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Abstract

In the past, researchers investigated silent lipreading in normal 
hearing subjects with functional neuroimaging tools and showed how the 
brain processes visual stimuli that are normally accompanied by an auditory 
counterpart. Previously, we showed activation differences between males 
and females in primary auditory cortex during silent lipreading, i.e. only 
the female group significantly activated the primary auditory region during 
lipreading. Here we report and discuss the overall activation pattern in 
males and females. We used Positron Emission Tomography to study silent 
lipreading in 19 normal hearing subjects (9 females). Prior to scanning, 
subjects were tested on their lipreading ability and only good lipreaders were 
included in the study. Silent lipreading was compared with a static image. 
In the whole group, activations were found mainly in the left hemisphere 
with major clusters in superior temporal, inferior parietal, inferior frontal 
and precentral regions. The female group showed more clusters and these 
clusters were larger than in the male group. Sex differences were found 
mainly in right inferior frontal and left inferior parietal regions and to a 
lesser extent in bilateral angular and precentral gyri. The sex differences 
in the parietal multimodal region supports our previous hypothesis that 
the male and female brain process visual speech stimuli differently without 
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differences in overt lipreading ability. Specifically, females associate the 
visual speech image with the corresponding auditory speech sound whereas 
males focus more on the visual image itself.
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Introduction

Lipreading is the ability to extract speech information from the 
lip, tongue and jaw movements of a speaker. Hearing impaired persons 
use lipreading to compensate for their hearing loss. But also in people with 
normal hearing, speech is perceived by ear and by eye, although often 
unconsciously. Numerous studies have shown that seeing a person speak 
has a profound influence on speech perception (Brancazio and Miller, 2005; 
Erber, 1975; Ross et al., 2006). The auditory illusion of the McGurk effect 
demonstrates the integration of auditory speech sounds and visual speech 
images (McGurk and MacDonald, 1976). They demonstrated that when lip 
movements do not match the auditory speech, subjects perceive something 
intermediate (e.g. auditory /ba/ combined with visual /ga/ is perceived as 
/da/). 

The neural basis of auditory-visual integration has been investigated 
with functional imaging tools like fMRI, PET and MEG (e.g. Olson et al., 
2002;Jones and Callan, 2003;Sekiyama et al., 2003;von Kriegstein et al., 
2003;Macaluso et al., 2004). In normal hearing subjects, silent lipreading 
(i.e. only the visual speech image) has been used to study how the brain 
processes visual stimuli that are usually accompanied with an auditory 
matching part. The pattern of activated brain areas varied depending on the 
specific task and stimuli, but some brain areas were consistently reported: 
auditory association areas in superior temporal region, auditory-visual 
integration areas in the inferior parietal lobe, area of Broca in the left inferior 
frontal region and premotor areas in the precentral gyrus (Campbell et al., 
2001;Nishitani and Hari, 2002;Olson et al., 2002;Calvert and Campbell, 
2003;Paulesu et al., 2003;Sekiyama et al., 2003). On the other hand, the 
involvement of the primary auditory cortex during silent lipreading was 
less consistent (Calvert et al., 1997;Ludman et al., 2000;Bernstein et al., 
2002;Pekkola et al., 2005). In the previous chapter, we studied subjects 
with good lipreading abilities and demonstrated that the activation of the 
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primary auditory region by visual speech images depends on the sex of the 
subject, namely only the female group significantly activated the primary 
auditory cortex during lipreading. These results are important, because they 
suggest that the male and female brain use different neural processes while 
still achieving the same performance. Our data suggested that the male 
brain relies more on the visual speech image during lipreading whereas the 
female brain associates the visual image to its auditory counterpart. Previous 
studies either made no differentiation for sex (Campbell et al. 2001; Pekkola 
et al., 2005; Calvert et al., 2003), or they did not mention the sex of the 
volunteers (Calvert et al., 1997; Bernstein et al., 2002; Olson, Gatenby & 
Gore, 2002), or finally, only male subjects were investigated (Paulesu et al., 
2003; Sekiyama, Kanno, Miura & Sugita, 2003). Sex differences in speech 
perception on the other hand, have been extensively debated, especially in 
the light of lateralization differences (Shaywitz et al., 1995;Jaeger et al., 
1998;Kansaku and Kitazawa, 2001;Sommer et al., 2004;Kitazawa and 
Kansaku, 2005;Ortigue et al., 2005). Therefore, in the current chapter, 
we further investigated the set of lipreading data in males and females by 
analysing changes in brain activity firstly throughout the whole brain and 
secondly with a focus on cortical areas known to be involved in lipreading. 

