ms, p < 0.001, 95% CI [–1612.50, –860], two-tailed permutation test; com-
puterized: RTs: during = 1,638.75 ms > outside = 888.44 ms, p = 0.02, 95% CI [–1045.63, –
460.36], two-tailed permutation test).

In contrast, SV was not impaired at lexical decisions when words and pseudowords were
read aloud by the experimenter (see Figure 3; see also Table 3 in the Supplementary Materials),
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suggesting a selective deficit for lexical discrimination only when words were presented
visually.

Stimulation of contacts D06–D07 did not affect reading numbers, semantic matching with
images, visual and auditory naming, and writing under dictation (see Figure 3; see also
Table 3 in the Supplementary Materials).

Increasing the Presentation Speed Reveals a Single Letter Reading Impairment

Although SV was able to read letter by letter, she was usually slow and hesitant. Therefore, we
designed a task in which she had to name letters at a fast rate in an RSVP mode (1.818 Hz;
Supplementary Materials, Video 3). Across three stimulation sessions of D06–D07, SV per-
formed well before stimulation (51/52 letters, 98%), but her performance dropped during stim-
ulation (17/52, 32%). After stimulation, her performance increased without reaching the same
level as before stimulation, especially because she was still impaired the following seconds
after the end of stimulation (Figure 3). SV’s accuracy was significantly higher outside stimula-
tion than during stimulation (χ(1) = 49.111, p < 0.001). SV did not report any perceived dis-
tortions of the letters.

The Reading Critical Site Is Highly Word-Selective

We measured electrophysiological word-selective responses on each contact with an FPVS
Word paradigm including two conditions (NW-W, and PW-W) to identify different levels of
visual word discrimination (Figure 4). Overall, we found 24 contacts (out of 174, 14%) with
a significant response in at least one condition (Figure 4A). Critical contacts D06–D07 recorded
large response amplitudes for both conditions. Among the few contacts showing significant
responses in all conditions (N = 11), D06 showed the sixth-largest response amplitude for
NW-W and PW-W across all recorded contacts.

We also tested SV with an FPVS Word Semantic paradigm that provides responses relative
to the semantic categorization of words (animals vs. cities; Volfart et al., 2021). D06 and D07
recorded large responses (second and fourth largest semantic response out of the 10 contacts
that displayed a significant semantic response; Figure 4B), showing that this site was sensitive
to word-based semantic memory, that is, to the meaning of the words. Altogether, these results
show that the critical stimulation site inducing reading impairment (D06–D07) was located in a
highly word-selective region, sensitive to whole-word forms beyond prelexical representations
in one paradigm and to the meaning of words in the other paradigm.

fMRI Word-Sensitivity of the Critical Stimulation Site

The fMRI word localizer experiment revealed a significant cluster of activation (p < 0.001 with
Bonferroni correction) in the left occipito-temporal sulcus (Figure 1B) for visual word stimula-
tion compared to rest (i.e., fixation cross; e.g., Ben-Shachar et al., 2007, 2011; Gaillard et al.,
2006; Vigneau et al., 2005; Vinckier et al., 2007). This location is consistent with VWFA coor-
dinates (Talairach space x = –43, y = –54, z = –12; Cohen et al., 2000). The coordinates of the
voxel with the maximum activation are x = –44, y = –50, z = –16 in Talairach space, with a
Z score of 10, p < 0.001 with Bonferroni correction.

The critical contact D07 abuts this cluster of activation, being located at its anterior/medial
edge (Figure 1B). To examine the word-sensitivity of D07, we created masks with a 2 mm radius
from the center coordinates of D07. fMRI word-sensitive activations overlapped with D07 (aver-
age Z score = 5.5; p < 0.001 uncorrected; p < 0.01 with Bonferroni correction).
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Figure 4. Intracerebral FPVS responses. A. Spatial distribution of the baseline-corrected amplitude of word-selective responses recorded
using continuous sequences of visual stimuli, either nonwords (NW) or pseudowords (PW), and of a semantic response recorded using the
Semantic Word (SemWords) paradigm (see Figure 2). Each circle represents a single contact, colored circles correspond to significant contacts
(p < 0.001; z score > 3.1, uncorrected), color-coded according to their response amplitude. The locations of these contacts are shown using a
reconstructed cortical surface of SV’s brain. B. Word-selective and semantic word responses recorded on electrode D0. The amplitude of these
three responses (words over NW and words over PW for the Word paradigm, animals over cities for the Semantic Words paradigm) was
quantified by summing the frequency of interest and the relative harmonics (i.e., Word paradigm: 1.2 Hz and 7 harmonics, up to 10.8 Hz
excluding the 4th that coincided with the base frequency; SemWords: 1 Hz and 2 harmonics, up to 3 Hz). The number of harmonics included
was based on the highest number of consecutive harmonics that showed a significant response across contacts (z score > 3.1; i.e., p < 0.001).
The significance of a response was assessed for each response by the z score relative to the sum of the first harmonics before the base response
(i.e., up to 6 Hz for the Word paradigm and 4 Hz for the Semantic Words paradigm. The 0 mark corresponds to the frequency of
interest. * indicates significant responses at p < 0.001.

Neurobiology of Language 14

Alexia due to left occipito-temporal cortex stimulation

D
ow

nloaded from
 http://direct.m

it.edu/nol/article-pdf/doi/10.1162/N
O

L.a.205/2564012/nol.a.205.pdf by guest on 21 N
ovem

ber 2025



Effective Connectivity of the Reading Critical Site

Behavioral effects elicited by focal DES are known to be (partly) caused by the disturbance of
connected brain regions beyond the stimulation site (Borchers et al., 2012; Jonas & Rossion,
2023). It is therefore important to highlight all brain regions affected by the stimulation to
understand the critical networks underlying brain function and behavior, in the present case,
reading functions. We used a recently developed original approach that employs DES, while
concomitantly measuring frequency-tagged visually elicited neural activity across other brain
regions (Angelini, Jacques, et al., 2024; Angelini, Volfart, et al., 2024).

To do so, we repeatedly administered electrical stimulation to the critical contacts D06–D07
concomitantly with the presentation of the SemWords2Hz paradigm (generating a response to
words at 2 Hz). As indicated above, during these stimulation sessions, SV was asked to read
aloud animal names (0.5 Hz), and her accuracy dropped as soon as the stimulation began
(Figure 3). In addition to this behavioral effect, this procedure allowed us to record the real-
time modulation of local and distant word responses caused by the stimulation. Since we did
not test SV with the SemWords2Hz paradigm outside stimulation, we used the SemWords4Hz
to select the pool of contacts included in the analysis. We found 32 contacts showing a sig-
nificant 4 Hz word response in the SemWords4Hz paradigm recorded outside stimulation
(34 contacts minus the 2 respective stimulated contacts, i.e., 32 contacts). Among these
32 contacts, some showed a strong reduction or a complete disappearance of the 2 Hz word
response during D06–D07 stimulation (Figure 5). This effect was specific to the stimulation
period and sometimes remained during the post-stimulation periods, with a gradual return
to the prestimulation amplitude.

In total, 11 contacts (i.e., 34%) showed a significant decrease of the 2 Hz word response during
the stimulation relative to the pre-stimulation period (average between Pre 1 and Pre 2 periods, see
Materials and Methods). These contacts were located in the same structure as the stimulation site
(occipito-temporal sulcus) and in the middle fusiform gyrus (medial and lateral parts; Figure 5B).
One contact was located more anteriorly, in the anterior part of the collateral sulcus.

To determine whether this effect was functionally specific, we computed correlations
between the size of the stimulation effect (difference of 2 Hz word response amplitude
between the stimulation period and the average of Pre1 and Pre2 periods; see Figure 5A)
and several independent functional responses acquired outside the stimulation sessions across
the 32 corresponding nonstimulated contacts (Figure 5C). All correlations were computed by
removing outliers (z score > 3), and FDR corrections were applied to control for multiple com-
parisons (Benjamini & Hochberg, 1995).

We found highly positive significant correlations between the size of the stimulation effect
and the word-selective response amplitudes acquired for the two levels of discrimination (PW-
Wamplitude: r(28) = 0.652, p = 0.0005; NW-Wamplitude: r(28) = 0.594, p = 0.001), showing
that the more a contact was word-selective, the more this contact was affected by the stimu-
lation (Figure 5C). The stimulation effect was also positively correlated with the 4 Hz word
response acquired with the SemWord4Hz paradigm (r(29) = 0.427, p = 0.017). To evaluate
the influence of physical measurements on the correlations relative to word selectivity, we
conducted partial correlations using the Euclidean distance from the stimulation site and the
amplitude of the stimulation artifact as control variables. These results showed that there was
no significant influence of these two variables on the correlations between the stimulation
effect and the PW-W/NW-W conditions, as the correlations remained significant once the
influence of the control variables was considered (PW-W: r = 0.62, p = 0.001; NW-W: r =
0.53, p = 0.004).
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DISCUSSION

We report a comprehensive behavioral and neural investigation of a case of transient read-
ing impairment due to DES of the word-selective left occipito-temporal sulcus. To put
things in perspective, while DES to temporal lobe structures is regularly performed to
assess the integrity and lateralization of language in our clinical unit (around 35 SEEG
explorations per year), with a majority of patients implanted in left temporal lobe struc-
tures, this is one of the rare cases of selective transient reading impairment observed in
almost 20 years of clinical investigations. In contrast, transient impairments in naming
are regularly observed following DES to the ventral region of the anterior temporal lobe
(baso-temporal area of language [BTLA]; Abdallah et al., 2021; Lüders et al., 1991; Bédos
Ulvin et al., 2017), perhaps due in part to the more frequent implantations in the anterior
temporal lobe than posterior regions of the VOTC. Overall, the present observations in an
original case strengthen the role of the left VOTC in reading, showing its criticalness as a cor-
tical node of a visual language network.

Compared to previous reports (Hirshorn et al., 2016; Mani et al., 2008; Sabsevitz et al.,
2020; Woolnough et al., 2021, 2022; Woolnough & Tandon, 2024), the present case has
many strengths, making it, to our knowledge, the clearest reported case of pure alexia due
to DES to date.

First, the transient reading impairment observed during DES was clear, immediate, repro-
ducible on different days of testing, and concerned all aspects of letter/word reading. While
previous studies reported results for a few trials or behavioral tasks, we were able to assess
behavioral performance in a variety of reading tasks, often with both accuracy rates and
response times. In doing so, we highlighted a selective reading deficit, with no impairment
in other cognitive functions, especially in picture naming. SV experienced transient impair-
ments in reading isolated words, both with and without time constraints, as well as in reading
text. She would stop or slow down, explaining she “couldn’t make the word,” but recognized
the unread word after stimulation. She was also impaired without having to read aloud in writ-
ten lexical decision tasks, excluding a deficit due to phonological access. She also struggled
reading syllables and pseudowords (nonsignificant decrease of accuracy for the 2 tasks, sig-
nificant increase on RT for syllables). Finally, we challenged her letter-by-letter reading perfor-
mance by increasing the presentation rate of isolated letters. While SV was able to accurately
name the letters presented within a word without time constraint, she was impaired with fast
isolated letter presentations. These observations suggest that speeding up the presentation of

Figure 5. Effective connectivity of the critical site. A. Examples of amplitude variation for the 2 Hz Semantic Words (SemWords2Hz) response
with concurrent electrical stimulation of the critical contact D06–D07. Mean baseline-corrected FFT of the SemWords2Hz response across
three stimulation sessions of contacts D06–D07 are shown for each period, before stimulation (Pre1, Pre2), during stimulation, and after
stimulation (Post1, Post2, Post3). The locations of these contacts are shown on the left panel using a reconstructed cortical surface of subject
SV’s brain. B. Spatial distribution of the base response amplitude decreases during stimulation for each stimulated site displayed on a recon-
structed cortical surface of subject SV’s brain. Contacts of interest are color-coded according to the baseline-corrected amplitude difference
between the average of Pre1 and Pre2 and the stimulation periods (stimulation effect). Contacts with a significant difference are circled in
red (z score > 2.32, p < 0.01). C. Correlation plots between the stimulation amplitude effect for the base SemWords responses (baseline-
corrected amplitude difference between the average of Pre1 and Pre2 and stimulation periods), and independent word responses (word-
selective response computed outside stimulation), across the contacts of interest (N = 34 minus the 2 stimulated contacts). Outliers with
values higher than z score = 3 were removed, and false discovery rate (FDR) corrections were applied to control for multiple comparisons
(Benjamini & Hochberg, 1995). The Pearson correlation coefficient, the p values, and the number of contacts included in the analyses are
indicated for each correlation.
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letters weakened her ability to link letters to the phonology of their names. Alternatively, the
patient might have been impaired at visually identifying the letters presented at a fast(er) rate
during DES. However, this alternative possibility is unlikely given that (1) each letter was still
presented for a relatively long time (150 ms), (2) the patient’s ability to read letters at a slow
rate, (3) her intact self-reported percept of letters, and (4) the relative anterior location of the
stimulated site within the VOTC.

Second, the transient impairment was selective to reading, without anomia, aphasia,
agraphia, or alterations in semantic functions and object recognition deficit being reported
during DES. Writing words to dictation was also unimpaired, as usually described in pure
alexia (e.g., Dejerine, 1892 Q2; Purcell et al., 2014; Sabsevitz et al., 2020; Starrfelt & Shallice,
2014), showing the critical role of the targeted region for orthographic input but not produc-
tion processes. While picture identification is sometimes impaired in pure alexia for images of
high visual complexity (e.g., Behrmann et al., 1998), suggesting a more general visual pro-
cessing deficit (e.g., Behrmann et al., 1998; Farah & Wallace, 1991, quoted in Starrfelt &
Behrmann, 2011 Q3), there was no semantic deficit during (picture) semantic matching here.
Finally, despite the limited testing of number reading (only one stimulation, no rapid serial
presentation of single numbers), our findings show that reading numbers was not impacted
by stimulation. This does not align with observations suggesting that number reading may be
affected in pure alexia (Leff et al., 2006; Starrfelt & Behrmann, 2011) and goes against the
view that word and number reading share common cognitive and neural mechanisms with-
out clear separation (Starrfelt & Behrmann, 2011, for a review of dissociation and nondisso-
ciation studies). To the contrary, they support the view of cognitive and neural dissociation
between reading words/ letters and reading Arabic numbers (e.g., Carreiras et al., 2015;
Dotan & Friedmann, 2019; Hannagan et al., 2015; see also Cipolotti, 1995 Q4, for a dissocia-
tion case in dyslexia).

