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Abstract

Deaf individuals may report difficulties in social interactions. However, whether

these difficulties depend on deafness affecting social brain circuits is controversial.

Here, we report the first meta-analysis comparing brain activations of hearing and

(prelingually) deaf individuals during social perception. Our findings showed that

deafness does not impact on the functional mechanisms supporting social perception.

Indeed, both deaf and hearing control participants recruited regions of the action

observation network during performance of different social tasks employing visual

stimuli, and including biological motion perception, face identification, action obser-

vation, viewing, identification and memory for signs and lip reading. Moreover, we

found increased recruitment of the superior-middle temporal cortex in deaf individ-

uals compared with hearing participants, suggesting a preserved and augmented

function during social communication based on signs and lip movements. Overall, our

meta-analysis suggests that social difficulties experienced by deaf individuals are

unlikely to be associated with brain alterations but may rather depend on non-

supportive environments.
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1 | INTRODUCTION

Many are the positive effects of having successful social interactions

(e.g., better quality of life, longevity, and health; Arioli et al., 2018;

Kawamichi et al., 2016; Uchino, 2004). Natural spoken language is

critical for social interactions, allowing to share thoughts, intentions,

ideas, and emotions with other individuals (Hirsch et al., 2018;

Tettamanti et al., 2017). Accordingly, regional neural activity and

cross-brain coherence in canonical language areas seem to be modu-

lated by interpersonal interactions, as suggested by a study comparing

brain activation during social interactions based on talking and listen-

ing (dual-brain recording) compared to verbal noninteractive

conditions (i.e., monologue) (Hirsch et al., 2018). Since auditory per-

ception provides the basis for verbal communication (Kelsen

et al., 2022), hearing impairments may raise a series of difficulties for

social interactions mediated by speech (for a review, see Lemke &

Scherpiet, 2015). Importantly, hearing loss is the most common sen-

sory deficit worldwide, affecting more than half a billion individuals

(Wilson et al., 2017). Deaf individuals typically rely on sign language,

or hearing devices to interact with other people. Consistent evidence

suggests that sign language supports the proper development of lan-

guage brain circuits in deaf participants (for recent evidence, see

Cheng et al., 2023; Wang et al., 2023) and sign language proficiency is

associated with higher executive functions (e.g., performance in
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Go/no-go task, Simon task; Kotowicz et al., 2023). Although it has

been suggested that knowing sign language can help deaf individuals

to feel comfortable and less stressed in social contexts (La Grutta

et al., 2023), sign language can only be used with other signing indi-

viduals and hearing aids and cochlear implants (CIs) may not always

work efficiently (e.g., Orji et al., 2020). This is especially in case of

noisy environments, or when the other person is too distant or does

not face the deaf person. These difficulties even increased during the

COVID-19 pandemic due to the detrimental effects on oral and signed

communication of facial protection masks and preventive physical dis-

tancing (Al Majali & Alghazo, 2021; Almusawi et al., 2021; Giovanelli

et al., 2023).

In light of the above, an interesting question is thus whether deaf-

ness impacts on the functional mechanisms and underlying brain cir-

cuits supporting social skills. Indeed, on the one hand, deaf individuals

often report feelings of loneliness, social isolation (Bott &

Saunders, 2021), and social exclusion (Alzuguren et al., 2019), espe-

cially in childhood and adolescence (Patel et al., 2021). On the other

hand, available studies focusing on social abilities in deaf participants

reported both compensatory (enhancement hypothesis, e.g., Bolognini

et al., 2010; Ferrari et al., 2019) and impaired (deficit hypothesis,

e.g., Sidera et al., 2017) mechanisms, suggesting the existence of a

complex scenario that deserves further investigation (Cawthon

et al., 2018). Some studies, indeed, showed that auditory deprivation

is associated with difficulties in discriminating facial emotions

(de Gracia et al., 2021), in representing others' beliefs and mental

states (e.g., theory of mind; Figueroa et al., 2020), in empathy and pro-

social motivation (Netten et al., 2015), possibly as a consequence of a

lack of emotional disclosure, a reduced conversational activity, as well

as a delay in language and narrative skills acquisition (Giustolisi

et al., 2019). However, other studies suggest that deaf individuals,

especially those that use sign language, may compensate for the lack

of auditory input, performing as well as their hearing peers, or even

better, in visual tasks tapping on social cognition, such as biological

motion perception (Simon et al., 2020), face processing (Dobel

et al., 2020), face emotion recognition (Ferrari et al., 2019; Krejtz

et al., 2020), and face identity judgments (Letourneau &

Mitchell, 2011).

Also at the neurophysiological level, mixed results are avail-

able regarding brain activation in deaf vs. hearing individuals dur-

ing social cognition tasks. A neuroimaging study by Emmorey

et al. (2010) reported diminished activation in the mirror neuron

system in deaf signers, compared with hearing individuals, when

they passively viewed some video clips of either signs or panto-

mime, compared to a fixation baseline. Accordingly, an earlier

study reported that deaf signers presented less response com-

pared with hearing individuals in the fronto-parietal network asso-

ciated with the mirror neuro system when passively viewing

manual actions (Corina et al., 2007). Additional studies reported

reduced responses in the temporo-parietal junction in deaf partici-

pants, during mental state representation in a false belief task

(Richardson et al., 2020). In turn, other studies observed stronger

activation in the region encompassing the superior temporal

sulcus and the superior temporal cortex (STC) in deaf versus hear-

ing individuals in tasks requiring gesture recognition (Simon et al.,

2020), facial expression discrimination (McCullough et al., 2005),

action observation (Corina et al., 2007), and silent speech reading

(Capek et al., 2008).

Hence, it seems that auditory deprivation may modulate social

perception and social cognition tasks both at the functional and neural

level. However, the available evidence is sparse and heterogeneous,

and a systematic overview of the impact of deafness on social proces-

sing is not yet available. One reason is that deaf individuals are not a

homogeneous group but may quite differ in terms of sign language

use, hearing aids, CIs, onset of deafness and etiology (Fellinger

et al., 2012; Pavani & Bottari, 2022). To shed light on the effects of

deafness on social cognition and underlying brain circuits, we report

here the first quantitative coordinate-based meta-analysis on pub-

lished neuroimaging studies focusing on social perception in deaf ver-

sus hearing participants. Critically, this approach allows us to identify

the brain regions consistently associated with social perception in

condition of auditory deprivation, integrating the results of several

experiments and overcoming the limitations inherent in single neuro-

imaging studies (e.g., sensitivity to experimental and analytic proce-

dures, lack of replication studies, as well as small sample size; see

Müller et al., 2018).

2 | METHODS

2.1 | Literature search and study selection

The literature search and study selection procedures are described in

Figure 1. Following current guidelines for meta-analyses (Müller

et al., 2018; Page et al., 2022), a literature search was performed on

PubMed (https://pubmed.ncbi.nlm.nih.gov; research date: April

26, 2022, and updated in: January 19, 2023) using the following key-

words: “deaf AND fMRI,” “deaf AND PET,” “deafness AND fMRI,”
“deafness AND PET.” Filters were added, namely “Human” as the

only species of interest, and “English” as the written language of tar-

get articles. Moreover, we performed a parallel search also on Web of

Science (https://www.webofscience.com/wos/woscc/basic-search)

and on Scopus (https://www.scopus.com/search/form.uri?display=

basic#basic), using the same keywords and filtering for “articles” and

“English.” After removing duplicates, we identified 1540 articles with

this search.

