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Abstract

Background: Neural correlates of visual confrontation naming (VCN) have received considerable attention in previous literature.
Recently, there have been a few studies that have reported the activation of the hippocampus during VCN tasks. Whether or not
the hippocampus is directly involved in picture naming has clinical importance for patients with refractory mesial temporal lobe
epilepsy (MTLE) who should undergo anterior temporal lobe resection (ATLR).

Objectives: In this study, we investigated the neural network of VCN and the role of the hippocampus in Persian-speaking individ-
uals by functional magnetic resonance imaging (fMRI) VCN paradigm.

Subjects and Methods: Twenty right-handed, healthy, Persian-speaking adults underwent fMRI while performing VCN task. Pic-
tures were selected from a Snodgrass and Vanderwart dataset that was normed for Persian speakers. VCN performance was assessed
and entered as a covariate in whole-brain analysis. Region of interest (ROI)-based analysis was also used to obtain more accurate
results.

Results: Activation in the left hippocampus was significantly correlated with VCN performance. Participants with higher scores
showed greater fMRI activation in their left hippocampus. Activation in left occipitotemporal regions, such as the left occipital
fusiform gyrus, left temporal occipital fusiform gyrus, left temporal pole, left middle temporal gyrus, and left superior temporal
gyrus also showed significant correlation with VCN performance. The main effects of VCN were also found in frontal and occipital re-
gions, such as the left inferior frontal gyrus, right inferior frontal gyrus, right orbital frontal gyrus, right lateral occipital gyrus, right
occipital fusiform gyrus, and right occipital pole. Activation in the inferior frontal gyrus was significantly left lateralized among all
of the subjects.

Conclusion: These findings suggest that good naming ability depends on fMRI activation in the speech-dominant hippocampus.
We also found that a left-dominant network of occipitotemporal regions plays a dominant role in VCN performance in healthy
Persian-speaking individuals.
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1. Background frontal gyrus (5), ventral visual pathway, and occipitotem-
poral regions (6, 7). It has also been shown that core com-

Picture naming is a fundamental linguistic skill. It ponents of the word production network are mostly left

has been commonly studied in the context of semantic
memory, which requires the integration of several cogni-
tive processes, including visual recognition of an object,
semantic and phonological retrieval, and motor articula-
tion of the word (1). In visual confrontation naming (VCN)
tasks, people are simply asked to name the pictures visu-
ally presented to them. Lesion studies, as well as differ-
ent neuroimaging methods like positron emission tomog-
raphy (PET) or electrical stimulation mapping (ESM) and
functional magnetic resonance imaging (fMRI), have sug-
gested that vastly distributed brain areas are involved in
this process. These areas include perisylvian brain areas in-
volved in word production (2-4), specially the left inferior

lateralized (8).

fMRI as a non-invasive imaging method, has been
widely used to localize brain regions involved in language
function. Picture naming and verb generation are the two
tasks that typically activate all components of the word
production network (8). Some recent fMRI studies have
used verbal fluency paradigms as an indirect method to as-
sess the role of the hippocampus in the naming function
(9,10).

There have been some inconsistencies in previous liter-
ature on the role of the hippocampus in word production
and visual naming. Traditionally, mesial temporal lobe
structures, including the hippocampus, have been speci-
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fied for episodic memory. However, there is growing ev-
idence that indicates the role of the hippocampus in lin-
guistic skills. While language certainly needs semantic
memory, the involvement of the hippocampus in this cog-
nitive domain has been surprising. Language deficits have
been reported in many of the patients with temporal lobe
epilepsy (TLE). Up to 40% of mesial TLE (MTLE) patients with
hippocampal sclerosis in their speech-dominant hemi-
sphere had significant impairment in their naming abil-
ity (11, 12). Mesial temporal lobe structures, especially the
hippocampus, have been regarded as playing an impor-
tant role in lexical memory and sound meaning pairing
(13). More recently, accumulating evidence from PET and
ESM studies, as well as fMRI studies, has shown that the hip-
pocampus might have a direct role in naming function (9,
10, 14-17). On the other hand, some studies have failed to
show the same results (18, 19). It has been argued that the
hippocampus is not included in the core word production
network (5). Some studies have suggested that the role of
the hippocampus in picture naming may be mostly lim-
ited to its function in higher level visual processing (20).

However, if the language-dominant hippocampus is
involved in VCN, it can be regarded in favor of large-scale
brain networks model (21, 22). Hence, it would be an im-
provement to the traditional assumption that each cogni-
tive function is subserved by isolated operation of special
brain areas.

