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ABSTRACT

Background: Developmental dyslexia (DD) and persistent developmental stuttering (PDS) are the most repre-
sentative written and spoken language disorders, respectively, and both significantly hinder life success.
Although widespread brain alterations are evident in both DD and PDS, it remains unclear to what extent these
two language disorders share common neural substrates.

Methods: A systematic review and meta-analysis of task-based functional magnetic resonance imaging (fMRI) and
voxel-based morphometry (VBM) studies of PDS and DD were conducted to explore the shared functional and
anatomical alterations across these disorders.

Results: The results of fMRI studies indicated shared hypoactivation in the left inferior temporal gyrus and
inferior parietal gyrus across PDS and DD compared to healthy controls. When examined separately for children
and adults, we found that child participants exhibited reduced activation in the left inferior temporal gyrus,
inferior parietal gyrus, precentral gyrus, middle temporal gyrus, and inferior frontal gyrus, possibly reflecting the
universal causes of written and spoken language disorders. In contrast, adult participants exhibited hyper-
activation in the right precentral gyrus and left cingulate motor cortex, possibly reflecting common compensa-
tory mechanisms. Anatomically, the analysis of VBM studies revealed decreased gray matter volume in the left
inferior frontal gyrus across DD and PDS, which was exclusively observed in children. Finally, meta-analytic
connectivity modeling and brain-behavior correlation analyses were conducted to explore functional connec-
tivity patterns and related cognitive functions of the brain regions commonly involved in DD and PDS.
Conclusions: This study identified concordances in brain abnormalities across DD and PDS, suggesting common
neural substrates for written and spoken language disorders and providing new insights into the transdiagnostic
neural signatures of language disorders.

Introduction

representative written language disorder characterized by difficulties in
acquiring proficient reading and spelling skills, despite adequate in-

Language is fundamental to success in modern literary society.
However, some individuals suffer from various language disorders.
Persistent developmental stuttering (PDS) and developmental dyslexia
(DD) are two prevalent neurodevelopmental disorders of language that
have been highly studied. PDS is a typical spoken language disorder
characterized by involuntary repetitions and prolongations of syllables,
particularly during connected speech (Brown et al., 2005; Biichel &
Sommer, 2004; Tager-Flusberg & Cooper, 1999). In contrast, DD is a
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struction, intelligence and intact sensory abilities (Goswami, 2015; Lyon
et al., 2003; Peterson & Pennington, 2012). Despite extensive investi-
gation, the etiology of PDS and DD remains unclear.

Magnetic resonance imaging (MRI) serves as a powerful neuro-
imaging tool for investigating the neural correlates of language disor-
ders. Over the past decades, functional MRI (fMRI) and structural MRI
(sMRI) studies have revealed abnormalities in brain function and
structure associated with various types of language disorders. With
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respect to PDS, task-based MRI studies have demonstrated functional
disruption within multiple language and motor regions when perform-
ing speech and non-speech tasks, involving the left primary motor and
premotor cortex, inferior frontal gyrus (IFG), middle frontal gyrus
(MFG), precentral gyrus/postcentral gyrus (preCG/postCG), left sup-
plementary motor area (SMA), bilateral superior temporal gyrus (STG)
and middle temporal gyrus (MTG), basal ganglia, cingulate motor area,
and the cerebellum (Brown et al., 2005; Garnett et al., 2019, 2018; Liu
et al., 2014; Shojaeilangari et al., 2021; Watkins et al., 2008; Yang,
2009; Yang et al., 2016). For individuals with DD, numerous task-based
fMRI studies have demonstrated atypical functional activation when
performing linguistic and non-linguistic tasks in the left IFG, MFG,
PreCG/PostCG, inferior parietal lobule (IPL), MTG, fusiform gyrus,
cingulate cortex, and cerebellum (Hancock et al., 2017; Li & Bi, 2022;
Richlan et al., 2011, 2010; Yan et al., 2021; Yang et al., 2022).

Voxel-based morphometry (VBM) is a frequently used method for
examining the anatomical alterations associated with different
language-related disorders (Jovicich et al., 2013). With respect to PDS,
prior VBM studies have identified altered gray matter volume (GMV) in
the left IFG and bilateral temporal regions (Beal et al., 2013; Chang
et al., 2008). For individuals with DD, prior studies have demonstrated
the alterations of GMV in the IFG, supramarginal gyrus (SMG), superior
temporal gyrus/sulcus, inferior temporal gyrus (ITG) and cerebellum
(Eckert et al., 2016; Linkersdoerfer et al., 2012; Ramus et al., 2018;
Richlan et al., 2013). Overall, the widespread brain alterations identi-
fied in PDS and DD highlight the complex etiology of these
language-related disorders.

These neuroimaging studies discussed above have delineated a
complex map of functional and structural abnormalities in the brain
associated with DD and PDS. However, a fundamental question that
remains unresolved is to what extent there are shared brain markers
underlying these two language disorders. This is a critical inquiry, as it
deepens our understanding of the neurobiological underpinnings of both
DD and PDS. Specifically, by identifying the shared brain markers of PDS
and DD, we can uncover intrinsic and stable brain mechanisms that
underlie these language-related conditions, irrespective of the diverse
manifestations of their phenotypes. Furthermore, investigating the
shared neural basis has the potential to become a key target for future
diagnostic efforts and therapeutic interventions for these distinct lan-
guage disorders.

Despite their categorization into distinct groups, theoretical hy-
potheses and empirical findings suggest the existence of a common
neural mechanism underlying these two disorders (Algaidi et al., 2023;
Ardila et al., 1994; Elsherif et al., 2021). From a theoretical perspective,
the procedural deficit hypothesis offers an explanatory framework for
explaining the cause of various language disorders (Ullman et al., 2020;
Ullman & Pierpont, 2005). According to this hypothesis, different types
of language disorders may share procedural processing abnormalities,
specifically involving deficits in functions that depend on cortico-basal
ganglion-thalamocortical circuits (Krishnan et al., 2016; Ullman et al.,
2020). The procedural deficit hypothesis is further supported by the
findings of a recent meta-analysis, which elucidate the basal ganglia as
the neuroanatomical signature of developmental language disorder
(Ullman et al., 2024). Additionally, the phonological deficit hypothesis
can account for both DD and PDS. Phonological deficits have been
established as the core factor of DD (Bishop & Snowling, 2004; Catts
et al., 2005; Ramus, 2003; Ramus et al., 2013; Snowling, 2001). Simi-
larly, phonological impairments are also observed in individuals with
PDS, such as the developmental shift in phonological encoding from
holistic to incremental processing (Byrd et al., 2007), and reduced
phonological memory (Elsherif et al., 2021). These phonological deficits
may be attributable to functional and structural abnormalities in the
auditory cortex, as revealed in both DD (Gertsovski & Ahissar, 2022;
Jaffe-Dax et al., 2018; Kuhl et al., 2020) and PDS (Beal et al., 2010;
Connally et al., 2018). Second, some fMRI studies on healthy individuals
discovered common neural activity for processing spoken and written
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languages, engaging distributed brain regions within a
frontal-parietal-temporal language network, including the IFG (Broca’s
area) (Sahin et al., 2009), and the left occipitotemporal areas (visual
word form area, VWFA) (Longcamp et al., 2019; Qin et al., 2021).
Additionally, a growing body of genetic studies has pinpointed a com-
mon genetic architecture contributing to susceptibility to both spoken
and written language impairments, including genes such as forkhead
box P2 (FOXP2), contactin-associated protein-like 2 (CNTNAP2), and
C-MAF inducing protein (CMIP) (Graham & Fisher, 2013; Newbury
et al., 2010; Paracchini, 2011; Whitehouse et al., 2011). These shared
genetic mutations may modulate the alterations of core brain circuits of
language development. However, developmental and environmental
variables are likely to interact with genetic factors to shape brain
dysfunction, ultimately leading to different phenotypes of language
disorders. Finally, researchers have started to adopt a transdiagnostic
perspective in examining neurodevelopmental and psychiatric condi-
tions, rather than focusing solely on disorder-specific mechanisms (Astle
et al., 2022; Koomar & Michaelson, 2020). Studies in psychiatric dis-
orders have revealed common anatomical alterations across a wide
range of psychiatric conditions (Goodkind et al., 2015; Wise et al.,
2017), suggesting that these disorders may be underpinned by shared
brain markers. It is expected that, similar to findings in the field of
psychiatric research, shared brain markers may also exist across
different types of language disorders.

Meta-analysis is an effective and efficient approach to synthesize
results from various language disorders, allowing for quantitative
exploration of shared brain signatures across different types of disorders.
This strategy has been widely applied to identify common brain signa-
tures of mental illnesses (Madeleine Goodkind et al., 2015; Wise et al.,
2017) and language/speech disorders (Liégeois et al., 2014). Therefore,
we conducted a meta-analysis to analyze the findings of fMRI and VBM
studies on DD and PDS. First, we aggregated the two common types of
language disorders into a unified disorder group to identify the shared
core brain regions displaying functional or anatomical alterations. Our
rationale was to uncover potential shared brain regions for language
dysfunction across different age groups and language modalities. Sub-
sequently, acknowledging the influence of neurodevelopment, we per-
formed secondary analyses by categorizing the participants into child
and adult groups. Finally, we characterized the functional connectivity
profiles and cognitive significance of the shared brain regions that
exhibit common functional or structural abnormalities across PDS and
DD, aiming to illuminate how abnormalities in these regions contribute
to these two types of language disorders. To this end, we conducted two
complementary analyses using datasets from the BrainMap database
(www.brainmap.org). First, we employed meta-analytic connectivity
modeling (MACM), a validated method for identifying brain regions
co-activated with a given seed region across multiple neuroimaging
studies (Eickhoff et al., 2011; Robinson et al., 2012), to delineate
large-scale functional connectivity patterns. Then, we conducted a
behavioral domain analysis to roughly identify the cognitive functions
(five main categories: action, cognition, emotion, interoception and
perception) associated with the shared brain regions (Robinson et al.,
2012).

Methods
Literature search and selection criteria

This study follows the guidelines of the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) (Fig. 1 and eTable 1).
We searched PubMed and Web of Science for fMRI and VBM studies on
DD and PDS published between January 1, 1986 and March 31, 2023.
The key search terms included ((’dyslexia’ OR ’reading disorder’ OR
’reading impairment’ OR ’reading difficulty’ OR 'reading disability’) OR
(’stutter’ OR ’stutterer’ OR ’stuttering’)) AND ('fMRI’ OR ’functional
magnetic resonance imaging’ OR ’neuroimaging’ OR ’functional MRI’


http://www.brainmap.org
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2960 Records identified though
databases

2214 Records screened by title and
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Records removed before screening
746 Duplicate records removed

I— 2054 Records excluded
abstract
160 Full-text articles assessed for 49 Records excluded:
eligibility 24 No Z or T values

111 Studies for final meta-analysis
fMRI:92 (DD:72; PDS:20)
VBM:19 (DD:16; PDS:3)

118 Experiments included
fMRI:96 (DD:76; PDS:20)
VBM:22 (DD:19; PDS:3)

Fig. 1. Flow diagram of study selection.

7 No comparison
7 No linguistic tasks
4 No whole coordinates
3 No fMRI/VBM
4 Other

Abbreviation: DD: developmental dyslexia; PDS: persistent developmental stuttering; fMRI: functional magnetic resonance imaging; VBM: voxel-based

morphometry.

OR ’functional imaging” OR "VBM’ OR ’voxel-based morphometry’).

Inclusion criteria comprised studies that: (1) employed fMRI or VBM
to investigate GMV in individuals with DD or PDS; (2) utilized whole-
brain analysis; (3) reported group comparisons with healthy age-
matched controls; (4) provided peak coordinates in Talairach space or
Montreal Neurological Institute (MNI) space; (5) reported effect sizes (t-
values and z-values); and (6) were peer-reviewed original papers pub-
lished in English. Exclusion criteria encompassed studies that: (1)
focused solely on region of interest (ROI) analysis; (2) investigated
resting-state activity; (3) did not report group differences; (4) conducted
direct group comparisons only between disorders and reading level
control readers; (5) studied participants at risk for these disorders; (6)
focused on non-linguistic tasks; (7) were case studies; (8) were meeting,
review, or meta-analysis papers. In addition, we adopted the criterion of
including >10 studies for each type of disorder, following recommen-
dations for sufficient power in signed differential mapping (SDM) meta-
analyses (Madeleine Goodkind et al., 2015; Radua & Mataix-Cols, 2009).
Based on these criteria, 92 fMRI studies (DD: 72; PDS: 20) and 19 VBM
studies (DD: 16; PDS: 3) were included in the final analysis.

Data extraction

Two independent reviewers (H.R. and YZ. L.) evaluated the titles,
abstracts, and full-text articles against the inclusion criteria, and con-
ducted data extraction using a Microsoft Excel spreadsheet. Any con-
flicts or discrepencies were resolved by a third reviewer (Y.Y.).

As depicted in Fig. 1, the present meta-analysis incorporated 118
experiments (from 111 papers), encompassing 96 fMRI experiments and
22 VBM experiments (eTable 2 and eTable 3). The following information
was extracted from the original publications: first author’s name, pub-
lication year, writing system, number of participants, mean age of par-
ticipants, fMRI task, and significance threshold. Additionally, to
facilitate voxel-wise meta-analysis, peak coordinates and statistical
values (t-values and z-values) were extracted.