We used the following inclusion criteria to select the articles of

interest:

1. articles written in English;

2. use of functional magnetic resonance imaging (fMRI) or positron

emission tomography (PET) neuroimaging technique to study

brain activation;

3. whole-brain analyses reported. Studies reporting region of inter-

est and/or small volume correction analyses were in turn

excluded;
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4. brain activation data reported in Montreal Neurological Institute

(MNI; Evans et al., 1993) or Talairach (Talairach &

Tournoux, 1988) atlas coordinates;

5. results derived from univariate brain activation analysis and not

from functional or effective connectivity analyses;

6. focus on social perception. Particularly, we aimed to highlight the

neural bases associated with the representation of others, irre-

spective of stimulus types (e.g., videos, images, etc.) and tasks

(e.g., attention, biological motion, memory, etc.). We selected

studies reporting either: (a) comparisons between the representa-

tion of other individuals (i.e., social perception) and the represen-

tation of nonhuman entities (i.e., control condition without social

perception); or (b) correlations between BOLD signal and perfor-

mance in social perception tasks;

7. focus on bilaterally deaf participants;

8. results reporting within-group simple effects. This allowed us to

run within-group (deaf individuals; hearing individuals) and

between-group (deaf individuals vs. hearing individuals) meta-

analyses;

9. focus on adult participants (i.e., age range between 18 and

65 years old);

10. studies with sufficient sample size (i.e., studies with less than five

participants per group were excluded). Importantly, case report

studies or studies with fewer participants were excluded because

the results might be spurious and rarely replicated (for a similar

approach, see Chen et al., 2018; Duda & Sweet, 2020);

11. studies combining fMRI or PET data acquisition with brain stimu-

lation were excluded. Indeed, we were interested in considering

neural activations only depending on specific tasks/conditions

and not altered by either transcranial magnetic or electrical

stimulation;

12. studies aimed to assess the efficacy of CIs in deaf individuals

using a task requiring voice processing were excluded. Indeed,

these studies were mostly carried out to assess sound

F IGURE 1 PRISMA flowchart (Moher et al., 2009) representing the study selection process.
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perception restoration after the application of CIs in deaf

subjects.

After title and abstract screening, 176 full-text articles were fur-

ther evaluated for eligibility. From this pool we excluded 158 articles

for the following reasons: lack of whole-brain results (n = 9); no fMRI

or PET data (n = 4); focus on unrelated topics or report of inadequate

contrasts (n = 106); no bilaterally deaf participants (n = 9); review

article or meta-analysis (n = 2); case reports (n = 4); studies not

reporting the required information for meta-analysis, such as brain

activation coordinates (n = 22) and studies focused on deaf individ-

uals wearing CIs and tested with auditory stimuli (n = 6). Thus, 12 eli-

gible articles resulted from this selection procedure. We then

expanded our search considering all studies quoting and quoted by

each of these 12 articles. Moreover, to find other possible relevant

articles, we evaluated all studies quoting and quoted by a review

(Corina & Singleton, 2009) and by a meta-analysis (Trettenbrein

et al., 2021) on related topics. We also searched among the “similar

articles” presented on PubMed for each of the articles identified. This

second phase allowed us to find 1 more article, resulting overall in

13 articles fulfilling our criteria.

For the meta-analysis on the deaf group, we included 14 experi-

ments (described in 13 articles), with overall 464 activation foci and

167 deaf participants. In turn, in the meta-analysis on the hearing

group, we included 14 experiments (described in 13 articles), with

overall 378 activation foci and 176 hearing participants. This numer-

osity is in line with Messina et al. (2021), van Veluw and Chance

(2014), and Xiong et al.'s (2019) meta-analyses on social processing in

healthy individuals.

The study characteristics of the articles included in the two meta-

analyses are reported in Table 1. Table 2 presents relevant informa-

tion pertaining to the deafness condition of the participants in each

study. Importantly, all deaf participants were prelingually deaf. Indeed,

in all participants deafness onset occurred before the age of 2 years

(except for three participants that became deaf before the age of

4/5 years but were still classified as prelingually deaf by Trumpp &

Kiefer, 2018, and by Benetti et al., 2017). All deaf participants were

signers and most of them reported sign language as the primary

language.

The study selection was conducted by M.A. and C.S. The two

researchers worked independently with regular meetings to clarify

doubts. Eventually, the database was also reviewed and approved by

all other authors. The activation foci (i.e., x y z coordinates reported in

the experiments included in the two meta-analyses) were extracted

by C.S. and then checked by M.A. When an article reported the coor-

dinates of activation before and after a clinical intervention, we only

retained the coordinates of the baseline experiment, as recently sug-

gested by Tahmasian et al. (2019). Since the inclusion of different

experiments involving the same participants can decrease the validity

of meta-analytic results, when this was the case, we pooled the coor-

dinates from all relevant contrasts as if deriving from just one experi-

ment (Turkeltaub et al., 2002). This procedure was performed for

6 among the total of 13 articles.

2.2 | Data analysis

Following the guidelines reported in Eickhoff et al. (2012) and Müller

et al. (2018) for coordinate-based meta-analyses, we performed two

activation likelihood estimation (ALE) analyses, using the GingerALE

3.0.2 software (Eickhoff et al., 2009), to identify regions consistently

associated with social perception in, respectively, deaf and hearing

participants.

First, activation coordinates reported in the Talairach atlas were

converted to MNI atlas coordinates using the transformation tool

implemented in GingerALE (icbm2tal function; Lancaster et al., 2007).

The more conservative (i.e., smaller) anatomical mask size was used

for all analyses.

Initially, each coordinate was interpreted as the center of a three-

dimensional Gaussian probability distribution, to capture the spatial

uncertainty of each coordinate. Then, the GingerALE software com-

bined the three-dimensional probabilities of all coordinates for each

voxel, thus creating a modeled activation (MA) map. To evaluate the

convergence of results for each brain voxel, ALE scores were gener-

ated by the union of the MA maps (Turkeltaub et al., 2002). These

ALE scores were compared to a null distribution (Eickhoff et al.,

2012). In line with current recommendations (Eickhoff et al., 2017;

Müller et al., 2018; Tahmasian et al., 2019), we used a statistical

threshold of a p < .05 for cluster-level with family wise error (FWE)

rate correction (1000 permutations), with a p < .001 cluster-forming

threshold.

We then explored the common and different brain activation

between deaf and hearing participants during social perception,

performing a comparison between the two meta-analyses, again

using the GingerALE software. For this comparison, a conjunction

image (i.e., deaf and hearing individuals) as well as two contrast

images (i.e., deaf individuals > hearing individuals; hearing

individuals > deaf individuals) were created. As inputs, we entered

the ALE images resulting from the separate meta-analyses on deaf

and hearing participants. GingerALE randomly divided the foci of

the two original datasets in two new datasets, preserving their

sizes. For each of the new dataset, an ALE image was created,

which was then subtracted from the other one and compared with

the original data. The significance level for the contrast analysis

was defined at an uncorrected threshold p < .001, with 1000 per-

mutations and a minimum cluster size of 20 mm3. Importantly,

there is no established method for multiple comparison corrections

in contrast analysis in GingerALE: indeed, the only correction avail-

able is false discovery rate, but this option is marked with a “not
recommended” indication, and the FWE correction is not available.

Thus, for the contrast analysis, we did not adopt any corrections,

as conventionally done (Eickhoff et al., 2011; for recent meta-

analyses using uncorrected threshold, see, e.g., Isherwood

et al., 2021; Sacheli et al., 2022).

