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It has been suggested that the left temporal pole (Brodmann area 38 (BA38)) participates in diverse language functions, including
semantic processing, speech comprehension, and naming. Utilizing the activation likelihood estimation (ALE), a meta-analytic
connectivity study was conducted to further our understanding on the role of BA38 in language. Departing from the BrainMap
functional database, 11 papers corresponding to 12 paradigms including 201 participants were selected. Initially, P < 0.01 was
employed as the significance level, resulting in the presence of four different activation clusters. However, when the significance level
was lowered to P < 0.05, sixteen activation clusters appeared, including classical language areas such as Broca’s and Wernicke’s areas.
It was concluded that (1) this meta-analytic connectivity study suggests the presence of two major connection circuits involving
BA38; one is related to language, while the other may be involved in visuospatial and integrative audiovisual functions. Furthermore,
(2) BA38 also contributes to various brain networks supporting linguistic processes related not only to language comprehension

but also to language production.

1. Introduction

The temporal lobe is a particularly complex brain area
involved in a diversity of functions, some of which include
auditory, olfactory, memory, vestibular, visual, and linguistic
processing [1, 2]. With regard to other primates, the temporal
lobe is the largest in humans representing about 17% of
the cerebral cortex [3]. The temporal pole (Brodmann area
38; BA38) represents no more than 10% of total temporal
lobe volume and about 1.7% of the cerebral cortex. Due
to its sizeable nature, several subareas have been distin-
guished in the temporal pole. Pascual et al. [4] proposed
separation possibilities between different cytoarchitectonic
subfields: (1) dorsal, with predominant connectivity to audi-
tory/somatosensory and language networks; (2) ventrome-
dial, predominantly connected to visual networks; (3) medial,
connected to paralimbic structures; and (4) anterolateral,
connected to the default-semantic network. Consequently,
significant language roles of BA38 are assumed.

The specific linguistic role of the left temporal pole
remains elusive. Regardless of its evident participation in
the brain language system, the left BA38 is not usually
included in Wernicke’s area. Nevertheless, various linguistic
functions have been related to this brain area. Contemporary
neuroimaging studies suggest that the left BA38 is involved
in the following language-related functions: semantic pro-
cessing [5-8], speech comprehension, responsive naming [9],
naming of items learned in early life, word retrieval for spe-
cific entities [10], lexicosemantic ambiguity processing [11],
processing negative sentences [12], narrative comprehension
[13-15], and the processing of abstract information [16].

Clinical observations have significantly advanced the
understanding of left temporal pole function. Analyses of
individuals with left-hemisphere strokes have revealed the
left anterior temporal cortices role in syntactic processing.
Patients with brain damage to this area are more likely to
present with receptive agrammatism than patients in which



anterior temporal cortex remains spared [17]. It has been
further proposed that the temporal pole represents a semantic
hub of the brain, or the neural substrates that subserve
participating in the processing of “unique entities” (i.e.,
proper names of people and places) [18-21]. Tsapkini et al.
[22] compared a group of 20 patients with acute anterior
temporal pole stroke damage to a group of 28 patients
without anterior temporal pole damage matched by infarct
volume. The authors calculated the average percent error
in two language tasks, auditory comprehension and naming
tasks, as a function of infarct volume using a nonparametric
regression method. They attributed infarct volume as the sole
predictive variable in the production of semantic errors in
both auditory comprehension and object naming tasks. These
findings were interpreted as support to the hypothesis that
left unilateral anterior temporal pole lesions, even acutely, are
unlikely to cause significant deficits in mapping meaning to
sound by themselves although they contribute to networks
underlying both naming and comprehension of objects. They
concluded that the anterior temporal lobe may be a semantic
hub for object meaning, but its role must be represented
bilaterally.