Meta-analysis procedure

We conducted a voxel-wise meta-analysis using SDM-PSI version
6.21 (Albajes-Eizagirre et al., 2019)(see http://www.sdmproject.com).
In contrast to activation likelihood estimation (ALE) or multilevel peak
kernel density analysis (MKDA), SDM reconstructs positive and negative
effects within the same statistical maps, preventing a voxel from
appearing in opposite directions, and thereby providing a more accurate
representation of the results (Radua et al., 2012). This approach has
been widely employed in previous meta-analyses (Li & Bi, 2022; Pollard
et al., 2023; Ranzini et al., 2022). Pre-processing followed the default
settings of SDM, using a 20 mm full-width half-maximum (FWHM)
anisotropic Gaussian kernel (¢ = 1.00) and 2 mm voxel size (Radua
et al., 2014). The results of the meta-analysis were thresholded at a peak
height of mean effect size SDM-Z = 1, with an uncorrected p-value of
0.005 at the voxel level, and a minimum of 10 voxels at the cluster level
(Radua et al., 2012), in accordance with common practices in prior
meta-analyses (Li et al., 2023; Zhang et al., 2022). Funnel plots and
Egger’s tests were used to examine the potential publication bias of each
identified peak. Asymmetry in the plots or a p-value < 0.05 indicates
significant publication bias. The inter-study heterogeneity of each
cluster was measured by the I index, which represents the proportion of
total variation due to the study heterogeneity (Higgins & Thompson,
2002). An I? value greater than 50 % typically indicates substantial
heterogeneity.

For both fMRI and VBM data, the initial meta-analysis incorporated
the type of language disorders as a covariate. To exclude the potential
impact of language differences on the neural correlates of the two
developmental disorders, especially between alphabetic languages and
non-alphabetic languages (Li & Bi, 2022), we restricted analysis only to
studies with participants who spoke alphabetic languages and replicated
the initial meta-analysis. Next, considering neurodevelopment, we
conducted separate meta-analyses for the child (under 14 years old) and
adult (over 14 years old) subgroups (note that functional data for chil-
dren exclusively pertain to DD; refer to eTable 2 for details).
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To gain deeper insights into the functional significance of the shared
brain regions across DD and PDS, we conducted two complementary
analyses using a dataset of healthy participants. MACM was employed to
assess the brain co-activation patterns of a seed region across numerous
data-driven neuroimaging experiments (Cortese et al., 2016; Eickhoff
et al., 2011; Laird et al., 2009b). The co-activation analysis utilized the
BrainMap database (www.brainmap.org), and GingerALE (version
3.0.2) was used to identify regions of significant convergence. The initial
step of MACM involves ensuring that all experiments in the BrainMap
database contain at least one activation focus within the ROI region
(Laird et al., 2009a). Then, a quantitative analysis of the foci in these
retrieved experiments was performed using the ALE algorithm. The ALE
algorithm tested for spatial convergence of neuroimaging findings
against a null distribution of random spatial association of experiments,
evaluating clusters where convergence exceeded chance expectations
(Eickhoff et al., 2012, 2016; Mueller et al., 2018). Therefore, the pres-
ence of significant convergence in regions other than the highest
convergence of the ROIs indicates consistent co-activation across the
experiments. The p-values were thresholded at a cluster-level family--
wise error (cFWE) of p = 0.05 with 1000 permutations (Eickhoff et al.,

Frmrm
I A Al
0.8
z
32
Hyperactivation
—

' B Adults only !
X=-3

Fig. 2. Regional activation abnormalities associated with the disorder group.
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2016).

For MACM analysis, four ROIs derived from the SDM meta-analysis
were extracted: the left ITG (MNI coordinates: —48, —56, —16), MTG
(MNI coordinates: —56, —54, 0), inferior parietal gyrus (IPG, MNI co-
ordinates: —56, —48, 38), and SMG (MNI coordinates: —56, —50, 30)
(refer to Results 3.2 for details). All ROIs are 10 mm boxes centered at
the peak MNI coordinates. The ROI of the left ITG included 179 exper-
iments (3242 subjects, 2648 foci), the ROI of the left MTG included 82
experiments (1473 subjects, 1184 foci), the ROI of the left IPG included
75 experiments (1787 subjects, 1176 foci) and the ROI of the left SMG
included 71 experiments (1592 subjects, 895 foci).

The functional properties of each ROI were further examined based
on the behavioral domain metadata categories available for each neu-
roimaging experiment in the BrainMap database. Behavioral domains
include the main categories of cognition, action, perception, emotion,
and interoception, along with their related subcategories (see http://br
ainmap.org/scribe/ for the complete BrainMap taxonomy) (Laird et al.,
2009a). First, neuroimaging experiments in the BrainMap database that
contained at least one activation focus within the ROI were extracted.
Then, neuroimaging experiments were analyzed to determine the

z

5

Hypoactivation

C  Children only !
X=-55

Panel A shows regional activation abnormalities associated with individuals with DD and PDS. Panel B shows activation abnormalities associated with adults with
disorders. Panel C shows activation abnormalities associated with children with disorders. Regions that survived with the statistical threshold set at p( 0.005, a cluster
extent of 10 voxels and the peak SDM-Z ) 1. Coordinates reported in Montreal Neurological Institute space.

Abbreviation: DD: developmental dyslexia; PDS: persistent developmental stuttering.
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frequency of the behavioral domain of each ROI relative to the domain’s
likelihood across the entire BrainMap database (Eickhoff et al., 2011).

Results
Included studies and characteristics

A total of 118 experiments were incorporated into the present meta-
analysis, comprising 96 fMRI experiments (from 92 studies) and 22 VBM
experiments (from 19 studies). Among the fMRI experiments, 54
involved children (N = 977 for disorders, N = 949 for controls; mean age
=11 years) and 42 involved adults (N = 592 for disorders, N = 652 for
controls; mean age = 27 years).

Among the VBM experiments, 16 involved children (N = 398 for
disorders, N = 373 for controls; mean age = 11 years) and 6 involved
adults (N = 81 for disorders, N = 82 for controls; mean age = 29 years).
Detailed information for each study is provided in eTable 2 and eTable 3.

Regional activation abnormalities across PDS and DD

Taking PDS and DD as a whole, the results showed significant
hypoactivation compared to controls in the left ITG, extending to the left
SMG, IPG, and MTG (Fig. 2A and Table 1). No significant clusters of
hyperactivation were found. Funnel plots (eFigure 1A) and Egger’s test
(Z = 0.57, p = 0.57) of the significant peak showed no significant
publication bias. Low between-study heterogeneity was found for the
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significant peak (P = 17.01 %).
When only participants with alphabetic languages were included, the
main results were replicated (see eFigure 2 and eTable 4).

Regional activation abnormalities in children and adults with DD and PDS

To address the potential impact of neurodevelopment, we conducted
separate analyses for children and adults. Distinct patterns of regional
activation deficits emerged across age groups. In adults, notable
hyperactivation was identified in the right PreCG and left median
cingulate cortex (MCC)/SMA (Fig. 2B and Table 1), whereas no signif-
icant clusters of hypoactivation were observed. Funnel plots
(eFigure 1B&C) and Egger’s test (Z = 0.41 and 0.26, p = 0.68 and 0.80
for the right PreCG and left MCC peak respectively) showed no signifi-
cant publication bias. Low between-study heterogeneity was found for
the significant peaks (I = 4.97 % and 2.01 % for the right PreCG and left
MCC, respectively).

In children with DD or PDS, significant hypoactivation manifested in
the left ITG, IPG, PreCG, MTG, and IFG (Fig. 2C and Table 1), whereas no
significant clusters of hyperactivation were identified. For three of these
clusters (left ITG, MTG, and IFG), funnel plots (eFigure 1D&E&F) and
Egger’s test (Z = —1.88, —0.35, and —1.73, p = 0.06, 0.73 and 0.08 for
the left ITG, MTG and IFG peak respectively) indicated no significant
publication bias. For two of these clusters (the left IPG and PreCG),
funnel plots (eFigure 1G&H) and Egger’s test (Z = —2.05 and —3.73,p =
0.04 and p < 0.001 for the left IPG and PreCG peak respectively) showed

Table 1
Coordinates of altered activation in the disorder group.

Cluster Voxels Local peak X Y Z SDM-Z BA

All DD and PDS

Hypoactivation

Left ITG 2085 Left ITG —48 -56 -16 -5.17 37
Left ITG —46 —52 -18 —5.08 37
Left fusiform gyrus —42 —54 -14 —4.94 37
Left SMG -56 -50 30 —4.00 40
Left SMG —56 —52 26 -3.99 40
Left IPG -56 —48 38 -3.72 40
Left IPG -56 —44 38 -3.71 40
Left MTG —56 —54 0 -3.69 21
Left MTG —58 —46 6 -3.51 22

Hyperactivation

No foci

Adults only

Hypoactivation

No foci

Hyperactivation

Right PreCG 188 Right PreCG 54 2 26 3.26 6
Right PreCG 54 6 28 3.15 6
Right PreCG 54 6 34 3.02 6

Left MCC 43 Left MCC —4 20 38 2.68 24
Left MCC -2 14 42 2.67 32
Left SMA -2 12 46 2.66 32
Left MCC -6 20 32 2.61 24
Left MCC -2 20 30 2.59 24

Children only

Hypoactivation

Left ITG 875 Left ITG -50 —56 -16 —4.15 37
Left ITG —52 —58 -12 —4.04 37
Left ITG —46 -50 —24 -3.71 37

Left IPG 260 Left IPG —46 —42 46 -3.45 40
Left IPG -56 —40 40 -2.94 40
Left IPG -56 —44 38 -2.91 40

Left PreCG 12 Left PreCG -50 12 30 —2.68 44

Left MTG 11 Left MTG -56 —54 22 —2.67 22

Left IFG, opercular part 10 Left IFG, opercular part —52 10 8 —2.69 48

Hyperactivation

No foci

Regions that survived with the statistical threshold set at p ( 0.005, a cluster extent of 10 voxels and the peak SDM-Z ) 1. Coordinates reported in Montreal Neurological

Institute space.

Abbreviation: BA: Broadman'’s area; IFG: inferior frontal gyrus; IPG: inferior parietal gyrus; ITG: inferior temporal gyrus; MCC: median cingulate cortex; MTG: middle

temporal gyrus; PreCG: precentral gyrus; SMA: supplementary motor area; SMG: supramarginal gyrus.
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significant publication bias, indicating the results may be driven by a
small subset of studies or by studies with small sample sizes. Low to
moderate between-study heterogeneity was found for the significant
peaks (7 = 32.10 %, 0.46 %, 4.10 %, 7.12 %, and 26.29 % for the left
ITG, MTG, IFG, IPG, and PreCG peak respectively).

Alterations of gray matter across dd and PDS

No significant clusters were found when DD and PDS were analyzed
together in the VBM analysis.

When child and adult participants were divided into subgroups, we
identified a significant reduction of GMV in the left IFG (peak at —46, 20,
0; —42, 22, 0; —46, 44, —2) in children (Fig. 3). No significant clusters
were found in adults. Funnel plots (eFigure 1I) and Egger’s test (Z =
—1.43, p = 0.15) showed no significant publication bias. Low between-
study heterogeneity was found for the significant peak (IZ = 9.87 %).

MACM results

The left ITG exhibited primary co-activation with bilateral frontal-
parietal regions, including the bilateral MFG/IFG, insula, and inferior/
superior parietal lobule (IPL/SPL). Additionally, co-activation extended
to bilateral occipital-temporal regions, encompassing the bilateral fusi-
form gyrus, left middle occipital/temporal gyrus, and right inferior oc-
cipital gyrus (Fig. 4A. and eTable 5). The left MTG was predominately
co-activated with the left MFG, IFG, insula, PreCG, ITG, and right MTG
(Fig. 4B and eTable 6). The left IPG was mainly co-activated with the
bilateral SMG, STG, and insula (Fig. 4C and eTable 7). The left SMG
primarily co-activated with the left MTG, IFG, right IPL, bilateral insula,
MFG, and right superior frontal gyrus (Fig. 4D and eTable 8).

Across all MACM results, the left insula region (MNI coordinates:
—44, 16, 2; 125 voxels) exhibited consistent co-activation with the brain
regions commonly associated with PDS and DD (Fig. 4E).

Behavioral domain analysis results

The left ITG exhibited higher levels of activity during attention and

X=-46

X=-42

Fig. 3. The results of structural atypical regions in children with disorders.

International Journal of Clinical and Health Psychology 24 (2024) 100519

semantic-related tasks (eFigure 3A). The left MTG showed enhanced
activation, particularly during semantic-related tasks (eFigure 3B). The
left IPG tended to display greater activity during attention-related tasks
(eFigure 3C). The left SMG demonstrated increased activation during
attention and social cognition-related tasks (eFigure 3D).

We also conducted a behavioral domain analysis on the common
coactivation region of the left insula across the MACM results. The left
insula tended to be more active during attention and speech tasks
(eFigure 3E).