Brain localization of the significant meta-analytic clusters was

automatically generated by GingerALE (Eickhoff et al., 2012). For

manual verification of the localizations, we used the SPM Anatomy

Toolbox (v.2.2c; Eickhoff et al., 2005) and the AAL template
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(as implemented in MRIcron; https://www.nitrc.org/projects/

mricron).

3 | RESULTS

3.1 | Social perception in deaf participants

Overall, in deaf participants we found consistent meta-activation dur-

ing social perception tasks in the temporal cortex, specifically in the

right inferior temporal cortex (ITC) as well as the middle temporal cor-

tex (MTC) and STC bilaterally and the right fusiform gyrus (FG). Con-

sistent activations were also found in the right inferior frontal cortex

(IFC) and in the occipital cortex, specifically in the bilateral inferior

occipital cortex and the right middle occipital cortex (Figure 2a and

Table 3a).

3.2 | Social perception in hearing participants

Hearing participants showed consistent activation in the bilateral FG,

extending to MTC and to ITC in the left hemisphere. Moreover, we

found consistent occipital cortex activation, in the right inferior and

middle occipital cortex (Figure 2b and Table 3b).

3.3 | Social perception in deaf versus hearing
participants

We found common activation between the two groups in the right

inferior occipital cortex and middle occipital cortex, as well as in the

right FG and left ITC and MTC, suggesting that hearing is not neces-

sary for the activation of these brain regions in social perception tasks

(Figure 2c and Table 3c). While we did not find any stronger meta-

activation for hearing compared with deaf individuals in social percep-

tion tasks, we found that, compared to hearing, deaf participants had

a stronger activation in the right MTC and right STC (Figure 2c and

Table 3d).

4 | DISCUSSION

To clarify the effect of auditory deprivation on social neurocognitive

functions (e.g., Peterson, 2020), we conducted the first neuroimaging

meta-analysis on social perception in deaf versus hearing individuals.

We found that during social perception tasks, deaf individuals

recruited typical regions of the social brain.

Specifically, deaf individuals showed activation in an extensive

occipito-temporal network. This network encompasses the action

observation network including the MTC (Hardwick et al., 2018) and

the IFC (Urgen & Saygin, 2020), these regions supporting action

observation and action recognition. Moreover, during social percep-

tion tasks deaf individuals recruited the STC, a region involved in

mentalization processes and social information integration from both

visual (Arioli et al., 2021b; Hirai & Senju, 2020) and auditory (Jiang

et al., 2019; Yi et al., 2019) inputs. Finally, they showed a cluster acti-

vation extending through the inferior occipital cortex to the right FG,

namely in regions that support face processing (Cohen et al., 2019;

Kanwisher & Yovel, 2006; Palejwala et al., 2020; Volfart et al., 2022).

These activations are consistent with what one may expect when con-

sidering the stimuli employed in the analyzed studies. In particular,

several studies (a total of 10 studies, see Table 1) used visual stimuli

representing bodies, gestures, and sign language, which likely led to

the observed common activation in the MTC (de Gelder et al., 2015;

Zhao et al., 2018). Activations in the FG possibly depended on several

studies using stimuli depicting faces (3 studies used faces as stimuli, in

other studies faces of the signing actors were visible; see Table 1),

whereas activations within the action observation network were likely

driven by stimuli representing, for example, actors performing signs

and actions (used in 10 studies; see Table 1). Similar (but less exten-

sive) activations in the occipito-temporal network were also found in

the meta-analysis on social perception in hearing individuals. Hearing

individuals, though, did not show specific activations of other brain

areas known to be involved in social perception (e.g., superior tempo-

ral sulcus; Yang et al., 2015). This probably depended on the specific

stimuli employed across the analyzed studies, such as sign language

movements performed by visible signers (which were used in more

than half of the included experiments; see Table 1), which may have

been less socially salient for a hearing compared to a deaf person

(e.g., Corina et al., 2007).

The conjunction meta-analysis between deaf and hearing individ-

uals showed a common activation pattern in the right inferior occipital

lobe, particularly in the right FG. This common activation in the right

FG is consistent with the fact that faces and bodies (typically recruit-

ing the right FG; Harry et al., 2016) are socially salient stimuli, regard-

less hearing status. Critically, contrast analyses revealed that hearing

individuals do not recruit any additional brain regions compared to

deaf individuals. In turn, in deaf individuals, social perception tasks

were more strongly associated with temporal lobe activation, particu-

larly in the right STC. This region is involved in several key processes

for social cognition, such as biological motion processing

(e.g., Molenberghs et al., 2010), face perception (e.g., Schobert

et al., 2018), audio-visual speech processing (e.g., Venezia

et al., 2017), and eye-gaze processing (e.g., Hooker et al., 2003). The

stronger activation of this region in deaf individuals, compared with

hearing participants, might depend on the stimuli employed in the

included studies, mainly assessing social perception through lip-

reading (e.g., Capek et al., 2008) and sign language (e.g., Okada

et al., 2015; Trumpp & Kiefer, 2018). Such stimuli are a more salient

source of social information for deaf than hearing individuals (Dole

et al., 2017). Accordingly, a positive correlation between STC activity

and lip-reading ability in deaf individuals has been observed (Capek

et al., 2008) and the superior-MTC has been shown to be specifically

involved in sign language processing (e.g., Campbell et al., 2011; for a

recent meta-analysis on sign language see Trettenbrein et al., 2021).

Importantly, all deaf participants were signers and sign language
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represented their primary language (except for some participants in

the study of Benetti et al., 2017 and of Simon et al., 2020; see

Table 2).

Thus, in keeping with the enhancement hypothesis, our data seem

to suggest a preserved and augmented function in the STC of deaf

signers during social communication, based on the perception of signs

and lip movements (Bottari et al., 2020). Importantly, successful social

interactions in shared and reciprocal contexts have several implica-

tions in terms of quality of life and health (Kushalnagar et al., 2011) as

well as for the typical development of cognitive function abilities

TABLE 2 Characteristics of the deaf participants in the studies included in the meta-analysis. The table reports information on deafness onset
and/or duration, hearing loss, the presence of hearing aids, cochlear implants, and the primary language of the participants.

N

First

author(s)

(et al.), year Onset Etiology Hearing loss

Hearing aids/cochlear

implants Stimulus type Primary language

1 Benetti

et al.

(2017)

Prelingual/birth

(n = 14), between 0

and 4 (n = 1)

- Severe or

profound

Hearing aids: No

(n = 5); partial

(n = 2), full (n = 8)

Cochlear implants: -

Only visual

stimuli, with

no audio

LIS (n = 6), spoken

(n = 3), spoken/

LIS (n = 6)

2 Buchsbaum

et al.

(2005)

Prelingual/birth - - Hearing aids: -

Cochlear implants: -

Only visual

stimuli, with

no audio

ASL

3 Campbell

et al.

(2011)

Prelingual/birth Congenital deafness Severe or

profound

Hearing aids: Partial

(n = 8), full (n = 4)

Cochlear implants: -

Only visual

stimuli, with

no audio

BLS

4 Capek et al.

(2008)

Prelingual/birth Congenital deafness Severe or

profound

Hearing aids: -

Cochlear implants: -

Only visual

stimuli, with

no audio

BLS

5 Cardin et al.

(2018)

Prelingual/birth Congenital deafness Severe or

profound

Hearing aids: -

Cochlear implants: -

Only visual

stimuli, with

no audio

BLS

6 Corina et al.

(2007)

Prelingual/birth - Profound Hearing aids: -

Cochlear implants: -

Only visual

stimuli, with

no audio

ASL

7 Emmorey

et al.

