OPUMHATTBHBIE MCCIEJOBAHA T.4,N° 4, 2023 Digital Diagnostics
467

DOI: https://doi.org/10.17816/DD567783 .

CTpyKTypHble U3MEHEeHUs Ceporo BeLLecTBa Shocktor
Npy BapuMaHTax nepBUYHOM nporpeccupyiolleid adasum

[.P. Axmapynnuna, P.H. KonoBanos, 10.A. LnuniokoBa, E.1H0. ®epoTosa

HayuHblii LieHTp HeBponoruu, Mocksa, Poccuitckas ®epepauus

AHHOTALIMA

06o0cHoBaHue. lepBuyHas nporpeccupytolan adasus — pefKoe HelipofereHepaTMBHOE 3aboneBaHune, reTeporeHHOCTb KO-
TOPOr0 3HAUMTENBHO YCNOXHSAET ero AUarHocTuKy. Bokcenb-opueHTMpoBaHHas MopdoMeTpus No3BoNisfeT 06BEKTMBHO OLle-
HWUTb MOPAXXEHWE CEpOro BeLLecTBa rofIOBHOTO MO3ra W onpefenuTb NaTTepHbl aTpodum, XapaKTepHbIe L1 KaXA0ro U3 Ba-
PWaHTOB 3abosieBaHus, YTO MOXKET YAYHLLMTbL €ro AMarHoCTUKY, a TaKXKe UCMOJb30BaTbCA B M3yHeHUW NaToreHesa.

Lienb — BbISBUTb NaTTEpHbI aTPOGMM NPY KaX0M U3 BapUaHTOB NEPBUYHOM NpOrpeccupyloLLei adasuv B CPaBHEHUM C KOH-
TPOSIbHOM FPYNMON.

Matepuansl u Metogbl. B ocHoBHYH rpynny 6binv BKNKYEHbI NAUMEHTBI C AUArHO30M OJHOMO M3 BapUaHTOB MEPBUYHOM
nporpeccupytoLLeit adhasum, ycTaHOBMEHHBIX B COOTBETCTBUM C AENACTBYIOLLMMM JUArHOCTUHECKUMU KPUTEPUAMM. [ pynny KOH-
Tpons cocTaBuiM 340poBble A06poBONbLbI 663 HEBPONOrUYECKWUX NPOSBNEHUIA U CTPYKTYPHBIX U3MEHEHUI FOJIOBHOMO MO3ra.
BceM yyacTHMKaM npoBoaMnach MarHWTHO-pe30HaHCHas ToMorpadus rosioBHOTO Mo3ra C nocneaytolen noctobpaboTkomn
n306pakeHuii U NpoBeeHNEM BOKCESb-0pUEHTUPOBAHHON MOphOMETpUN €O cpaBHeHUEM 06bEMa Ceporo BeLLecTBa Mexay
KaM[bIM 13 BapuaHTOB 3aboneBaHWs U KOHTPOMbHOI rpynnoi. MccnegoBaHue npoBoAMioCh C NOMPaBKOW Ha NoJ, Bo3pacT
1 WHTPaKPaHManbHbIi 06bEM YHaCTHUKOB.

Pe3ynbrathl. B uccnenoBaHue bbinu BKKOYEHB! 25 NALMEHTOB € arpaMMatyeckuM, 11 — ¢ ceMaHTueckum n 9 — c noro-
MEeHMYEeCKMM BapuaHTamMu NepBUYHOIA NporpeccupyloLleid adasum, a Takke 20 3n0poBbix f06poBonbLEB. Bokcenb-opueHTu-
poBaHHast MOphOMEeTpUSA NOKa3ana, YTo [JIA KaXLO0ro BapuMaHTa xapaKTepeH CBOW NaTTepH aTpodum C NpeuMyLLeCTBEHHBIM
BOBJIeYeHWeM NI0BHOM 1 OCTPOBKOBOW J0Mei NMpy arpaMMaTUyeCKOM, BUCOYHO 40/ W rMnnoKaMna — Npyu CeMaHTUYeCcKoM
u 6onee anddy3HbIM N0BHO-BUCOYHBIM NATTEPHOM — MPU JIOrOMNEHNYECKOM BapuaHTaXx.

3aksnioueHune. B xope uccnepoBaHns Bbinv BbISBMEHB! NATTEPHBI aTPOdUW TONOBHOTO MO3ra, XapaKTepHble 1A KaXAO0ro
13 BapMaHTOB NepBUYHON Nporpeccupylolien adasmu. B ocHOBHOM, NonyyeHHbIe pe3ynbTaTbl COOTBETCTBYHOT KIIMHUYECKUM
nposiBneHnsM 3aboneBanus. lpu 3ToM oTAeNbHbIe HaxoaKu (0TCYTCTBME aTpoduM 3a[iHeN NEpUCUNbBUEBOI 00NacTH, a TaKxe
MopaKeHe MOTOPHOI KOpbI NP NOroNeHUYECKOM BapuaHTe; nopaxeHue opouTodpoHTaNbHON KOpbl M MO3XKEYKa Npu arpaM-
MaTU4ecKOM BapuaHTe; nopaxKeHue NpeMOTOPHOW KOpbI, MPELEHTPaNbHOM U HUMKHEN I06HON U3BUMHBI MPU CEMAHTUYECKOM
BapuaHTe) He COOTHOCATCA C NPUBbIYHBIM NMPELCTAB/IEHUEM O MaTOreHe3e NepBUYHON Mporpeccupylolien adasum u TpebyioT
LanbHEMLLIEero N3yyeHus.