Discussion

In this study, we employed a meta-analysis approach to identify
shared brain signatures associated with PDS and DD, two prevalent
developmental language disorders. First, by investigating task-related
fMRI studies, we observed shared hypoactivation in the left ITG
extending to the IPG when considering PDS and DD as a collective pa-
tient group, suggesting the shared function basis of spoken and written
language impairments. Furthermore, when differentiating between
children and adults, we found that the child group displayed significant
hypoactivation in several language regions, including the left ITG, IPG,
PreCG, MTG, and IFG, reflecting functional deficits in these develop-
mental disorders. In contrast, the adult group exhibited hyperactivation
in the motor cortex, suggesting a compensatory mechanism commonly
related to language disorders. By investigating VBM studies, we found
the anatomical alterations in the left IFG exclusively in children with DD
or PDS, but not in adult participants, suggesting a shared structural basis
for impairments in both written and spoken language disorders. Finally,
we conducted a database-based analysis to explore the functional con-
nectivity profiles of these shared brain regions and their related be-
haviors, aiming to understand how the functional and structural
alterations contribute to language development disorders. This study,
for the first time, revealed convergences in the functional and structural
brain alterations associated with PDS and DD, providing new insights
into the etiology of developmental language disorders.

X=-38

(]

3
Decreased GMV

Results showed a significant hypoactivation cluster of GMV in the left inferior frontal gyrus in children with DD and PDS compared to the control group. Regions that
survived with the statistical threshold set at p( 0.005, a cluster extent of 10 voxels and the peak SDM-Z ) 1. Coordinates reported in Montreal Neurological Institute

space.

Abbreviation: DD: developmental dyslexia; GMV: gray matter volume; PDS: persistent developmental stuttering.
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Coactivated regions during tasks

ROI Left

Left ITG

Left MTG

Left IPG

[D] LeftsmG

Z
0.01 I ] 045

Fig. 4. Interconnected brain network of common hypoactivation regions.
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[£]

Overlap
(MACM)

Left Insula

Note: MACM results display brain regions that are coactivated with the left ITG (A), MTG (B), IPG (C) and SMG (D) in task-based activation studies of healthy
participants from the BrainMap database, as well as a conjunction (E) across all 4 MACM maps. Coordinates reported in Montreal Neurological Institute space.
Abbreviation: IPG: inferior parietal gyrus; ITG: inferior temporal gyrus; MACM: meta-analytic connectivity modeling; MTG: middle temporal gyrus; SMG: supra-

marginal gyrus.
Shared functional hypoactivation across DD and PDS

We first searched shared functional signatures across language types
by combining DD and PDS into a single patient group. We found sig-
nificant hypoactivation in a large cluster centered at the left ITG
extending to the MTG, suggesting a universal functional disruption
across the two language disorders. The engagement of the ventral ITG in
visual orthographic processing, including the VWFA, has been well-
established in different written systems (Bolger et al., 2005; Martin
et al., 2016; McCandliss et al., 2003; Price, 2012; Richlan et al., 2011;
Van der Mark et al., 2009), although its specific role is debated (Price
etal., 2011). Thus, it is understandable to observe the dysfunction of the
VWFA in individuals with DD, as it is thought to underlie the impaired
capacity for orthographic recognition (Siok et al., 2004). On the other
hand, the involvement of the left ITG in both spoken and written lan-
guage processing has been evidenced by lesion studies (Luders et al.,
1991) and noninvasive neuroimaging studies (Demonet et al., 1992).
Accordingly, the ITG has been considered a hub for integrating auditory
and conceptual processing (Bonilha et al., 2017). Specifically, posterior
lateral temporal regions were sensitive to early processing, linking
auditory words to concepts, whereas anterior temporal regions were
likely involved in additional and deeper levels of semantic processing
(Bonilha et al., 2017). The aforementioned evidence is consistent with
the ventral route of the sound-meaning mapping process (Hickok &
Poeppel, 2007), which is indispensable to the perception and recogni-
tion of speech signals. Overall, the multifunctionality of the left ITG
contributes to its crucial roles in accounting for both written and spoken
language disorders. In this sense, our findings favor the hypothesis of
VWFA as an interaction interface between visual orthographic

information and high-level language (Price et al., 2011), rather than a
pure region for housing visual word forms (Dehaene & Cohen, 2011).

Alternatively, beyond its role in language functions, the VWFA has
recently been found to play a key role in attention. It is assumed to tune
and amplify a range of visual stimuli, preparing them for use by other
brain systems (Kay & Yeatman, 2017). Notably, reading and speaking
tasks involve cognitive resources recruiting frontal and temporal regions
(Peelle et al., 2004; Price, 2012). Thus, dysfunction of the VWFA may
result in different manifestations of language disorders by affecting
attention. Consistent with this perspective, we found coactivation be-
tween the left ITG and the left frontal-parietal attentional network in the
MACM analysis.

In addition, we found diminished activation in dorsal parietal re-
gions across DD and PDS, including IPG and SMG, suggesting that these
regions may serve as a shared functional basis of different language
disorders. Multiple fMRI studies have demonstrated the engagement of
the left IPG in auditory-motor integration in speech perception or pro-
duction, which is thought to facilitate the translation of speech repre-
sentation from the STG to motor representations in the frontal lobe
(Buchsbaum et al., 2001; Guenther, 2006; Hickok, 2012; Hickok et al.,
2003; Wikman & Rinne, 2019). Additionally, the IPG has been reported
to support the visual-motor integration process by coordinating visual
information with motor execution processes (Batista et al., 1999; Ker-
tzman et al., 1997; Ogawa & Inui, 2009; Sakata et al., 1995; Yuan &
Brown, 2015). Collectively, these studies underscore the pivotal role of
this parietal region in mediating sensory input and motor output, which
may contribute to the normal development of language function. Thus,
it is not surprising that individuals with language disorders exhibit
dysfunction in the left IPG, as they often manifest sensory-motor
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integration and learning deficits. Specifically, individuals with PDS
frequently show auditory-motor processing deficits (Assaneoet al.,
2022; Cai et al., 2012; Terband et al., 2014; Watkins, 2011), while those
with DD often show visual-motor processing deficits (Khatib et al., 2022;
Qian & Bi, 2014),

Alternatively, like the VWFA, the IPG/SMG has been posited as a
core region of the attention network (Corbetta & Shulman, 2002, 2011).
Moreover, our behavioral-domain analysis indicated that this region is
related to attention. Consequently, our findings illuminate the neural
basis of the frequently observed attention problems in language disor-
ders in behavioral studies (Crottaz-Herbette et al., 2004; Davachi et al.,
2001; Noterdaeme & Amorosa, 1999; Petersen et al., 2013; Sciberras
et al., 2014).

To further explore the functional significance of the shared regions
and their relation to developmental language disorders (DD and PDS),
we examined the functional connectivity patterns of these regions using
MACM. In our analysis of ventral temporal and dorsal parietal ROIs, we
observed consistent coactivation of the left insula. The insula has been
conceptualized as a key hub connecting Broca’s area, the superior
temporal and inferior parietal cortex, linking the different codes of
auditory perception (of the heard word), visual representation (of the
written word), and articulatory sequence (of the spoken word) and
converting between them (Paulesu et al., 1996). Functionally, lesion
studies (Baratelli et al., 2015; Marxreiter et al., 2019; Peskine et al.,
2008; Weiss et al., 2016) and fMRI studies (Ackermann & Riecker, 2004;
Hickok & Poeppel, 2004; Riecker et al., 2000) have elucidated the roles
of the insula in motor planning, speech motor control, auditory
comprehension, and written language processes. Additionally, previous
studies have demonstrated the role of the insula in domain-general
cognitive functions, including executive control (Markostamou et al.,
2015) and attention (Jarrahi et al., 2015; Kucyi et al., 2012; Qi et al.,
2021; Wynn et al.,, 2015). Consistent with neuroimaging studies,
behavioral-domain analysis also revealed predominant activation of the
left insula during attention and language tasks. Together, the disruption
of functional connectivity between the left insula and the left
temporal-parietal region may represent universal critical neural circuits
accounting for DD and PDS. Subsequent research should validate this
proposed functional connectivity role in the two language disorders.

Furthermore, our findings have implications for the dual-route
framework of speech, which postulates that the cortical architecture of
speech perception bifurcates into the ventral stream and the dorsal
stream (Hickok & Poeppel, 2004). The ventral stream traverses
ventro-laterally towards the inferior posterior temporal cortex, sup-
porting the mapping of sound onto meaning. The dorsal stream en-
compasses a region at the parietal-temporal juncture, eventually
terminating in frontal regions, supporting the mapping of sound onto
articulatory-based representations. The co-occurrence of dysfunction in
both the ITG and IPG suggests that individuals with PDS and DD may
face challenges in effectively integrating the ventral and dorsal routes,
leading to compounded difficulties in reading, speaking, and overall
language processing. Overall, these findings support the dual-route
model by illuminating how disruptions in specific brain regions can
affect both written and spoken language processing, emphasizing the
need for targeted interventions that address both routes in individuals
with language disorders.

Shared functional hyperactivation patterns related to DD and PDS

In our secondary meta-analyses, we found common hyperactivation
abnormalities in adult participants in the right PreCG, left SMA, and
MCC/ACC. Overactivation in the right hemisphere is frequently attrib-
uted to increased effort and compensatory strategies, reflecting the
development of complementary mechanisms to address deficits in the
left language network (Bach et al., 2010; Martin et al., 2016; Richlan
et al., 2009). This hyperactivation pattern aligns with the perspective
that less efficient processing involves greater "tissue use" (Hare et al.,
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2008; Poldrack, 2015), suggesting a common compensatory mechanism
in language impairment and related conditions (Cardebat et al., 1994;
Cocquyt et al., 2017; Dick et al., 2013; Kraegeloh-Mann, 2004). Neu-
roimaging studies have provided evidence of the involvement of the
PreCG in motor control, motor execution, and articulatory processes
(Bach et al., 2010; Jackson et al., 2019; Petersen et al., 1988; van
Ermingen-Marbach et al., 2013). Increased brain activation in the right
PreCG in individuals with DD or PDS may indicate compensation for
reliance on motor-articulation (Cao et al., 2017; Paulesu et al., 2014).

In addition, the MCC/ACC and SMA are motor cortices primarily
involved in planning motor sequences (Shibasaki et al., 1993; Tanji,
2001; Tanji & Shima, 1994). Specifically, the cingulate gyrus is related
to high-order motor control and monitors competition between re-
sponses, especially in task conditions eliciting conflict (Barch et al.,
2000). The SMA plays a key role in the selection, planning, and pro-
duction of voluntary hand movements, and it also contributes to speech
perception, production, reading, and writing (Alario et al., 2006; Her-
trich et al., 2016; Lima et al., 2016; Longcamp et al., 2019). Addition-
ally, the left SMA is associated with verbal short-term memory and
phonological rehearsal (Crottaz-Herbette et al., 2004; Davachi et al.,
2001), suggesting that higher activation may assist individuals with DD
or PDS in memorizing speeches and phonological structures. Finally, the
SMA has been implicated in supporting sequential processing (Cona &
Semenza, 2017), a critical component commonly involved in reading
and speaking. Thus, the hyperactivation of this region may reflect def-
icits in sequential processing related to language development, in
accordance with the procedural learning deficit hypothesis of develop-
mental language disorders (Ullman et al., 2020).

A perceptual-motor theory of speech perception connects perceptual
shaping and motor procedural knowledge in the human brain (Schwartz
et al., 2012). Neurophysiological studies support the coupling of motor
and sensory representations during speech perception and visual pro-
cessing of letters (Fadiga et al., 2002; James & Gauthier, 2006; Nakat-
suka et al., 2012). Thus, we propose that individuals with different
language disorders, whether related to written or spoken language, may
rely on motor strategies for compensating their language deficits during
development.

Despite the finding that children with these two disorders exhibited
reduced activation in several regions, we should be cautious about the
result because no studies specifically involving children with PDS were
included. The limited number of child studies leads us to speculate that
the current findings are likely driven by the results of DD. Therefore, we
did not discuss the results for children, and further studies are needed to
obtain reliable insights into the dysfunction associated with language
disorders in children.

The shared anatomical basis of DD and PDS

The meta-analysis of VBM studies failed to reveal any shared
anatomical alterations when combining both groups. However, in a
secondary analysis separating children and adults, we found that the left
IFG exhibited reduced GMV in children with written and spoken lan-
guage disorders. A structural MRI analysis of an inherited speech and
language disorder found reduced gray matter in the left IFG (Watkins
et al., 2002), suggesting similar structural changes in individuals with
spoken and written language disorders. Abundant evidence suggests
that the left IFG is related to semantic, speech, phonological processing,
and auditory-articulatory mapping (Beal et al., 2013; Booth et al., 2007;
Tomaiuolo et al., 2021). A meta-analysis of healthy individuals found
the left IFG (BA45, BA47) activation during both phonemic and se-
mantic fluency tasks, regardless of whether the design was overt or
covert (Wagner et al., 2014). Notably, all language disorders exhibit
core dysfluency features during speaking for PDS (Yairi & Ambrose,
1999) or reading for DD (Lyon et al., 2003), potentially stemming from
atypical structural problems in the left IFG.

However, we did not find overlaps between the functional and
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anatomical alterations in these two disorders. The relationship between
structure and function is a fundamental question in neuroscience. The
structural connectome shapes and constrains signaling transmission
between neuronal populations, resulting in complex neuronal coac-
tivation patterns that support perception, cognition, and other mental
functions (Bullmore & Sporns, 2009; Yang et al., 2023). The prevailing
hypothesis suggests that the structure-function relationship may grad-
ually decouple from unimodal to transmodal cortex (Suarez et al.,
2020), indicating that structure-function decoupling may not be an
inherent characteristic of brain architecture (Yang et al., 2023). Given
that language processing requires integration across modalities, such as
sensory-motor modality combination and corresponding modality under
different language modes (Li et al., 2022; Pattamadilok et al., 2019;
Schaeffner et al., 2016), our finding of no overlap between structural
and functional abnormalities is reasonable.