(2010)

Prelingual/birth - Severe or

profound

Hearing aids: -

Cochlear implants: -

Only visual

stimuli, with

no audio

ASL

8 Okada et al.

(2015)

Prelingual/birth Congenital deafness Severe or

profound

Hearing aids: -

Cochlear implants: -

Only visual

stimuli, with

no audio

JSL

9 Petitto et al.

(2000)

exp1

Prelingual/birth Congenital deafness Profound Hearing aids: -

Cochlear implants: -

Only visual

stimuli, with

no audio

ASL

Petitto et al.

(2000)

exp2

Prelingual/birth Congenital deafness Profound Hearing aids: -

Cochlear implants: -

Only visual

stimuli, with

no audio

LSQ

10 Simon et al.

(2020)

Prelingual/early Unknown (n = 12), congenitally

deafness (n = 4)

Severe or

profound

Hearing aids: Yes

(n = 8)

No (n = 8)

Cochlear implants: -

Only visual

stimuli, with

no audio

LSQ (n = 8), spoken

(n = 8)

11 Trumpp and

Kiefer

(2018)

Prelingual (n = 16),

before age of 5

(n = 2)

Meningitis, unknown factors,

otitis media, oxygen

deficiency, pertussis

- Hearing aids: -

Cochlear implants: No

Only visual

stimuli, with

no audio

GLS

12 Waters

et al.

(2007)

Prelingual/birth Congenital deafness Severe or

profound

Hearing aids: -

Cochlear implants: -

Only visual

stimuli, with

no audio

BLS

13 Weisberg

et al.

(2012)

Prelingual/birth Congenital deafness Severe or

profound

Hearing aids: -

Cochlear implants: -

Only visual

stimuli, with

no audio

ASL

Note: We used the “-” when the information was not provided in the original papers.

Abbreviations: ASL, American Sign Language; BLS, British Sign Language; GLS, German Sign Language; JSL, Japanese Sign Language; LIS, Italian Sign Language; LSQ, Langue des

Signes Quebecoise.
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(e.g., executive functions and language; Morgan et al., 2021) in deaf

children.

5 | LIMITATIONS

In considering our results, it is important to acknowledge that our

meta-analysis included a relatively small number of experiments,

slightly below the number (i.e., 17) recommended by recent guidelines

(Müller et al., 2018), but still in line with other recent meta-analyses

(Messina et al., 2021; Sacheli et al., 2022; Van Veluw & Chance, 2014;

Xiong et al., 2019). However, we preferred to opt for a stringent

selection criterion (including only prelingually deaf individuals, and

excluding experiments performed with deaf individuals wearing CIs),

and we are confident our results were not driven by a single or a few

studies since we observed overall a strong convergence in the pattern

of activations reported across the different experiments. Also, note

that we employed an uncorrected threshold for comparison analysis

(i.e., conjunction and contrasts): this is the standard accepted proce-

dure when using GingerALE (see Eickhoff et al., 2011) that does not

provide an established method for multiple comparison corrections in

contrast analysis (for other meta-analyses using this approach see

Sacheli et al., 2022; Sokolowski et al., 2023). This is unlikely to have

resulted into false positives in our study since our conjunction and

contrast analyses only include clusters that have already passed the

quite strict threshold of cluster-level .05 and cluster-forming threshold

.001, used to create the single-file maps (Sokolowski et al., 2023; for

review see Eickhoff et al., 2012).

6 | GENERAL CONCLUSION

Our results suggest that deafness does not prevent the development

of the typical brain circuits underlying social perception, although

social communication in deaf individuals needs to mostly rely on visual

stimuli (e.g., signs and lip reading), without the support of auditory

(i.e., voice) inputs. Critically, the same holds when considering blind-

ness, that is a condition which also does not seem to interfere with

development of critical circuits of the social brain (such as the mirror

neuron system and the mentalizing system; Arioli et al., 2021a; Bedny

et al., 2009; Ricciardi et al., 2009; Striem-Amit et al., 2012). In addi-

tion, although evidence is rather scarce, it has been shown that

tactile-based communication in deafblind individuals is associated

with an extensive brain circuit that involves typical nodes of the social

brain, such as the STC (Obretenova et al., 2010). Taken together,

these results suggest that the social brain is quite resistant to sensory

deprivation, being in turn very adaptable and flexible (e.g., Bedny &

Saxe, 2012; Setti et al., 2023; Voss et al., 2010), likely because it has

been evolutionarily critical for survival (e.g., Dunbar, 2011; Insel &

Fernald, 2004).

Our data suggest that in the presence of adequate social inputs,

deaf signers activate the same brain circuits as hearing individuals,

F IGURE 2 Brain areas consistently
involved during social perception tasks in
the deaf (a) and hearing (b) participants,
and the specific and common activations
between the two groups (c).
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indicating a preserved social brain. Among these inputs, whether

facial and bodily expressions, gestures, or postures are typically

available for deaf individuals in social contexts, sign language is usu-

ally restricted to deaf communities. In light of this, promoting learn-

ing of sign language in hearing individuals, as well as providing

salient visual cues in social situations, would facilitate social inclu-

sion of deaf individuals (Jones et al., 2021). It is therefore particu-

larly important to support the development of inclusive guidelines

for everyday social contexts (e.g., Santos & Portes, 2019; for a prac-

tical guide in scholar settings, see Alasim, 2018; for work settings,

see Foster & MacLeod, 2003).
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TABLE 3 Brain areas consistently active in the deaf (a) and hearing (b) participants during social perception processes, as well as the
overlapping (c) and different (d) activation between the two groups.

a. DEAF

Cluster # Volume (mm3) x y z Brain region

1 3952 50 �74 �2 Right inferior occipital gyrus/right middle occipital gyrus

“ “ 48 �60 �10 Right inferior temporal gyrus/right fusiform gyrus

“ “ 48 �60 �2 Right middle temporal gyrus

2 1488 �44 �76 �2 Left inferior occipital gyrus

“ “ �54 �62 2 Left middle temporal gyrus

3 880 54 �24 �6 Right middle temporal gyrus/right superior temporal gyrus

4 856 44 28 20 Right inferior frontal gyrus

5 832 �52 �42 14 Left middle temporal gyrus

“ “ �60 �36 20 Left superior temporal gyrus

b. HEARING

Cluster # Volume (mm3) x y z Brain region

1 3736 �40 �46 �18 Left fusiform gyrus

“ “ �42 �52 �16 Left fusiform gyrus

2 3184 48 �74 2 Right inferior occipital gyrus/right middle occipital gyrus

3 2144 �50 �68 4 Left middle temporal gyrus/left inferior temporal gyrus

4 1440 42 �48 �18 Right fusiform gyrus

c. DEAF and HEARING

Cluster # Volume (mm3) x y z Brain region

1 50 �74 0 Right inferior occipital cortex/right middle occipital gyrus

“ “ 50 �64 �8 Right fusiform gyrus

2 �46 �72 0 Left inferior temporal gyrus

3 �52 �64 4 Left middle temporal gyrus/left inferior temporal gyrus

4 46 �56 �18 Right fusiform gyrus

5 48 �52 �18 Right fusiform gyrus

d. DEAF > HEARING

Cluster # Volume (mm3) x y z Brain region

1 368 54 �22 �8 Right superior temporal gyrus/right middle temporal gyrus

Note: We report for each cluster: number, volume size (in mm3), MNI coordinates (in mm), and anatomical labeling. Anatomical localization was derived

from GingerALE (Eickhoff et al., 2012) and was checked using the SPM Anatomy Toolbox (v.2.2c; Eickhoff et al., 2005) and the AAL atlas (as implemented

in MRIcron; https://www.nitrc.org/projects/mricron). For the two separate analyses, we adopted a cluster-level p < .05 with FWE rate correction (1000

permutations), and a p < .001 cluster-forming threshold. For the contrast analysis, we adopted an uncorrected p < .001 with 1000 permutations and a

minimum cluster size of 20 mm3.