Overall, the reading impairment during DES was found for all types of letter strings, sugges-
tive of a deficit at orthographic input levels affecting both word recognition and the conversion
of graphemes into phonemes. In a cognitive perspective (e.g., DRC; Coltheart et al., 2001), the
deficit either affects both the direct lexical and the sublexical reading routes, or it stems from
an earlier stage, where print is identified as an abstract letter identity (i.e., recognizing the iden-
tity of the letter “F”). This latter possibility is unlikely as discussed above, otherwise she would
have been unable to read letter by letter.

The pair of electrode contacts associated with the DES-evoked reading impairment falls in a
word-selective region as measured with FPVS paradigms, lying at the anterior edge ( y = –49)
of the typical location of the VWFA (e.g., Cohen et al., 2000: x = –43, y = –54, z = –12, varies
from y ≈ –54 to –42, Talairach coordinates; Caffarra et al., 2021; Martin et al., 2015; Olulade
et al., 2013; Figure 6). Despite this anterior location, the critical sites D06 and D07 recorded
large iEEG word-selective responses (prelexical and lexical). Interestingly, and more consis-
tently with their anterior location, these two lexical contacts also presented the most signif-
icant response amplitudes during a written word semantic categorization paradigm, making
them sensitive both to the lexical representation of words (selective responses to words
among pseudowords) and the meaning of words (selective responses to words of animals
among words of cities). Overall, DES to critical reading sites (including the present study)
and prelexical and lexical responses recorded by iEEG are located anteriorly to most fMRI
activations (Figure 6), leaving open the possibility that fMRI usually misses a large part of
critical reading regions, probably because of magnetic susceptibility artifacts (Wandell,
2011; Yeatman et al., 2013).
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At first glance, the finding of a critical reading site, sensitive to prelexical, lexical, and word
semantic representations, located rather anteriorly to most fMRI activations, does not align
with a deficit in the visual analysis of letters or letters strings, which is thought to happen pos-
teriorly in the VWFA according to a hierarchical view of reading (Dehaene et al., 2005).
Admittedly, given that the effect of a DES can also disrupt the functioning of connected regions
(Angelini, Jacques, et al., 2024; Angelini, Volfart, et al., 2024; Borchers et al., 2012; Desmurget
et al., 2013; Jonas & Rossion, 2023; Penfield, 1958), we cannot exclude that both anterior and
posterior regions in the VOTC were affected. The view of a specific single region processing
whole words is largely debated (e.g., see Caffarra et al., 2021, for review), and an alternative
functional organization of the left VOTC for reading as a “collection of multiple discrete sub-
regions” (Caffarra et al., 2021, p. 3057; White et al., 2019, 2023; see Caffarra et al., 2021, for
review) with different functional connections has been proposed (e.g., White et al., 2019;
Yablonski et al., 2024; Yeatman & White, 2021). The hypothesis of two subregions within

Figure 6. Spatial relationship between D06–D07 critical site, previous fMRI visual word form area coordinates, previous direct electrical stim-
ulation critical sites and previous stereotactic electroencephalography (SEEG) word-selective responses. These sites are displayed in the Talair-
ach space using a reconstructed cortical surface of the Colin27 brain: SV’s critical site for reading (black), SV’s fMRI word sensitive peak
activation (purple), electrical stimulations sites inducing alexia (blue), prelexical and lexical peaks of amplitude recorded in SEEG using
the same fast periodic visual stimulation reading paradigm as here (yellow, Lochy et al., 2018), fMRI orthographic/lexical sites (gray), and
fMRI lexical sites (white) extracted from Caffarra et al., 2021. MNI coordinates were transformed to Talairach with an online transformation
tool: https://bioimagesuiteweb.github.io/webapp/mni2tal.html.
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the original VWFA, with distinct functional connections (Yablonski et al., 2024; Yeatman &
White, 2021; see Caffarra et al., 2021, for review) proposes a posterior region sensitive to
visual features (VWFA-1) and a more anterior one (VWFA-2) connected with higher level lan-
guage processes (Yablonski et al., 2024), reminiscent of the orthography-to-semantic interface
area that had been proposed in cognitive neuropsychology (Purcell et al., 2014). In our case,
we could consider that the stimulated region may be highly and specifically connected with
multiple areas critical for reading given that the DES effect propagated to these different
regions, explaining the wide range of reading deficits (lexical, prelexical, and letter).

Here, for the first time to our knowledge, we took advantage of a recently developed
approach (Angelini, Jacques, et al., 2024; Angelini, Volfart, et al., 2024) to investigate the
effective connectivity of a reading critical site using DES coupled with frequency tagging.
We observed that DES affected local and remote (anterior) word responses. This anterior
remote effect suggests the reading deficit observed here could, at least partially, be related
to the disruption of a region located slightly anteriorly to the VWFA, at the interface of lexical
orthography and semantics (Purcell et al., 2014). Unfortunately, due to the absence of occip-
ital electrodes, we were unable to assess the connectivity of the critical site with posterior
regions, especially those involved in letter processing. Nevertheless, we showed that the stim-
ulated effect is not restricted to the stimulated site and that DES affected multiple regions in the
left VOTC. Another, not mutually exclusive, possibility is that the stimulated region processes
both prelexical and lexical representations and, to a lesser degree, is also involved in letter
identification. This is in line with iEEG evidence of intermingled neuronal populations for let-
ters, prelexical and lexical processes in the same region of the left middle fusiform gyrus
(Lochy et al., 2018). Unfortunately, SV was not tested with an FPVS condition to record
letter-selective responses (i.e., letters vs. pseudocharacters, see Lochy et al., 2015, 2018).

In conclusion, we report an original DES case of pure alexia associated with wide range of
reading deficits (lexical, prelexical, and letter), potentially reflecting the complex intrinsic con-
nectivity between multiple subregions within the word-selective left VOTC during DES of the
word-selective left VOTC, supporting the role of this region as a critical node of a reading
cortical network.

ACKNOWLEDGMENTS

We thank subject SV for her involvement and willingness to participate in the study.

FUNDING INFORMATION

Bruno Rossion, European Research Council (https://dx.doi.org/10.13039/501100000781),
Award ID: HUMANFACE 101055175. Aliette Lochy, Fonds National de la Recherche du
Luxembourg, Award ID: FNR-CORE C21/SC/16241557/READINGBRAIN.

AUTHOR CONTRIBUTIONS

Marion Marchive: Conceptualization: Equal; Data curation: Equal; Formal analysis: Equal;
Investigation: Equal; Methodology: Equal; Writing – original draft: Lead; Writing – review &
editing: Lead. Luna Angelini: Conceptualization: Equal; Data curation: Equal; Formal analysis:
Equal; Investigation: Equal; Methodology: Equal; Writing – original draft: Equal; Writing –

review & editing: Equal. Aliette Lochy: Conceptualization: Equal; Investigation: Supporting;
Supervision: Supporting; Writing – original draft: Equal; Writing – review & editing: Equal.
Louis Maillard: Methodology: Supporting; Resources: Supporting; Supervision: Supporting;
Writing – review & editing: Supporting. Sophie Coulnat-Coulbois: Investigation: Supporting;

Neurobiology of Language 20

Alexia due to left occipito-temporal cortex stimulation

D
ow

nloaded from
 http://direct.m

it.edu/nol/article-pdf/doi/10.1162/N
O

L.a.205/2564012/nol.a.205.pdf by guest on 21 N
ovem

ber 2025

http://dx.doi.org/10.13039/501100000781
http://dx.doi.org/10.13039/501100000781
http://dx.doi.org/10.13039/501100000781
http://dx.doi.org/10.13039/501100000781
http://dx.doi.org/10.13039/501100000781
http://dx.doi.org/10.13039/501100000781
http://dx.doi.org/10.13039/501100000781
http://dx.doi.org/10.13039/501100000781


Methodology: Supporting; Resources: Supporting; Supervision: Supporting; Writing – review &
editing: Supporting. Bruno Rossion: Conceptualization: Equal; Data curation: Equal; Funding
acquisition: Lead; Investigation: Equal; Methodology: Equal; Resources: Equal; Supervision:
Equal; Validation: Equal; Writing – original draft: Equal; Writing – review & editing: Equal.
Jacques Jonas: Conceptualization: Equal; Data curation: Equal; Funding acquisition: Equal;
Investigation: Equal; Methodology: Equal; Supervision: Equal; Validation: Equal; Writing –

original draft: Equal; Writing – review & editing: Equal.

DATA AND CODE AVAILABILITY STATEMENTS

The anonymized behavioral and SEEG spreadsheet data are available on the Open Science
framework: https://osf.io/vdwna/overview?view_only=7774becfb4c74e7689f016b3942fdcb3.
Due to institutional restrictions, the anonymized raw data are available upon request from the
corresponding author.

REFERENCES

Abdallah, C., Brissart, H., Colnat-Coulbois, S., Pierson, L.,
Aron, O., Forthoffer, N., Vignal, J.-P., Tyvaert, L., Jonas, J.,
& Maillard, L. (2021). Stereoelectroencephalographic language
mapping of the basal temporal cortex predicts postoperative
naming outcome. Journal of Neurosurgery, 135(5), 1466–
1476. https://doi.org/10.3171/2020.8.jns202431, PubMed:
33636700

Amalric, M., & Dehaene, S. (2016). Origins of the brain networks
for advanced mathematics in expert mathematicians. Proceed-
ings of the National Academy of Sciences, 113(18), 4909–
4917. https://doi.org/10.1073/pnas.1603205113, PubMed:
27071124

Angelini, L., Jacques, C., Maillard, L., Colnat-Coulbois, S., Rossion,
B., & Jonas, J. (2024). Bidirectional and cross-hemispheric modu-
lations of face-selective neural activity induced by electrical
stimulation within the human cortical face network. Brain Sciences,
14(9), Article 906. https://doi.org/10.3390/brainsci14090906,
PubMed: 39335402

Angelini, L., Volfart, A., Jacques, C., Colnat-Coulbois, S., Maillard,
L., Rossion, B., & Jonas, J. (2024). Effective connectivity of func-
tional brain regions through concurrent intracerebral electrical
stimulation and frequency-tagged visual presentation. Brain Stim-
ulation, 17(3), 726–729. https://doi.org/10.1016/j.brs.2024.05
.016, PubMed: 38824999

Bédos Ulvin, L., Jonas, J., Brissart, H., Colnat-Coulbois, S., Thiriaux,
A., Vignal, J., & Maillard, L. (2017). Intracerebral stimulation of
left and right ventral temporal cortex during object naming. Brain
and Language, 175, 71–76. https://doi.org/10.1016/j.bandl.2017
.09.003, PubMed: 29024845

Behrmann, M., Nelson, J., & Sekuler, E. (1998). Visual complexity
in letter-by-letter reading: “Pure” alexia is not pure. Neuropsy-
chologia, 36(11), 1115–1132. https://doi.org/10.1016/s0028
-3932(98)00005-0, PubMed: 9842758

Benedict, R. (1997). Brief visuospatial memory test—Revised. Psy-
chological Assessment Resources.

Benjamini, Y., & Hochberg, Y. (1995). Controlling the false discov-
ery rate: A practical and powerful approach to multiple testing.
Journal of the Royal Statistical Society Series B (Statistical Meth-
odology), 57(1), 289–300. https://doi.org/10.1111/j.2517-6161
.1995.tb02031.x

Ben-Shachar, M., Dougherty, R. F., Deutsch, G. K., & Wandell,
B. A. (2007). Differential sensitivity to words and shapes in

ventral occipito-temporal cortex. Cerebral Cortex, 17(7),
1604–1611. https://doi.org/10.1093/cercor/bhl071, PubMed:
16956978

Ben-Shachar, M., Dougherty, R. F., Deutsch, G. K., & Wandell,
B. A. (2011). The development of cortical sensitivity to
visual word forms. Journal of Cognitive Neuroscience, 23(9),
2387–2399. https://doi.org/10.1162/jocn.2011.21615, PubMed:
21261451

Binder, J. R., Medler, D. A., Westbury, C. F., Liebenthal, E., &
Buchanan, L. (2006). Tuning of the human left fusiform gyrus
to sublexical orthographic structure. NeuroImage, 33(2),
739–748. https://doi.org/10.1016/j.neuroimage.2006.06.053,
PubMed: 16956773

Borchers, S., Himmelbach, M., Logothetis, N., & Karnath, H.-O.
(2012). Direct electrical stimulation of human cortex—The gold
standard for mapping brain functions? Nature Reviews Neurosci-
ence, 13(1), 63–70. https://doi.org/10.1038/nrn3140, PubMed:
22127300

Buschke, H. (1973). Selective reminding for analysis of
memory and learning. Journal of Verbal Learning and Verbal
Behavior, 12(5), 543–550. https://doi.org/10.1016/s0022
-5371(73)80034-9

Caffarra, S., Karipidis, I. I., Yablonski, M., & Yeatman, J. D. (2021).
Anatomy and physiology of word-selective visual cortex: From
visual features to lexical processing. Brain Structure and Func-
tion, 226(9), 3051–3065. https://doi.org/10.1007/s00429-021
-02384-8, PubMed: 34636985

Carreiras, M., Monahan, P. J., Lizarazu, M., Duñabeitia, J. A., &
Molinaro, N. (2015). Numbers are not like words: Different path-
ways for literacy and numeracy. NeuroImage, 118, 79–89.
https://doi.org/10.1016/j.neuroimage.2015.06.021, PubMed:
26067344