Implications and future perspectives

This study identified common brain signatures for DD and PDS,
implying the inherent connection between auditory and visual language
modalities. Early developmental studies have demonstrated interactions
between different language modalities, even if they exhibit uneven rates
of development (Berninger, 2000; Berninger & Abbott, 2010). Behav-
ioral studies show that phonological information efficiently enhances
letter recognition performance and modulates the brain’s response to
visually presented stimuli (Arguin & Bub, 1995; Madec et al., 2016;
Ziegler et al., 2000). Moreover, fMRI studies investigating neural sub-
strates in different language modes have identified common activation
in the premotor cortex during the processing of spoken and written
languages (Longcamp et al., 2019). These findings collectively suggest
the intertwined nature of different language modes, supporting our
discovery of a common neural basis among DD and PDS.

In addition, the present results carry profound implications for
further genetic research. Numerous genetic studies have identified a
shared genetic architecture that significantly contributes to the suscep-
tibility to both spoken and written language impairments, such as
FOXP2, CNTNAP2, and CMIP (Graham & Fisher, 2013; Newbury et al.,
2010; Paracchini, 2011; Whitehouse et al., 2011). Combining genetic
analysis and neuroimaging, other studies have implicated
language-related genes, such as Doublecortin Domain Containing 2
(DCDC2) and CNTNAP2, in gray matter distribution in language-related
brain regions, including the ITG (Meda et al., 2008; Paternico et al.,
2016). Enlightened by these results, certain genes originating from
specific core brain circuits are expected to serve as pivotal nodes within
gene networks intricately linked to spoken and written language
phenotypes.

Limitations

The current meta-analysis has several limitations. First, the meta-
analysis on children with DD or PDS found significant hypoactivation
in the left IPG and PreCG, which was likely driven by a small subset of
studies, as shown by asymmetry funnel plots (eFigure 1G&H). There-
fore, it should be noted that this part of results should be interpreted
with caution. Second, different linguistic tasks were used in the included
studies, which might bias the results of our study. The participants with
DD primarily engaged in reading-related tasks, while individuals with
PDS typically focused on speech production activities (speaking),
potentially eliciting distinct patterns of brain activation dependent on
the specific task. However, it is noteworthy that despite the disparate
tasks employed, our meta-analysis still identified common brain regions,
highlighting the existence of fundamental language processing mecha-
nisms underlying DD and PDS that transcend individual task demands.
Furthermore, fMRI studies have illuminated a similar underlying neural
network in both reading and speaking, encompassing a frontal-parietal-
temporal language network, such as the inferior frontal gyrus (Sahin
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etal., 2009), and the left occipitotemporal areas (Longcamp et al., 2019;
Qin et al., 2021), which to some extent reduce the impact of different
tasks. Given that only a limited number of studies with similar tasks
were included in the present meta-analysis, additional work is needed to
examine the influence of different tasks on the results. Third, the results
may be limited by the imbalance of studies between DD and PDS. To
address this issue, the initial meta-analysis included the type of language
disorders as a covariate for both fMRI and VBM data. Possibly, the VBM
meta-analysis on adults, which encompassed only six experiments, may
lack sufficient statistical power to detect decreased GMV. Future VBM
studies on adults with DD or PDS are expected to provide further in-
sights. Fourth, the results of the present analysis may be influenced by
language bias, given that only English publications were included.

Conclusions

The present study revealed shared brain abnormalities across DD and
PDS, two representative disorders of written and spoken language,
respectively. Functionally, we found that children and adults exhibited
shared hypoactivation in the left ITG extending to the IPG. When
differentiating between children and adults, children with DD or PDS
exhibited shared dysfunction in language-related regions, while adults
with DD or PDS exhibited compensatory hyperactivation in the motor
cortex. Anatomically, we identified decreased GMV only in the left IFG
in children with DD or PDS. Indeed, our findings do not imply that
phenotypic differences between language disorders are negligible.
Rather, identifying common neural markers sheds new light on the
neurological models of the causes of developmental language disorders,
and meanwhile emphasizes the importance of transdiagnostic neural
signatures in language disorders.

Declaration of competing interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Acknowledgements

This work was supported by the scientific and technological inno-
vation 2030-the major project of the Brain Science and Brain-Inspired
Intelligence Technology (2021ZD0200500) and the Beijing Natural
Science Foundation (5222027).

Supplementary materials

Supplementary material associated with this article can be found, in
the online version, at doi:10.1016/j.ijchp.2024.100519.

References

Ackermann, H., & Riecker, A. (2004). The contribution of the insula to motor aspects of
speech production: A review and a hypothesis [Article]. Brain and Language, 89(2),
320-328. https://doi.org/10.1016/50093-934X(03)00347-X

Alario, F. X., Chainay, H., Lehericy, S., & Cohen, L. (2006). The role of the supplementary
motor area (SMA) in word production. Brain Research, 1076, 129-143. https://doi.
org/10.1016/j.brainres.2005.11.104

Albajes-Eizagirre, A., Solanes, A., Angel Fullana, M., Ioannidis, J. P. A., Fusar-Poli, P.,
Torrent, C., et al. (2019). Meta-analysis of voxel-based neuroimaging studies using
seed-based d mapping with permutation of subject images (SDM-PSI) [Article]. Jove-
Journal of Visualized Experiments, (153), e59841. https://doi.org/10.3791/59841.
Article.

Algaidi, S. A., Sunyur, A. M., & Alshengiti, K. M. (2023). Dyslexia and stuttering: an
overview of processing deficits and the relationship between them [Journal Article
Review]. Cureus, 15(10). https://doi.org/10.7759/cureus.47051. e47051-e47051.

Ardila, A., Bateman, J. R., Nino, C. R., Pulido, E., Rivera, D. B., & Vanegas, C. J. (1994).
An epidemiologic study of stuttering [Journal Article]. Journal of Communication
Disorders, 27(1), 37-48. https://doi.org/10.1016/0021-9924(94)90009-4

Arguin, M., & Bub, D. (1995). Priming and response selection processes in letter
classification and identification tasks [Article]. Journal of Experimental Psychology-


https://doi.org/10.1016/j.ijchp.2024.100519
https://doi.org/10.1016/S0093-934X(03)00347-X
https://doi.org/10.1016/j.brainres.2005.11.104
https://doi.org/10.1016/j.brainres.2005.11.104
https://doi.org/10.3791/59841
https://doi.org/10.7759/cureus.47051
https://doi.org/10.1016/0021-9924(94)90009-4

H. Ren et al.

Human Perception And Performance, 21(5), 1199-1219. https://doi.org/10.1037/
0096-1523.21.5.1199

Assaneo, M. F., Ripollés, P., Tichenor, S. E., Yaruss, J. S., & Jackson, E. S. (2022). The
relationship between auditory-motor integration, interoceptive awareness, and self-
reported stuttering severity. Frontiers in Integrative Neuroscience, 16, Article 869571.
https://doi.org/10.3389/fnint.2022.869571. Article.

Astle, D. E., Holmes, J., Kievit, R., & Gathercole, S. E. (2022). Annual research review:
The transdiagnostic revolution in neurodevelopmental disorders. Journal of Child
Psychology and Psychiatry, 63(4), 397-417. https://doi.org/10.1111/jcpp.13481

Bach, S., Brandeis, D., Hofstetter, C., Martin, E., Richardson, U., & Brem, S. (2010). Early
emergence of deviant frontal fMRI activity for phonological processes in poor
beginning readers. Neuroimage, 53(2), 682-693. https://doi.org/10.1016/j.
neuroimage.2010.06.039

Baratelli, E., Laiacona, M., & Capitani, E. (2015). Language disturbances associated to
insular and entorhinal damage: Study of a patient affected by herpetic encephalitis
[Article]. Neurocase, 21(3), 299-308. https://doi.org/10.1080/
13554794.2014.892623

Barch, D. M., Braver, T. S., Sabb, F. W., & Noll, D. C. (2000). Anterior cingulate and the
monitoring of response conflict: Evidence from an fMRI study of overt verb
generation. Journal of Cognitive Neuroscience, 12(2), 298-309. https://doi.org/
10.1162/089892900562110

Batista, A. P., Buneo, C. A., Snyder, L. H., & Andersen, R. A. (1999). Reach plans in eye-
centered coordinates. Science (New York, N.Y.), 285(5425), 257-260. https://doi.
org/10.1126/science.285.5425.257

Beal, D. S., Cheyne, D. O., Gracco, V. L., Quraan, M. A., Taylor, M. J., & De Nil, L. F.
(2010). Auditory evoked fields to vocalization during passive listening and active
generation in adults who stutter [Article]. Neuroimage, 52(4), 1645-1653. https://
doi.org/10.1016/j.neuroimage.2010.04.277

Beal, D. S., Gracco, V. L., Brettschneider, J., Kroll, R. M., & De Nil, L. F. (2013). A voxel-
based morphometry (VBM) analysis of regional grey and white matter volume
abnormalities within the speech production network of children who stutter. Cortex;
a journal devoted to the study of the nervous system and behavior, 49(8), 2151-2161.
https://doi.org/10.1016/j.cortex.2012.08.013

Berninger, V. W. (2000). Development of language by hand and its connections with
language by ear, mouth, and eye [Article]. Topics in Language DisorderS, 20(4),
65-84. https://doi.org/10.1097,/00011363-200020040-00007

Berninger, V. W., & Abbott, R. D. (2010). Listening Comprehension, Oral Expression,
Reading Comprehension, and Written Expression: Related Yet Unique Language
Systems in Grades 1, 3, 5, and 7. Journal of Educational Psychology, 102(3), 635-651.
https://doi.org/10.1037/20019319

Bishop, D. V. M., & Snowling, M. J. (2004). Developmental dyslexia and specific
language impairment: Same or different? Psychological Bulletin, 130(6), 858-886.
https://doi.org/10.1037/0033-2909.130.6.858

Bolger, D. J., Perfetti, C. A., & Schneider, W. (2005). Cross-cultural effect on the brain
revisited: Universal structures plus writing system variation. Human Brain Mapping,
25(1), 92-104. https://doi.org/10.1002/hbm.20124

Bonilha, L., Hillis, A. E., Hickok, G., den Ouden, D. B., Rorden, C., & Fridriksson, J.
(2017). Temporal lobe networks supporting the comprehension of spoken words.
Brain : a journal of neurology, 140, 2370-2380. https://doi.org/10.1093/brain/
awx169

Booth, J. R., Bebko, G., Burman, D. D., & Bitan, T. (2007). Children with reading disorder
show modality independent brain abnormalities during semantic tasks.
Neuropsychologia, 45(4), 775-783. https://doi.org/10.1016/j.
neuropsychologia.2006.08.015

Brown, S., Ingham, R. J., Ingham, J. C., Laird, A. R., & Fox, P. T. (2005). Stuttered and
fluent speech production: An ALE meta-analysis of functional neuroimaging studies.
Human brain mapping, 25(1), 105-117. https://doi.org/10.1002/hbm.20140

Biichel, C., & Sommer, M. (2004). What causes stuttering? [Editorial Material]. Plos
Biology, 2(2), 159-163. https://doi.org/10.1371/journal.pbio.0020046. Article e46.

Buchsbaum, B. R., Hickok, G., & Humpbhries, C. (2001). Role of left posterior superior
temporal gyrus in phonological processing for speech perception and production
[Article]. Cognitive Science, 25(5), 663-678. https://doi.org/10.1016/50364-0213
(01)00048-9

Bullmore, E. T., & Sporns, O. (2009). Complex brain networks: Graph theoretical analysis
of structural and functional systems. Nature Reviews Neuroscience, 10(3), 186-198.
https://doi.org/10.1038/nrn2575

Byrd, C. T., Conture, E. G., & Ohde, R. N. (2007). Phonological priming in young children
who stutter: Holistic versus incremental processing. American Journal of Speech-
Language Pathology, 16(1), 43-53. https://doi.org/10.1044,/1058-0360(2007/006

Cai, S. Q., Beal, D. S., Ghosh, S. S., Tiede, M. K., Guenther, F. H., & Perkell, J. S. (2012).
Weak responses to auditory feedback perturbation during articulation in persons
who stutter: Evidence for abnormal auditory-motor transformation. Plos One, 7(7),
e41830. https://doi.org/10.1371/journal.pone.0041830. Article.

Cao, F., Yan, X., Wang, Z., Liu, Y., Wang, J., Spray, G. J., et al. (2017). Neural signatures
of phonological deficits in Chinese developmental dyslexia [Article]. Neuroimage,
146, 301-311. https://doi.org/10.1016/j.neuroimage.2016.11.051

Cardebat, D., Demonet, J. F., Celsis, P., Puel, M., Viallard, G., & Marcvergnes, J. P.
(1994). Right temporal compensatory mechanisms in a deep dysphasic patient - A
case-report with activation study by spect. Neuropsychologia, 32(1), 97-103. https://
doi.org/10.1016/0028-3932(94)90072-8

Catts, H. W., Adlof, S. M., Hogan, T. P., & Weismer, S. E. (2005). Are specific language
impairment and dyslexia distinct disorders? [Article]. Journal Of Speech Language
and Hearing Research, 48(6), 1378-1396. https://doi.org/10.1044/1092-4388
(2005/096

10

International Journal of Clinical and Health Psychology 24 (2024) 100519

Chang, S. E., Erickson, K. I., Ambrose, N. G., Hasegawa-Johnson, M. A., & Ludlow, C. L.
(2008). Brain anatomy differences in childhood stuttering. Neuroimage, 39(3),
1333-1344. https://doi.org/10.1016/j.neuroimage.2007.09.067

Cocquyt, E. M., De Ley, L., Santens, P., Van Borsel, J., & De Letter, M. (2017). The role of
the right hemisphere in the recovery of stroke-related aphasia: A systematic review.
Journal of Neurolinguistics, 44, 68-90. https://doi.org/10.1016/j.
jneuroling.2017.03.004

Cona, G., & Semenza, C. (2017). Supplementary motor area as key structure for domain-
general sequence processing: A unified account. Neuroscience & Biobehavioral
Reviews, 72, 28-42.