Abbreviations: FWE, family wise error; MNI, Montreal Neurological Institute.

10 ARIOLI ET AL.

 10970193, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/hbm

.26444 by C
ochraneItalia, W

iley O
nline L

ibrary on [29/08/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://www.nitrc.org/projects/mricron


ORCID

Zaira Cattaneo https://orcid.org/0000-0001-7516-7508

REFERENCES

Al Majali, S. A., & Alghazo, E. M. (2021). Mental health of individuals who

are deaf during COVID-19: Depression, anxiety, aggression, and fear.

Journal of Community Psychology, 49(6), 2134–2143.
Alasim, K. N. (2018). Participation and interaction of deaf and hard-

of-hearing students in inclusion classroom. International Journal of Spe-

cial Education, 33(2), 493–506.
Almusawi, H., Alasim, K., BinAli, S., & Alherz, M. (2021). Disparities in

health literacy during the COVID-19 pandemic between the hearing

and deaf communities. Research in Developmental Disabilities, 119,

104089.

Alzuguren, A. C., Sánchez-G�omez, M. C., & Costa, A. P. (2019). Self-deter-

mination, emotions and exclusion in a blog of deaf people: A qualita-

tive perspective. Revista Brasileira de Enfermagem, 72, 1094–1101.
Arioli, M., Crespi, C., & Canessa, N. (2018). Social cognition through the

lens of cognitive and clinical neuroscience. BioMed Research Interna-

tional, 2018, 4283427. https://doi.org/10.1155/2018/4283427

Arioli, M., Ricciardi, E., & Cattaneo, Z. (2021a). Social cognition in the blind

brain: A coordinate-based meta-analysis. Human Brain Mapping, 42(5),

1243–1256.
Arioli, M., Basso, G., Carne, I., Poggi, P., & Canessa, N. (2021b). Increased

pSTS activity and decreased pSTS-mPFC connectivity when proces-

sing negative social interactions. Behavioural Brain Research,

399, 113027.

Bedny, M., Pascual-Leone, A., & Saxe, R. R. (2009). Growing up blind does

not change the neural bases of theory of mind. Proceedings of the

National Academy of Sciences of the United States of America, 106(27),

11312–11317.
Bedny, M., & Saxe, R. (2012). Insights into the origins of knowledge from

the cognitive neuroscience of blindness. Cognitive Neuropsychology,

29(1–2), 56–84.
Benetti, S., van Ackeren, M. J., Rabini, G., Zonca, J., Foa, V., Baruffaldi, F.,

Rezk, M., Pavani, F., Rossion, B., & Collignon, O. (2017). Functional

selectivity for face processing in the temporal voice area of early deaf

individuals. Proceedings of the National Academy of Sciences of the

United States of America, 114(31), E6437–E6446.
Bolognini, N., Fregni, F., Casati, C., Olgiati, E., & Vallar, G. (2010). Brain

polarization of parietal cortex augments training-induced improvement

of visual exploratory and attentional skills. Brain Research, 1349,

76–89.
Bott, A., & Saunders, G. (2021). A scoping review of studies investigating

hearing loss, social isolation and/or loneliness in adults. International

Journal of Audiology, 60(sup2), 30–46.
Bottari, D., Bednaya, E., Dormal, G., Villwock, A., Dzhelyova, M., Grin, K.,

Pietrini, P., Ricciardi, E., Rossion, B., & Röder, B. (2020). EEG

frequency-tagging demonstrates increased left hemispheric involve-

ment and crossmodal plasticity for face processing in congenitally deaf

signers. NeuroImage, 223, 117315.

Buchsbaum, B., Pickell, B., Love, T., Hatrak, M., Bellugi, U., & Hickok, G.

(2005). Neural substrates for verbal working memory in deaf signers:

fMRI study and lesion case report. Brain and Language, 95(2),

265–272.
Campbell, R., Capek, C. M., Gazarian, K., MacSweeney, M., Woll, B.,

David, A. S., McGuire, P. K., & Brammer, M. J. (2011). The signer and

the sign: Cortical correlates of person identity and language processing

from point-light displays. Neuropsychologia, 49(11), 3018–3026.
Capek, C. M., MacSweeney, M., Woll, B., Waters, D., McGuire, P. K.,

David, A. S., Brammer, M. J., & Campbell, R. (2008). Cortical circuits for

silent speechreading in deaf and hearing people. Neuropsychologia,

46(5), 1233–1241.

Cardin, V., Rudner, M., De Oliveira, R. F., Andin, J., Su, M. T., Beese, L.,

Woll, B., & Rönnberg, J. (2018). The organization of working memory

networks is shaped by early sensory experience. Cerebral Cortex,

28(10), 3540–3554.
Cawthon, S. W., Fink, B., Schoffstall, S., & Wendel, E. (2018). In the rear-

view mirror: Social skill development in deaf youth, 1990–2015. Amer-

ican Annals of the Deaf, 162(5), 479–485.
Chen, H. M., Sha, Z. Q., Ma, H. Z., He, Y., & Feng, T. (2018). Effective net-

work of deep brain stimulation of subthalamic nucleus with bimodal

positron emission tomography/functional magnetic resonance imaging

in Parkinson's disease. CNS Neuroscience & Therapeutics, 24(2),

135–143.
Cheng, Q., Roth, A., Halgren, E., Klein, D., Chen, J. K., & Mayberry, R. I.

(2023). Restricted language access during childhood affects adult brain

structure in selective language regions. Proceedings of the National

Academy of Sciences of the United States of America, 120(7),

e2215423120.

Cohen, A. L., Soussand, L., Corrow, S. L., Martinaud, O., Barton, J. J., &

Fox, M. D. (2019). Looking beyond the face area: Lesion network map-

ping of prosopagnosia. Brain, 142(12), 3975–3990.
Corina, D., Chiu, Y. S., Knapp, H., Greenwald, R., San Jose-Robertson, L., &

Braun, A. (2007). Neural correlates of human action observation in

hearing and deaf subjects. Brain Research, 1152, 111–129.
Corina, D., & Singleton, J. (2009). Developmental social cognitive neu-

roscience: Insights from deafness. Child Development, 80(4),

952–967.
de Gelder, B., De Borst, A. W., & Watson, R. (2015). The perception of

emotion in body expressions. Wiley Interdisciplinary Reviews: Cognitive

Science, 6(2), 149–158.
de Gracia, M. R. L., de Rosnay, M., Hawes, D. J., & Perez, M. V. T. (2021).

Differences in emotion knowledge among Filipino deaf children, ado-

lescents, and young adults. Personality and Individual Differences, 180,

110967.

Dobel, C., Nestler-Collatz, B., Guntinas-Lichius, O., Schweinberger, S. R., &

Zäske, R. (2020). Deaf signers outperform hearing non-signers in rec-

ognizing happy facial expressions. Psychological Research, 84(6), 1485–
1494.