Cipolotti, L. (1995). Multiple routes for reading words, why not
numbers? Evidence from a case of Arabic numeral dyslexia. Cog-
nitive Neuropsychology, 12(3), 313–342. https://doi.org/10.1080
/02643299508252001

Cloppenborg, T., Mertens, M., Hopf, J. L., Kalbhenn, T., Bien, C. G.,
Woermann, F. G., & Polster, T. (2021). Reading and the visual
word form area (VWFA)—Management and clinical experience
at one epilepsy surgery center. Epilepsy & Behavior, 124, Article
108274. https://doi.org/10.1016/j.yebeh.2021.108274, PubMed:
34536734

Neurobiology of Language 21

Alexia due to left occipito-temporal cortex stimulation

D
ow

nloaded from
 http://direct.m

it.edu/nol/article-pdf/doi/10.1162/N
O

L.a.205/2564012/nol.a.205.pdf by guest on 21 N
ovem

ber 2025

https://osf.io/vdwna/overview?view_only=7774becfb4c74e7689f016b3942fdcb3
https://osf.io/vdwna/overview?view_only=7774becfb4c74e7689f016b3942fdcb3
https://osf.io/vdwna/overview?view_only=7774becfb4c74e7689f016b3942fdcb3
https://osf.io/vdwna/overview?view_only=7774becfb4c74e7689f016b3942fdcb3
https://osf.io/vdwna/overview?view_only=7774becfb4c74e7689f016b3942fdcb3
https://osf.io/vdwna/overview?view_only=7774becfb4c74e7689f016b3942fdcb3
https://osf.io/vdwna/overview?view_only=7774becfb4c74e7689f016b3942fdcb3
https://osf.io/vdwna/overview?view_only=7774becfb4c74e7689f016b3942fdcb3
https://osf.io/vdwna/overview?view_only=7774becfb4c74e7689f016b3942fdcb3
https://doi.org/10.3171/2020.8.jns202431
https://doi.org/10.3171/2020.8.jns202431
https://doi.org/10.3171/2020.8.jns202431
https://doi.org/10.3171/2020.8.jns202431
https://doi.org/10.3171/2020.8.jns202431
https://doi.org/10.3171/2020.8.jns202431
https://doi.org/10.3171/2020.8.jns202431
https://doi.org/10.3171/2020.8.jns202431
https://doi.org/10.3171/2020.8.jns202431
https://pubmed.ncbi.nlm.nih.gov/33636700
https://doi.org/10.1073/pnas.1603205113
https://doi.org/10.1073/pnas.1603205113
https://doi.org/10.1073/pnas.1603205113
https://doi.org/10.1073/pnas.1603205113
https://doi.org/10.1073/pnas.1603205113
https://doi.org/10.1073/pnas.1603205113
https://doi.org/10.1073/pnas.1603205113
https://doi.org/10.1073/pnas.1603205113
https://pubmed.ncbi.nlm.nih.gov/27071124
https://doi.org/10.3390/brainsci14090906
https://doi.org/10.3390/brainsci14090906
https://doi.org/10.3390/brainsci14090906
https://doi.org/10.3390/brainsci14090906
https://doi.org/10.3390/brainsci14090906
https://doi.org/10.3390/brainsci14090906
https://doi.org/10.3390/brainsci14090906
https://doi.org/10.3390/brainsci14090906
https://pubmed.ncbi.nlm.nih.gov/39335402
https://doi.org/10.1016/j.brs.2024.05.016
https://doi.org/10.1016/j.brs.2024.05.016
https://doi.org/10.1016/j.brs.2024.05.016
https://doi.org/10.1016/j.brs.2024.05.016
https://doi.org/10.1016/j.brs.2024.05.016
https://doi.org/10.1016/j.brs.2024.05.016
https://doi.org/10.1016/j.brs.2024.05.016
https://doi.org/10.1016/j.brs.2024.05.016
https://doi.org/10.1016/j.brs.2024.05.016
https://doi.org/10.1016/j.brs.2024.05.016
https://doi.org/10.1016/j.brs.2024.05.016
https://pubmed.ncbi.nlm.nih.gov/38824999
https://doi.org/10.1016/j.bandl.2017.09.003
https://doi.org/10.1016/j.bandl.2017.09.003
https://doi.org/10.1016/j.bandl.2017.09.003
https://doi.org/10.1016/j.bandl.2017.09.003
https://doi.org/10.1016/j.bandl.2017.09.003
https://doi.org/10.1016/j.bandl.2017.09.003
https://doi.org/10.1016/j.bandl.2017.09.003
https://doi.org/10.1016/j.bandl.2017.09.003
https://doi.org/10.1016/j.bandl.2017.09.003
https://doi.org/10.1016/j.bandl.2017.09.003
https://doi.org/10.1016/j.bandl.2017.09.003
https://pubmed.ncbi.nlm.nih.gov/29024845
https://doi.org/10.1016/s0028-3932(98)00005-0
https://doi.org/10.1016/s0028-3932(98)00005-0
https://doi.org/10.1016/s0028-3932(98)00005-0
https://doi.org/10.1016/s0028-3932(98)00005-0
https://doi.org/10.1016/s0028-3932(98)00005-0
https://doi.org/10.1016/s0028-3932(98)00005-0
https://doi.org/10.1016/s0028-3932(98)00005-0
https://doi.org/10.1016/s0028-3932(98)00005-0
https://doi.org/10.1016/s0028-3932(98)00005-0
https://pubmed.ncbi.nlm.nih.gov/9842758
https://doi.org/10.1111/j.2517-6161.1995.tb02031.x
https://doi.org/10.1111/j.2517-6161.1995.tb02031.x
https://doi.org/10.1111/j.2517-6161.1995.tb02031.x
https://doi.org/10.1111/j.2517-6161.1995.tb02031.x
https://doi.org/10.1111/j.2517-6161.1995.tb02031.x
https://doi.org/10.1111/j.2517-6161.1995.tb02031.x
https://doi.org/10.1111/j.2517-6161.1995.tb02031.x
https://doi.org/10.1111/j.2517-6161.1995.tb02031.x
https://doi.org/10.1111/j.2517-6161.1995.tb02031.x
https://doi.org/10.1111/j.2517-6161.1995.tb02031.x
https://doi.org/10.1111/j.2517-6161.1995.tb02031.x
https://doi.org/10.1111/j.2517-6161.1995.tb02031.x
https://doi.org/10.1093/cercor/bhl071
https://doi.org/10.1093/cercor/bhl071
https://doi.org/10.1093/cercor/bhl071
https://doi.org/10.1093/cercor/bhl071
https://doi.org/10.1093/cercor/bhl071
https://doi.org/10.1093/cercor/bhl071
https://doi.org/10.1093/cercor/bhl071
https://doi.org/10.1093/cercor/bhl071
https://doi.org/10.1093/cercor/bhl071
https://pubmed.ncbi.nlm.nih.gov/16956978
https://doi.org/10.1162/jocn.2011.21615
https://doi.org/10.1162/jocn.2011.21615
https://doi.org/10.1162/jocn.2011.21615
https://doi.org/10.1162/jocn.2011.21615
https://doi.org/10.1162/jocn.2011.21615
https://doi.org/10.1162/jocn.2011.21615
https://doi.org/10.1162/jocn.2011.21615
https://doi.org/10.1162/jocn.2011.21615
https://doi.org/10.1162/jocn.2011.21615
https://pubmed.ncbi.nlm.nih.gov/21261451
https://doi.org/10.1016/j.neuroimage.2006.06.053
https://doi.org/10.1016/j.neuroimage.2006.06.053
https://doi.org/10.1016/j.neuroimage.2006.06.053
https://doi.org/10.1016/j.neuroimage.2006.06.053
https://doi.org/10.1016/j.neuroimage.2006.06.053
https://doi.org/10.1016/j.neuroimage.2006.06.053
https://doi.org/10.1016/j.neuroimage.2006.06.053
https://doi.org/10.1016/j.neuroimage.2006.06.053
https://doi.org/10.1016/j.neuroimage.2006.06.053
https://doi.org/10.1016/j.neuroimage.2006.06.053
https://doi.org/10.1016/j.neuroimage.2006.06.053
https://pubmed.ncbi.nlm.nih.gov/16956773
https://doi.org/10.1038/nrn3140
https://doi.org/10.1038/nrn3140
https://doi.org/10.1038/nrn3140
https://doi.org/10.1038/nrn3140
https://doi.org/10.1038/nrn3140
https://doi.org/10.1038/nrn3140
https://doi.org/10.1038/nrn3140
https://pubmed.ncbi.nlm.nih.gov/22127300
https://doi.org/10.1016/s0022-5371(73)80034-9
https://doi.org/10.1016/s0022-5371(73)80034-9
https://doi.org/10.1016/s0022-5371(73)80034-9
https://doi.org/10.1016/s0022-5371(73)80034-9
https://doi.org/10.1016/s0022-5371(73)80034-9
https://doi.org/10.1016/s0022-5371(73)80034-9
https://doi.org/10.1016/s0022-5371(73)80034-9
https://doi.org/10.1016/s0022-5371(73)80034-9
https://doi.org/10.1016/s0022-5371(73)80034-9
https://doi.org/10.1007/s00429-021-02384-8
https://doi.org/10.1007/s00429-021-02384-8
https://doi.org/10.1007/s00429-021-02384-8
https://doi.org/10.1007/s00429-021-02384-8
https://doi.org/10.1007/s00429-021-02384-8
https://doi.org/10.1007/s00429-021-02384-8
https://doi.org/10.1007/s00429-021-02384-8
https://doi.org/10.1007/s00429-021-02384-8
https://doi.org/10.1007/s00429-021-02384-8
https://doi.org/10.1007/s00429-021-02384-8
https://pubmed.ncbi.nlm.nih.gov/34636985
https://doi.org/10.1016/j.neuroimage.2015.06.021
https://doi.org/10.1016/j.neuroimage.2015.06.021
https://doi.org/10.1016/j.neuroimage.2015.06.021
https://doi.org/10.1016/j.neuroimage.2015.06.021
https://doi.org/10.1016/j.neuroimage.2015.06.021
https://doi.org/10.1016/j.neuroimage.2015.06.021
https://doi.org/10.1016/j.neuroimage.2015.06.021
https://doi.org/10.1016/j.neuroimage.2015.06.021
https://doi.org/10.1016/j.neuroimage.2015.06.021
https://doi.org/10.1016/j.neuroimage.2015.06.021
https://doi.org/10.1016/j.neuroimage.2015.06.021
https://pubmed.ncbi.nlm.nih.gov/26067344
https://doi.org/10.1080/02643299508252001
https://doi.org/10.1080/02643299508252001
https://doi.org/10.1080/02643299508252001
https://doi.org/10.1080/02643299508252001
https://doi.org/10.1080/02643299508252001
https://doi.org/10.1080/02643299508252001
https://doi.org/10.1080/02643299508252001
https://doi.org/10.1016/j.yebeh.2021.108274
https://doi.org/10.1016/j.yebeh.2021.108274
https://doi.org/10.1016/j.yebeh.2021.108274
https://doi.org/10.1016/j.yebeh.2021.108274
https://doi.org/10.1016/j.yebeh.2021.108274
https://doi.org/10.1016/j.yebeh.2021.108274
https://doi.org/10.1016/j.yebeh.2021.108274
https://doi.org/10.1016/j.yebeh.2021.108274
https://doi.org/10.1016/j.yebeh.2021.108274
https://doi.org/10.1016/j.yebeh.2021.108274
https://pubmed.ncbi.nlm.nih.gov/34536734


Cohen, L., Dehaene, S., Naccache, L., Lehéricy, S., Dehaene-
Lambertz, G., Hénaff, M., & Michel, F. (2000). The visual word
form area: Spatial and temporal characterization of an initial stage
of reading in normal subjects and posterior split-brain patients.
Brain, 123(2), 291–307. https://doi.org/10.1093/brain/123.2.291,
PubMed: 10648437

Q5 Cohen, L., Henry, C., Dehaene, S., Martinaud, O., Lehéricy, S.,
Lemer, C., & Ferrieux, S. (2004). The pathophysiology of
letter-by-letter reading. Neuropsychologia, 42(13), 1768–1780.
https://doi.org/10.1016/j.neuropsychologia.2004.04.018,
PubMed: 15351626

Cohen, L., Lehéricy, S., Chochon, F., Lemer, C., Rivaud, S., &
Dehaene, S. (2002). Language-specific tuning of visual cortex?
Functional properties of the visual word form area. Brain,
125(5), 1054–1069. https://doi.org/10.1093/brain/awf094,
PubMed: 11960895

Cohen, L., Martinaud, O., Lemer, C., Lehéricy, S., Samson, Y.,
Obadia, M., Slachevsky, A., & Dehaene, S. (2003). Visual word
recognition in the left and right hemispheres: Anatomical and
functional correlates of peripheral alexias. Cerebral Cortex,
13(12), 1313–1333. https://doi.org/10.1093/cercor/bhg079,
PubMed: 14615297

Coltheart, M., Rastle, K., Perry, C., Langdon, R., & Ziegler, J. (2001).
DRC: A dual route cascaded model of visual word recognition
and reading aloud. Psychological Review, 108(1), 204–256.
https://doi.org/10.1037/0033-295x.108.1.204, PubMed:
11212628

Damasio, A. R., & Damasio, H. (1983). The anatomic basis of pure
alexia. Neurology, 33(12), 1573–1583. https://doi.org/10.1212
/wnl.33.12.1573, PubMed: 6685830

Dehaene, S., Clec’H, G. L., Poline, J.-B., Bihan, D. L., & Cohen, L.
(2002). The visual word form area: A prelexical representation of
visual words in the fusiform gyrus. Neuroreport, 13(3), 321–325.
https://doi.org/10.1097/00001756-200203040-00015, PubMed:
11930131

Dehaene, S., Cohen, L., Sigman, M., & Vinckier, F. (2005). The neu-
ral code for written words: A proposal. Trends in Cognitive Sci-
ences, 9(7), 335–341. https://doi.org/10.1016/j.tics.2005.05.004,
PubMed: 15951224

Q6 Dehaene, S., Jobert, A., Naccache, L., Ciuciu, P., Poline, J.-B.,
Bihan, D. L., & Cohen, L. (2004). Letter binding and invariant
recognition of masked words: Behavioral neuroimaging evi-
dence. Psychological Science, 15(5), 307–313. https://doi.org
/10.1111/j.0956-7976.2004.00674.x, PubMed: 15102139

Dehaene, S., Pegado, F., Braga, L. W., Ventura, P., Nunes Filho, G.,
Jobert, A., Dehaene-Lambertz, G., Kolinsky, R., Morais, J., &
Cohen, L. (2010). How learning to read changes the cortical net-
works for vision and language. Science, 330(6009), 1359–1364.
https://doi.org/10.1126/science.1194140, PubMed: 21071632

Dejerine, J. (1891). Sur un cas de cécité verbale avec agraphie suivi
D0autopsie. Mémoires de la Société de Biologie, 3, 197–201.
https://pure.mpg.de/pubman/faces/ViewItemFullPage.jsp?itemId
=item_2310098_6

Dejerine, J. (1892). Contribution à l’étude anatomopathologique et
clinique des différents variétés de cécité verbale. Mémoires de la
Société de Biologie, 4, 61–90.