Material and Methods

Subjects

Nineteen healthy volunteers participated in this study (10 males, 9 
females), their ages ranged from 19 to 27 years (mean 21 years) for the males 
and from 19 to 25 years (mean 21 years) for the females. All volunteers gave 
written informed consent according to the Declaration of Helsinki. The 
Medical Ethics Committee of the University Medical Center Groningen 
approved the study. All subjects were right-handed as assessed by the 
Edinburgh Inventory (Oldfield, 1971) and none of the subjects had any 
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history of psychiatric or neurological disorders. Prior to scanning, subjects 
were tested for their hearing thresholds using standard audiometric measures 
(all subjects had thresholds < 20 dBHL, for 0.25-8 kHz) and were tested on 
their lipreading ability using the same mouthed numbers as during scanning. 
As stated above, lipreading is a natural skill and it is difficult to train subjects 
in lipreading to reach a higher level of performance (Summerfield, 1992).  
Previously, it has been found that differences in activation pattern exist 
between good and poor lipreaders (Ludman et al., 2000). We choose to only 
include good lipreaders since they had the most elaborate activation pattern 
in the study of Ludman and colleagues (2000). Therefore, only subjects who 
scored more than 75 % on the lipreading test were included in this study. 
There were no differences in performance between the males and females. 
On the day of scanning, the lipreading test was conducted again while 
subjects were positioned in the scanner prior to the actual scanning session. 
One additional female subject was scanned but the data was excluded from 
the study because she showed deviant responses in the whole brain, which 
might be due to a previous psychiatric problem, which was initially discarded 
during the inclusion.

Data Acquisition

Regional cerebral blood flow (rCBF) was measured using [15O]-
water and a Siemens Ecat Exact HR+ PET scanner operated in three-
dimensional mode with a 15,5 cm axial field of view. The scanner acquires 
63 slices simultaneously. Isotropic resolution was 6 mm. Each subject was 
scanned 12 times for the distribution of [15O]-water with a 10 minutes 
interval between two scans to allow for decay. Each scan was performed 
after an intravenous bolus injection of 500 MBq of [15O]-water per scan. 
Except for the first scan, scanning started 30 s prior to injection, to account 
for background activation. Ten seconds before injection, the stimulus was 
started. After injection, data were collected during 120 s. A scan specific 
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calculated attenuation correction was performed to minimise interscan 
displacement-induced variance (Reinders et al., 2002).

Experimental design

During the lipreading condition, participants viewed a movie of the 
whole face of a female speaker mouthing numbers between 6 and twenty-
five (no auditory, only visual speech) and were instructed to silently repeat 
the viewed numbers. During the baseline condition, subjects viewed a static 
image of the speaker. Subjects were instructed to silently repeat the number 
‘one’ each time the face appeared to control for subvocalization and to focus 
attention. During the two minutes scanning, 40 items were presented to the 
subject with an interstimulus interval of 3 seconds. Both conditions were 
presented 6 times and in a random order. For the baseline, the same set of 
images was shown 6 times, for the lipreading condition 6 different sequences 
of numbers were made to avoid the effect of learning throughout scanning. 
Subjects had earplugs to reduce surrounding noise and were trained not to 
move lips or tongue when silently repeating numbers. 

Data analysis

The 2000 version of Statistical Parametric Mapping (SPM2: 
software from the Wellcome Department of Cognitive Neurology, London, 
UK) was used for spatial transformations (realignment, transformation into 
standard stereotactic space and smoothing with a isotropic Gaussian kernel 
of 8 mm FWHM) and statistical analysis (Friston et al., 1995). An ANOVA 
estimated the following parameters: two groups (male and female), two 
conditions (lipreading and baseline) and the mean perfusion to normalise 
for global flow differences (Multigroup, conditions and covariates). Time 
(indicated by scan number) was tested as a covariant. Each scan was scaled 
to a mean global activity of 50 ml/100ml/min. Hypotheses about regionally 
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specific condition effects were tested comparing the estimates, using linear 
compounds or contrasts. The resulting set of voxel values for these contrasts 
constituted the associated SPM of the t-statistics. The significance threshold 
used for the analyses of the whole group and the two groups separately 
was p<0.05 corrected for multiple comparisons with False Discovery 
Rate (Genovese et al., 2002) and for the comparison of the two groups the 
threshold was p<0.001 uncorrected for multiple comparisons. All analyses 
were conducted with an extent cluster threshold of more than 8 voxels. The 
results are rendered onto a standard anatomical template of SPM2. 