Whether or not the speech-dominant hippocampus is
involved in VCN has considerable clinical importance. In
many patients with refractory TLE, mesial temporal lobe
resection (MTLR), including the hippocampus, may be pro-
posed as an effective treatment. Predictions regarding the
outcome of cognitive and especially language functions
have been very important.

Although the processing systems of different lan-
guages share common neural substrates, there have been
some minor differences (23-25). Cultural differences also
cause some changes in patterns of activation (26). The aim
of this study was to investigate the neural network of VCN
in the context of the Persian language. To the best of our
knowledge, this is the first time that neural substrates of
VCN have been studied on healthy, native Persian-speaking
individuals. Our second interest was to verify the hypothe-
sized role of the hippocampus regarding its clinical impor-
tance.

2. Objectives

We assessed our hypothesis by combining direct VCN
fMRI scanning with behavioral measurements of VCN per-
formance. If the language-dominant hippocampus is in-

volved in VCN, then better VCN performance should corre-
late with higher fMRI activation in this region.

3. Subjects and Methods

3.1. Subjects

We studied a total of 20 healthy right-handed partici-
pants (7 males, mean age 34.42, SD 16.30; 13 females, mean
age31,5SD 9.46). All participants were high school educated,
and none of them had a neurological disease or cognitive
complaints. Their structural MRI scans revealed no sign
of abnormality. Two participants had to be excluded be-
cause they exceeded our cut-off for head motion (4 mm),
and one participant had to be excluded due to technical
malfunctions during scanning. The study had the approval
of the local Ethics Committee and all participants gave ap-
propriate consent. Persian was the first language of all par-
ticipants. Handedness was assessed using the Edinburgh
questionnaire (27). All subjects were provided with de-
tailed instructions about the experiment in order to im-
prove their ability to perform the tasks.

3.2. Naming Test

All participants performed a naming test. The test was
designed with similar timing to the fMRI task. Pictures
were selected from a Snodgrass and Vanderwart picture
database (28) that was normed for Persian speakers (29).
The subjects were required to overtly name 60 pictures.
The total number of items correctly named was recorded
as their VCN performance score.

3.3. MR Acquisition

Scanning was carried out on a 3.0T standard clinical
scanner (Siemens MAGNETOM Trio) with a 12-channel head
coil. Ti-weighted three-dimensional anatomical images
were obtained (Repetition Time (TR)=1800 ms, Echo Time
(TE) = 3.44 ms, flip angle = 7°, resolution =1 X 1 X 1 mm?,
256 X 256 matrix). The time of acquisition lasted 4 minutes
and 10 seconds. Functional T2*weighted images were col-
lected with blood-oxygen-level dependent (BOLD) contrast
imaging, and a gradient-echo-planar imaging (EPI) proto-
col (TR=3,000 ms, TE =30 ms, flip angle =90°, field of view
=192 mm?, 64 X 64 matrix, voxel size=3 X 3 X 3mm?, slice
thickness =3 mm).

3.4. Naming fMRI Task

Each subject performed a VCN task. The task was block
designed with active blocks of 24 seconds alternating with
baseline blocks of 12 seconds. During the activation phase,
subjects viewed black and white pictures every 4 seconds.
Subjects were instructed to covertly name the pictures.
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They were asked to fixate on a crossline during the baseline
condition. The total time for the task was 6 minutes.

The subjects lay supine in the scanner. They viewed a
semi-transparent screen through a non-magnetic mirror
on the top of their heads. The visual stimuli were projected
from the other side of the curtain with a video projector
using Presentation software (www.neurobs.com). The sub-
jects’ heads were restrained with a moldable air bag to re-
duce head motions.

3.5. Data Analysis

VCN performance scores were assessed using the statis-
tical package for the social sciences (SPSS), Ver. 16 (SPSS Inc.,
Chicago, II, USA). A Kolmogorov-Smirnov test with the Lil-
liefors correction was performed to determine whether an
assumption of normality was appropriate.

The fMRI data were analyzed using FEAT (fMRI Expert
Analysis Tool), part of the FSL Software package (FSL, ver-
sion 4.1.4, FMRIB, Oxford, UK, www.fsl.ox.ac.uk/fsl) (30, 31).

3.6. Preprocessing

The following preprocessing steps were applied to the
scans of each subject: Head motion correction using mo-
tion correction FMRIB’s linear registration tool (MCFLIRT)
(32); skull-stripping to remove non-brain tissues using the
Brain Extraction Tool (BET) (33); spatial smoothing using a
Gaussian kernel (full-width-half-maximum =5 mm); mean-
based intensity normalization of all volumes by the same
factor; and high-pass temporal filtering to reduce low fre-
quency artifacts.