Connally, E. L., Ward, D., Pliatsikas, C., Finnegan, S., Jenkinson, M., Boyles, R., et al.
(2018). Separation of trait and state in stuttering [Article]. Human Brain Mapping, 39
(8), 3109-3126. https://doi.org/10.1002/hbm.24063

Corbetta, M., & Shulman, G. L. (2002). Control of goal-directed and stimulus-driven
attention in the brain. Nature Reviews Neuroscience, 3(3), 201-215. https://doi.org/
10.1038/nrn755

Corbetta, M., & Shulman, G. L. (2011). Spatial neglect and attention networks. Annual
Review of Neuroscience, 34, 569-599. https://doi.org/10.1146/annurev-neuro-
061010-113731

Cortese, S., Castellanos, F. X., Eickhoff, C. R., D’Acunto, G., Masi, G., Fox, P. T., et al.
(2016). Functional decoding and meta-analytic connectivity modeling in adult
attention-deficit/hyperactivity disorder. Biological Psychiatry, 80(12), 896-904.
https://doi.org/10.1016/j.biopsych.2016.06.014

Crottaz-Herbette, S., Anagnoson, R. T., & Menon, V. (2004). Modality effects in verbal
working memory: Differential prefrontal and parietal responses to auditory and
visual stimuli. Neuroimage, 21(1), 340-351. https://doi.org/10.1016/j.
neuroimage.2003.09.019

Davachi, L., Maril, A., & Wagner, A. D. (2001). When keeping in mind supports later
bringing to mind: Neural markers of phonological rehearsal predict subsequent
remembering. Journal of Cognitive Neuroscience, 13(8), 1059-1070. https://doi.org/
10.1162/089892901753294356

Dehaene, S., & Cohen, L. (2011). The unique role of the visual word form area in reading
[Review]. Trends in Cognitive Sciences, 15(6), 254-262. https://doi.org/10.1016/j.
tics.2011.04.003

Demonet, J. F., Chollet, F., Ramsay, S., Cardebat, D., Nespoulous, J. L., Wise, R., et al.
(1992). The anatomy of phonological and semantic processing in normal subjects.
Brain : a journal of neurology, 115, 1753-1768. https://doi.org/10.1093/brain/
115.6.1753

Dick, A. S., Beharelle, A. R., Solodkin, A., & Small, S. L. (2013). Interhemispheric
functional connectivity following prenatal or perinatal brain injury predicts
receptive language outcome. Journal of Neuroscience, 33(13), 5612-5625. https://
doi.org/10.1523/JNEUROSCI.2851-12.2013

Eckert, M. A., Berninger, V. W., Vaden, K. L., Jr., Gebregziabher, M., Tsu, L., & Dyslexia
Data, C. (2016). Gray matter features of reading disability: a combined meta-analytic
and direct analysis approach [Article]. Eneuro, 3(1). https://doi.org/10.1523/
ENEURO.0103-15.2015. Article 0103-15.2015.

Eickhoff, S. B., Bzdok, D., Laird, A. R., Kurth, F., & Fox, P. T. (2012). Activation
likelihood estimation meta-analysis revisited. Neuroimage, 59(3), 2349-2361.
https://doi.org/10.1016/j.neuroimage.2011.09.017

Eickhoff, S. B., Bzdok, D., Laird, A. R., Roski, C., Caspers, S., Zilles, K., et al. (2011). Co-
activation patterns distinguish cortical modules, their connectivity and functional
differentiation. Neuroimage, 57(3), 938-949. https://doi.org/10.1016/j.
neuroimage.2011.05.021

Eickhoff, S. B., Nichols, T. E., Laird, A. R., Hoffstaedter, F., Amunts, K., Fox, P. T., et al.
(2016). Behavior, sensitivity, and power of activation likelihood estimation
characterized by massive empirical simulation. Neuroimage, 137, 70-85. https://doi.
org/10.1016/j.neuroimage.2016.04.072

Elsherif, M. M., Wheeldon, L. R., & Frisson, S. (2021). Do dyslexia and stuttering share a
processing deficit? [Article]. Journal of Fluency Disorders, 67, Article 105827.
https://doi.org/10.1016/j.jfludis.2020.105827. Article.

Fadiga, L., Craighero, L., Buccino, G., & Rizzolatti, G. (2002). Speech listening
specifically modulates the excitability of tongue muscles: A TMS study. European
Journal of Neuroscience, 15(2), 399-402. https://doi.org/10.1046/j.0953-
816x.2001.01874.x

Garnett, E. O., Chow, H. M., Choo, A. L., & Chang, S. E. (2019). Stuttering severity
modulates effects of non-invasive brain stimulation in adults who stutter. Frontiers in
human neuroscience, 13, 411. https://doi.org/10.3389/fnhum.2019.00411

Garnett, E. O., Chow, H. M., Nieto-Castanon, A., Tourville, J. A., Guenther, F. H., &
Chang, S. E. (2018). Anomalous morphology in left hemisphere motor and premotor
cortex of children who stutter. Brain : a journal of neurology, 141, 2670-2684.
https://doi.org/10.1093/brain/awy199

Gertsovski, A., & Ahissar, M. (2022). Reduced learning of sound categories in dyslexia is
associated with reduced regularity-induced auditory cortex adaptation [Article].
Journal of Neuroscience, 42(7), 1328-1342. https://doi.org/10.1523/
JNEUROSCI.1533-21.2021

Goodkind, M., Eickhoff, S. B., Oathes, D. J., Jiang, Y., Chang, A., Jones-Hagata, L. B.,
et al. (2015). Identification of a common neurobiological substrate for mental illness.
Jama Psychiatry, 72(4), 305-315. https://doi.org/10.1001/
jamapsychiatry.2014.2206

Goswami, U. (2015). Sensory theories of developmental dyslexia: Three challenges for
research. Nature Reviews Neuroscience, 16(1), 43-54. https://doi.org/10.1038/
nrn3836

Graham, S. A., & Fisher, S. E. (2013). Decoding the genetics of speech and language.
Current Opinion in Neurobiology, 23(1), 43-51. https://doi.org/10.1016/].
conb.2012.11.006


https://doi.org/10.1037/0096-1523.21.5.1199
https://doi.org/10.1037/0096-1523.21.5.1199
https://doi.org/10.3389/fnint.2022.869571
https://doi.org/10.1111/jcpp.13481
https://doi.org/10.1016/j.neuroimage.2010.06.039
https://doi.org/10.1016/j.neuroimage.2010.06.039
https://doi.org/10.1080/13554794.2014.892623
https://doi.org/10.1080/13554794.2014.892623
https://doi.org/10.1162/089892900562110
https://doi.org/10.1162/089892900562110
https://doi.org/10.1126/science.285.5425.257
https://doi.org/10.1126/science.285.5425.257
https://doi.org/10.1016/j.neuroimage.2010.04.277
https://doi.org/10.1016/j.neuroimage.2010.04.277
https://doi.org/10.1016/j.cortex.2012.08.013
https://doi.org/10.1097/00011363-200020040-00007
https://doi.org/10.1037/a0019319
https://doi.org/10.1037/0033-2909.130.6.858
https://doi.org/10.1002/hbm.20124
https://doi.org/10.1093/brain/awx169
https://doi.org/10.1093/brain/awx169
https://doi.org/10.1016/j.neuropsychologia.2006.08.015
https://doi.org/10.1016/j.neuropsychologia.2006.08.015
https://doi.org/10.1002/hbm.20140
https://doi.org/10.1371/journal.pbio.0020046
https://doi.org/10.1016/S0364-0213(01)00048-9
https://doi.org/10.1016/S0364-0213(01)00048-9
https://doi.org/10.1038/nrn2575
https://doi.org/10.1044/1058-0360(2007/006
https://doi.org/10.1371/journal.pone.0041830
https://doi.org/10.1016/j.neuroimage.2016.11.051
https://doi.org/10.1016/0028-3932(94)90072-8
https://doi.org/10.1016/0028-3932(94)90072-8
https://doi.org/10.1044/1092-4388(2005/096
https://doi.org/10.1044/1092-4388(2005/096
https://doi.org/10.1016/j.neuroimage.2007.09.067
https://doi.org/10.1016/j.jneuroling.2017.03.004
https://doi.org/10.1016/j.jneuroling.2017.03.004
http://refhub.elsevier.com/S1697-2600(24)00084-X/sbref0032
http://refhub.elsevier.com/S1697-2600(24)00084-X/sbref0032
http://refhub.elsevier.com/S1697-2600(24)00084-X/sbref0032
https://doi.org/10.1002/hbm.24063
https://doi.org/10.1038/nrn755
https://doi.org/10.1038/nrn755
https://doi.org/10.1146/annurev-neuro-061010-113731
https://doi.org/10.1146/annurev-neuro-061010-113731
https://doi.org/10.1016/j.biopsych.2016.06.014
https://doi.org/10.1016/j.neuroimage.2003.09.019
https://doi.org/10.1016/j.neuroimage.2003.09.019
https://doi.org/10.1162/089892901753294356
https://doi.org/10.1162/089892901753294356
https://doi.org/10.1016/j.tics.2011.04.003
https://doi.org/10.1016/j.tics.2011.04.003
https://doi.org/10.1093/brain/115.6.1753
https://doi.org/10.1093/brain/115.6.1753
https://doi.org/10.1523/JNEUROSCI.2851-12.2013
https://doi.org/10.1523/JNEUROSCI.2851-12.2013
https://doi.org/10.1523/ENEURO.0103-15.2015
https://doi.org/10.1523/ENEURO.0103-15.2015
https://doi.org/10.1016/j.neuroimage.2011.09.017
https://doi.org/10.1016/j.neuroimage.2011.05.021
https://doi.org/10.1016/j.neuroimage.2011.05.021
https://doi.org/10.1016/j.neuroimage.2016.04.072
https://doi.org/10.1016/j.neuroimage.2016.04.072
https://doi.org/10.1016/j.jfludis.2020.105827
https://doi.org/10.1046/j.0953-816x.2001.01874.x
https://doi.org/10.1046/j.0953-816x.2001.01874.x
https://doi.org/10.3389/fnhum.2019.00411
https://doi.org/10.1093/brain/awy199
https://doi.org/10.1523/JNEUROSCI.1533-21.2021
https://doi.org/10.1523/JNEUROSCI.1533-21.2021
https://doi.org/10.1001/jamapsychiatry.2014.2206
https://doi.org/10.1001/jamapsychiatry.2014.2206
https://doi.org/10.1038/nrn3836
https://doi.org/10.1038/nrn3836
https://doi.org/10.1016/j.conb.2012.11.006
https://doi.org/10.1016/j.conb.2012.11.006

H. Ren et al.

Guenther, F. H. (2006). Cortical interactions underlying the production of speech sounds
[Article Proceedings Paper]. Journal Of Communication Disorders, 39(5), 350-365.
https://doi.org/10.1016/j.jcomdis.2006.06.013

Hancock, R., Richlan, F., & Hoeft, F. (2017). Possible roles for fronto-striatal circuits in
reading disorder. Neuroscience and Biobehavioral Reviews, 72, 243-260. https://doi.
org/10.1016/j.neubiorev.2016.10.025

Hare, T. A., Tottenham, N., Galvan, A., Voss, H. U., Glover, G. H., & Casey, B. J. (2008).
Biological substrates of emotional reactivity and regulation in adolescence during an
emotional go-nogo task. Biological Psychiatry, 63(10), 927-934. https://doi.org/
10.1016/j.biopsych.2008.03.015

Hertrich, 1., Dietrich, S., & Ackermann, H. (2016). The role of the supplementary motor
area for speech and language processing. Neuroscience and Biobehavioral Reviews, 68,
602-610. https://doi.org/10.1016/j.neubiorev.2016.06.030

Hickok, G. (2012). Computational neuroanatomy of speech production. Nature Reviews
Neuroscience, 13(2), 135-145. https://doi.org/10.1038/nrn3158

Hickok, G., Buchsbaum, B., Humphries, C., & Muftuler, T. (2003). Auditory-motor
interaction revealed by fMRI: Speech, music, and working memory in area Spt
[Article]. Journal of Cognitive Neuroscience, 15(5), 673-682. https://doi.org/
10.1162/089892903322307393

Hickok, G., & Poeppel, D. (2004). Dorsal and ventral streams: A framework for
understanding aspects of the functional anatomy of language [Review]. Cognition, 92
(1-2), 67-99. https://doi.org/10.1016/j.cognition.2003.10.011

Hickok, G., & Poeppel, D. (2007). Opinion - The cortical organization of speech
processing [Review]. Nature Reviews Neuroscience, 8(5), 393-402. https://doi.org/
10.1038/nrn2113

Higgins, J. P. T., & Thompson, S. G. (2002). Quantifying heterogeneity in a meta-analysis
[Article Proceedings Paper] Statistics in Medicine, 21(11), 1539-1558. https://doi.
org/10.1002/sim.1186.