Deloche, G., & Hannequin, D. (1997). Test de dénomination orale
D0images: DO 80. Éd. du Centre de psychologie appliquée
(ECPA).

Desmurget, M., Song, Z., Mottolese, C., & Sirigu, A. (2013). Re-
establishing the merits of electrical brain stimulation. Trends in
Cognitive Sciences, 17(9), 442–449. https://doi.org/10.1016/j
.tics.2013.07.002, PubMed: 23932195

Dotan, D., & Friedmann, N. (2019). Separate mechanisms for num-
ber reading and word reading: Evidence from selective impair-
ments. Cortex, 114, 176–192. https://doi.org/10.1016/j.cortex
.2018.05.010, PubMed: 30001919

Farah, M. J., & Wallace, M. A. (1991). Pure alexia as a visual
impairment: A reconsideration. Cognitive Neuropsychology,
8(3–4), 313–334. https://doi.org/10.1080/02643299108253376

Gaillard, R., Naccache, L., Pinel, P., Clémenceau, S., Volle, E.,
Hasboun, D., Dupont, S., Baulac, M., Dehaene, S., Adam, C.,
& Cohen, L. (2006). Direct intracranial, fMRI, and lesion evi-
dence for the causal role of left inferotemporal cortex in reading.
Neuron, 50(2), 191–204. https://doi.org/10.1016/j.neuron.2006
.03.031, PubMed: 16630832

Glezer, L. S., Jiang, X., & Riesenhuber, M. (2009). Evidence for
highly selective neuronal tuning to whole words in the “visual
word form area.” Neuron, 62(2), 199–204. https://doi.org/10
.1016/j.neuron.2009.03.017, PubMed: 19409265

Glezer, L. S., Kim, J., Rule, J., Jiang, X., & Riesenhuber, M. (2015).
Adding words to the brain’s visual dictionary: Novel word learn-
ing selectively sharpens orthographic representations in the
VWFA. Journal of Neuroscience, 35(12), 4965–4972. https://doi
.org/10.1523/jneurosci.4031-14.2015, PubMed: 25810526

Goebel, R., Esposito, F., & Formisano, E. (2006). Analysis of
functional image analysis contest (FIAC) data with brain-
voyager QX: From single-subject to cortically aligned group
general linear model analysis and self-organizing group
independent component analysis. Human Brain Mapping,
27 (5 ) , 392–401. ht tps : / /doi .org/10.1002/ hbm.20249,
PubMed: 16596654

Gola-Asmussen, C., Lequette, C., Pouget, G., Rouyer, C., &
Zorman, M. (2010). Outil D0évaluation de compétences de lec-
ture chez l’adulte de plus de 16 ans [Assessment tool for reading
competence in adults over 16]. Université de Provence Aix-
Marseille et Cognisciences LES Université Pierre Mendès.

Hagen, S., Jacques, C., Maillard, L., Colnat-Coulbois, S., Rossion,
B., & Jonas, J. (2020). Spatially dissociated intracerebral maps
for face- and house-selective activity in the human ventral
occipito-temporal cortex. Cerebral Cortex, 30(7), 4026–4043.
https://doi.org/10.1093/cercor/bhaa022, PubMed: 32301963

Hamberger, M. J. (2015). Object naming in epilepsy and epilepsy
surgery. Epilepsy & Behavior, 46, 27–33. https://doi.org/10.1016/j
.yebeh.2014.12.019, PubMed: 25599985

Hannagan, T., Amedi, A., Cohen, L., Dehaene-Lambertz, G., &
Dehaene, S. (2015). Origins of the specialization for letters and
numbers in ventral occipitotemporal cortex. Trends in Cognitive
Sciences, 19(7), 374–382. https://doi.org/10.1016/j.tics.2015.05
.006, PubMed: 26072689

Q7Hasson, U., Levy, I., Behrmann, M., Hendler, T., & Malach, R.
(2002). Eccentricity bias as an organizing principle for human
high-order object areas. Neuron, 34(3), 479–490. https://doi.org
/10.1016/s0896-6273(02)00662-1, PubMed: 11988177

Hermann, B. P., Seidenberg, M., Haltiner, A., & Wyler, A. R. (1992).
Adequacy of language function and verbal memory performance
in unilateral temporal lobe epilepsy. Cortex, 28(3), 423–433.
https://doi.org/10.1016/s0010-9452(13)80152-9, PubMed:
1382918

Hirshorn, E. A., Li, Y., Ward, M. J., Richardson, R. M., Fiez, J. A., &
Ghuman, A. S. (2016). Decoding and disrupting left midfusiform
gyrus activity during word reading. Proceedings of the National
Academy of Sciences, 113(29), 8162–8167. https://doi.org/10
.1073/pnas.1604126113, PubMed: 27325763

Hoppe, C., Elger, C. E., & Helmstaedter, C. (2007). Long-term mem-
ory impairment in patients with focal epilepsy. Epilepsia, 48(S9),