Other authors (e.g., [23]) have reported that naming
performance in a typical confrontation naming test (i.e.,
Boston Naming Test) is related to metabolite levels in the
anterior left temporal pole. Nonetheless, some authors have
argued that the role of the temporal lobe in naming is limited
to the naming of unique entities, such as naming people
[24]. However, some contradictory evidence has also been
presented [25].

As reported in the semantic subtype of primary pro-
gressive aphasia—which is characterized by the progressive
deterioration of word comprehension, particularly nouns
while other cognitive abilities remain spared—marked tem-
poropolar atrophy and pronounced impairments of odor
naming and matching are observed [26]. These authors
predicted that the temporal pole would play a key role in
linking odor object representations to transmodal networks,
given its anatomical proximity to olfactory and visual object
processing areas.

Interestingly, the temporal poles are among brain regions
often considered as the brain network sustaining our ability to
understand other people’s mental states or “Theory of Mind”
(ToM) (e.g., [27, 28]). However, it has also been reported that
the left temporal lobe is not necessary for ToM reasoning, at
least in nonverbal conditions, as long as its right counterpart
is preserved [29].

Pinpointing the connectivity of the anterior temporal
lobe represents a crucial question to understand its role
in language-like function. Using high angular resolution
diffusion imaging (HARDI) MRI, Makris et al. [30, 31]
described two major fiber connections of the human middle
longitudinal fascicle. They did so by examining morphol-
ogy, topography, cortical connections, biophysical measures,
volume, and length in seventy-four brains. These two fiber
connections course together through the dorsal tempo-
ral pole and the superior temporal gyrus maintaining a
characteristic topographic relationship in the mediolateral
and ventrodorsal dimensions. The authors suggested that
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the superior temporal-angular connection of the middle
longitudinal fascicle plays a role in language and attention,
while the superior temporal-superior parietal connection is
involved in visuospatial and integrative audiovisual func-
tions. Menjot De Champfleu et al. [32] reported that the
middle longitudinal fasciculus is clearly delineated from
the other fascicles that constitute the language pathways,
especially the ventral pathway. It runs within the superior
temporal gyrus white matter from the temporal pole and then
extends caudally in the upper part of the sagittal stratum and
the posterior part of the corona radiata to reach the inferior
parietal lobule (angular gyrus). Augustine [33] emphasized
the relationship between the temporal pole and the insula.
Although the insula is recognized for its language responsibil-
ities, vagueness remains regarding its participation in various
language functions [34-37]. The uncinate fasciculus, on the
other hand, connects the anterior temporal and inferior
frontal lobes. The uncinate fasciculus connects the pole
of the temporal lobe (BA38) uncus and parahippocampal
gyrus with the ipsilateral orbital and lateral frontal cortices.
Propositions have been made involving its association with
semantic memory retrieval and processing [38].

Recently, a new alternative to study brain connectivity
has been proposed by Robinson et al. [39] known as meta-
analytic connectivity modeling (MACM). MACM is based
in automatic meta-analysis executed by pooling coactivation
patterns. The technique takes advantage of the BrainMap
repository of functional MRI studies and a software program
(Sleuth) provided by the same group to find, filter, organize,
plot, and export peak coordinates for further statistical
analysis. Sleuth provides a list of foci, in Talairach, or MNI
coordinates, each one representing the center of mass of
an activation cluster. This method acquires the region of
interest (i.e., the temporal pole), deems it the independent
variable, and interrogates the database for studies indicating
comparable activation of the chosen target. The query is
conveniently filtered for different conditions such as age,
normal versus patients, type of paradigm, and domain of
cognition. By pooling the data with these conditions, the
tool is able to provide a universe of coactivations that can be
statistically analyzed for significant commonality. As a final
step, activation likelihood estimation (ALE) [40, 41] can be
performed utilizing GingerALE, another software provided
by BrainMap, generating probability of an event occurring
at voxel level across the studies. Areas of coactivation will
display a network related to the function and domains
selected as filter criteria.