KntoueBble cnoBa: nepsuyHas nporpeccupyiollas ahasus; BOKCEb-0pUEHTUPOBaHHasA MopdoMeTpus; NoBHO-BUCOYHaS
AeMeHums; bonesHb AnbureiMepa.
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Structural gray matter changes in primary
progressive aphasia variants

Diliara R. Akhmadullina, Rodion N. Konovalov, Yulia A. Shpilyukova,
Ekaterina Yu. Fedotova

Research Center of Neurology, Moscow, Russian Federation

ABSTRACT

BACKGROUND: Primary progressive aphasia is a rare neurodegenerative disease with high clinical, genetic, and
pathomorphological heterogeneity that greatly complicates its diagnosis. Voxel-based morphometry can be used to objectively
assess structural gray matter changes and determine atrophy patterns in variants of primary progressive aphasia, which can
improve the diagnosis and our understanding of its pathogenesis.

AIMS: This study aimed to evaluate the patterns of atrophy in each of the primary progressive aphasia variants in comparison
with the control group.

MATERIALS AND METHODS: Patients diagnosed with one of the primary progressive aphasia variants, established in accordance
with the current diagnostic criteria, were included in the main group. The control group consisted of healthy volunteers without
any neurological symptoms or structural brain changes. All participants underwent brain magnetic resonance imaging. The
obtained images were processed and used for voxel-based morphometry, which was performed by comparing the gray matter
volume between each of the primary progressive aphasia variants and the control group. The study was adjusted for the sex,
age, and intracranial volume of the participants.

RESULTS: The study enrolled 25 patients with nonfluent, 11 with semantic, and 9 with logopenic variants of primary progressive
aphasia, as well as 20 healthy volunteers. Voxel-based morphometry showed a specific atrophy pattern in each of the variants
of primary progressive aphasia, with predominant involvement of the frontal and insular lobes in nonfluent, temporal lobe and
hippocampus in semantic, and a more diffuse frontotemporal pattern in logopenic variants.

CONCLUSIONS: The study revealed gray matter atrophy patterns specific to each variant of primary progressive aphasia. The
obtained results mainly correspond to the clinical presentations of the disease. Moreover, some findings (e.g., absence of the
posterior perisylvian atrophy and reduced motor cortex volume in the logopenic variant, atrophy of the orbitofrontal cortex and
cerebellum in the nonfluent variant, and premotor cortex, precentral, and inferior frontal gyrus degeneration in the semantic
variant) do not correlate with the usual understanding of primary progressive aphasia pathogenesis and require further study.

Keywords: primary progressive aphasia; voxel-based morphometry; frontotemporal dementia; Alzheimer's disease.
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ABBREVIATIONS

AV-PPA: agrammatic variant of primary progressive
aphasia

FTD: frontotemporal dementia

GM: gray matter

IFG: inferior frontal gyrus

ITG: inferior temporal gyrus

LV-PPA: logopenic variant of primary progressive aphasia
MNI: Montreal Neurological Institute

mPFC: medial prefrontal cortex

BACKGROUND

Primary progressive aphasia (PPA) is a neurodegenerative
disease characterized by early, constantly progressive speech
disorders in the absence of other cognitive, motor, and/or
behavioral disorders. PPA refers to early-onset dementias
(<65 years) and, despite its low incidence, presents a
relevant socioeconomic problem. Three clinical variants
of PPA are distinguished based on clinical presentation:
agrammatic (AV-PPA), semantic (SV-PPA), and logopenic
(LV-PPA) variants. AV- and SV-PPA are usually a sign of
frontotemporal dementia (FTD), whereas LV-PPA indicates
atypical Alzheimer's disease. However, this distinction is not
definitive because any PPA variant may demonstrate different
pathomorphological and genetic variants, which results in
diverse clinical presentations of the disease and complicates
its diagnosis.

Apart from a neurological examination, neuroimaging
is the only approved method for the differential diagnosis
of PPA variants. A previous study helped identify specific
involvement areas for each PPA variant, which was included
in the 2011 diagnostic criteria [1]:

 AV-PPA is mainly characterized by atrophy of posterior
frontal areas—inferior frontal gyrus (IFG), premotor
cortex, and supplementary motor area (SMA) — and
of the insula, prevailing on the left side.

« In SV-PPA, atrophy of the anterior—inferior sections of
the left temporal lobe is typical.

+ In LV-PPA, posterior perisylvian areas and/or the
parietal lobe of the left hemisphere are commonly
involved.