Neurobiology of Language 22

Alexia due to left occipito-temporal cortex stimulation

D
ow

nloaded from
 http://direct.m

it.edu/nol/article-pdf/doi/10.1162/N
O

L.a.205/2564012/nol.a.205.pdf by guest on 21 N
ovem

ber 2025

https://doi.org/10.1093/brain/123.2.291
https://doi.org/10.1093/brain/123.2.291
https://doi.org/10.1093/brain/123.2.291
https://doi.org/10.1093/brain/123.2.291
https://doi.org/10.1093/brain/123.2.291
https://doi.org/10.1093/brain/123.2.291
https://doi.org/10.1093/brain/123.2.291
https://doi.org/10.1093/brain/123.2.291
https://doi.org/10.1093/brain/123.2.291
https://doi.org/10.1093/brain/123.2.291
https://doi.org/10.1093/brain/123.2.291
https://pubmed.ncbi.nlm.nih.gov/10648437
https://doi.org/10.1016/j.neuropsychologia.2004.04.018
https://doi.org/10.1016/j.neuropsychologia.2004.04.018
https://doi.org/10.1016/j.neuropsychologia.2004.04.018
https://doi.org/10.1016/j.neuropsychologia.2004.04.018
https://doi.org/10.1016/j.neuropsychologia.2004.04.018
https://doi.org/10.1016/j.neuropsychologia.2004.04.018
https://doi.org/10.1016/j.neuropsychologia.2004.04.018
https://doi.org/10.1016/j.neuropsychologia.2004.04.018
https://doi.org/10.1016/j.neuropsychologia.2004.04.018
https://doi.org/10.1016/j.neuropsychologia.2004.04.018
https://doi.org/10.1016/j.neuropsychologia.2004.04.018
https://pubmed.ncbi.nlm.nih.gov/15351626
https://doi.org/10.1093/brain/awf094
https://doi.org/10.1093/brain/awf094
https://doi.org/10.1093/brain/awf094
https://doi.org/10.1093/brain/awf094
https://doi.org/10.1093/brain/awf094
https://doi.org/10.1093/brain/awf094
https://doi.org/10.1093/brain/awf094
https://doi.org/10.1093/brain/awf094
https://doi.org/10.1093/brain/awf094
https://pubmed.ncbi.nlm.nih.gov/11960895
https://doi.org/10.1093/cercor/bhg079
https://doi.org/10.1093/cercor/bhg079
https://doi.org/10.1093/cercor/bhg079
https://doi.org/10.1093/cercor/bhg079
https://doi.org/10.1093/cercor/bhg079
https://doi.org/10.1093/cercor/bhg079
https://doi.org/10.1093/cercor/bhg079
https://doi.org/10.1093/cercor/bhg079
https://doi.org/10.1093/cercor/bhg079
https://pubmed.ncbi.nlm.nih.gov/14615297
https://doi.org/10.1037/0033-295x.108.1.204
https://doi.org/10.1037/0033-295x.108.1.204
https://doi.org/10.1037/0033-295x.108.1.204
https://doi.org/10.1037/0033-295x.108.1.204
https://doi.org/10.1037/0033-295x.108.1.204
https://doi.org/10.1037/0033-295x.108.1.204
https://doi.org/10.1037/0033-295x.108.1.204
https://doi.org/10.1037/0033-295x.108.1.204
https://doi.org/10.1037/0033-295x.108.1.204
https://doi.org/10.1037/0033-295x.108.1.204
https://doi.org/10.1037/0033-295x.108.1.204
https://pubmed.ncbi.nlm.nih.gov/11212628
https://doi.org/10.1212/wnl.33.12.1573
https://doi.org/10.1212/wnl.33.12.1573
https://doi.org/10.1212/wnl.33.12.1573
https://doi.org/10.1212/wnl.33.12.1573
https://doi.org/10.1212/wnl.33.12.1573
https://doi.org/10.1212/wnl.33.12.1573
https://doi.org/10.1212/wnl.33.12.1573
https://doi.org/10.1212/wnl.33.12.1573
https://doi.org/10.1212/wnl.33.12.1573
https://doi.org/10.1212/wnl.33.12.1573
https://pubmed.ncbi.nlm.nih.gov/6685830
https://doi.org/10.1097/00001756-200203040-00015
https://doi.org/10.1097/00001756-200203040-00015
https://doi.org/10.1097/00001756-200203040-00015
https://doi.org/10.1097/00001756-200203040-00015
https://doi.org/10.1097/00001756-200203040-00015
https://doi.org/10.1097/00001756-200203040-00015
https://doi.org/10.1097/00001756-200203040-00015
https://doi.org/10.1097/00001756-200203040-00015
https://doi.org/10.1097/00001756-200203040-00015
https://pubmed.ncbi.nlm.nih.gov/11930131
https://doi.org/10.1016/j.tics.2005.05.004
https://doi.org/10.1016/j.tics.2005.05.004
https://doi.org/10.1016/j.tics.2005.05.004
https://doi.org/10.1016/j.tics.2005.05.004
https://doi.org/10.1016/j.tics.2005.05.004
https://doi.org/10.1016/j.tics.2005.05.004
https://doi.org/10.1016/j.tics.2005.05.004
https://doi.org/10.1016/j.tics.2005.05.004
https://doi.org/10.1016/j.tics.2005.05.004
https://doi.org/10.1016/j.tics.2005.05.004
https://doi.org/10.1016/j.tics.2005.05.004
https://pubmed.ncbi.nlm.nih.gov/15951224
https://doi.org/10.1111/j.0956-7976.2004.00674.x
https://doi.org/10.1111/j.0956-7976.2004.00674.x
https://doi.org/10.1111/j.0956-7976.2004.00674.x
https://doi.org/10.1111/j.0956-7976.2004.00674.x
https://doi.org/10.1111/j.0956-7976.2004.00674.x
https://doi.org/10.1111/j.0956-7976.2004.00674.x
https://doi.org/10.1111/j.0956-7976.2004.00674.x
https://doi.org/10.1111/j.0956-7976.2004.00674.x
https://doi.org/10.1111/j.0956-7976.2004.00674.x
https://doi.org/10.1111/j.0956-7976.2004.00674.x
https://doi.org/10.1111/j.0956-7976.2004.00674.x
https://doi.org/10.1111/j.0956-7976.2004.00674.x
https://pubmed.ncbi.nlm.nih.gov/15102139
https://doi.org/10.1126/science.1194140
https://doi.org/10.1126/science.1194140
https://doi.org/10.1126/science.1194140
https://doi.org/10.1126/science.1194140
https://doi.org/10.1126/science.1194140
https://doi.org/10.1126/science.1194140
https://doi.org/10.1126/science.1194140
https://doi.org/10.1126/science.1194140
https://pubmed.ncbi.nlm.nih.gov/21071632
https://pure.mpg.de/pubman/faces/ViewItemFullPage.jsp?itemId=item_2310098_6
https://pure.mpg.de/pubman/faces/ViewItemFullPage.jsp?itemId=item_2310098_6
https://pure.mpg.de/pubman/faces/ViewItemFullPage.jsp?itemId=item_2310098_6
https://pure.mpg.de/pubman/faces/ViewItemFullPage.jsp?itemId=item_2310098_6
https://pure.mpg.de/pubman/faces/ViewItemFullPage.jsp?itemId=item_2310098_6
https://pure.mpg.de/pubman/faces/ViewItemFullPage.jsp?itemId=item_2310098_6
https://pure.mpg.de/pubman/faces/ViewItemFullPage.jsp?itemId=item_2310098_6
https://pure.mpg.de/pubman/faces/ViewItemFullPage.jsp?itemId=item_2310098_6
https://pure.mpg.de/pubman/faces/ViewItemFullPage.jsp?itemId=item_2310098_6
https://pure.mpg.de/pubman/faces/ViewItemFullPage.jsp?itemId=item_2310098_6
https://pure.mpg.de/pubman/faces/ViewItemFullPage.jsp?itemId=item_2310098_6
https://pure.mpg.de/pubman/faces/ViewItemFullPage.jsp?itemId=item_2310098_6
https://pure.mpg.de/pubman/faces/ViewItemFullPage.jsp?itemId=item_2310098_6
https://pure.mpg.de/pubman/faces/ViewItemFullPage.jsp?itemId=item_2310098_6
https://doi.org/10.1016/j.tics.2013.07.002
https://doi.org/10.1016/j.tics.2013.07.002
https://doi.org/10.1016/j.tics.2013.07.002
https://doi.org/10.1016/j.tics.2013.07.002
https://doi.org/10.1016/j.tics.2013.07.002
https://doi.org/10.1016/j.tics.2013.07.002
https://doi.org/10.1016/j.tics.2013.07.002
https://doi.org/10.1016/j.tics.2013.07.002
https://doi.org/10.1016/j.tics.2013.07.002
https://doi.org/10.1016/j.tics.2013.07.002
https://doi.org/10.1016/j.tics.2013.07.002
https://pubmed.ncbi.nlm.nih.gov/23932195
https://doi.org/10.1016/j.cortex.2018.05.010
https://doi.org/10.1016/j.cortex.2018.05.010
https://doi.org/10.1016/j.cortex.2018.05.010
https://doi.org/10.1016/j.cortex.2018.05.010
https://doi.org/10.1016/j.cortex.2018.05.010
https://doi.org/10.1016/j.cortex.2018.05.010
https://doi.org/10.1016/j.cortex.2018.05.010
https://doi.org/10.1016/j.cortex.2018.05.010
https://doi.org/10.1016/j.cortex.2018.05.010
https://doi.org/10.1016/j.cortex.2018.05.010
https://doi.org/10.1016/j.cortex.2018.05.010
https://pubmed.ncbi.nlm.nih.gov/30001919
https://doi.org/10.1080/02643299108253376
https://doi.org/10.1080/02643299108253376
https://doi.org/10.1080/02643299108253376
https://doi.org/10.1080/02643299108253376
https://doi.org/10.1080/02643299108253376
https://doi.org/10.1080/02643299108253376
https://doi.org/10.1080/02643299108253376
https://doi.org/10.1016/j.neuron.2006.03.031
https://doi.org/10.1016/j.neuron.2006.03.031
https://doi.org/10.1016/j.neuron.2006.03.031
https://doi.org/10.1016/j.neuron.2006.03.031
https://doi.org/10.1016/j.neuron.2006.03.031
https://doi.org/10.1016/j.neuron.2006.03.031
https://doi.org/10.1016/j.neuron.2006.03.031
https://doi.org/10.1016/j.neuron.2006.03.031
https://doi.org/10.1016/j.neuron.2006.03.031
https://doi.org/10.1016/j.neuron.2006.03.031
https://doi.org/10.1016/j.neuron.2006.03.031
https://pubmed.ncbi.nlm.nih.gov/16630832
https://doi.org/10.1016/j.neuron.2009.03.017
https://doi.org/10.1016/j.neuron.2009.03.017
https://doi.org/10.1016/j.neuron.2009.03.017
https://doi.org/10.1016/j.neuron.2009.03.017
https://doi.org/10.1016/j.neuron.2009.03.017
https://doi.org/10.1016/j.neuron.2009.03.017
https://doi.org/10.1016/j.neuron.2009.03.017
https://doi.org/10.1016/j.neuron.2009.03.017
https://doi.org/10.1016/j.neuron.2009.03.017
https://doi.org/10.1016/j.neuron.2009.03.017
https://doi.org/10.1016/j.neuron.2009.03.017
https://pubmed.ncbi.nlm.nih.gov/19409265
https://doi.org/10.1523/jneurosci.4031-14.2015
https://doi.org/10.1523/jneurosci.4031-14.2015
https://doi.org/10.1523/jneurosci.4031-14.2015
https://doi.org/10.1523/jneurosci.4031-14.2015
https://doi.org/10.1523/jneurosci.4031-14.2015
https://doi.org/10.1523/jneurosci.4031-14.2015
https://doi.org/10.1523/jneurosci.4031-14.2015
https://doi.org/10.1523/jneurosci.4031-14.2015
https://doi.org/10.1523/jneurosci.4031-14.2015
https://doi.org/10.1523/jneurosci.4031-14.2015
https://pubmed.ncbi.nlm.nih.gov/25810526
https://doi.org/10.1002/hbm.20249
https://doi.org/10.1002/hbm.20249
https://doi.org/10.1002/hbm.20249
https://doi.org/10.1002/hbm.20249
https://doi.org/10.1002/hbm.20249
https://doi.org/10.1002/hbm.20249
https://doi.org/10.1002/hbm.20249
https://doi.org/10.1002/hbm.20249
https://doi.org/10.1002/hbm.20249
https://pubmed.ncbi.nlm.nih.gov/16596654
https://doi.org/10.1093/cercor/bhaa022
https://doi.org/10.1093/cercor/bhaa022
https://doi.org/10.1093/cercor/bhaa022
https://doi.org/10.1093/cercor/bhaa022
https://doi.org/10.1093/cercor/bhaa022
https://doi.org/10.1093/cercor/bhaa022
https://doi.org/10.1093/cercor/bhaa022
https://doi.org/10.1093/cercor/bhaa022
https://doi.org/10.1093/cercor/bhaa022
https://pubmed.ncbi.nlm.nih.gov/32301963
https://doi.org/10.1016/j.yebeh.2014.12.019
https://doi.org/10.1016/j.yebeh.2014.12.019
https://doi.org/10.1016/j.yebeh.2014.12.019
https://doi.org/10.1016/j.yebeh.2014.12.019
https://doi.org/10.1016/j.yebeh.2014.12.019
https://doi.org/10.1016/j.yebeh.2014.12.019
https://doi.org/10.1016/j.yebeh.2014.12.019
https://doi.org/10.1016/j.yebeh.2014.12.019
https://doi.org/10.1016/j.yebeh.2014.12.019
https://doi.org/10.1016/j.yebeh.2014.12.019
https://doi.org/10.1016/j.yebeh.2014.12.019
https://pubmed.ncbi.nlm.nih.gov/25599985
https://doi.org/10.1016/j.tics.2015.05.006
https://doi.org/10.1016/j.tics.2015.05.006
https://doi.org/10.1016/j.tics.2015.05.006
https://doi.org/10.1016/j.tics.2015.05.006
https://doi.org/10.1016/j.tics.2015.05.006
https://doi.org/10.1016/j.tics.2015.05.006
https://doi.org/10.1016/j.tics.2015.05.006
https://doi.org/10.1016/j.tics.2015.05.006
https://doi.org/10.1016/j.tics.2015.05.006
https://doi.org/10.1016/j.tics.2015.05.006
https://doi.org/10.1016/j.tics.2015.05.006
https://pubmed.ncbi.nlm.nih.gov/26072689
https://doi.org/10.1016/s0896-6273(02)00662-1
https://doi.org/10.1016/s0896-6273(02)00662-1
https://doi.org/10.1016/s0896-6273(02)00662-1
https://doi.org/10.1016/s0896-6273(02)00662-1
https://doi.org/10.1016/s0896-6273(02)00662-1
https://doi.org/10.1016/s0896-6273(02)00662-1
https://doi.org/10.1016/s0896-6273(02)00662-1
https://doi.org/10.1016/s0896-6273(02)00662-1
https://doi.org/10.1016/s0896-6273(02)00662-1
https://pubmed.ncbi.nlm.nih.gov/11988177
https://doi.org/10.1016/s0010-9452(13)80152-9
https://doi.org/10.1016/s0010-9452(13)80152-9
https://doi.org/10.1016/s0010-9452(13)80152-9
https://doi.org/10.1016/s0010-9452(13)80152-9
https://doi.org/10.1016/s0010-9452(13)80152-9
https://doi.org/10.1016/s0010-9452(13)80152-9
https://doi.org/10.1016/s0010-9452(13)80152-9
https://doi.org/10.1016/s0010-9452(13)80152-9
https://doi.org/10.1016/s0010-9452(13)80152-9
https://pubmed.ncbi.nlm.nih.gov/1382918
https://doi.org/10.1073/pnas.1604126113
https://doi.org/10.1073/pnas.1604126113
https://doi.org/10.1073/pnas.1604126113
https://doi.org/10.1073/pnas.1604126113
https://doi.org/10.1073/pnas.1604126113
https://doi.org/10.1073/pnas.1604126113
https://doi.org/10.1073/pnas.1604126113
https://doi.org/10.1073/pnas.1604126113
https://pubmed.ncbi.nlm.nih.gov/27325763


26–29. https://doi.org/10.1111/j.1528-1167.2007.01397.x,
PubMed: 18047597

Isnard, J., Taussig, D., Bartolomei, F., Bourdillon, P., Catenoix, H.,
Chassoux, F., Chipaux, M., Clémenceau, S., Colnat-Coulbois, S.,
Denuelle, M., Derrey, S., Devaux, B., Dorfmüller, G., Gilard, V.,
Guenot, M., Job-Chapron, A., Landré, E., Lebas, A., Maillard, L.,
… Sauleau, P. (2018). French guidelines on stereoelectroence-
phalography (SEEG). Neurophysiologie Clinique, 48(1), 5–13.
https://doi.org/10.1016/j.neucli.2017.11.005, PubMed:
29277357

Jacques, C., Rossion, B., Volfart, A., Brissart, H., Colnat-Coulbois,
S., Maillard, L. G., & Jonas, J. (2020). The neural basis of rapid
unfamiliar face individuation with human intracerebral record-
ings. NeuroImage, 221, Article 117174. https://doi.org/10.1016
/j.neuroimage.2020.117174, PubMed: 32682990

Q8 Jobard, G., Crivello, F., & Tzourio-Mazoyer, N. (2003). Evaluation
of the dual route theory of reading: A metanalysis of 35 neuroim-
aging studies. NeuroImage, 20(2), 693–712. https://doi.org/10
.1016/s1053-8119(03)00343-4, PubMed: 14568445

Jonas, J., Jacques, C., Liu-Shuang, J., Brissart, H., Colnat-Coulbois,
S., Maillard, L., & Rossion, B. (2016). A face-selective ventral
occipito-temporal map of the human brain with intracerebral
potentials. Proceedings of the National Academy of Sciences,
113 (28) , E4088–E4097. ht tps : / /doi .org/10.1073/pnas
.1522033113, PubMed: 27354526

Jonas, J., & Rossion, B. (2023). What are the contributions and chal-
lenges of direct intracranial electrical stimulation in human cog-
nitive neuroscience? In Studies in neuroscience, psychology and
behavioral economics (pp. 607–638). Springer. https://doi.org/10
.1007/978-3-031-20910-9_39

Khomsi, A. (1999). Epreuve D0évaluation de la compétence en lec-
ture. ECPA.

Leff, A. P., Spitsyna, G., Plant, G. T., & Wise, R. J. S. (2006). Struc-
tural anatomy of pure and hemianopic alexia. Journal of Neurol-
ogy, Neurosurgery, & Psychiatry, 77(9), 1004–1007. https://doi
.org/10.1136/jnnp.2005.086983, PubMed: 16801352

Q9 Lerma-Usabiaga, G., Carreiras, M., & Paz-Alonso, P. M. (2018).
Converging evidence for functional and structural segregation
within the left ventral occipitotemporal cortex in reading. Pro-
ceedings of the National Academy of Sciences, 115(42),
E9981–E9990. https://doi.org/10.1073/pnas.1803003115,
PubMed: 30224475

Lochy, A., Jacques, C., Maillard, L., Colnat-Coulbois, S., Rossion,
B., & Jonas, J. (2018). Selective visual representation of letters
and words in the left ventral occipito-temporal cortex with intra-
cerebral recordings. Proceedings of the National Academy of
Sciences, 115(32), E7595–E7604. https://doi.org/10.1073/pnas
.1718987115, PubMed: 30038000

Lochy, A., Van Belle, G., & Rossion, B. (2015). A robust index of
lexical representation in the left occipito-temporal cortex as evi-
denced by EEG responses to fast periodic visual stimulation.
Neuropsychologia, 66, 18–31. https://doi.org/10.1016/j
.neuropsychologia.2014.11.007, PubMed: 25448857

Lochy, A., Van Reybroeck, M., & Rossion, B. (2016). Left cortical
specialization for visual letter strings predicts rudimentary
knowledge of letter-sound association in preschoolers. Pro-
ceedings of the National Academy of Sciences, 113(30),
8544–8549. https://doi.org/10.1073/pnas.1520366113,
PubMed: 27402739

Q10 López-Barroso, D., Thiebaut de Schotten, M., Morais, J., Kolinsky,
R., Braga, L. W., Guerreiro-Tauil, A., Dehaene, S., & Cohen, L.
(2020). Impact of literacy on the functional connectivity of vision
and language related networks. NeuroImage, 213, Article

116722. https://doi.org/10.1016/j.neuroimage.2020.116722,
PubMed: 32156625

Lüders, H., Lesser, R. P., Hahn, J., Dinner, D. S., Morris, H. H.,
Wyllie, E., & Godoy, J. (1991). Basal temporal language area.
Brain, 114(2), 743–754. https://doi.org/10.1093/brain/114.2
.743, PubMed: 2043946

Mani, J., Diehl, B., Piao, Z., Schuele, S. S., Lapresto, E., Liu, P., Nair,
D. R., Dinner, D. S., & Lüders, H. O. (2008). Evidence for a basal
temporal visual language center: Cortical stimulation producing
pure alexia. Neurology, 71(20), 1621–1627. https://doi.org/10
.1212/01.wnl.0000334755.32850.f0, PubMed: 19001252

Martin, A., Schurz, M., Kronbichler, M., & Richlan, F. (2015). Read-
ing in the brain of children and adults: A meta-analysis of 40
functional magnetic resonance imaging studies. Human Brain
Mapping, 36(5), 1963–1981. https://doi.org/10.1002/hbm
.22749, PubMed: 25628041