The major areas which process the visual speech images of lipreading, 
are known from literature (Calvert et al., 1997;Campbell et al., 2001;Nishitani 
and Hari, 2002;Olson et al., 2002;Calvert and Campbell, 2003;Paulesu et 
al., 2003;Sekiyama et al., 2003). We conducted in these areas region of 
interest analyses, since they give the overall statistical result for these regions, 
i.e. a region of interest analysis is more specific. These a-priori hypothesised 
areas are: the bilateral auditory association areas (superior temporal region), 
auditory-visual integration region (inferior parietal region), motor language 
areas (area of Broca and its right homologue in the inferior frontal region) 
and premotor region of the face (precentral gyrus). To define the bilateral 
inferior frontal regions, we used the SPM Anatomy toolbox, which is based 
on the three-dimensional probabilistic cytoarchitectonic maps and in this 
case we used the probability maps of Brodmann areas 44, 45 (Amunts et al., 
1999;Eickhoff et al., 2005). The SPM Anatomy toolbox also has a probability 
map for the whole premotor cortex. However, we only expected activation 
in the premotor area of the face and therefore we defined a region of interest 
as a sphere with a centre voxel derived from literature (Campbell et al., 
2001;Olson et al., 2002;Calvert and Campbell, 2003;Paulesu et al., 2003). 
The Talairach coordinates for this centre voxels were: x=-47, y=0, z=39 for 
the left premotor area and x=45, y=2, z= 37 for the right premotor region 
(Talairach J and Tournoux P, 1988).  Because currently no probability maps 
for the superior temporal and inferior parietal regions are available in the 
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Anatomy toolbox, we used the automated anatomical labeling (AAL) regions 
from the MarsBaR toolbox to define them (MARSeille Boîte À Région 
d’intérêt, Tzourio-Mazoyer et al., 2002). The region of interest analyses 
were conducted in MarsBaR.  The statistical procedure in MarsBaR is 
the same as in SPM, but instead of analysing on a voxel-by-voxel basis like 
SPM does, all voxels in a region are averaged and hence inferences about 
the whole region can be made. The significance threshold was p<0.05 FDR 
corrected and considering the small sample size, also trends (p<0.10 FDR 
corrected) are indicated (Benjamini and Hochberg, 1995).
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Results

Whole group (females and males)

The voxel-wise analysis revealed activated regions distributed 
throughout the whole brain during lipreading as compared to the baseline 
(Table 1, Figure 1A). Both left and right hemispheres were activated by 
lipreading, with the largest activations being in the left hemisphere. The 
largest activation cluster was found in the left temporal-parietal-occipital 
region. An analogous cluster, but smaller, was found in the right hemisphere. 
In the left and right temporal pole, two small clusters were found. In the left 
frontal lobe, lipreading activated the inferior frontal, precentral and middle 
frontal gyrus. The superior frontal gyrus, located medially in the brain (BA 
6) was also activated. Again, in the right hemisphere clusters were found 
in the same areas, but they were much smaller. Furthermore, activations 
were found in part of the left and right superior and inferior parietal lobule 
and supramarginal gyrus and in the right occipital lobule. And finally, a 
cluster was found in the left cerebellum. It is clear that the whole group 
shows activation in the known areas to be important for lipreading, i.e. 
superior temporal, inferior parietal, inferior frontal and precentral regions 
bilaterally. 

Some regions were deactivated by lipreading, this means a higher 
regional cerebral bloodflow during the static face images than during 
lipreading (Table 1, Baseline-Lipreading). Several deactivation clusters were 
found across the midline, located in the occipital pole (cuneus) and medial, 
superior frontal gyri. Another deactivation was found in the ventral part of 
the left temporal pole. And in the right hemisphere, decreased bloodflow was 
located in frontal, temporal, fusiform and angular gyri.
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Female and male groups separately

To investigate the contribution of the male and female group to 
these activations, the two groups were analysed separately (Table 2-3, 
Figure 1B-C). Overall, the activation patterns of males and females were 
similar but not identical, with females having larger and more numerous 
activation clusters than the males. A few areas were activated both by males 
and females, with females having larger clusters in these areas: left and right 
superior and middle temporal gyrus, the left fusiform gyrus, the left middle 
and inferior occipital gyrus and the left inferior frontal gyrus extending to 
the left insula. Only the left cerebellar activation, which was found in both 
sexes, was larger in males. 