Dole, M., Méary, D., & Pascalis, O. (2017). Modifications of visual field

asymmetries for face categorization in early deaf adults: A study with

chimeric faces. Frontiers in Psychology, 8, 30.

Duda, B. M., & Sweet, L. H. (2020). Functional brain changes associ-

ated with cognitive training in healthy older adults: A prelimi-

nary ALE meta-analysis. Brain Imaging and Behavior, 14(4), 1247–
1262.

Dunbar, R. I. (2011). Evolutionary basis of the social brain. In Oxford hand-

book of social neuroscience (pp. 28–38). Oxford University Press.

Eickhoff, S. B., Bzdok, D., Laird, A. R., Kurth, F., & Fox, P. T. (2012). Activa-

tion likelihood estimation meta-analysis revisited. NeuroImage, 59(3),

2349–2361.
Eickhoff, S. B., Bzdok, D., Laird, A. R., Roski, C., Caspers, S., Zilles, K., &

Fox, P. T. (2011). Co-activation patterns distinguish cortical modules,

their connectivity and functional differentiation. NeuroImage, 57(3),

938–949.
Eickhoff, S. B., Laird, A. R., Fox, P. M., Lancaster, J. L., & Fox, P. T. (2017).

Implementation errors in the GingerALE software: Description and

recommendations. Human Brain Mapping, 38(1), 7–11.
Eickhoff, S. B., Laird, A. R., Grefkes, C., Wang, L. E., Zilles, K., & Fox, P. T.

(2009). Coordinate-based ALE meta-analysis of neuroimaging data: A

random-effects approach based on empirical estimates of spatial

uncertainty. Human Brain Mapping, 30(9), 2907–2926.
Eickhoff, S. B., Stephan, K. E., Mohlberg, H., Grefkes, C., Fink, G. R.,

Amunts, K., & Zilles, K. (2005). A new SPM toolbox for combining

probabilistic cytoarchitectonic maps and functional imaging data. Neu-

roImage, 25(4), 1325–1335.

ARIOLI ET AL. 11

 10970193, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/hbm

.26444 by C
ochraneItalia, W

iley O
nline L

ibrary on [29/08/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://orcid.org/0000-0001-7516-7508
https://orcid.org/0000-0001-7516-7508
https://doi.org/10.1155/2018/4283427


Emmorey, K., Xu, J., Gannon, P., Goldin-Meadow, S., & Braun, A. (2010).

CNS activation and regional connectivity during pantomime observa-

tion: No engagement of the mirror neuron system for deaf signers.

NeuroImage, 49(1), 994–1005.
Evans, A. C., Collins, D. L., Mills, S. R., Brown, E. D., Kelly, R. L., &

Peters, T. M. (1993). 3D statistical neuroanatomical models from

305 MRI volumes. In 1993 IEEE Conference Record Nuclear Science

Symposium and Medical Imaging Conference (pp. 1813–1817). IEEE.
Fellinger, J., Holzinger, D., & Pollard, R. (2012). Mental health of deaf peo-

ple. The Lancet, 379(9820), 1037–1044.
Ferrari, C., Papagno, C., Todorov, A., & Cattaneo, Z. (2019). Differences in

emotion recognition from body and face cues between deaf and hear-

ing individuals. Multisensory Research, 32(6), 499–519.
Figueroa, M., Darbra, S., & Silvestre, N. (2020). Reading and theory of mind

in adolescents with cochlear implant. Journal of Deaf Studies and Deaf

Education, 25(2), 212–223.
Foster, S., & MacLeod, J. (2003). Deaf people at work: Assessment of com-

munication among deaf and hearing persons in work settings. Interna-

tional Journal of Audiology, 42, S128–S139.
Giovanelli, E., Gianfreda, G., Gessa, E., Valzolgher, C., Lamano, L.,

Lucioli, T., Tomasuolo, E., Rinaldi, P., & Pavani, F. (2023). The

effect of face masks on sign language comprehension: Perfor-

mance and metacognitive dimensions. Consciousness and Cognition,

109, 103490.

Giustolisi, B., Vernice, M., Guasti, M. T., Papagno, C., Cecchetto, C.,

Giuliani, A., & Burdo, S. (2019). Narrative skills in Italian pre-school

children with cochlear implants. Effects of late linguistic exposure on a

late acquired domain. Lingue e Linguaggio, 18(1), 3–24.
Hardwick, R. M., Caspers, S., Eickhoff, S. B., & Swinnen, S. P. (2018).

Neural correlates of action: Comparing meta-analyses of imagery,

observation, and execution. Neuroscience & Biobehavioral Reviews, 94,

31–44.
Harry, B. B., Umla-Runge, K., Lawrence, A. D., Graham, K. S., &

Downing, P. E. (2016). Evidence for integrated visual face and body

representations in the anterior temporal lobes. Journal of Cognitive

Neuroscience, 28(8), 1178–1193.
Hirai, M., & Senju, A. (2020). The two-process theory of biological motion

processing. Neuroscience & Biobehavioral Reviews, 111, 114–124.
Hirsch, J., Adam Noah, J., Zhang, X., Dravida, S., & Ono, Y. (2018). A cross-

brain neural mechanism for human-to-human verbal communication.

Social Cognitive and Affective Neuroscience, 13(9), 907–920.
Hooker, C. I., Paller, K. A., Gitelman, D. R., Parrish, T. B.,

Mesulam, M. M., & Reber, P. J. (2003). Brain networks for analyzing

eye gaze. Cognitive Brain Research, 17(2), 406–418.
Insel, T. R., & Fernald, R. D. (2004). How the brain processes social. Annual

Review of Neuroscience, 27, 697–722.
Isherwood, S. J. S., Keuken, M. C., Bazin, P. L., & Forstmann, B. U. (2021).

Cortical and subcortical contributions to interference resolution and

inhibition—An fMRI ALE meta-analysis. Neuroscience & Biobehavioral

Reviews, 129, 245–260.
Jiang, M., Wen, Z., Long, L., Wong, C. W., Ye, N., Zee, C., & Chen, B. T.

(2019). Assessing cerebral white matter microstructure in children

with congenital sensorineural hearing loss: A tract-based spatial statis-

tics study. Frontiers in Neuroscience, 13, 597.

Jones, G. A., Ni, D., & Wang, W. (2021). Nothing about us without us: Deaf

education and sign language access in China. Deafness & Education

International, 23(3), 179–200.
Kanwisher, N., & Yovel, G. (2006). The fusiform face area: A cortical region

specialized for the perception of faces. Philosophical Transactions of the

Royal Society B: Biological Sciences, 361(1476), 2109–2128.
Kawamichi, H., Sugawara, S. K., Hamano, Y. H., Makita, K.,

Kochiyama, T., & Sadato, N. (2016). Increased frequency of social

interaction is associated with enjoyment enhancement and reward

system activation. Scientific Reports, 6(1), 1–11.

Kelsen, B. A., Sumich, A., Kasabov, N., Liang, S. H., & Wang, G. Y. (2022).