Mayeux, R., Brandt, J., Rosen, J., & Benson, D. F. (1980). Interictal
memory and language impairment in temporal lobe epilepsy.
Neurology, 30(2), 120–125. https://doi.org/10.1212/wnl.30.2
.120, PubMed: 7188792

Nobre, A. C., Allison, T., & McCarthy, G. (1994). Word recognition
in the human inferior temporal lobe. Nature, 372(6503), 260–
263. https://doi.org/10.1038/372260a0, PubMed: 7969469

Norcia, A. M., Appelbaum, L. G., Ales, J. M., Cottereau, B. R., &
Rossion, B. (2015). The steady-state visual evoked potential in
vision research: A review. Journal of Vision, 15(6), Article 4.
https://doi.org/10.1167/15.6.4, PubMed: 26024451

Ojemann, G., Ojemann, J., Lettich, E., & Berger, M. (1989). Cortical
language localization in left, dominant hemisphere: An electrical
stimulation mapping investigation in 117 patients. Journal of
Neurosurgery, 71(3), 316–326. https://doi.org/10.3171/jns.1989
.71.3.0316, PubMed: 2769383

Olulade, O. A., Flowers, D. L., Napoliello, E. M., & Eden, G. F.
(2013). Developmental differences for word processing in the
ventral stream. Brain and Language, 125(2), 134–145. https://
doi.org/10.1016/j.bandl.2012.04.003, PubMed: 22564748

Penfield, W. (1958). Some mechanisms of consciousness discov-
ered during electrical stimulation of the brain. Proceedings of
the National Academy of Sciences, 44(2), 51–66. https://doi.org
/10.1073/pnas.44.2.51, PubMed: 16590173

Petersen, S. E., Fox, P. T., Snyder, A. Z., & Raichle, M. E. (1990).
Activation of extrastriate and frontal cortical areas by visual
words and word-like stimuli. Science, 249(4972), 1041–1044.
https://doi.org/10.1126/science.2396097, PubMed: 2396097

Price, C. J., & Devlin, J. T. (2003). The myth of the visual word form
area. NeuroImage, 19(3), 473–481. https://doi.org/10.1016
/s1053–8119(03)00084-3, PubMed: 12880781

Purcell, J. J., Shea, J., & Rapp, B. (2014). Beyond the visual word
form area: The orthography–semantics interface in spelling and
reading. Cognitive Neuropsychology, 31(5–6), 482–510. https://
doi.org/10.1080/02643294.2014.909399, PubMed: 24833190

Rectem, D., Poitrenaud, J., Coyette, F., Kalafat, M., & Van der
Linden, M. (2004). In M. Van der Linden, S. Adam, A. Agniel,
& C. Baisset (Eds.), Mouly et les membres du GREMEM (Eds.),
L’ évaluation des troubles de la mémoire: présentation de quatre
tests de mémoire épisodique (avec leur étalonnage)Une épreuve
de rappel libre à 15 items avec remémoration sélective (RLS-15).
Solal Editeur.

Robotham, R. J., Rice, G. E., Leff, A. P., Lambon Ralph, M. A., &
Starrfelt, R. (2023). Systematic evaluation of high-level visual def-
icits and lesions in posterior cerebral artery stroke. Brain Com-
munications, 5(2), Article fcad050. https://doi.org/10.1093
/braincomms/fcad050, PubMed: 36938522

Neurobiology of Language 23

Alexia due to left occipito-temporal cortex stimulation

D
ow

nloaded from
 http://direct.m

it.edu/nol/article-pdf/doi/10.1162/N
O

L.a.205/2564012/nol.a.205.pdf by guest on 21 N
ovem

ber 2025

https://doi.org/10.1111/j.1528-1167.2007.01397.x
https://doi.org/10.1111/j.1528-1167.2007.01397.x
https://doi.org/10.1111/j.1528-1167.2007.01397.x
https://doi.org/10.1111/j.1528-1167.2007.01397.x
https://doi.org/10.1111/j.1528-1167.2007.01397.x
https://doi.org/10.1111/j.1528-1167.2007.01397.x
https://doi.org/10.1111/j.1528-1167.2007.01397.x
https://doi.org/10.1111/j.1528-1167.2007.01397.x
https://doi.org/10.1111/j.1528-1167.2007.01397.x
https://doi.org/10.1111/j.1528-1167.2007.01397.x
https://doi.org/10.1111/j.1528-1167.2007.01397.x
https://doi.org/10.1111/j.1528-1167.2007.01397.x
https://pubmed.ncbi.nlm.nih.gov/18047597
https://doi.org/10.1016/j.neucli.2017.11.005
https://doi.org/10.1016/j.neucli.2017.11.005
https://doi.org/10.1016/j.neucli.2017.11.005
https://doi.org/10.1016/j.neucli.2017.11.005
https://doi.org/10.1016/j.neucli.2017.11.005
https://doi.org/10.1016/j.neucli.2017.11.005
https://doi.org/10.1016/j.neucli.2017.11.005
https://doi.org/10.1016/j.neucli.2017.11.005
https://doi.org/10.1016/j.neucli.2017.11.005
https://doi.org/10.1016/j.neucli.2017.11.005
https://doi.org/10.1016/j.neucli.2017.11.005
https://pubmed.ncbi.nlm.nih.gov/29277357
https://doi.org/10.1016/j.neuroimage.2020.117174
https://doi.org/10.1016/j.neuroimage.2020.117174
https://doi.org/10.1016/j.neuroimage.2020.117174
https://doi.org/10.1016/j.neuroimage.2020.117174
https://doi.org/10.1016/j.neuroimage.2020.117174
https://doi.org/10.1016/j.neuroimage.2020.117174
https://doi.org/10.1016/j.neuroimage.2020.117174
https://doi.org/10.1016/j.neuroimage.2020.117174
https://doi.org/10.1016/j.neuroimage.2020.117174
https://doi.org/10.1016/j.neuroimage.2020.117174
https://pubmed.ncbi.nlm.nih.gov/32682990
https://doi.org/10.1016/s1053-8119(03)00343-4
https://doi.org/10.1016/s1053-8119(03)00343-4
https://doi.org/10.1016/s1053-8119(03)00343-4
https://doi.org/10.1016/s1053-8119(03)00343-4
https://doi.org/10.1016/s1053-8119(03)00343-4
https://doi.org/10.1016/s1053-8119(03)00343-4
https://doi.org/10.1016/s1053-8119(03)00343-4
https://doi.org/10.1016/s1053-8119(03)00343-4
https://doi.org/10.1016/s1053-8119(03)00343-4
https://pubmed.ncbi.nlm.nih.gov/14568445
https://doi.org/10.1073/pnas.1522033113
https://doi.org/10.1073/pnas.1522033113
https://doi.org/10.1073/pnas.1522033113
https://doi.org/10.1073/pnas.1522033113
https://doi.org/10.1073/pnas.1522033113
https://doi.org/10.1073/pnas.1522033113
https://doi.org/10.1073/pnas.1522033113
https://doi.org/10.1073/pnas.1522033113
https://pubmed.ncbi.nlm.nih.gov/27354526
https://doi.org/10.1007/978-3-031-20910-9_39
https://doi.org/10.1007/978-3-031-20910-9_39
https://doi.org/10.1007/978-3-031-20910-9_39
https://doi.org/10.1007/978-3-031-20910-9_39
https://doi.org/10.1007/978-3-031-20910-9_39
https://doi.org/10.1007/978-3-031-20910-9_39
https://doi.org/10.1007/978-3-031-20910-9_39
https://doi.org/10.1007/978-3-031-20910-9_39
https://doi.org/10.1007/978-3-031-20910-9_39
https://doi.org/10.1007/978-3-031-20910-9_39
https://doi.org/10.1007/978-3-031-20910-9_39
https://doi.org/10.1007/978-3-031-20910-9_39
https://doi.org/10.1136/jnnp.2005.086983
https://doi.org/10.1136/jnnp.2005.086983
https://doi.org/10.1136/jnnp.2005.086983
https://doi.org/10.1136/jnnp.2005.086983
https://doi.org/10.1136/jnnp.2005.086983
https://doi.org/10.1136/jnnp.2005.086983
https://doi.org/10.1136/jnnp.2005.086983
https://doi.org/10.1136/jnnp.2005.086983
https://doi.org/10.1136/jnnp.2005.086983
https://pubmed.ncbi.nlm.nih.gov/16801352
https://doi.org/10.1073/pnas.1803003115
https://doi.org/10.1073/pnas.1803003115
https://doi.org/10.1073/pnas.1803003115
https://doi.org/10.1073/pnas.1803003115
https://doi.org/10.1073/pnas.1803003115
https://doi.org/10.1073/pnas.1803003115
https://doi.org/10.1073/pnas.1803003115
https://doi.org/10.1073/pnas.1803003115
https://pubmed.ncbi.nlm.nih.gov/30224475
https://doi.org/10.1073/pnas.1718987115
https://doi.org/10.1073/pnas.1718987115
https://doi.org/10.1073/pnas.1718987115
https://doi.org/10.1073/pnas.1718987115
https://doi.org/10.1073/pnas.1718987115
https://doi.org/10.1073/pnas.1718987115
https://doi.org/10.1073/pnas.1718987115
https://doi.org/10.1073/pnas.1718987115
https://pubmed.ncbi.nlm.nih.gov/30038000
https://doi.org/10.1016/j.neuropsychologia.2014.11.007
https://doi.org/10.1016/j.neuropsychologia.2014.11.007
https://doi.org/10.1016/j.neuropsychologia.2014.11.007
https://doi.org/10.1016/j.neuropsychologia.2014.11.007
https://doi.org/10.1016/j.neuropsychologia.2014.11.007
https://doi.org/10.1016/j.neuropsychologia.2014.11.007
https://doi.org/10.1016/j.neuropsychologia.2014.11.007
https://doi.org/10.1016/j.neuropsychologia.2014.11.007
https://doi.org/10.1016/j.neuropsychologia.2014.11.007
https://doi.org/10.1016/j.neuropsychologia.2014.11.007
https://doi.org/10.1016/j.neuropsychologia.2014.11.007
https://pubmed.ncbi.nlm.nih.gov/25448857
https://doi.org/10.1073/pnas.1520366113
https://doi.org/10.1073/pnas.1520366113
https://doi.org/10.1073/pnas.1520366113
https://doi.org/10.1073/pnas.1520366113
https://doi.org/10.1073/pnas.1520366113
https://doi.org/10.1073/pnas.1520366113
https://doi.org/10.1073/pnas.1520366113
https://doi.org/10.1073/pnas.1520366113
https://pubmed.ncbi.nlm.nih.gov/27402739
https://doi.org/10.1016/j.neuroimage.2020.116722
https://doi.org/10.1016/j.neuroimage.2020.116722
https://doi.org/10.1016/j.neuroimage.2020.116722
https://doi.org/10.1016/j.neuroimage.2020.116722
https://doi.org/10.1016/j.neuroimage.2020.116722
https://doi.org/10.1016/j.neuroimage.2020.116722
https://doi.org/10.1016/j.neuroimage.2020.116722
https://doi.org/10.1016/j.neuroimage.2020.116722
https://doi.org/10.1016/j.neuroimage.2020.116722
https://doi.org/10.1016/j.neuroimage.2020.116722
https://pubmed.ncbi.nlm.nih.gov/32156625
https://doi.org/10.1093/brain/114.2.743
https://doi.org/10.1093/brain/114.2.743
https://doi.org/10.1093/brain/114.2.743
https://doi.org/10.1093/brain/114.2.743
https://doi.org/10.1093/brain/114.2.743
https://doi.org/10.1093/brain/114.2.743
https://doi.org/10.1093/brain/114.2.743
https://doi.org/10.1093/brain/114.2.743
https://doi.org/10.1093/brain/114.2.743
https://doi.org/10.1093/brain/114.2.743
https://doi.org/10.1093/brain/114.2.743
https://pubmed.ncbi.nlm.nih.gov/2043946
https://doi.org/10.1212/01.wnl.0000334755.32850.f0
https://doi.org/10.1212/01.wnl.0000334755.32850.f0
https://doi.org/10.1212/01.wnl.0000334755.32850.f0
https://doi.org/10.1212/01.wnl.0000334755.32850.f0
https://doi.org/10.1212/01.wnl.0000334755.32850.f0
https://doi.org/10.1212/01.wnl.0000334755.32850.f0
https://doi.org/10.1212/01.wnl.0000334755.32850.f0
https://doi.org/10.1212/01.wnl.0000334755.32850.f0
https://doi.org/10.1212/01.wnl.0000334755.32850.f0
https://doi.org/10.1212/01.wnl.0000334755.32850.f0
https://doi.org/10.1212/01.wnl.0000334755.32850.f0
https://pubmed.ncbi.nlm.nih.gov/19001252
https://doi.org/10.1002/hbm.22749
https://doi.org/10.1002/hbm.22749
https://doi.org/10.1002/hbm.22749
https://doi.org/10.1002/hbm.22749
https://doi.org/10.1002/hbm.22749
https://doi.org/10.1002/hbm.22749
https://doi.org/10.1002/hbm.22749
https://doi.org/10.1002/hbm.22749
https://doi.org/10.1002/hbm.22749
https://pubmed.ncbi.nlm.nih.gov/25628041
https://doi.org/10.1212/wnl.30.2.120
https://doi.org/10.1212/wnl.30.2.120
https://doi.org/10.1212/wnl.30.2.120
https://doi.org/10.1212/wnl.30.2.120
https://doi.org/10.1212/wnl.30.2.120
https://doi.org/10.1212/wnl.30.2.120
https://doi.org/10.1212/wnl.30.2.120
https://doi.org/10.1212/wnl.30.2.120
https://doi.org/10.1212/wnl.30.2.120
https://doi.org/10.1212/wnl.30.2.120
https://pubmed.ncbi.nlm.nih.gov/7188792
https://doi.org/10.1038/372260a0
https://doi.org/10.1038/372260a0
https://doi.org/10.1038/372260a0
https://doi.org/10.1038/372260a0
https://doi.org/10.1038/372260a0
https://doi.org/10.1038/372260a0
https://doi.org/10.1038/372260a0
https://pubmed.ncbi.nlm.nih.gov/7969469
https://doi.org/10.1167/15.6.4
https://doi.org/10.1167/15.6.4
https://doi.org/10.1167/15.6.4
https://doi.org/10.1167/15.6.4
https://doi.org/10.1167/15.6.4
https://doi.org/10.1167/15.6.4
https://doi.org/10.1167/15.6.4
https://doi.org/10.1167/15.6.4
https://doi.org/10.1167/15.6.4
https://pubmed.ncbi.nlm.nih.gov/26024451
https://doi.org/10.3171/jns.1989.71.3.0316
https://doi.org/10.3171/jns.1989.71.3.0316
https://doi.org/10.3171/jns.1989.71.3.0316
https://doi.org/10.3171/jns.1989.71.3.0316
https://doi.org/10.3171/jns.1989.71.3.0316
https://doi.org/10.3171/jns.1989.71.3.0316
https://doi.org/10.3171/jns.1989.71.3.0316
https://doi.org/10.3171/jns.1989.71.3.0316
https://doi.org/10.3171/jns.1989.71.3.0316
https://doi.org/10.3171/jns.1989.71.3.0316
https://doi.org/10.3171/jns.1989.71.3.0316
https://pubmed.ncbi.nlm.nih.gov/2769383
https://doi.org/10.1016/j.bandl.2012.04.003
https://doi.org/10.1016/j.bandl.2012.04.003
https://doi.org/10.1016/j.bandl.2012.04.003
https://doi.org/10.1016/j.bandl.2012.04.003
https://doi.org/10.1016/j.bandl.2012.04.003
https://doi.org/10.1016/j.bandl.2012.04.003
https://doi.org/10.1016/j.bandl.2012.04.003
https://doi.org/10.1016/j.bandl.2012.04.003
https://doi.org/10.1016/j.bandl.2012.04.003
https://doi.org/10.1016/j.bandl.2012.04.003
https://doi.org/10.1016/j.bandl.2012.04.003
https://doi.org/10.1016/j.bandl.2012.04.003
https://pubmed.ncbi.nlm.nih.gov/22564748
https://doi.org/10.1073/pnas.44.2.51
https://doi.org/10.1073/pnas.44.2.51
https://doi.org/10.1073/pnas.44.2.51
https://doi.org/10.1073/pnas.44.2.51
https://doi.org/10.1073/pnas.44.2.51
https://doi.org/10.1073/pnas.44.2.51
https://doi.org/10.1073/pnas.44.2.51
https://doi.org/10.1073/pnas.44.2.51
https://doi.org/10.1073/pnas.44.2.51
https://doi.org/10.1073/pnas.44.2.51
https://pubmed.ncbi.nlm.nih.gov/16590173
https://doi.org/10.1126/science.2396097
https://doi.org/10.1126/science.2396097
https://doi.org/10.1126/science.2396097
https://doi.org/10.1126/science.2396097
https://doi.org/10.1126/science.2396097
https://doi.org/10.1126/science.2396097
https://doi.org/10.1126/science.2396097
https://doi.org/10.1126/science.2396097
https://pubmed.ncbi.nlm.nih.gov/2396097
https://doi.org/10.1016/s1053&ndash;8119(03)00084-3
https://doi.org/10.1016/s1053&ndash;8119(03)00084-3
https://doi.org/10.1016/s1053&ndash;8119(03)00084-3
https://doi.org/10.1016/s1053&ndash;8119(03)00084-3
https://doi.org/10.1016/s1053&ndash;8119(03)00084-3
https://doi.org/10.1016/s1053&ndash;8119(03)00084-3
https://doi.org/10.1016/s1053&ndash;8119(03)00084-3
https://doi.org/10.1016/s1053&ndash;8119(03)00084-3
https://pubmed.ncbi.nlm.nih.gov/12880781
https://doi.org/10.1080/02643294.2014.909399
https://doi.org/10.1080/02643294.2014.909399
https://doi.org/10.1080/02643294.2014.909399
https://doi.org/10.1080/02643294.2014.909399
https://doi.org/10.1080/02643294.2014.909399
https://doi.org/10.1080/02643294.2014.909399
https://doi.org/10.1080/02643294.2014.909399
https://doi.org/10.1080/02643294.2014.909399
https://doi.org/10.1080/02643294.2014.909399
https://doi.org/10.1080/02643294.2014.909399
https://pubmed.ncbi.nlm.nih.gov/24833190
https://doi.org/10.1093/braincomms/fcad050
https://doi.org/10.1093/braincomms/fcad050
https://doi.org/10.1093/braincomms/fcad050
https://doi.org/10.1093/braincomms/fcad050
https://doi.org/10.1093/braincomms/fcad050
https://doi.org/10.1093/braincomms/fcad050
https://doi.org/10.1093/braincomms/fcad050
https://doi.org/10.1093/braincomms/fcad050
https://doi.org/10.1093/braincomms/fcad050
https://pubmed.ncbi.nlm.nih.gov/36938522