3.7. First Level Analysis

Naming effect was estimated according to the general
linear model (GLM) (34). Single-subject analysis was per-
formed using FMRIB’s Improved Linear Model (FILM). For
each subject, GLM analysis was performed by creating a
boxcar function of task against rest, followed by convo-
lution with a canonical hemodynamic response function
and its temporal derivatives. Parameter estimates for the
regressor of interest (VCN) against the baseline was then
calculated for each voxel. Registration to the structural im-
age and the MNI 152 atlas was carried out using FLIRT (35).
For each subject, one contrast image was produced.

3.8. Higher Level Analysis

Group-level analysis was performed using FMRIB’s Lo-
cal Analysis of Mixed Effects (FLAME). The contrast image of
each subject(namingrelative to baseline) was entered into
a second level analysis to compute the mean activity. For
the correlational analysis, the subjects’ VCN performance
was entered as a covariate in the model. Activation on the
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Z (Gaussianized T[F) statistic images was computed at the
threshold of Z> 2.3 and a cluster significance threshold of
P < 0.05 corrected for whole-brain multiple comparisons
(36).

3.9. Region of Interest Analysis

In view of our hypothesis, region of interest (ROI)-
based analysis of the hippocampus was also performed to
decrease multiple comparison errors and facilitate addi-
tional assessments. ROIs of the hippocampus and inferior
frontal gyrus were defined using the probabilistic Harvard-
Oxford atlas. Higher level analysis in the hippocampus ROI
was performed to obtain a more accurate estimate of the
association between activation in this area and VCN perfor-
mance.

Mean BOLD signal change (in percentages) in the hip-
pocampus ROI during the naming phase versus fixation
was also extracted for each subject using FSL Featquery. The
extracted data were then entered into SPSS to produce a
scatter plot and to determine the correlation significance
between VCN performance scores and the mean fMRI sig-
nal change. This was performed to provide some addi-
tional insight into the variability of fMRI response across
subjects.

Laterality Indexes (LI) were calculated for each partic-
ipant and each ROI using the formula LI = (L - R) [ (L +
R), where L and R were the number of significantly acti-
vated voxels (Z > 2.3, P = 0.05) in the left and right hemi-
sphere, respectively. We considered positive LIs to indicate
left hemisphere lateralization and negative LIs to indicate
right hemisphere lateralization (37). LIs were then exam-
ined for statistical significance using a within-group one-
sample t-test at a corrected P < 0.05.

4. Results

4.1. VCN Performance Scores

Table 1 presents the demographic data of the subjects
as well as their VCN performance scores. Performance
scores were normally distributed (Lilliefors test of the null
hypothesis, P=0.2). We observed a significant difference in
VCN performance among the subjects. The statistical sig-
nificance of VCN performance scores was assessed using a
within-group one sample t-test (P < 0.0001).

4.2. fMRI Results

Table 2 and Figure 1 present the main effects of VCN
in whole-brain analysis. Consistent with previous stud-
ies, strong activation was demonstrated in the left inferior
frontal gyrus. Activation in the inferior frontal gyrus was
left lateralized among all of the subjects (P < 0.05,z> 2.3).
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Table 1. Demographic Data of the Right-Handed Persian-Speaking Subjects; Their VCN Performance and LIs

Subject Age (year) Sex Performance Hippocampus LIs Inferior Frontal Gyrus Lls
1 30 Female 58 0.521 0.021
2 29 Female 52 -0.282 0.023
3 52 Female 55 0.576 0.022
4 24 Female 45 0.000 0.017
5 31 Male 48 0.000 0.027
6 16 Female 50 -0.128 0.014
7 31 Female 55 0.443 0.020
8 49 Female 50 0.333 0.033
9 63 Male 46 0.563 0.021
10 30 Male 52 0.253 0.021
11 25 Female 55 0.079 0.023
12 26 Female 54 0.460 0.018
13 28 Female 58 1.000 0.035
14 28 Female 50 0.127 0.022
15 19 Male 51 0.428 0.018
16 50 Male 52 -0.900 0.372
17 29 Male 47 1.000 0.021

Abbreviation: L, laterality index

Activation was also found in the right inferior frontal gyrus
that extended toward the right orbital frontal gyrus. LIs for
the inferior frontal gyrus are presented in Table 1. Activa-
tion in the right lateral occipital gyrus and the right occip-
ital fusiform gyrus extended to the right occipital pole.