Jackson, E. S., Wijeakumar, S., Beal, D. S., Brown, B., Zebrowski, P., & Spencer, J. P.
(2019). A fNIRS investigation of speech planning and execution in adults who stutter
[Article]. Neuroscience, 406, 73-85. https://doi.org/10.1016/j.
neuroscience.2019.02.032

Jaffe-Dax, S., Kimel, E., & Ahissar, M. (2018). Shorter cortical adaptation in dyslexia is
broadly distributed in the superior temporal lobe and includes the primary auditory
cortex [Article]. Elife, 7, e30018. https://doi.org/10.7554/eLife.30018. Article.

James, K. H., & Gauthier, I. (2006). Letter processing automatically recruits a sensory-
motor brain network. Neuropsychologia, 44(14), 2937-2949. https://doi.org/
10.1016/j.neuropsychologia.2006.06.026

Jarrahi, B., Mantini, D., Balsters, J. H., Michels, L., Kessler, T. M., Mehnert, U., et al.
(2015). Differential functional brain network connectivity during visceral
interoception as revealed by independent component analysis of fMRI time-series.
Human Brain Mapping, 36(11), 4438-4468. https://doi.org/10.1002/hbm.22929

Jovicich, J., Marizzoni, M., Sala-Llonch, R., Bosch, B., Bartres-Faz, D., Arnold, J., et al.
(2013). Brain morphometry reproducibility in multi-center 3 T MRI studies: A
comparison of cross-sectional and longitudinal segmentations [Article]. Neuroimage,
83, 472-484. https://doi.org/10.1016/j.neuroimage.2013.05.007

Kay, K. N., & Yeatman, J. D. (2017). Bottom-up and top-down computations in word-and
face-selective cortex. Elife, 6, €22341. https://doi.org/10.7554/eLife.22341. Article.

Kertzman, C., Schwarz, U., Zeffiro, T. A., & Hallett, M. (1997). The role of posterior
parietal cortex in visually guided reaching movements in humans. Experimental Brain
Research, 114(1), 170-183. https://doi.org/10.1007/PLO0005617

Khatib, L., Li, Y., Geary, D., & Popov, V. (2022). Meta-analysis on the relation between
visuomotor integration and academic achievement: Role of educational stage and
disability [Article]. Educational Research Review, 35, Article 100412. https://doi.org/
10.1016/j.edurev.2021.100412. Article.

Koomar, T., & Michaelson, J. J. (2020). Genetic intersections of language and
neuropsychiatric conditions. Current Psychiatry Reports, 22(1), 4. https://doi.org/
10.1007/s11920-019-1123-z. Article.

Kraegeloh-Mann, I. (2004). Imaging of early brain injury and cortical plasticity [Article].
Experimental Neurology, 190(Suppl. 1), S84-S90.

Krishnan, S., Watkins, K. E., & Bishop, D. V. M (2016). Neurobiological Basis of Language
Learning Difficulties. Trends in Cognitive Sciences, 20(9), 701-714. https://doi.org/
10.1016/j.tics.2016.06.012

Kucyi, A., Hodaie, M., & Davis, K. D. (2012). Lateralization in intrinsic functional
connectivity of the temporoparietal junction with salience- and attention-related
brain networks. Journal of NeurophysiologY, 108(12), 3382-3392. https://doi.org/
10.1152/jn.00674.2012

Kuhl, U., Neef, N. E., Kraft, 1., Schaadt, G., Doerr, L., Brauer, J., et al. (2020). The
emergence of dyslexia in the developing brain [Article]. Neuroimage, 211, Article
116633. https://doi.org/10.1016/j.neuroimage.2020.116633. Article.

Laird, A. R., Eickhoff, S. B., Kurth, F., Fox, P. M., Uecker, A. M., Turner, J. A., et al.
(2009a). ALE Meta-Analysis Workflows Via the Brainmap Database: Progress
Towards A Probabilistic Functional Brain Atlas [Journal Article]. Frontiers in
neuroinformatics, 3. https://doi.org/10.3389/neuro.11.023.2009, 23-23.

Laird, A. R., Eickhoff, S. B., Li, K., Robin, D. A, Glahn, D. C., & Fox, P. T. (2009b).
Investigating the functional heterogeneity of the default mode network using
coordinate-based meta-analytic modeling. Journal of Neuroscience, 29(46),
14496-14505. https://doi.org/10.1523/JNEUROSCI.4004-09.2009

Li, L., Jiang, J., Wu, B. L., Lin, J. P., Roberts, N., Sweeney, J. A., et al. (2023). Distinct
gray matter abnormalities in children/adolescents and adults with history of
childhood maltreatment. Neuroscience and Biobehavioral Reviews, 153, Article
105376. https://doi.org/10.1016/j.neubiorev.2023.105376. Article.

Li, Q. Z., Zhang, Y. J., Sun, S. Y., Wu, J. T., Zhao, X. G., & Tan, M. (2022). Cross-modality
synergy network for referring expression comprehension and segmentation.

NEUROCOMPUTING, 467, 99-114. https://doi.org/10.1016/j.neucom.2021.09.066

11

International Journal of Clinical and Health Psychology 24 (2024) 100519

Li, Y.Z., & Bi, H.Y. (2022). Comparative research on neural dysfunction in children with
dyslexia under different writing systems: A meta-analysis study. Neuroscience and
Biobehavioral Reviews, 137. https://doi.org/ARTN 104650 10.1016/j.
neubiorev.2022.104650.

Liégeois, F., Mayes, A., & Morgan, A. (2014). Neural correlates of developmental speech
and language disorders: evidence from neuroimaging. Current developmental disorders
reports, 1(3), 215-227. https://doi.org/10.1007/540474-014-0019-1

Lima, C. F., Krishnan, S., & Scott, S. K. (2016). Roles of supplementary motor areas in
auditory processing and auditory imagery. Trends in Neurosciences, 39(8), 527-542.
https://doi.org/10.1016/j.tins.2016.06.003

Linkersdoerfer, J., Lonnemann, J., Lindberg, S., Hasselhorn, M., & Fiebach, C. J. (2012).
Grey matter alterations co-localize with functional abnormalities in developmental
dyslexia: An ALE meta-analysis [Article]. PLOS ONE, 7(8), e43122. https://doi.org/
10.1371/journal.pone.0043122. Article.

Liu, J., Wang, Z. S., Huo, Y. K., Davidson, S. M., Klahr, K., Herder, C. L., et al. (2014).
A functional imaging study of self-regulatory capacities in persons who stutter. Plos
One, 9(2), e89891. https://doi.org/10.1371/journal.pone.0089891. Article.

Longcamp, M., Hupé, J. M., Ruiz, M., Vayssiére, N., & Sato, M. (2019). Shared premotor
activity in spoken and written communication. Brain and Language, 199, Article
104694. https://doi.org/10.1016/j.bandl.2019.104694. Article.

Luders, H., Lesser, R. P., Hahn, J., Dinner, D. S., Morris, H. H., Wyllie, E., et al. (1991).
Basal temporal language area [Article]. Brain : A Journal of Neurology, 114, 743-754.
https://doi.org/10.1093/brain/114.2.743

Lyon, G. R., Shaywitz, S. E., & Shaywitz, B. A. (2003). A definition of dyslexia. Annals of
Dyslexia, 53, 1-14. https://doi.org/10.1007/s11881-003-0001-9

Madec, S., Le Goff, K., Anton, J. L., Longcamp, M., Velay, J. L., Nazarian, B., et al. (2016).
Brain correlates of phonological recoding of visual symbols. Neuroimage, 132,
359-372. https://doi.org/10.1016/j.neuroimage.2016.02.010

Markostamou, I., Rudolf, J., Tsiptsios, I., & Kosmidis, M. H. (2015). Impaired executive
functioning after left anterior insular stroke: A case report [Article]. NEUROCASE, 21
(2), 148-153. https://doi.org/10.1080/13554794.2013.878725

Martin, A., Kronbichler, M., & Richlan, F. (2016). Dyslexic brain activation abnormalities
in deep and shallow orthographies: A Meta-analysis of 28 functional neuroimaging
studies. Human Brain Mapping, 37(7), 2676-2699. https://doi.org/10.1002/
hbm.23202

Marxreiter, F., Utz, K., Schlachetzki, J. C. M., Seifert, F., Schmidt, M., Doerfler, A., et al.
(2019). Transient naming deficits associated with insular lesions in a patient with
encephalitis [Article]. Neurocase, 25(6), 243-250. https://doi.org/10.1080/
13554794.2019.1668421

McCandliss, B. D., Cohen, L., & Dehaene, S. (2003). The visual word form area: Expertise
for reading in the fusiform gyrus. Trends in Cognitive Sciences, 7(7), 293-299. https://
doi.org/10.1016/51364-6613(03)00134-7

Meda, S. A., Gelernter, J., Gruen, J. R., Calhoun, V. D., Meng, H. Y., Cope, N. A,, et al.
(2008). Polymorphism of DCDC2Reveals differences in cortical morphology of
healthy individuals-a preliminary voxel based morphometry study. Brain Imaging and
Behavior, 2(1), 21-26. https://doi.org/10.1007/s11682-007-9012-1

Mueller, V. L., Cieslik, E. C., Laird, A. R., Fox, P. T., Radua, J., Mataix-Cols, D., et al.
(2018). Ten simple rules for neuroimaging meta-analysis [Review]. Neuroscience and
Biobehavioral Reviews, 84, 151-161. https://doi.org/10.1016/j.
neubiorev.2017.11.012

Nakatsuka, M., Thabit, M. N., Koganemaru, S., Nojima, I., Fukuyama, H., & Mima, T.
(2012). Writing’s Shadow: corticospinal activation during letter observation. Journal
of Cognitive Neuroscience, 24(5), 1138-1148. https://doi.org/10.1162/jocn_a_00205

Newbury, D. F., Fisher, S. E., & Monaco, A. P. (2010). Recent advances in the genetics of
language impairment. Genome Medicine, 2, 6. https://doi.org/10.1186/gm127.
Article.

Noterdaeme, M., & Amorosa, H. (1999). Evaluation of emotional and behavioral
problems in language impaired children using the Child Behavior Checklist.
European Child & Adolescent Psychiatry, 8(2), 71-77. https://doi.org/10.1007/
5007870050087

Ogawa, K., & Inui, T. (2009). The role of the posterior parietal cortex in drawing by
copying. Neuropsychologia, 47(4), 1013-1022. https://doi.org/10.1016/j.
neuropsychologia.2008.10.022

Paracchini, S. (2011). Dissection of genetic associations with language-related traits in
population-based cohorts. Journal of Neurodevelopmental Disorders, 3(4), 365-373.
https://doi.org/10.1007/s11689-011-9091-6

Paternico, D., Manes, M., Premi, E., Cosseddu, M., Gazzina, S., Alberici, A., et al. (2016).
Frontotemporal dementia and language networks: Cortical thickness reduction is
driven by dyslexia susceptibility genes. Scientific Reports, 6, 30848. https://doi.org/
10.1038/srep30848. Article.

Pattamadilok, C., Planton, S., & Bonnard, M. (2019). Spoken language coding neurons in
the visual word form area: Evidence from a TMS adaptation paradigm. Neuroimage,
186, 278-285. https://doi.org/10.1016/j.neuroimage.2018.11.014

Paulesu, E., Danelli, L., & Berlingeri, M. (2014). Reading the dyslexic brain: Multiple
dysfunctional routes revealed by a new meta-analysis of PET and fMRI activation
studies. Frontiers in Human Neuroscience, 8, 830. https://doi.org/10.3389/
fnhum.2014.00830. Article.