Rossion, B., Retter, T. L., & Liu-Shuang, J. (2020). Understanding
human individuation of unfamiliar faces with oddball fast peri-
odic visual stimulation and electroencephalography. European
Journal of Neuroscience, 52(10), 4283–4344. https://doi.org/10
.1111/ejn.14865, PubMed: 32542962

Sabsevitz, D. S., Middlebrooks, E. H., Tatum, W., Grewal, S. S.,
Wharen, R., & Ritaccio, A. L. (2020). Examining the function of
the visual word form area with stereo EEG electrical stimulation:
A case report of pure alexia. Cortex, 129, 112–118. https://doi
.org/10.1016/j.cortex.2020.04.012, PubMed: 32442776

Salado, A. L., Koessler, L., De Mijolla, G., Schmitt, E., Vignal, J.-P.,
Civit, T., Tyvaert, L., Jonas, J., Maillard, L. G., & Colnat-Coulbois,
S. (2018). sEEG is a safe procedure for a comprehensive ana-
tomic exploration of the insula: A retrospective study of 108 pro-
cedures representing 254 transopercular insular electrodes.
Operative Neurosurgery, 14(1), 1–8. https://doi.org/10.1093/ons
/opx106, PubMed: 29117337

Schneider, W., Eschman, A., & Zuccolotto, A. (2012). E-Prime
user’s guide. Psychology Software Tools.

Starrfelt, R., & Behrmann, M. (2011). Number reading in pure
alexia—A review. Neuropsychologia, 49(9), 2283–2298. https://
doi.org/10.1016/j.neuropsychologia.2011.04.028, PubMed:
21554892

Starrfelt, R., & Shallice, T. (2014). What’s in a name? The charac-
terization of pure alexia. Cognitive Neuropsychology, 31(5–6),
367–377. https://doi.org/10.1080/02643294.2014.924226,
PubMed: 25051117

Starrfelt, R., & Woodhead, Z. (2021). Reading and alexia. In J. J. S.
Barton & A. Leff (Eds.), Handbook of clinical neurology
(pp. 213–232). Elsevier. https://doi.org/10.1016/b978-0-12
-821377-3.00010-6

Q11 Stevens, W. D., Kravitz, D. J., Peng, C. S., Tessler, M. H., & Martin,
A. (2017). Privileged functional connectivity between the visual
word form area and the language system. Journal of Neurosci-
ence, 37(21), 5288–5297. https://doi.org/10.1523/jneurosci
.0138–17.2017, PubMed: 28450544

Talairach, J., & Bancaud, J. (1973). Stereotaxic approach to epi-
lepsy. In H. Krayenbühl, P. E. Maspes, & W. H. Sweet (Eds.), Prog-
ress in neurological surgery ( Vol. 5, pp. 297–354). Karger
Publishers.

Thesen, T., McDonald, C. R., Carlson, C., Doyle, W., Cash, S.,
Sherfey, J., Felsovalyi, O., Girard, H., Barr, W., Devinsky, O.,
Kuzniecky, R., & Halgren, E. (2012). Sequential then interac-
tive processing of letters and words in the left fusiform gyrus.
Nature Communications, 3(1), Article 1284. https://doi.org/10
.1038/ncomms2220, PubMed: 23250414

Vigneau, M., Jobard, G., Mazoyer, B., & Tzourio-Mazoyer, N.
(2005). Word and non-word reading: What role for the visual
word form area? NeuroImage, 27(3), 694–705. https://doi.org
/10.1016/j.neuroimage.2005.04.038, PubMed: 15961322

Vinckier, F., Dehaene, S., Jobert, A., Dubus, J. P., Sigman, M., &
Cohen, L. (2007). Hierarchical coding of letter strings in the ven-
tral stream: Dissecting the inner organization of the visual
word-form system. Neuron, 55(1), 143–156. https://doi.org/10
.1016/j.neuron.2007.05.031, PubMed: 17610823

Volfart, A., Rice, G. E., Lambon Ralph, M. A., & Rossion, B. (2021).
Implicit, automatic semantic word categorisation in the left
occipito-temporal cortex as revealed by fast periodic visual stim-
ulation. NeuroImage, 238, Article 118228. https://doi.org/10
.1016/j.neuroimage.2021.118228, PubMed: 34082118

Volfart, A., Yan, X., Maillard, L., Colnat-Coulbois, S., Hossu, G.,
Rossion, B., & Jonas, J. (2022). Intracerebral electrical stimula-
tion of the right anterior fusiform gyrus impairs human face
identity recognition. NeuroImage, 250, Article 118932. https://
doi.org/10.1016/j.neuroimage.2022.118932, PubMed:
35085763

Wandell, B. A. (2011). The neurobiological basis of seeing words.
Annals of the New York Academy of Sciences, 1224(1), 63–80.
https://doi.org/10.1111/j.1749–6632.2010.05954.x, PubMed:
21486296

Wechsler, D. (2001). MEM III: Échelle clinique de mémoire de
Wechsler pour adultes, troisième édition. ECPA.

Wechsler, D. (2008). Wechsler adult intelligence scale—Fourth edi-
tion (WAIS-IV). Pearson.

White, A. L., Kay, K. N., Tang, K. A., & Yeatman, J. D. (2023).
Engaging in word recognition elicits highly specific modulations
in visual cortex. Current Biology, 33(7), 1308–1320. https://doi
.org/10.1016/j.cub.2023.02.042, PubMed: 36889316

White, A. L., Palmer, J., Boynton, G. M., & Yeatman, J. D. (2019).
Parallel spatial channels converge at a bottleneck in anterior
word-selective cortex. Proceedings of the National Academy of
Sciences, 116(20), 10087–10096. https://doi.org/10.1073/pnas
.1822137116, PubMed: 30962384

Woolnough, O., Donos, C., Curtis, A., Rollo, P. S., Roccaforte, Z. J.,
Dehaene, S., Fischer-Baum, S., & Tandon, N. (2022). A spatio-
temporal map of reading aloud. Journal of Neuroscience,
42(27), 5438–5450. https://doi.org/10.1523/jneurosci.2324–21
.2022, PubMed: 35641189

Woolnough, O., Donos, C., Rollo, P. S., Forseth, K. J., Lakretz, Y.,
Crone, N. E., Fischer-Baum, S., Dehaene, S., & Tandon, N.
(2021). Spatiotemporal dynamics of orthographic and lexical
processing in the ventral visual pathway.Nature Human Behaviour,
5(3), 389–398. https://doi.org/10.1038/s41562-020-00982-w,
PubMed: 33257877

Woolnough, O., & Tandon, N. (2024). Dissociation of reading
and naming in ventral occipitotemporal cortex. Brain, 147(7),
2522–2529. https://doi.org/10.1093/brain/awae027, PubMed:
38289871

Yablonski, M., Karipidis, I. I., Kubota, E., & Yeatman, J. D. (2024).
The transition from vision to language: Distinct patterns of func-
tional connectivity for subregions of the visual word form area.
Human Brain Mapping, 45(4), Article e26655. https://doi.org/10
.1002/hbm.26655, PubMed: 38488471

Yeatman, J. D., Rauschecker, A. M., & Wandell, B. A. (2013). Anat-
omy of the visual word form area: Adjacent cortical circuits and
long-range white matter connections. Brain and Language,
125(2), 146–155. https://doi.org/10.1016/j.bandl.2012.04.010,
PubMed: 22632810

Yeatman, J. D., & White, A. L. (2021). Reading: The confluence of
vision and language. Annual Review of Vision Science, 7(1),
487–517. https://doi.org/10.1146/annurev-vision-093019
-113509, PubMed: 34166065

Zhan, M., Pallier, C., Agrawal, A., Dehaene, S., & Cohen, L. (2023).
Does the visual word form area split in bilingual readers? A
millimeter-scale 7-T fMRI study. Science Advances, 9(14), Article
eadf6140. https://doi.org/10.1126/sciadv.adf6140, PubMed:
37018408

Zimmermann, P., & Fimm, B. (2002). A test battery for attentional
performance. In Applied neuropsychology of attention (pp. 110–151).
Psychology Press.