The correlation between VCN performance and fMRI
activation in the whole-brain analysis is included in Ta-
ble 3 and Figure 2. VCN performance was significantly
correlated with fMRI activation in the left temporal pole
that extended to the left middle temporal gyrus and left
superior temporal gyrus. Activation in the left occipi-
tal fusiform gyrus extended to the left temporal occipital
fusiform gyrus.

ROI-based analysis of the hippocampus was also per-
formed to reduce multiple comparison error. We could
thus obtain more sensitive measures of activation in this
small area. ROI analysis revealed a significant correlation
between VCN performance and fMRI activation in the left
hippocampus, which is presented in Table 4 and Figure 3A
and 3B displays the correlation between each subject’s VCN
performance and fMRI activation at peak voxel. The dia-
gram in Figure 3C illustrates how better VCN performance
is related to greater fMRI activation in the left hippocam-
pus among the subjects (P < 0.05). We found that the acti-
vation of the hippocampus among the subjects was mostly

left lateralized (P < 0.05,z > 2.3). The hippocampus Lls are
presented in Table 1.

5. Discussion

In this study, we investigated brain activation patterns
associated with VCN in Persian-speaking individuals. There
isalsoaccumulating evidence in prior studies thatindicate
a significant relationship between hippocampal pathol-
ogy and naming deficits (9, 11, 12, 15). These results support
the left hippocampus as a worthy candidate for further in-
vestigation in VCN studies. Thus, we sought to determine
whether a correlation existed between VCN performance
and hippocampal activation in healthy Persian-speaking
individuals. Our study was based on the hypothesis that
better VCN performance should be accompanied by higher
hippocampal activation in the language-dominant hemi-
sphere.

Some advantages could be mentioned for this study.
First, it is the first time that a VCN study using an fMRI
technique has been performed on Persian-speaking indi-
viduals. In addition, the small size of the hippocampus
and its proximity to air-filled sinuses makes obtaining re-
liable signals from this region more difficult than other
cortical areas (38). For example, in Deleon et al.’s (19) fMRI
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Table 2. fMRI Activation Peaks for the Main Effects of VCN Task

Areas Lobe Side Zscore X y z
Occipital pole Occipital Right 3.95 32 -92 -1
Inferior frontal gyrus Frontal Left 3.89 58 16 22
Frontal orbital cortex Frontal Right 3.86 44 24 -6
Occipital fusiform gyrus Occipital Right 3.61 28 -90 22
Lateral occipital gyrus Occipital Right 3.08 30 -90 0
Inferior frontal gyrus Frontal Right 2.62 36 32 4

Abbreviation: VCN, visual confrontation naming

23 41

Figure 1. The main effects of VCN. Whole-brain analysis reveals left lateralized activation in the inferior frontal gyrus. VCN tasks mainly produced activation in the left inferior
frontal gyrus, right inferior frontal gyrus, right lateral occipital gyrus, right occipital fusiform gyrus, right occipital pole, and right orbital frontal cortex. Results are displayed
at a significance threshold of P < 0.05, corrected for family-wise error.

naming study, no activation was reported in the hippocam- for their naming task. The second advantage of our study
pus. However, they only used 34 pictures as visual stimuli ~ was the large number of pictures used and the long dura-
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Table 3. Correlation of VCN Performance with fMRI Activation

Areas Lobe Side Zscore X y z

Temporal pole Temporal Left 4.15 -50 14 -22
Middle temporal gyrus Temporal Left 4.13 50 -8 12
Temporal occipital fusiform Occipital Left 3.86 32 -62 -16
Superior temporal Temporal Left 3.85 58 -10 -10
Occipital fusiform Occipital Left 372 -18 -80 -10

Abbreviations: fMRI, functional magnetic resonance imaging; VCN, visual confrontation naming

23 41

Figure 2. Correlational analysis. Left-dominant activation in an occipitotemporal network correlates with subjects’ VCN performance. This network is comprised of the left
occipital fusiform gyrus, left temporal occipital fusiform gyrus, left middle temporal gyrus, left superior temporal gyrus, and left temporal pole. Results are displayed at a
significance threshold of P < 0.05, corrected for family-wise error.

tion given to the active phase, which helped us to better ~ by Kemeny et al. (18). Regarding that the task design was
see the activation of the hippocampus. Hippocampal ac- event related the duration of active phase was quite low.
tivation has not also been reported in another fMRI study ~ The block design task used in our study is more likely to
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Table 4. ROI-Based Analysis of the Hippocampus