Paulesu, E., Frith, U., Snowling, M., Gallagher, A., Morton, J., Frackowiak, R. S. J., et al.
(1996). Is developmental dyslexia a disconnection syndrome? Evidence from PET
scanning. Brain : a journal of neurology, 119, 143-157. https://doi.org/10.1093/
brain/119.1.143

Peelle, J. E., McMillan, C., Moore, P., Grossman, M., & Wingfield, A. (2004). Dissociable
patterns of brain activity during comprehension of rapid and syntactically complex
speech: Evidence from fMRI. Brain and Language, 91(3), 315-325. https://doi.org/
10.1016/j.bandl.2004.05.007


https://doi.org/10.1016/j.jcomdis.2006.06.013
https://doi.org/10.1016/j.neubiorev.2016.10.025
https://doi.org/10.1016/j.neubiorev.2016.10.025
https://doi.org/10.1016/j.biopsych.2008.03.015
https://doi.org/10.1016/j.biopsych.2008.03.015
https://doi.org/10.1016/j.neubiorev.2016.06.030
https://doi.org/10.1038/nrn3158
https://doi.org/10.1162/089892903322307393
https://doi.org/10.1162/089892903322307393
https://doi.org/10.1016/j.cognition.2003.10.011
https://doi.org/10.1038/nrn2113
https://doi.org/10.1038/nrn2113
https://doi.org/10.1002/sim.1186
https://doi.org/10.1002/sim.1186
https://doi.org/10.1016/j.neuroscience.2019.02.032
https://doi.org/10.1016/j.neuroscience.2019.02.032
https://doi.org/10.7554/eLife.30018
https://doi.org/10.1016/j.neuropsychologia.2006.06.026
https://doi.org/10.1016/j.neuropsychologia.2006.06.026
https://doi.org/10.1002/hbm.22929
https://doi.org/10.1016/j.neuroimage.2013.05.007
https://doi.org/10.7554/eLife.22341
https://doi.org/10.1007/PL00005617
https://doi.org/10.1016/j.edurev.2021.100412
https://doi.org/10.1016/j.edurev.2021.100412
https://doi.org/10.1007/s11920-019-1123-z
https://doi.org/10.1007/s11920-019-1123-z
http://refhub.elsevier.com/S1697-2600(24)00084-X/sbref0072
http://refhub.elsevier.com/S1697-2600(24)00084-X/sbref0072
https://doi.org/10.1016/j.tics.2016.06.012
https://doi.org/10.1016/j.tics.2016.06.012
https://doi.org/10.1152/jn.00674.2012
https://doi.org/10.1152/jn.00674.2012
https://doi.org/10.1016/j.neuroimage.2020.116633
https://doi.org/10.3389/neuro.11.023.2009
https://doi.org/10.1523/JNEUROSCI.4004-09.2009
https://doi.org/10.1016/j.neubiorev.2023.105376
https://doi.org/10.1016/j.neucom.2021.09.066
https://doi.org/10.1007/s40474-014-0019-1
https://doi.org/10.1016/j.tins.2016.06.003
https://doi.org/10.1371/journal.pone.0043122
https://doi.org/10.1371/journal.pone.0043122
https://doi.org/10.1371/journal.pone.0089891
https://doi.org/10.1016/j.bandl.2019.104694
https://doi.org/10.1093/brain/114.2.743
https://doi.org/10.1007/s11881-003-0001-9
https://doi.org/10.1016/j.neuroimage.2016.02.010
https://doi.org/10.1080/13554794.2013.878725
https://doi.org/10.1002/hbm.23202
https://doi.org/10.1002/hbm.23202
https://doi.org/10.1080/13554794.2019.1668421
https://doi.org/10.1080/13554794.2019.1668421
https://doi.org/10.1016/S1364-6613(03)00134-7
https://doi.org/10.1016/S1364-6613(03)00134-7
https://doi.org/10.1007/s11682-007-9012-1
https://doi.org/10.1016/j.neubiorev.2017.11.012
https://doi.org/10.1016/j.neubiorev.2017.11.012
https://doi.org/10.1162/jocn_a_00205
https://doi.org/10.1186/gm127
https://doi.org/10.1007/s007870050087
https://doi.org/10.1007/s007870050087
https://doi.org/10.1016/j.neuropsychologia.2008.10.022
https://doi.org/10.1016/j.neuropsychologia.2008.10.022
https://doi.org/10.1007/s11689-011-9091-6
https://doi.org/10.1038/srep30848
https://doi.org/10.1038/srep30848
https://doi.org/10.1016/j.neuroimage.2018.11.014
https://doi.org/10.3389/fnhum.2014.00830
https://doi.org/10.3389/fnhum.2014.00830
https://doi.org/10.1093/brain/119.1.143
https://doi.org/10.1093/brain/119.1.143
https://doi.org/10.1016/j.bandl.2004.05.007
https://doi.org/10.1016/j.bandl.2004.05.007

H. Ren et al.

Peskine, A., Galland, A., Chounlamountry, A. W., & Pradat-Diehl, P. (2008). Sensory
syndrome and aphasia after left insular infarct [Article]. Revue Neurologique, 164(5),
459-462. https://doi.org/10.1016/j.neurol.2008.01.005

Petersen, I. T., Bates, J. E., D’Onofrio, B. M., Coyne, C. A., Lansford, J. E., Dodge, K. A.,
et al. (2013). Language ability predicts the development of behavior problems in
children [Article]. Journal of Abnormal Psychology, 122(2), 542-557. https://doi.org/
10.1037/a0031963

Petersen, S. E., Fox, P. T., Posner, M. 1., Mintun, M., & Raichle, M. E. (1988). Positron
emission tomographic studies of the cortical anatomy of single-word processing.
Nature, 331(6157), 585-589. https://doi.org/10.1038/331585a0

Peterson, R. L., & Pennington, B. F. (2012). Developmental dyslexia. Lancet (London,
England), 379(9830), 1997-2007. https://doi.org/10.1016/50140-6736(12)60198-6

Poldrack, R. A. (2015). Is "efficiency” a useful concept in cognitive neuroscience?
[Article]. Developmental Cognitive Neuroscience, 11, 12-17. https://doi.org/10.1016/
j.den.2014.06.001

Pollard, A. A., Hauson, A. O., Lackey, N. S., Zhang, E., Khayat, S., Carson, B., et al.
(2023). Functional neuroanatomy of craving in heroin use disorder: Voxel-based
meta-analysis of functional magnetic resonance imaging (fMRI) drug cue reactivity
studies [Review Early Access]. American Journal of Drug and Alcohol Abuse. https://
doi.org/10.1080/00952990.2023.2172423

Price, C. J. (2012). A review and synthesis of the first 20 years of PET and fMRI studies of
heard speech, spoken language and reading. Neuroimage, 62(2), 816-847. https://
doi.org/10.1016/j.neuroimage.2012.04.062

Price, C. J., Crinion, J. T., & MacSweeney, M. (2011). A generative model of speech
production in Broca’s and Wernicke's areas [Article]. Frontiers in Psychology, 2, 237.
https://doi.org/10.3389/fpsyg.2011.00237. Article.

Qi, J., Li, B. Z., Zhang, Y., Pan, B., Gao, Y. H., Zhan, H., et al. (2021). Altered insula-
prefrontal functional connectivity correlates to decreased vigilant attention after
total sleep deprivation. Sleep Medicine, 84, 187-194. https://doi.org/10.1016/j.
sleep.2021.05.037

Qian, Y., & Bi, H.-Y. (2014). The visual magnocellular deficit in Chinese-speaking
children with developmental dyslexia [Article]. Frontiers in Psychology, 5, 692.
https://doi.org/10.3389/fpsyg.2014.00692. Article.

Qin, L., Lyu, B., Shu, S., Yin, Y., Wang, X., Ge, J., et al. (2021). A heteromodal word-
meaning binding site in the visual word form area under top-down frontoparietal
control [journal article research support, non-U.S. Gov’t]. The Journal of
Neuroscience: The Official Journal of the Society for Neuroscience, 41(17), 3854-3869.
https://doi.org/10.1523/JNEUROSCI.2771-20.2021

Radua, J., & Mataix-Cols, D. (2009). Voxel-wise meta-analysis of grey matter changes in
obsessive-compulsive disorder. British Journal of Psychiatry, 195(5), 393-402.
https://doi.org/10.1192/bjp.bp.108.055046

Radua, J., Mataix-Cols, D., Phillips, M. L., El-Hage, W., Kronhaus, D. M., Cardoner, N.,
et al. (2012). A new meta-analytic method for neuroimaging studies that combines
reported peak coordinates and statistical parametric maps [Article]. European
Psychiatry, 27(8), 605-611. https://doi.org/10.1016/j.curpsy.2011.04.001

Radua, J., Rubia, K., Jorge Canales-Rodriguez, E., Pomarol-Clotet, E., Fusar-Poli, P., &
Mataix-Cols, D (2014). Anisotropic kernels for coordinate-based meta-analyses of
neuroimaging studies [Article]. Frontiers In Psychiatry, 5, 13. https://doi.org/
10.3389/fpsyt.2014.00013. Article.

Ramus, F. (2003). Developmental dyslexia: Specific phonological deficit or general
sensorimotor dysfunction? [Review]. Current Opinion in Neurobiology, 13(2),
212-218. https://doi.org/10.1016,/50959-4388(03)00035-7

Ramus, F., Altarelli, I., Jednorog, K., Zhao, J., & di Covella, L. S. (2018). Neuroanatomy
of developmental dyslexia: Pitfalls and promise [Review]. Neuroscience and
Biobehavioral Reviews, 84, 434-452. https://doi.org/10.1016/j.
neubiorev.2017.08.001

Ramus, F., Marshall, C. R., Rosen, S., & van der Lely, H. K. J. (2013). Phonological
deficits in specific language impairment and developmental dyslexia: Towards a
multidimensional model [Article]. Brain : A journal of neurology, 136, 630-645.
https://doi.org/10.1093/brain/aws356

Ranzini, M., Scarpazza, C., Radua, J., Cutini, S., Semenza, C., & Zorzi, M. (2022).

A common neural substrate for number comparison, hand reaching and grasping: A
SDM-PSI meta-analysis of neuroimaging studies [Article]. Cortex; A Journal devoted
To The Study of the Nervous System and Behavior, 148, 31-67. https://doi.org/
10.1016/j.cortex.2021.12.007

Richlan, F., Kronbichler, M., & Wimmer, H. (2009). Functional abnormalities in the
dyslexic brain: A quantitative meta-analysis of neuroimaging studies. Human brain
mapping, 30(10), 3299-3308. https://doi.org/10.1002/hbm.20752

Richlan, F., Kronbichler, M., & Wimmer, H. (2011). Meta-analyzing brain dysfunctions in
dyslexic children and adults. neuroimage, 56(3), 1735-1742. https://doi.org/
10.1016/j.neuroimage.2011.02.040

Richlan, F., Kronbichler, M., & Wimmer, H. (2013). Structural abnormalities in the
dyslexic brain: A meta-analysis of voxel-based morphometry studies. Human brain
mapping, 34(11), 3055-3065. https://doi.org/10.1002/hbm.22127

Richlan, F., Sturm, D., Schurz, M., Kronbichler, M., Ladurner, G., & Wimmer, H. (2010).
A Common left occipito-temporal dysfunction in developmental dyslexia and
acquired letter-by-letter reading? PLOS one, 5(8), e12073. https://doi.org/10.1371/
journal.pone.0012073. Article.

Riecker, A., Ackermann, H., Wildgruber, D., Dogil, G., & Grodd, W. (2000). Opposite
hemispheric lateralization effects during speaking and singing at motor cortex,
insula and cerebellum. Neuroreport, 11(9), 1997-2000. https://doi.org/10.1097/
00001756-200006260-00038

Robinson, J. L., Laird, A. R., Glahn, D. C., Blangero, J., Sanghera, M. K., Pessoa, L., et al.
(2012). The functional connectivity of the human caudate: An application of meta-
analytic connectivity modeling with behavioral filtering. Neuroimage, 60(1),
117-129. https://doi.org/10.1016/j.neuroimage.2011.12.010

12

International Journal of Clinical and Health Psychology 24 (2024) 100519

Sahin, N. T., Pinker, S., Cash, S. S., Schomer, D., & Halgren, E. (2009). Sequential
processing of lexical, grammatical, and phonological information within broca’s area
[Article]. Science (New York, N.Y.), 326(5951), 445-449. https://doi.org/10.1126/
science.1174481

Sakata, H., Taira, M., Murata, A., & Mine, S. (1995). Neural mechanisms of visual
guidance of hand action in the parietal cortex of the monkey. Cerebral Cortex, 5(5),
429-438. https://doi.org/10.1093/cercor/5.5.429

Schaeffner, S., Koch, I., & Philipp, A. M. (2016). The role of sensory-motor modality
compatibility in language processing. Psychological Research-Psychologische
Forschung, 80(2), 212-223. https://doi.org/10.1007/s00426-015-0661-1

Schwartz, J. L., Basirat, A., Ménard, L., & Sato, M. (2012). The Perception-for-Action-
Control Theory (PACT): A perceptuo-motor theory of speech perception. Journal of
Neurolinguistics, 25(5), 336-354. https://doi.org/10.1016/j.jneuroling.2009.12.004

Sciberras, E., Mueller, K. L., Efron, D., Bisset, M., Anderson, V., Schilpzand, E. J., et al.
(2014). Language problems in children with ADHD: A community-based study.
Pediatrics, 133(5), 793-800. https://doi.org/10.1542/peds.2013-3355

Shibasaki, H., Sadato, N., Lyshkow, H., Yonekura, Y., Honda, M., Nagamine, T., et al.
(1993). Both primary motor cortex and supplementary motor area play an important
role in complex finger movement. Brain : a journal of neurology, 116, 1387-1398.
https://doi.org/10.1093/brain/116.6.1387

Shojaeilangari, S., Radman, N., Taghizadeh, M. E., & Soltanian-Zadeh, H. (2021). rsfMRI
based evidence for functional connectivity alterations in adults with developmental
stuttering. Heliyon, 7(9), e07855. https://doi.org/10.1016/j.heliyon.2021.e07855.
Article.

Siok, W. T., Perfetti, C. A., Jin, Z., & Tan, L. H. (2004). Biological abnormality of
impaired reading is constrained by culture [Article]. Nature, 431(7004), 71-76.
https://doi.org/10.1038/nature02865

Snowling, M. J. (2001). From language to reading and dyslexia [Journal Article].
Dyslexia (Chichester, England), 7(1), 37-46.