Considering the diverse language functions linked to
BA38, a meta-analytic connectivity was developed utilizing
MACM on the participation of this brain area in language.
Deviating from previous clinical and neuroimaging studies,
it was hypothesized that the left temporal pole participates in
different brain language circuits.

Our research question is what are the areas that coac-
tivate when BA38 activates in language tasks? With this
approach, the commonality criteria are quite stringent, as it
only requires BA38 activation occurrence during a language
task. Notice that we were not interested in ascertaining
the activation related to a specific task. The area may be



International Journal of Brain Science

activated in “nonverbal” tasks, but that was not explored. As
a result, this concentrates the results on language domains.
It is important to observe that BA38 may reveal restricted or
ample connectivity (coactivation network) depending upon
the spectrum of studies accepted to enter the pool of ALE
analysis, that is, for example, only expressive, only receptive,
only lexical, lexical and semantics, and so forth, but that
decision depends upon the scope of the study.

2. Materials and Methods

The database of BrainMap [42] was accessed utilizing Sleuth
2.2 on December 10, 2013. Sleuth is software provided
by BrainMap to query its database. Sleuth software was
implemented in a Windows platform. This meta-analysis was
intended to assess the network of coactivations in which the
BA38 is involved.

The search conditions were as follows: (1) studies report-
ing BA38 activation; (2) studies using fMRI; (3) context:
normal subjects; (4) activation: activation only; (5) handed-
ness: right-handed subjects; (6) age: 20-60 years; (7) domain:
cognition, subtype: language.

ALE meta-analysis was then performed utilizing Gin-
gerALE. ALE maps were initially thresholded at P <
0.01 corrected for multiple comparisons and false discov-
ery rates. We used the predefined values found in Gin-
gerALE [40] and only clusters of 200 or more cubic mm
were accepted as valid clusters. ALE results were over-
laid onto an anatomical template suitable for MNI coordi-
nates, also provided by http://brainmap.org/. For this pur-
pose, we utilized the Multi-Image Analysis GUI (Mango)
(http://ric.uthscsa.edu/mango/). Mosaics of 5 x 7 insets of
transversal fusioned images were generated utilizing a plug-
in of the same tool, selecting every other image, starting on
image number 10, and exported to a 2D-jpg image. Because of
the limited activation observed when employing the P < 0.01
threshold, a second analysis was performed with a lowered
significance level of P < 0.05.

3. Results

3.1 First Analysis. Eleven papers corresponding to 12 exper-
imental conditions with a total of 201 subjects were finally
selected (subjects participating in two different experiments
were counted as two subjects) (Table 1).

Table 2 presents the main loci of brain connectivity of
BA38 by meta-analytic connectivity modeling (MACM).
Four different clusters of activity were found, two in the left
and two in the right hemisphere.

As indicated in Table 2, the first cluster includes BA38,
while the second cluster contains the left insula and superior
temporal lobe, indicating its involvement in language. The
last two clusters include the right parietal and temporal lobes.
Seemingly, this area has two major connection pathways: one
within the left hemisphere and the second involving the right
hemisphere.

3.2. Second Analysis. Table 3 presents the main loci of brain
connectivity of BA38 by meta-analytic connectivity modeling

(MACM) when significance level P < 0.05 was selected.
Sixteen different clusters of activity were found.

The first clusters include basically the same areas found in
the first analysis. Thus, there is one connection pathway in the
left including the insula and the temporal lobe and another
connection pathway to the right including the parietal and
temporal lobes. Some increased activation is also found at
the level of the claustrum, probably as an extension of some
insula activation. Other additional clusters of activation are
located within the left occipital area (BA17), frontal language
areas (BA44 and BA47), subcortical areas such as the caudate
nucleus and even brainstem areas (red nucleus), Wernicke’s
area (left BA22), and homologous right area (right BA22).