Areas Lobe Side Z score X y z

Hippocampus Temporal Left 3.1 -14 -10 22
Hippocampus Temporal Left 2.96 26 24 -18
Hippocampus Temporal Left 2.95 26 20 22

Abbreviation: ROI, region of interest

evoke sufficient neural activity in small brain areas like the
hippocampus. In order to investigate the direct role of the
hippocampus in picture naming, we assessed the correla-
tion between VCN performance and hippocampal activity.
In a series of studies by Bonelli et al. (9, 10) verbal fluency
fMRI task was used as an indirect approach. They demon-
strated a significant correlation between fMRI activation
in the language-dominant hippocampus and VCN perfor-
mance; however, fMRI activation was produced by a verbal
fluency task in their study. In our study, we directly applied
a VCN fMRI task to assess the hypothesized role of the hip-
pocampus in naming.

Visual naming task comprises several steps, including
object recognition, object identification, and assigning a
name to the recognized object (39). It requires the interac-
tion of ventral visual streams and medial temporal mem-
ory structures. We have found a left lateralized network
of occipitotemporal regions that show significant corre-
lations with VCN performance. The left fusiform gyrus is
generally among the brain areas activated during picture
naming, but not word generation tasks (5). Hence, it is
probably not included in the core network of word pro-
duction. Our finding of the correlation between left oc-
cipital fusiform gyrus activity and VCN performance in-
dicates the visual processing and conceptual preparation
phase of naming in healthy subjects’ performance. Acti-
vation was also found in the left middle temporal gyrus.
This area is commonly activated during lexical selection
in picture naming tasks (8). Activation also extended to-
ward the superior temporal gyrus, which is typically re-
lated to accessing a phonological code of words (8, 40).
A significant correlation between left temporal pole acti-
vation and VCN performance was also demonstrated. An-
terior temporal regions, especially the temporal pole, are
commonly known to be involved in semantic processing
(41, 42). The language-dominant temporal pole is also con-
sidered to be a mediational zone that applies lexical labels
to perceived concepts (43-45). Whole-brain analysis of the
naming taskin this studyalso revealed activation in frontal
regions. The left inferior frontal gyrus is among the core
regions involved in word production (5, 46, 47). Activation
was also found in the right inferior frontal gyrus and right
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orbital frontal lobe. As we expected, activation in the infe-
rior frontal gyrus was significantly left lateralized among
all of the subjects.

Lesion studies provide some insight into the role of the
hippocampus in naming. For example, most mesial tem-
poral lobe epilepsy patients exhibit visual naming decline
after MTLR. Surprisingly, patients with hippocampal scle-
rosis show a lower decline after surgery (48). These find-
ings are in accordance with our finding of the direct role
of the hippocampus in VCN. Meanwhile, there are some in-
consistencies in the previous literature. Due to the scarcity
of reports on the activation of the left hippocampus, it has
traditionally not been considered an area involved in the
core neural network of VCN (5). Some ESM studies have re-
ported that the main naming areas reside in the anterior
and lateral temporal (extra-hippocampal) cortex in MTLE
patients (17, 49) and the decline in visual naming ability af-
ter MTLR has been attributed to the role of the hippocam-
pus in higher level visual processing, rather than its direct
role in VCN (20). In this study, the correlation of language-
dominant hippocampal activation with VCN performance
favors the direct role of the hippocampus in VCN.

Our findings have potential clinical importance for pa-
tients with refractory mesial temporal lobe epilepsy. The
functional adequacy of the tissue to be resected deter-
mines the risk of memory loss after AMTLR (50). In this
sense, the role of the hippocampus in VCN implies that a
functionally adequate language-dominant hippocampus
could be an indicator of decline in visual naming ability af-
ter surgery in Persian-speaking individuals.

In conclusion, this study has provided evidence for the
direct role of the language-dominant hippocampus in pic-
ture naming in healthy Persian-speaking individuals. At
the same time, we demonstrated a language-dominant oc-
cipitotemporal network that correlates with subjects’ VCN
performance. Further studies are also required to deter-
mine the precise function of the language-dominant hip-
pocampus in the VCN network. In this regard, designing
activation protocols to provoke neural correlates of the dif-
ferent steps of VCN would be helpful.
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Figure 3. ROl analysis of the hippocampus. A, Activation in the left hippocampus significantly correlated with VCN performance; B, The activation map displaying the corre-
lation of fMRI signal with VCN performance at peak voxel in the left hippocampus; C, A diagram illustrating how VCN performance score is related to fMRI activation at peak
voxel. Greater fMRI activation was related to better VCN performance score. Results are displayed at a significance threshold of P < 0.05, corrected for family-wise error.
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