Suarez, L. E., Markello, R. D., Betzel, R. F., & Misic, B. (2020). Linking Structure and
Function in Macroscale Brain Networks. Trends in Cognitive Sciences, 24(4), 302-315.
https://doi.org/10.1016/j.tics.2020.01.008

Tager-Flusberg, H., & Cooper, J. (1999). Present and future possibilities for defining a
phenotype for specific language impairment. Journal of Speech, Language, and
Hearing Research, 42(5), 1275-1278. https://doi.org/10.1044/jslhr.4205.1275

Tanji, J. (2001). Sequential organization of multiple movements: Involvement of cortical
motor areas. Annual Review of Neuroscience, 24, 631-651. https://doi.org/10.1146/
annurev.neuro.24.1.631

Tanji, J., & Shima, K. (1994). Role for supplementary motor area cells in planning several
movements ahead. NATURE, 371(6496), 413-416. https://doi.org/10.1038/
371413a0

Terband, H., van Brenk, F., & van Doornik-van der Zee, A. (2014). Auditory feedback
perturbation in children with developmental speech sound disorders. Journal of
Communication Disorders, 51, 64-77. https://doi.org/10.1016/].
jcomdis.2014.06.009

Tomaiuolo, F., Campana, S., Voci, L., Lasaponara, S., Doricchi, F., & Petrides, M. (2021).
The precentral insular cortical network for speech articulation. Cerebral Cortex, 31
(8), 3723-3731. https://doi.org/10.1093/cercor/bhab043

Ullman, M. T., Clark, G. M., Pullman, M. Y., Lovelett, J. T., Pierpont, E. L., Jiang, X., et al.
(2024). The neuroanatomy of developmental language disorder: A systematic review
and meta-analysis [Article]. Nature Human Behaviour, 8(5). https://doi.org/
10.1038/541562-024-01843-6

Ullman, M. T, Earle, F. S., Walenski, M., & Janacsek, K. (2020). The neurocognition of
developmental disorders of language. Annual Review of Psychology, 71, 389-417.
https://doi.org/10.1146/annurev-psych-122216-011555

Ullman, M. T., & Pierpont, E. I. (2005). Specific language impairment is not specific to
language: The procedural deficit hypothesis [Review]. Cortex; a journal devoted to the
study of the nervous system and behavior, 41(3), 399-433. https://doi.org/10.1016/
$0010-9452(08)70276-4

Van der Mark, S., Bucher, K., Maurer, U., Schulz, E., Brem, S., Buckelmueller, J., et al.
(2009). Children with dyslexia lack multiple specializations along the visual word-
form (VWF) system [Article]. Neuroimage, 47(4), 1940-1949. https://doi.org/
10.1016/j.neuroimage.2009.05.021

van Ermingen-Marbach, M., Grande, M., Pape-Neumann, J., Sass, K., & Heim, S. (2013).
Distinct neural signatures of cognitive subtypes of dyslexia with and without
phonological deficits. Neurolmage. Clinical, 2, 477-490. https://doi.org/10.1016/j.
nicl.2013.03.010

Wagner, S., Sebastian, A., Lieb, K., Tiischer, O., & Tadic, A. (2014). A coordinate-based
ALE functional MRI meta-analysis of brain activation during verbal fluency tasks in
healthy control subjects. BMC Neuroscience, 15, 19. https://doi.org/10.1186/1471-
2202-15-19. Article.

Watkins, K. (2011). Developmental disorders of speech and language: from genes to
brain structure and function. Progress in Brain Research, 189, 225-238. https://doi.
org/10.1016/B978-0-444-53884-0.00027-0

Watkins, K. E., Smith, S. M., Davis, S., & Howell, P. (2008). Structural and functional
abnormalities of the motor system in developmental stuttering. Brain : a journal of
neurology, 131(Pt 1), 50-59. https://doi.org/10.1093/brain/awm241

Watkins, K. E., Vargha-Khadem, F., Ashburner, J., Passingham, R. E., Connelly, A.,
Friston, K. J., et al. (2002). MRI analysis of an inherited speech and language
disorder: Structural brain abnormalities. Brain : a journal of neurology, 125, 465-478.
https://doi.org/10.1093/brain/awf057

Weiss, P. H., Ubben, S. D., Kaesberg, S., Kalbe, E., Kessler, J., Liebig, T., et al. (2016).
Where language meets meaningful action: A combined behavior and lesion analysis
of aphasia and apraxia [Article]. Brain Structure & Function, 221(1), 563-576.
https://doi.org/10.1007/500429-014-0925-3


https://doi.org/10.1016/j.neurol.2008.01.005
https://doi.org/10.1037/a0031963
https://doi.org/10.1037/a0031963
https://doi.org/10.1038/331585a0
https://doi.org/10.1016/S0140-6736(12)60198-6
https://doi.org/10.1016/j.dcn.2014.06.001
https://doi.org/10.1016/j.dcn.2014.06.001
https://doi.org/10.1080/00952990.2023.2172423
https://doi.org/10.1080/00952990.2023.2172423
https://doi.org/10.1016/j.neuroimage.2012.04.062
https://doi.org/10.1016/j.neuroimage.2012.04.062
https://doi.org/10.3389/fpsyg.2011.00237
https://doi.org/10.1016/j.sleep.2021.05.037
https://doi.org/10.1016/j.sleep.2021.05.037
https://doi.org/10.3389/fpsyg.2014.00692
https://doi.org/10.1523/JNEUROSCI.2771-20.2021
https://doi.org/10.1192/bjp.bp.108.055046
https://doi.org/10.1016/j.eurpsy.2011.04.001
https://doi.org/10.3389/fpsyt.2014.00013
https://doi.org/10.3389/fpsyt.2014.00013
https://doi.org/10.1016/S0959-4388(03)00035-7
https://doi.org/10.1016/j.neubiorev.2017.08.001
https://doi.org/10.1016/j.neubiorev.2017.08.001
https://doi.org/10.1093/brain/aws356
https://doi.org/10.1016/j.cortex.2021.12.007
https://doi.org/10.1016/j.cortex.2021.12.007
https://doi.org/10.1002/hbm.20752
https://doi.org/10.1016/j.neuroimage.2011.02.040
https://doi.org/10.1016/j.neuroimage.2011.02.040
https://doi.org/10.1002/hbm.22127
https://doi.org/10.1371/journal.pone.0012073
https://doi.org/10.1371/journal.pone.0012073
https://doi.org/10.1097/00001756-200006260-00038
https://doi.org/10.1097/00001756-200006260-00038
https://doi.org/10.1016/j.neuroimage.2011.12.010
https://doi.org/10.1126/science.1174481
https://doi.org/10.1126/science.1174481
https://doi.org/10.1093/cercor/5.5.429
https://doi.org/10.1007/s00426-015-0661-1
https://doi.org/10.1016/j.jneuroling.2009.12.004
https://doi.org/10.1542/peds.2013-3355
https://doi.org/10.1093/brain/116.6.1387
https://doi.org/10.1016/j.heliyon.2021.e07855
https://doi.org/10.1038/nature02865
http://refhub.elsevier.com/S1697-2600(24)00084-X/sbref0137
http://refhub.elsevier.com/S1697-2600(24)00084-X/sbref0137
https://doi.org/10.1016/j.tics.2020.01.008
https://doi.org/10.1044/jslhr.4205.1275
https://doi.org/10.1146/annurev.neuro.24.1.631
https://doi.org/10.1146/annurev.neuro.24.1.631
https://doi.org/10.1038/371413a0
https://doi.org/10.1038/371413a0
https://doi.org/10.1016/j.jcomdis.2014.06.009
https://doi.org/10.1016/j.jcomdis.2014.06.009
https://doi.org/10.1093/cercor/bhab043
https://doi.org/10.1038/s41562-024-01843-6
https://doi.org/10.1038/s41562-024-01843-6
https://doi.org/10.1146/annurev-psych-122216-011555
https://doi.org/10.1016/S0010-9452(08)70276-4
https://doi.org/10.1016/S0010-9452(08)70276-4
https://doi.org/10.1016/j.neuroimage.2009.05.021
https://doi.org/10.1016/j.neuroimage.2009.05.021
https://doi.org/10.1016/j.nicl.2013.03.010
https://doi.org/10.1016/j.nicl.2013.03.010
https://doi.org/10.1186/1471-2202-15-19
https://doi.org/10.1186/1471-2202-15-19
https://doi.org/10.1016/B978-0-444-53884-0.00027-0
https://doi.org/10.1016/B978-0-444-53884-0.00027-0
https://doi.org/10.1093/brain/awm241
https://doi.org/10.1093/brain/awf057
https://doi.org/10.1007/s00429-014-0925-3

H. Ren et al.

Whitehouse, A. J. O., Bishop, D. V. M., Ang, Q. W., Pennell, C. E., & Fisher, S. E. (2011).
CNTNAP2VAriants affect early language development in the general population.
Genes Brain and Behavior, 10(4), 451-456. https://doi.org/10.1111/§.1601-
183X.2011.00684.x

Wikman, P., & Rinne, T. (2019). Interaction of the effects associated with auditory-motor
integration and attention-engaging listening tasks [Article]. Neuropsychologia, 124,
322-336. https://doi.org/10.1016/j.neuropsychologia.2018.11.006

Wise, T., Radua, J., Via, E., Cardoner, N., Abe, O., Adams, T. M., et al. (2017). Common
and distinct patterns of grey-matter volume alteration in major depression and
bipolar disorder: Evidence from voxel-based meta-analysis. Molecular Psychiatry, 22
(10), 1455-1463. https://doi.org/10.1038/mp.2016.72

Wynn, J. K., Jimenez, A. M., Roach, B. J., Korb, A, Lee, J., Horan, W. P., et al. (2015).
Impaired target detection in schizophrenia and the ventral attentional network:
Findings from a joint event-related potential-functional MRI analysis Target stimulus
ERP/fMRI analysis in schizophrenia. Neuroimage-Clinical, 9, 95-102. https://doi.
org/10.1016/j.nicl.2015.07.004

Yairi, E., & Ambrose, N. G. (1999). Early childhood stuttering I: Persistency and recovery
rates. Journal of Speech Language and Hearing Research, 42(5), 1097-1112. https://
doi.org/10.1044/jslhr.4205.1097

Yan, X., Jiang, K., Li, H., Wang, Z., Perkins, K., & Cao, F. (2021). Convergent and
divergent brain structural and functional abnormalities associated with
developmental dyslexia. Elife, 10. https://doi.org/10.7554/eLife.69523

13

International Journal of Clinical and Health Psychology 24 (2024) 100519

Yang, J. (2009). The role of phonological working memory in Chinese readingdevelopment:
Behavioral and fMRI evidence The University of Hong Kong (Pokfulam, Hong Kong)].

Yang, Y., Jia, F., Siok, W. T., & Tan, L. H. (2016). Altered functional connectivity in
persistent developmental stuttering. Scientific Reports, 6, 19128.

Yang, Y., Zuo, Z., Tam, F., Graham, S. J., Li, J., Ji, Y., et al. (2022). The brain basis of
handwriting deficits in Chinese children with developmental dyslexia [Article].
Developmental Science, 25(2), e13161. https://doi.org/10.1111/desc.13161. Article.

Yang, Y. Q., Zheng, Z. M., Liu, L. Z., Zheng, H. W., Zhen, Y., Zheng, Y., et al. (2023).
Enhanced brain structure-function tethering in transmodal cortex revealed by high-
frequency eigenmodes. Nature Communications, 14(1), 6744. https://doi.org/
10.1038/541467-023-42053-4. Article.

Yuan, Y., & Brown, S. (2015). Drawing and writing: An ALE meta-analysis of
sensorimotor activations. Brain and Cognition, 98, 15-26. https://doi.org/10.1016/].
bandc.2015.05.004

Zhang, X., Qiu, Y., Li, J., Jia, C., Liao, J., Chen, K., et al. (2022). Neural correlates of
transitive inference: An SDM meta-analysis on 32 fMRI studies [Article]. Neuroimage,
258, Article 119354. https://doi.org/10.1016/j.neuroimage.2022.119354. Article.

Ziegler, J. C., Ferrand, L., Jacobs, A. M., Rey, A., & Grainger, J. (2000). Visual and
phonological codes in letter and word recognition: Evidence from incremental
priming [Article]. Quarterly Journal of Experimental Psychology Section A-Human
Experimental Psychology, 53(3), 671-692. https://doi.org/10.1080/
027249800410508


https://doi.org/10.1111/j.1601-183X.2011.00684.x
https://doi.org/10.1111/j.1601-183X.2011.00684.x
https://doi.org/10.1016/j.neuropsychologia.2018.11.006
https://doi.org/10.1038/mp.2016.72
https://doi.org/10.1016/j.nicl.2015.07.004
https://doi.org/10.1016/j.nicl.2015.07.004
https://doi.org/10.1044/jslhr.4205.1097
https://doi.org/10.1044/jslhr.4205.1097
https://doi.org/10.7554/eLife.69523
http://refhub.elsevier.com/S1697-2600(24)00084-X/sbref0161
http://refhub.elsevier.com/S1697-2600(24)00084-X/sbref0161
https://doi.org/10.1111/desc.13161
https://doi.org/10.1038/s41467-023-42053-4
https://doi.org/10.1038/s41467-023-42053-4
https://doi.org/10.1016/j.bandc.2015.05.004
https://doi.org/10.1016/j.bandc.2015.05.004
https://doi.org/10.1016/j.neuroimage.2022.119354
https://doi.org/10.1080/027249800410508
https://doi.org/10.1080/027249800410508

	The shared neurobiological basis of developmental dyslexia and developmental stuttering: A meta-analysis of functional and  ...
	Introduction
	Methods
	Literature search and selection criteria
	Data extraction
	Meta-analysis procedure

	Results
	Included studies and characteristics
	Regional activation abnormalities across PDS and DD
	Regional activation abnormalities in children and adults with DD and PDS
	Alterations of gray matter across dd and PDS
	MACM results
	Behavioral domain analysis results

	Discussion
	Shared functional hypoactivation across DD and PDS
	Shared functional hyperactivation patterns related to DD and PDS
	The shared anatomical basis of DD and PDS
	Implications and future perspectives
	Limitations

	Conclusions
	Declaration of competing interest
	Acknowledgements
	Supplementary materials
	References