Neurobiology of Language 24

Alexia due to left occipito-temporal cortex stimulation

D
ow

nloaded from
 http://direct.m

it.edu/nol/article-pdf/doi/10.1162/N
O

L.a.205/2564012/nol.a.205.pdf by guest on 21 N
ovem

ber 2025

https://doi.org/10.1111/ejn.14865
https://doi.org/10.1111/ejn.14865
https://doi.org/10.1111/ejn.14865
https://doi.org/10.1111/ejn.14865
https://doi.org/10.1111/ejn.14865
https://doi.org/10.1111/ejn.14865
https://doi.org/10.1111/ejn.14865
https://doi.org/10.1111/ejn.14865
https://pubmed.ncbi.nlm.nih.gov/32542962
https://doi.org/10.1016/j.cortex.2020.04.012
https://doi.org/10.1016/j.cortex.2020.04.012
https://doi.org/10.1016/j.cortex.2020.04.012
https://doi.org/10.1016/j.cortex.2020.04.012
https://doi.org/10.1016/j.cortex.2020.04.012
https://doi.org/10.1016/j.cortex.2020.04.012
https://doi.org/10.1016/j.cortex.2020.04.012
https://doi.org/10.1016/j.cortex.2020.04.012
https://doi.org/10.1016/j.cortex.2020.04.012
https://doi.org/10.1016/j.cortex.2020.04.012
https://doi.org/10.1016/j.cortex.2020.04.012
https://pubmed.ncbi.nlm.nih.gov/32442776
https://doi.org/10.1093/ons/opx106
https://doi.org/10.1093/ons/opx106
https://doi.org/10.1093/ons/opx106
https://doi.org/10.1093/ons/opx106
https://doi.org/10.1093/ons/opx106
https://doi.org/10.1093/ons/opx106
https://doi.org/10.1093/ons/opx106
https://doi.org/10.1093/ons/opx106
https://pubmed.ncbi.nlm.nih.gov/29117337
https://doi.org/10.1016/j.neuropsychologia.2011.04.028
https://doi.org/10.1016/j.neuropsychologia.2011.04.028
https://doi.org/10.1016/j.neuropsychologia.2011.04.028
https://doi.org/10.1016/j.neuropsychologia.2011.04.028
https://doi.org/10.1016/j.neuropsychologia.2011.04.028
https://doi.org/10.1016/j.neuropsychologia.2011.04.028
https://doi.org/10.1016/j.neuropsychologia.2011.04.028
https://doi.org/10.1016/j.neuropsychologia.2011.04.028
https://doi.org/10.1016/j.neuropsychologia.2011.04.028
https://doi.org/10.1016/j.neuropsychologia.2011.04.028
https://doi.org/10.1016/j.neuropsychologia.2011.04.028
https://doi.org/10.1016/j.neuropsychologia.2011.04.028
https://pubmed.ncbi.nlm.nih.gov/21554892
https://doi.org/10.1080/02643294.2014.924226
https://doi.org/10.1080/02643294.2014.924226
https://doi.org/10.1080/02643294.2014.924226
https://doi.org/10.1080/02643294.2014.924226
https://doi.org/10.1080/02643294.2014.924226
https://doi.org/10.1080/02643294.2014.924226
https://doi.org/10.1080/02643294.2014.924226
https://doi.org/10.1080/02643294.2014.924226
https://doi.org/10.1080/02643294.2014.924226
https://pubmed.ncbi.nlm.nih.gov/25051117
https://doi.org/10.1016/b978-0-12-821377-3.00010-6
https://doi.org/10.1016/b978-0-12-821377-3.00010-6
https://doi.org/10.1016/b978-0-12-821377-3.00010-6
https://doi.org/10.1016/b978-0-12-821377-3.00010-6
https://doi.org/10.1016/b978-0-12-821377-3.00010-6
https://doi.org/10.1016/b978-0-12-821377-3.00010-6
https://doi.org/10.1016/b978-0-12-821377-3.00010-6
https://doi.org/10.1016/b978-0-12-821377-3.00010-6
https://doi.org/10.1016/b978-0-12-821377-3.00010-6
https://doi.org/10.1016/b978-0-12-821377-3.00010-6
https://doi.org/10.1016/b978-0-12-821377-3.00010-6
https://doi.org/10.1016/b978-0-12-821377-3.00010-6
https://doi.org/10.1016/b978-0-12-821377-3.00010-6
https://doi.org/10.1523/jneurosci.0138&ndash;17.2017
https://doi.org/10.1523/jneurosci.0138&ndash;17.2017
https://doi.org/10.1523/jneurosci.0138&ndash;17.2017
https://doi.org/10.1523/jneurosci.0138&ndash;17.2017
https://doi.org/10.1523/jneurosci.0138&ndash;17.2017
https://doi.org/10.1523/jneurosci.0138&ndash;17.2017
https://doi.org/10.1523/jneurosci.0138&ndash;17.2017
https://doi.org/10.1523/jneurosci.0138&ndash;17.2017
https://doi.org/10.1523/jneurosci.0138&ndash;17.2017
https://pubmed.ncbi.nlm.nih.gov/28450544
https://doi.org/10.1038/ncomms2220
https://doi.org/10.1038/ncomms2220
https://doi.org/10.1038/ncomms2220
https://doi.org/10.1038/ncomms2220
https://doi.org/10.1038/ncomms2220
https://doi.org/10.1038/ncomms2220
https://doi.org/10.1038/ncomms2220
https://pubmed.ncbi.nlm.nih.gov/23250414
https://doi.org/10.1016/j.neuroimage.2005.04.038
https://doi.org/10.1016/j.neuroimage.2005.04.038
https://doi.org/10.1016/j.neuroimage.2005.04.038
https://doi.org/10.1016/j.neuroimage.2005.04.038
https://doi.org/10.1016/j.neuroimage.2005.04.038
https://doi.org/10.1016/j.neuroimage.2005.04.038
https://doi.org/10.1016/j.neuroimage.2005.04.038
https://doi.org/10.1016/j.neuroimage.2005.04.038
https://doi.org/10.1016/j.neuroimage.2005.04.038
https://doi.org/10.1016/j.neuroimage.2005.04.038
https://doi.org/10.1016/j.neuroimage.2005.04.038
https://pubmed.ncbi.nlm.nih.gov/15961322
https://doi.org/10.1016/j.neuron.2007.05.031
https://doi.org/10.1016/j.neuron.2007.05.031
https://doi.org/10.1016/j.neuron.2007.05.031
https://doi.org/10.1016/j.neuron.2007.05.031
https://doi.org/10.1016/j.neuron.2007.05.031
https://doi.org/10.1016/j.neuron.2007.05.031
https://doi.org/10.1016/j.neuron.2007.05.031
https://doi.org/10.1016/j.neuron.2007.05.031
https://doi.org/10.1016/j.neuron.2007.05.031
https://doi.org/10.1016/j.neuron.2007.05.031
https://doi.org/10.1016/j.neuron.2007.05.031
https://pubmed.ncbi.nlm.nih.gov/17610823
https://doi.org/10.1016/j.neuroimage.2021.118228
https://doi.org/10.1016/j.neuroimage.2021.118228
https://doi.org/10.1016/j.neuroimage.2021.118228
https://doi.org/10.1016/j.neuroimage.2021.118228
https://doi.org/10.1016/j.neuroimage.2021.118228
https://doi.org/10.1016/j.neuroimage.2021.118228
https://doi.org/10.1016/j.neuroimage.2021.118228
https://doi.org/10.1016/j.neuroimage.2021.118228
https://doi.org/10.1016/j.neuroimage.2021.118228
https://doi.org/10.1016/j.neuroimage.2021.118228
https://pubmed.ncbi.nlm.nih.gov/34082118
https://doi.org/10.1016/j.neuroimage.2022.118932
https://doi.org/10.1016/j.neuroimage.2022.118932
https://doi.org/10.1016/j.neuroimage.2022.118932
https://doi.org/10.1016/j.neuroimage.2022.118932
https://doi.org/10.1016/j.neuroimage.2022.118932
https://doi.org/10.1016/j.neuroimage.2022.118932
https://doi.org/10.1016/j.neuroimage.2022.118932
https://doi.org/10.1016/j.neuroimage.2022.118932
https://doi.org/10.1016/j.neuroimage.2022.118932
https://doi.org/10.1016/j.neuroimage.2022.118932
https://doi.org/10.1016/j.neuroimage.2022.118932
https://pubmed.ncbi.nlm.nih.gov/35085763
https://doi.org/10.1111/j.1749&ndash;6632.2010.05954.x
https://doi.org/10.1111/j.1749&ndash;6632.2010.05954.x
https://doi.org/10.1111/j.1749&ndash;6632.2010.05954.x
https://doi.org/10.1111/j.1749&ndash;6632.2010.05954.x
https://doi.org/10.1111/j.1749&ndash;6632.2010.05954.x
https://doi.org/10.1111/j.1749&ndash;6632.2010.05954.x
https://doi.org/10.1111/j.1749&ndash;6632.2010.05954.x
https://doi.org/10.1111/j.1749&ndash;6632.2010.05954.x
https://doi.org/10.1111/j.1749&ndash;6632.2010.05954.x
https://doi.org/10.1111/j.1749&ndash;6632.2010.05954.x
https://doi.org/10.1111/j.1749&ndash;6632.2010.05954.x
https://pubmed.ncbi.nlm.nih.gov/21486296
https://doi.org/10.1016/j.cub.2023.02.042
https://doi.org/10.1016/j.cub.2023.02.042
https://doi.org/10.1016/j.cub.2023.02.042
https://doi.org/10.1016/j.cub.2023.02.042
https://doi.org/10.1016/j.cub.2023.02.042
https://doi.org/10.1016/j.cub.2023.02.042
https://doi.org/10.1016/j.cub.2023.02.042
https://doi.org/10.1016/j.cub.2023.02.042
https://doi.org/10.1016/j.cub.2023.02.042
https://doi.org/10.1016/j.cub.2023.02.042
https://doi.org/10.1016/j.cub.2023.02.042
https://pubmed.ncbi.nlm.nih.gov/36889316
https://doi.org/10.1073/pnas.1822137116
https://doi.org/10.1073/pnas.1822137116
https://doi.org/10.1073/pnas.1822137116
https://doi.org/10.1073/pnas.1822137116
https://doi.org/10.1073/pnas.1822137116
https://doi.org/10.1073/pnas.1822137116
https://doi.org/10.1073/pnas.1822137116
https://doi.org/10.1073/pnas.1822137116
https://pubmed.ncbi.nlm.nih.gov/30962384
https://doi.org/10.1523/jneurosci.2324&ndash;21.2022
https://doi.org/10.1523/jneurosci.2324&ndash;21.2022
https://doi.org/10.1523/jneurosci.2324&ndash;21.2022
https://doi.org/10.1523/jneurosci.2324&ndash;21.2022
https://doi.org/10.1523/jneurosci.2324&ndash;21.2022
https://doi.org/10.1523/jneurosci.2324&ndash;21.2022
https://doi.org/10.1523/jneurosci.2324&ndash;21.2022
https://doi.org/10.1523/jneurosci.2324&ndash;21.2022
https://doi.org/10.1523/jneurosci.2324&ndash;21.2022
https://pubmed.ncbi.nlm.nih.gov/35641189
https://doi.org/10.1038/s41562-020-00982-w
https://doi.org/10.1038/s41562-020-00982-w
https://doi.org/10.1038/s41562-020-00982-w
https://doi.org/10.1038/s41562-020-00982-w
https://doi.org/10.1038/s41562-020-00982-w
https://doi.org/10.1038/s41562-020-00982-w
https://doi.org/10.1038/s41562-020-00982-w
https://doi.org/10.1038/s41562-020-00982-w
https://doi.org/10.1038/s41562-020-00982-w
https://doi.org/10.1038/s41562-020-00982-w
https://pubmed.ncbi.nlm.nih.gov/33257877
https://doi.org/10.1093/brain/awae027
https://doi.org/10.1093/brain/awae027
https://doi.org/10.1093/brain/awae027
https://doi.org/10.1093/brain/awae027
https://doi.org/10.1093/brain/awae027
https://doi.org/10.1093/brain/awae027
https://doi.org/10.1093/brain/awae027
https://doi.org/10.1093/brain/awae027
https://doi.org/10.1093/brain/awae027
https://pubmed.ncbi.nlm.nih.gov/38289871
https://doi.org/10.1002/hbm.26655
https://doi.org/10.1002/hbm.26655
https://doi.org/10.1002/hbm.26655
https://doi.org/10.1002/hbm.26655
https://doi.org/10.1002/hbm.26655
https://doi.org/10.1002/hbm.26655
https://doi.org/10.1002/hbm.26655
https://doi.org/10.1002/hbm.26655
https://doi.org/10.1002/hbm.26655
https://pubmed.ncbi.nlm.nih.gov/38488471
https://doi.org/10.1016/j.bandl.2012.04.010
https://doi.org/10.1016/j.bandl.2012.04.010
https://doi.org/10.1016/j.bandl.2012.04.010
https://doi.org/10.1016/j.bandl.2012.04.010
https://doi.org/10.1016/j.bandl.2012.04.010
https://doi.org/10.1016/j.bandl.2012.04.010
https://doi.org/10.1016/j.bandl.2012.04.010
https://doi.org/10.1016/j.bandl.2012.04.010
https://doi.org/10.1016/j.bandl.2012.04.010
https://doi.org/10.1016/j.bandl.2012.04.010
https://doi.org/10.1016/j.bandl.2012.04.010
https://pubmed.ncbi.nlm.nih.gov/22632810
https://doi.org/10.1146/annurev-vision-093019-113509
https://doi.org/10.1146/annurev-vision-093019-113509
https://doi.org/10.1146/annurev-vision-093019-113509
https://doi.org/10.1146/annurev-vision-093019-113509
https://doi.org/10.1146/annurev-vision-093019-113509
https://doi.org/10.1146/annurev-vision-093019-113509
https://doi.org/10.1146/annurev-vision-093019-113509
https://doi.org/10.1146/annurev-vision-093019-113509
https://doi.org/10.1146/annurev-vision-093019-113509
https://doi.org/10.1146/annurev-vision-093019-113509
https://pubmed.ncbi.nlm.nih.gov/34166065
https://doi.org/10.1126/sciadv.adf6140
https://doi.org/10.1126/sciadv.adf6140
https://doi.org/10.1126/sciadv.adf6140
https://doi.org/10.1126/sciadv.adf6140
https://doi.org/10.1126/sciadv.adf6140
https://doi.org/10.1126/sciadv.adf6140
https://doi.org/10.1126/sciadv.adf6140
https://doi.org/10.1126/sciadv.adf6140
https://pubmed.ncbi.nlm.nih.gov/37018408

	Intracerebral Electrical Stimulation of the Left &b_k;&b_k;Occipito-temporal&e_k;&e_k; Cortex I.....