Table 4 and Figure 1D show which areas were significantly more 
activated by females than males. In the left hemisphere, females had 
significantly more activation than males in the parietal region and part of 
the middle temporal and angular gyrus. In the right hemisphere females had 
higher activation in occipital, temporal, angular and inferior frontal gyri. 
There were no areas in which males had significantly higher activation.

Both groups displayed significant deactivations, but the largest 
deactivations were found in the male group. Males deactivated part of the 
cuneus and medial, superior frontal gyri, all located medially in the brain. 
And in the right hemisphere they showed deactivations in the insula, angular 
and middle frontal gyri. In the female group, deactivations were only found 
in the medial frontal gyrus and right middle temporal gyrus. 

Regions of interest analyses were conducted for maximal statistical 
specificity in the regions known to be important for lipreading, i.e. bilateral 
superior temporal, inferior parietal, inferior frontal and precentral regions. 
The female group had significant activation in all regions of interest in both 
hemispheres (Figure 2, Table 5). The male group showed activation in the 
left superior temporal, left inferior frontal and left precentral region. The 
difference between the two groups was strongest in the right inferior frontal 
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area  and left inferior parietal region, which is consistent with the voxel-wise 
analysis of the whole brain. Also in the bilateral precentral regions females 
tend to have more activation than males during lipreading compared to the 
baseline. In these a priori defined regions, no significant deactivations were 
found in any of the groups.

There was no influence of time on the activation patterns in the two 
groups, indicating no learning effect during the scanning period.
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Figure 1. Full-color in appendix. Spatial distribution of 
significant increases in brain activation during lipreading, 
compared to the baseline of a static image. Results of the whole 
group (N=19), of the female group (N=9), of the male group 
(N=10) and of females minus males are displayed. Activations 
are rendered onto the single subject anatomical template of 
SPM2. (A-C) clusters are significant at p<0.05 FDR corrected 
for multiple comparisons, (D) clusters are significant at p<0.001 
uncorrected. 
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Figure 2. Regional cerebral blood flow in the regions of interest during lipreading relative 
to the baseline of each group in that region (with a global mean flow of 50 ml/100g/min). 
Error bars indicate the 90 % confidence interval of the mean across subjects per condition. 
* = Significant at p<0.05 FDR corrected, **= Significant at p<0.10 FDR corrected. L= 
left, R= right, STG= superior temporal gyrus, IP= inferior parietal, IF= inferior frontal, 
PrC= precentral. 
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Talairach Coordinates

Brain region (Brodmann Area) Number of voxels
in cluster

  t-value x y z

Lipreading – Baseline
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Table 1. Activated (lipreading minus baseline) and deactivated (baseline minus lipreading) 
clusters of significant* voxels in the whole group (males and females). Only the highest 
peaks of activation are reported for each cluster, with corresponding stereotaxic (Talairach) 
coordinates and t-value.  *Significant at p<0.05 FDR-corrected for multiple comparisons, 
extent threshold 8 voxels, voxel size 2x2x2 mm. Brain regions were identified using the 
Talairach atlas and the stereotactic atlas of the human brain of Mai et al. (Talairach and 
Tournoux, 1988; Mai et al., 1997)
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Talairach Coordinates

Brain region (Brodmann Area) Number of voxels
in cluster

  t-value x y z
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Table 1 continued. Activated (lipreading minus baseline) and deactivated (baseline minus 
lipreading) clusters of significant* voxels in the whole group (males and females). Only the 
highest peaks of activation are reported for each cluster, with corresponding stereotaxic 
(Talairach) coordinates and t-value.  *Significant at p<0.05 FDR-corrected for multiple 
comparisons, extent threshold 8 voxels, voxel size 2x2x2 mm. Brain regions were identified 
using the Talairach atlas and the stereotactic atlas of the human brain of Mai et al. 
(Talairach and Tournoux, 1988; Mai et al., 1997)
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Table 2. Activated (lipreading minus baseline) and deactivated (baseline minus lipreading) 
clusters of significant* voxels in the female group. Only the highest peaks of activation are 
reported for each cluster, with corresponding stereotaxic (Talairach) coordinates and t-value.  
*Significant at p<0.05 FDR-corrected for multiple comparisons, extent threshold 8 voxels, 
voxel size 2x2x2 mm. Brain regions were identified using the Talairach atlas and the stereotactic 
atlas of the human brain of Mai et al. (Talairach and Tournoux, 1988; Mai et al., 1997)
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Table 3. Activated (lipreading minus baseline) and deactivated (baseline minus lipreading) 
clusters of significant* voxels in the male group. Only the highest peaks of activation are 
reported for each cluster, with corresponding stereotaxic (Talairach) coordinates and t-value.  
*Significant at p<0.05 FDR-corrected for multiple comparisons, extent threshold 8 voxels, 
voxel size 2x2x2 mm. Brain regions were identified using the Talairach atlas and the stereotactic 
atlas of the human brain of Mai et al. (Talairach and Tournoux, 1988; Mai et al., 1997)
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Lipreading – Baseline: Females > Males