What has social neuroscience learned from hyperscanning studies of

spoken communication? A systematic review. Neuroscience & Biobe-

havioral Reviews, 132, 1249–1262.
Kotowicz, J., Woll, B., & Herman, R. (2023). Executive function in deaf

native signing children. Journal of Deaf Studies and Deaf Education, 28

(3), 255–266.
Krejtz, I., Krejtz, K., Wisiecka, K., Abramczyk, M., Olszanowski, M., &

Duchowski, A. T. (2020). Attention dynamics during emotion rec-

ognition by deaf and hearing individuals. Journal of Deaf, 25(1),

10–21.
Kushalnagar, P., Topolski, T. D., Schick, B., Edwards, T. C., Skalicky,

A. M., & Patrick, D. L. (2011). Mode of communication, perceived level

of understanding, and perceived quality of life in youth who are deaf

or hard of hearing. Journal of Deaf Studies and Deaf Education, 16(4),

512–523.
La Grutta, S., Piombo, M. A., Spicuzza, V., Riolo, M., Fanara, I., Trombini, E.,

Andrei, F., & Epifanio, M. S. (2023). The relationship between knowing

sign language and quality of life among Italian people who are deaf: A

cross-sectional study. Healthcare, 11(7), 1021.

Lancaster, J. L., Tordesillas-Gutiérrez, D., Martinez, M., Salinas, F.,

Evans, A., Zilles, K., Mazziotta, J. C., & Fox, P. T. (2007). Bias between

MNI and Talairach coordinates analyzed using the ICBM-152 brain

template. Human Brain Mapping, 28(11), 1194–1205.
Lemke, U., & Scherpiet, S. (2015). Oral communication in individuals with

hearing impairment—Considerations regarding attentional, cognitive

and social resources. Frontiers in Psychology, 6, 998.

Letourneau, S. M., & Mitchell, T. V. (2011). Gaze patterns during identity

and emotion judgments in hearing adults and deaf users of American

sign language. Perception, 40(5), 563–575.
McCullough, S., Emmorey, K., & Sereno, M. (2005). Neural organization for

recognition of grammatical and emotional facial expressions in deaf

ASL signers and hearing nonsigners. Cognitive Brain Research, 22(2),

193–203.
Messina, I., Grecucci, A., & Viviani, R. (2021). Neurobiological models of

emotion regulation: A meta-analysis of neuroimaging studies of accep-

tance as an emotion regulation strategy. Social Cognitive and Affective

Neuroscience, 16(3), 257–267.
Mohammed, T., Campbell, R., Macsweeney, M., Barry, F., & Coleman, M.

(2006). Speechreading and its association with reading among deaf,

hearing and dyslexic individuals. Clinical Linguistics & Phonetics, 20(7–
8), 621–630.

Moher, D., Liberati, A., Tetzlaff, J., Altman, D. G., & PRISMA Group.

(2009). Preferred reporting items for systematic reviews and meta-

analyses: The PRISMA statement. Annals of Internal Medicine, 151(4),

264–269.
Molenberghs, P., Brander, C., Mattingley, J. B., & Cunnington, R. (2010).

The role of the superior temporal sulcus and the mirror neuron system

in imitation. Human Brain Mapping, 31(9), 1316–1326.
Morgan, G., Curtin, M., & Botting, N. (2021). The interplay between early

social interaction, language and executive function development in

deaf and hearing infants. Infant Behavior and Development, 64, 101591.

Müller, V. I., Cieslik, E. C., Laird, A. R., Fox, P. T., Radua, J., Mataix-Cols, D.,

Tench C. R., Yarkoni, T., Nichols, T. E., Turkeltaub, P. E., Wager,

T. D., & Eickhoff, S. B. (2018). Ten simple rules for neuroimaging meta-

analysis. Neuroscience & Biobehavioral Reviews, 84, 151–161.
Netten, A. P., Rieffe, C., Theunissen, S. C., Soede, W., Dirks, E.,

Briaire, J. J., & Frijns, J. H. (2015). Low empathy in deaf and hard of

hearing (pre) adolescents compared to normal hearing controls. PLoS

One, 10(4), e0124102.

Obretenova, S., Halko, M. A., Plow, E. B., Pascual-Leone, A., &

Merabet, L. B. (2010). Neuroplasticity associated with tactile language

communication in a deaf-blind subject. Frontiers in Human Neurosci-

ence, 3, 953. https://doi.org/10.3389/neuro.09.060.2009

12 ARIOLI ET AL.

 10970193, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/hbm

.26444 by C
ochraneItalia, W

iley O
nline L

ibrary on [29/08/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.3389/neuro.09.060.2009


Okada, R., Nakagawa, J., Takahashi, M., Kanaka, N., Fukamauchi, F.,

Watanabe, K., Namatame, M., & Matsuda, T. (2015). The deaf utilize

phonological representations in visually presented verbal memory

tasks. Neuroscience Research, 90, 83–89.
Orji, A., Kamenov, K., Dirac, M., Davis, A., Chadha, S., & Vos, T. (2020).

Global and regional needs, unmet needs and access to hearing aids.

International Journal of Audiology, 59(3), 166–172.
Page, M. J., Moher, D., & McKenzie, J. E. (2022). Introduction to PRISMA

2020 and implications for research synthesis methodologists. Research

Synthesis Methods, 13(2), 156–163.
Palejwala, A. H., O'Connor, K. P., Milton, C. K., Anderson, C., Pelargos, P.,

Briggs, R. G., Conner, A. K., O’Donoghue, D. L., Glenn, C. A., &

Sughrue, M. E. (2020). Anatomy and white matter connections of the

fusiform gyrus. Scientific Reports, 10(1), 1–12.
Patel, S. R., Bouldin, E., Tey, C. S., Govil, N., & Alfonso, K. P. (2021). Social

isolation and loneliness in the hearing-impaired pediatric population: A

scoping review. The Laryngoscope, 131(8), 1869–1875.
Pavani, F., & Bottari, D. (2022). Neuroplasticity following cochlear

implants. In Handbook of clinical neurology (Vol. 187, pp. 89–108).
Elsevier.

Peterson, C. C. (2020). Theory of mind and conversation in deaf and hear-

ing children. In The Oxford handbook of deaf studies in learning and cog-

nition (pp. 213–231). Oxford University Press.

Petitto, L. A., Zatorre, R. J., Gauna, K., Nikelski, E. J., Dostie, D., &

Evans, A. C. (2000). Speech-like cerebral activity in profoundly deaf

people processing signed languages: Implications for the neural basis

of human language. Proceedings of the National Academy of Sciences of

the United States of America, 97(25), 13961–13966.
Ricciardi, E., Bonino, D., Sani, L., Vecchi, T., Guazzelli, M., Haxby, J. V.,

Fadiga, L., & Pietrini, P. (2009). Do we really need vision? How blind

people “see” the actions of others. Journal of Neuroscience, 29(31),

9719–9724.
Richardson, H., Koster-Hale, J., Caselli, N., Magid, R., Benedict, R.,

Olson, H., Pyers, J., & Saxe, R. (2020). Reduced neural selectivity for

mental states in deaf children with delayed exposure to sign language.

Nature Communications, 11(1), 1–13.
Sacheli, L. M., Tomasetig, G., Musco, M. A., Pizzi, S., Bottini, G.,

Pizzamiglio, L., & Paulesu, E. (2022). The unexplored link between aes-

thetic perception and creativity: A theory-driven meta-analysis of

fMRI studies in the visual domain. Neuroscience & Biobehavioral

Reviews, 104768. https://doi.org/10.1016/j.neubiorev.2022.104768

Santos, A. S., & Portes, A. J. F. (2019). Perceptions of deaf subjects about

communication in primary health care. Revista Latino-Americana de

Enfermagem, 27, e3127.