4. Discussion

Itis well known that BA38 has some participation in language,
although pinpointing its specific function has been not easy.
It has been suggested that one of its major language functions
includes naming, particularly the naming of unique entities
(i.e., names of people and places) [18-21]. Interestingly, nam-
ing using fingerspelling and signing by native ASL signers
have also shown that naming famous persons activates the
left temporal pole, whereas naming animals (whether fin-
gerspelled or signed) activates the left inferotemporal cortex
[54]. This observation demonstrates that left BA38 function
in naming is not exclusively dependent on the auditory
information of language but is a more general and conceptual
one.

Functional studies have advanced the understanding of
the unexpected complexity of BA38 functions (see [55]).
Because of its location in the brain (somehow in between
Broca’s and Wernicke’s areas), it is understandable that BA38
participates in language. Our first meta-analytic study is
congruent with Makris et al. [30, 31] observation that two
fiber connections course through the temporal pole; one is
involved in language (superior temporal-angular connection
of the middle longitudinal fascicle), while the other is
involved in visuospatial and integrative audiovisual functions
(superior temporal-superior parietal connection).

It was unexpected to find so few activation clusters in
the first meta-analysis and so many activation clusters in the
second meta-analysis. This observation may suggest that the
left temporal pole has two fundamental connections; thus, it
participates in the following two major brain networks: one
related to language and the other related to more visuospatial
and integrative audiovisual functions, as it has been suggested
by Makris et al. [30, 31]. Moreover, BA38 may also have
a secondary contribution to several networks supporting
linguistic processes and it may be related not only to language
understanding but also to language production. Indeed, both
Wernicke and Broca’s areas appeared interconnected to left
BA38.

Interestingly, two different pathways in language process-
ing have been recognized. Electrophysiological analysis of the
auditory system in primates and functional neuroimaging
studies in human subjects have suggested that there are
two pathways arising from the primary auditory cortex;
a “ventral” pathway is thought to project anteriorly from
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TABLE 1: Primary studies of language-related paradigms included in the meta-analysis (11 studies; 12 paradigms; 201 subjects).
Publication Paradigm n Foci
Noppeney and Price, 2004 [43] Abstract Concepts > Sounds 15 4
Kensinger and Schacter, 2006 [44] Items Corresponding Subseq Item 21 6
Ghosh et al., 2008 [45] Bisyllables > Monosyllables 10 38
Leff et al., 2008 [46] (Idioms + Rearranged Idioms) 26 3

) Situation Generation > Word Assoc 10 23
Simmons et al., 2008 [47] Word generation 10 2%
Benoit et al., 2010 [48] Incongruent Non-McGurk—Incongruent 16 12
Binder et al., 2005 [49] Correlation Reading Activ & RespTime 24 42
Lieberman et al., 2007 [50] Gender Labeling > Affect Labeling 30 14
Sabsevitz et al., 2005 [51] Abstract > Concrete 28 10
Nil et al., 2008 [52] Listen minus Baseline 15 5
Kensinger and Schacter, 2005 [53] Emotional Word-Only Identification 16 14

TABLE 2: Main loci of brain connectivity of BA38 in language tasks by meta-analytic connectivity modeling (MACM).

Cluster #

region (BA) X y z ALE Volume (mm?)
C #1 L suptemporal (38) =52 8 -18 0.0171 536
C#2
L insula (13) —40 8 -14 0.01552 393
L suptemporal (22) -34 4 -20 0.01355
C #3 R supparietal (7) 22 -68 52 0.017807 368
C #4 R midtemporal (21) 50 -2 =22 0.016548 288

TABLE 3: Main loci of brain connectivity of BA38 when using P < 0.05.

rcelguii)trir(z A) X y z ALE Volume (mm?)
C #1 L superior temporal (38) =52 8 -18 0.017151 1128
C#2