Chapter 6

Table 4. Clusters of significant* voxels which were significantly more activated by females 
than by males for lipreading minus baseline. Only the highest peaks of activation are 
reported for each cluster, with corresponding stereotaxic (Talairach) coordinates and t-
value.  *Significant at p<0.001 uncorrected, extent threshold 8 voxels, voxel size 2x2x2 
mm. Brain regions were identified using the Talairach atlas and the stereotactic atlas of the 
human brain of Mai et al. (Talairach and Tournoux, 1988; Mai et al., 1997)
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Neural responses to silent lipreading in normal hearing male and female subjects

Table 5. Region of interest analysis for lipreading minus baseline in eight a-priori 
defined regions. One-sided statistical significance for various contrasts was tested for 
men and women separately as well as for the differences between both.  *= p<0.05 
FDR corrected, **= p<0.10 FDR corrected.
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Discussion

For lipreading, compared to a static image, an activation pattern 
distributed in the left and right hemisphere was found, with major clusters 
in auditory and visual association areas, language regions, premotor and 
supplementary motor areas. This is consistent with previous functional 
imaging studies (Calvert et al., 1997;Campbell et al., 2001;Nishitani and 
Hari, 2002;Olson et al., 2002;Calvert and Campbell, 2003;Paulesu et 
al., 2003). From the activation of males and females separately, it is clear 
that females had a more elaborate activation pattern than the males. Sex 
differences in activation were shown by both the voxel-wise analysis and the 
region of interest analyses, namely females had more activation than males 
in the right inferior frontal and left inferior parietal regions. The voxel-wise 
analysis also showed a sex difference in parts of the left and right angular 
gyri, areas that were not implemented in the region of interest analysis. 
Furthermore, the region of interest analysis also indicated sex differences in 
the bilateral precentral areas. Note that relatively small group sizes were used 
in this study and that further research is needed to replicate these results.

Since no sex differences were found in the prefrontal attention areas, 
it is unlikely that different male and female attention levels can explain these 
results. We showed sex differences in brain activation despite comparable 
behavioural performances of the two groups. Differences in activation 
pattern without differences in performance have been reported earlier 
( Jaeger et al., 1998;Jordan et al., 2002;Thomsen et al., 2000). These findings 
together with the reverse, no sex differences in brain activation accompanied 
by sex differences in behavioral performance (Halari et al., 2005), provide 
support for sex differences in brain-behaviour relationships.

The data show more and larger activation clusters in the left 
than in the right hemisphere in the whole group and in the two groups 
separately. Left hemisphere lateralization for language is well established 
from neurological, neuropsychological and functional imaging studies. 

Chapter 6
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On the other hand, the cortical basis of face processing is right lateralized 
(Rhodes, 1985;Young et al., 1985). Thus, the question is whether silent 
lipreading, which is a face-based skill, is left- or right lateralized. Studies on 
laterality of silent lipreading have shown a left-hemisphere superiority for 
some lipreading tasks (Campbell et al., 1996;Smeele et al., 1998), but not for 
others (Campbell, 1986). Studies on lipreading in patients with unilateral 
brain lesions demonstrated that lipreading is more severely damaged with 
left hemisphere lesions, but that also right hemisphere lesions have an impact 
on lipreading and therefore the right hemisphere component can not be 
ignored (e.g. Campbell, 1986;Campbell et al., 1990). Campbell suggested 
that initial image analysis is usually faster in the right hemisphere, but the 
linguistic categorisation itself is left hemisphere based (Campbell, 1998). 
The present data, showing activation clusters in both hemispheres with the 
largest being in the left, are in agreement with this idea of a stronger left 
hemisphere component for silent lipreading.