Schobert, A. K., Corradi-Dell'Acqua, C., Frühholz, S., van der

Zwaag, W., & Vuilleumier, P. (2018). Functional organization of face

processing in the human superior temporal sulcus: A 7T high-

resolution fMRI study. Social Cognitive and Affective Neuroscience,

13(1), 102–113.
Setti, F., Handjaras, G., Bottari, D., Leo, A., Diano, M., Bruno, V., Tinti, C.,

Cecchetti, L., Garbarini, F., Pietrini, P., & Ricciardi, E. (2023). A

modality-independent proto-organization of human multisensory

areas. Nature Human Behaviour, 7, 1–14.
Sidera, F., Amad�o, A., & Martínez, L. (2017). Influences on facial emotion

recognition in deaf children. Journal of Deaf Studies and Deaf Education,

22(2), 164–177.
Simon, M., Lazzouni, L., Campbell, E., Delcenserie, A., Muise-

Hennessey, A., Newman, A. J., Champoux, F., & Lepore, F. (2020).

Enhancement of visual biological motion recognition in early-deaf

adults: Functional and behavioral correlates. PLoS One, 15(8),

e0236800.

Sokolowski, H. M., Hawes, Z., & Ansari, D. (2023). The neural correlates of

retrieval and procedural strategies in mental arithmetic: A functional

neuroimaging meta-analysis. Human Brain Mapping, 44(1), 229–244.

Striem-Amit, E., Bubic, A., & Amedi, A. (2012). Neurophysiological mecha-

nisms underlying plastic changes and rehabilitation following sensory

loss in blindness and deafness. In M. M. Murray & M. T. Wallace (Eds.).

The Neural Bases of Multisensory Processes. CRC Press/Taylor &

Francis.

Tahmasian, M., Sepehry, A. A., Samea, F., Khodadadifar, T.,

Soltaninejad, Z., Javaheripour, N., Khazaie, H., Zarei, M., Eickhoff,

S. B., & Eickhoff, C. R. (2019). Practical recommendations to conduct a

neuroimaging meta-analysis for neuropsychiatric disorders. Human

Brain Mapping, 40(17), 5142–5154.
Talairach, J., & Tournoux, P. (1988). Co-planar stereotaxic atlas of the

human brain: 3-Dimensional proportional system: An approach to cerebral

imaging (p. 122). Georg Thieme.

Tettamanti, M., Vaghi, M. M., Bara, B. G., Cappa, S. F., Enrici, I., &

Adenzato, M. (2017). Effective connectivity gateways to the theory of

mind network in processing communicative intention. NeuroImage,

155, 169–176.
Trettenbrein, P. C., Papitto, G., Friederici, A. D., & Zaccarella, E. (2021).

Functional neuroanatomy of language without speech: An ALE meta-

analysis of sign language. Human Brain Mapping, 42(3), 699–712.
Trumpp, N. M., & Kiefer, M. (2018). Functional reorganization of the con-

ceptual brain system after deafness in early childhood. PLoS One,

13(7), e0198894.

Turkeltaub, P. E., Eden, G. F., Jones, K. M., & Zeffiro, T. A. (2002). Meta-

analysis of the functional neuroanatomy of single-word reading:

Method and validation. NeuroImage, 16(3), 765–780.
Uchino, B. N. (2004). Social support and physical health: Understanding the

health consequences of relationships. Yale University Press.

Urgen, B. A., & Saygin, A. P. (2020). Predictive processing account of

action perception: Evidence from effective connectivity in the action

observation network. Cortex, 128, 132–142.
Van Veluw, S. J., & Chance, S. A. (2014). Differentiating between self and

others: An ALE meta-analysis of fMRI studies of self-recognition

and theory of mind. Brain Imaging and Behavior, 8, 24–38.
Venezia, J. H., Vaden, K. I., Jr., Rong, F., Maddox, D., Saberi, K., &

Hickok, G. (2017). Auditory, visual and audiovisual speech processing

streams in superior temporal sulcus. Frontiers in Human Neuroscience,

11, 174.

Volfart, A., Yan, X., Maillard, L., Colnat-Coulbois, S., Hossu, G.,

Rossion, B., & Jonas, J. (2022). Intracerebral electrical stimulation of

the right anterior fusiform gyrus impairs human face identity recogni-

tion. NeuroImage, 250, 118932.

Voss, P., Collignon, O., Lassonde, M., & Lepore, F. (2010). Adaptation to

sensory loss. Wiley Interdisciplinary Reviews: Cognitive Science, 1(3),

308–328.
Wang, X., Wang, B., & Bi, Y. (2023). Early language exposure affects neural

mechanisms of semantic representations. eLife, 12, e81681.

Waters, D., Campbell, R., Capek, C. M., Woll, B., David, A. S.,

McGuire, P. K., Brammer, M. J. & MacSweeney, M. (2007). Finger-

spelling, signed language, text and picture processing in deaf native

signers: The role of the mid-fusiform gyrus. NeuroImage, 35(3),

1287–1302.
Wechsler, D. (1999). Wechsler abbreviated scale of intelligence. APA

PsycTests.

Weisberg, J., Koo, D. S., Crain, K. L., & Eden, G. F. (2012). Cortical plasticity

for visuospatial processing and object recognition in deaf and hearing

signers. NeuroImage, 60(1), 661–672.
Wilson, B. S., Tucci, D. L., Merson, M. H., & O'Donoghue, G. M. (2017).

Global hearing health care: New findings and perspectives. Lancet,

390, 2503–2515.
Xiong, R. C., Fu, X., Wu, L. Z., Zhang, C. H., Wu, H. X., Shi, Y., & Wu, W.

(2019). Brain pathways of pain empathy activated by pained facial

expressions: A meta-analysis of fMRI using the activation likelihood

estimation method. Neural Regeneration Research, 14(1), 172–178.

ARIOLI ET AL. 13

 10970193, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/hbm

.26444 by C
ochraneItalia, W

iley O
nline L

ibrary on [29/08/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1016/j.neubiorev.2022.104768


Yang, D. Y. J., Rosenblau, G., Keifer, C., & Pelphrey, K. A. (2015). An inte-

grative neural model of social perception, action observation, and the-

ory of mind. Neuroscience & Biobehavioral Reviews, 51, 263–275.
Yi, H. G., Leonard, M. K., & Chang, E. F. (2019). The encoding of speech

sounds in the superior temporal gyrus. Neuron, 102(6), 1096–1110.
Zhao, W., Riggs, K., Schindler, I., & Holle, H. (2018). Transcranial magnetic

stimulation over left inferior frontal and posterior temporal cortex dis-

rupts gesture-speech integration. Journal of Neuroscience, 38(8), 1891–
1900.

How to cite this article: Arioli, M., Segatta, C., Papagno, C.,

Tettamanti, M., & Cattaneo, Z. (2023). Social perception in

deaf individuals: A meta-analysis of neuroimaging studies.

Human Brain Mapping, 1–14. https://doi.org/10.1002/hbm.

26444

14 ARIOLI ET AL.

 10970193, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/hbm

.26444 by C
ochraneItalia, W

iley O
nline L

ibrary on [29/08/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1002/hbm.26444
https://doi.org/10.1002/hbm.26444

	Social perception in deaf individuals: A meta-analysis of neuroimaging studies
	1  INTRODUCTION
	2  METHODS
	2.1  Literature search and study selection
	2.2  Data analysis

	3  RESULTS
	3.1  Social perception in deaf participants
	3.2  Social perception in hearing participants
	3.3  Social perception in deaf versus hearing participants

	4  DISCUSSION
	5  LIMITATIONS
	6  GENERAL CONCLUSION
	ACKNOWLEDGMENT
	CONFLICT OF INTEREST
	DATA AVAILABILITY STATEMENT

	REFERENCES