L insula (13) —40 8 -14 0.01552 918

L superior temporal (38) -14 4 -20 0.01355
C #3 R parietal (7) 22 -68 52 0.017807 862
C #4 R claustrum 32 20 0 0.012655 592
C #5 R middle temporal (21) 50 -2 =22 0.016548 576
C #6 L occipital (17) -26 -82 18 0.012529 464
C #7 R. suptemporal (38) 42 12 -32 0.012064 432
C#8

R suptemporal (13) 50 -18 0.012939 376

R insula (13) 44 ~14 0.009738
C #9 L inferior frontal (47) —48 26 -8 0.01192 368
C #10 R red nucleus 4 -24 -2 0.01438 336
C #11 L parietal (40) -38 -46 40 0.013404 296
C #12 L caudate tail -38 -14 -16 0.011972 272
C #13 R cingulate gyrus (32) 8 18 42 0.013608 272
C #14 L frontal precentral (44) -54 16 6 0.011838 256
C #15 R suptemporal (22) 64 —42 12 0.012893 216
C #16 L suptemporal (22) —64 20 0 0.011586 200
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the primary auditory cortex to prefrontal areas along the
superior temporal gyrus, while a separate “dorsal” route
connects these areas posteriorly via the inferior parietal lobe.
A similar pattern of pathways has been found in humans: a
dorsal pathway from Wernicke’s area to Broca’s area including
the arcuate fasciculus, the supramarginal gyrus, the lateral
superior temporal gyrus, and the lateral middle temporal
gyrus. Additionally, a ventral route between Wernicke’s area
and Broca’s area has been exhibited connecting these two
areas through the external capsule/uncinate fasciculus and
the medial superior temporal gyrus. As expected, these
connections are stronger in the left hemisphere [56, 57].
BA38 language connections would correspond to the ventral
pathway.

The connections found between BA38 and the association
auditory areas of the right hemisphere (BA21/22) intriguingly
suggest that the left temporal pole has an assortment of
functions beyond the purely linguistic functions. Markedly,
the right temporal pole has been included in a system
involved in emotion processing, with the insula and the
amygdala [58]. Pizzamiglio et al. [59] analyzed whether
sounds referring to actions have a different representation
in the brain from other types of sounds. By method of ERP,
they found the left posterior superior temporal and premotor
areas to be selectively modulated by action-related sounds.
Contrastingly, the temporal pole is bilaterally modulated
by nonaction-related sounds. Thus, the left temporal pole
seemingly participates in a broad brain system involved in
emotion and sound processing.

A significant involvement of the right hemisphere tem-
poral lobe in emotional language is commonly accepted
[60]. However, brain processing of emotional prosody seems
particularly complex and probably includes the right tempo-
ral pole. The presence of three successive processing stages
during recognition of emotional prosody has been postu-
lated: (1) extraction of suprasegmental acoustic information
predominantly subserved by right-sided primary and higher
order acoustic regions, (2) representation of meaningful
suprasegmental acoustic sequences within posterior aspects
of the right superior temporal sulcus, and (3) explicit eval-
uation of emotional prosody at the level of the bilateral
inferior frontal cortex. Explicit evaluation of linguistic aspects
of prosody appears to be linked to left-hemisphere language
areas. Specifically, the bilateral orbitofrontal cortex was found
to be involved in explicit evaluation of emotional prosody
[61]. Furthermore, it has been proposed that evaluation of
affective prosody requires prior analysis of acoustic features
within temporal regions and that transfer of information
from the temporal cortex to the frontal lobes occurs via
parallel pathways [62].

Many limitations could be mentioned regarding the
present study. The major critique of meta-analysis studies
commonly refers to the lack of homogeneity of the pooled
tasks, methods, and individuals. Furthermore, MACM is
still new requiring performance of future validation studies.
We have used BA38 as the independent variable and a
spectrum of coactivated areas as the dependent variable,
which may be unusual. However, the current results are quite

consistent with clinical observations, positively supporting
the structural connectivity findings.
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