When looking closer at the two groups separately, the lateralization 
matter is more complex. It is clear that the female group activated key 
cortical areas, known to be involved in lipreading, in both the left and right 
hemisphere (though larger in the left). The male group, on the other hand, 
showed activation in the ‘lipreading’ areas only in the left hemisphere, with 
exception of the right temporal auditory association area. These results might 
be related to previously found sex differences in lateralization of language 
tasks (Shaywitz et al., 1995;Jaeger et al., 1998;Kansaku and Kitazawa, 
2001). Although these sex differences in lateralization have been subject 
to debate (Sommer et al., 2004;Kitazawa and Kansaku, 2005;Ortigue et 
al., 2005), it is proposed that, depending on the task, females have more 
bilateral language representation than males (Shaywitz et al., 1995;Jaeger et 
al., 1998;Kansaku and Kitazawa, 2001).

Bilateral activation in females versus unilateral left activation in 
males was found in the inferior frontal area. The left inferior frontal region, 
the area of Broca, has repeatedly been reported to be involved in silent 

Neural responses to silent lipreading in normal hearing male and female subjects
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lipreading (MacSweeney et al., 2000;Campbell et al., 2001;Paulesu et al., 
2003). Traditionally, Broca’s area is associated with production of speech 
(Geschwind, 1970), but it is recently seen to be involved in observing and 
imitating someone else’s actions (Iacoboni et al., 1999;Heiser et al., 2003). 
Activation in Broca’s area during lipreading gives support for the motor 
theory of speech, which suggests that processes related to speech production 
are essential in speech perception (Liberman et al., 1967;Liberman and 
Mattingly, 1985;Floel et al., 2003;Mottonen et al., 2005). This motor theory 
of speech is further supported by activation of the premotor area (precentral 
gyri). This activation was only found in females and although not identified 
by the voxel-wise analysis, the region of interest analysis suggested a sex 
difference in this region. This sex difference might indicate that females 
relate the visual speech image more to the motor production of speech than 
males. 

This concept of females associating the visual image to another 
related sensory modality, is also supported by the seen sex differences in the 
left inferior parietal region (BA 40, 7), in which females had more activation 
than males. This region has been identified to be involved in multisensory 
integration, for example audio-visual integration, by studies in non-human 
primates (for review see Pandya and Seltzer, 1982) and by lesion and 
functional neuroimaging studies in humans (Iacoboni et al., 1998;Calvert et 
al., 2000;Lewis et al., 2000;Calvert, 2001;Campanella et al., 2001;King and 
Calvert, 2001). In the present study, the activation in males did not reach 
significance in the parietal cross-modal integration area. We previously 
showed that males also had less activation in the primary auditory 
cortex than females. These results suggest that males exhibit a weaker 
association between the visual speech image and the auditory speech sound. 
Furthermore, sex differences were found in parts of the left and right angular 
gyrus at the occipito-temporal junction with males displaying a deactivation 
during lipreading in the right angular gyrus. This is consistent with a 
deactivation found by (MacSweeney et al., 2000). The traditional concept 
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about the angular gyrus is that it plays a critical role in semantic processing, 
but this region is also shown to be involved in mapping written words to 
their respective auditory representations (Demonet et al., 1992;Demonet et 
al., 2005). Taken together, the sex differences in the angular and inferior 
parietal region and our previous findings of exclusive female activation in 
the primary auditory cortex, indicate that during silent lipreading females 
connect the visual speech image to the auditory counterpart, which normally 
accompanies the image of moving lips, while males focus more on the visual 
image without association with the auditory speech sound.

 Other deactivations were found in medial parts of the occipital 
lobe (cuneus, BA 18) where only the male group had a large deactivation. 
A deactivation in BA 18 was also reported by (Calvert, 2001), although they 
found it more caudally compared to our deactivation. The more lateral parts 
of BA 18 were activated by lipreading. This probably reflects additional 
visual information in the dynamic display, as well as task-related activation 
(Calvert, 2001). It is however not clear why only men deactivated the medial 
part of the occipital region.

In summary, consistent with current literature we showed that silent 
lipreading activated specific cortical areas in the right and predominantly 
in the left hemisphere. In addition, our results also showed that males and 
females have different activation patterns during lipreading, with major 
differences in the right inferior frontal and left parietal and to a lesser extent 
in bilateral angular and precentral regions. The present results together 
with previously reported data indicate that during silent lipreading females 
associate the visual speech image with the corresponding auditory speech 
sound while males focus more on the visual image itself. 

Neural responses to silent lipreading in normal hearing male and female subjects
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