A later meta-analysis verified the presence of a specific
pattern of neural degeneration in each PPA variant; however,
the involvement appeared to be more extensive, including
medial areas of the temporal lobes in SV-PPA; precentral
gyrus, superior gyrus (STG), and middle temporal gyrus
(MTG) in AV-PPA; and posterior cingulate cortex in LV-
PPA [2]. However, the number of studies on gray matter
(GM) involvement in PPA remains limited. To illustrate, the

DAl https://doiorg/1017816/DD56/7783

MRI: magnetic resonance imaging

MTG: middle temporal gyrus

OFC: orbitofrontal cortex

PPA: primary progressive aphasia

SMA: supplementary motor area

STG: superior temporal gyrus

SV-PPA: semantic variant of primary progressive aphasia
VBM: voxel-based morphometry

meta-analysis mentioned above included only 20 papers,
with the data of 317 patients (of which 169, 90, and 58 had
SV-PPA, AV-PPA, and LV-PPA, respectively). In addition,
many studies included were conducted using outdated
diagnostic criteria, which makes the relevance of the results
questionable, particularly for AV-PPA and LV-PPA. In recent
years, larger studies have suggested that GM involvement
in PPA is probably more extensive than previously thought;
however, the atrophy patterns identified often differ [3, 4]. In
addition, the clinical signs of PPA variants may vary in different
populations because of language differences, which in turn
may result in differences in the underlying GM degeneration
[5]. The only paper evaluating structural changes of the brain
in PPA in the Russian population included patients with AV-
PPA exclusively, and no studies have focused on SV-PPA and
LV-PPA when this paper was being written [6].

Meanwhile, neuroimaging methods are increasingly
used for the diagnosis, evaluation, and follow-up of
patients with PPA. For instance, machine learning based
on the data of structural magnetic resonance imaging (MRI)
may be used for the differential diagnosis of PPA variants
and FTD and for the more extensive differential diagnosis
of neurodegenerative dementias. Moreover, neuroimaging
may be used to evaluate the therapeutic effect of novel
treatment modalities [3, 7, 8]. All of the above emphasizes
the relevance of such studies.

AIM

This study aimed to characterize the atrophy patterns
in each of the PPA variants in the Russian population and
compare the data obtained with those of previous studies.

METHODS
Study design

This was an experimental, single-center, cross-sectional
study.
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Eligibility

Subjects were enrolled in the study on the basis of their
compliance with the inclusion/non-inclusion criteria.

Inclusion criteria for the experimental group (PPA
group): age >18 years and diagnosis of one of the PPA
variants based on the current diagnostic criteria [1].

Inclusion criteria for the control group: age >18 years
and absence of neurological symptoms.

Noninclusion criteria: MRI contraindications and
structural focal changes in the brain.

Site
The study was conducted at the Research Center of
Neurology (Moscow).

Study duration
The subjects were recruited from 2022 to 2023.

Medical intervention

Addenbrooke’s Cognitive Examination Revised was
used to evaluate cognitive functions in the PPA group.
Emotional and behavioral disorders were evaluated using
a neuropsychiatric questionnaire. Disease severity was
assessed using the FTD severity scale.

Brain MRI in the 3D-T1 MPR sequence using Magnetom
Verio or Magnetom Prisma at a field magnitude of 3 Tesla
was performed for all study subjects.

The MR images obtained were used for voxel-based
morphometry (VBM).

SPM12 software (Institute of Neurology, UK) based on
Matlab R2019b (MathWorks Inc., Natick, MA, USA) was used
for postprocessing and statistical analysis. Postprocessing
involved the following:

+ Normalizing the images to the same MNI stereotaxic
space (3D system of coordinates of the human brain
by the Montreal Neurological Institute)

« Segmentation into GM, white matter, and cerebrospinal
fluid using the DARTEL algorithm

+ Further smoothing of the images was obtained with
an isotropic Gaussian kernel with full width at a half
height of 8 mm.

Table 1. Clinical characteristics of the study groups
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VBM results were assessed for every PPA variant versus
the control group. The two-sample t-test with voxel-wise
comparison was used for the study groups. Exclusive analysis
of GM was possible using a GM mask generated specifically
for each group. The age and sex of the participants were used
as covariates. The study was performed with adjustment for
intracranial volume, which was measured as the sum of
GM, white matter, and cerebrospinal fluid volumes. Clusters
with a minimum volume of 100 voxels were included in the
analysis. The cutoff for the inclusion of individual voxels into
clusters was set at a level of P < 0.05 with an adjustment for
the expected percentage of false rejections.

The bspmview software was used for VBM result visualization,
presentation of the statistical data, and coordinate localization [9].

Ethical evaluation

This study was approved by the Ethics Committee of the
Research Center of Neurology (Protocol No. 11-7/22 dated
December 21, 2022).

Statistical analysis

IBM SPSS Statistics version 26.0 (IBM Corp., Armonk, NY,
USA) was used for statistical analysis. Differences in nominal
and ordinal variables were analyzed using Fisher’s exact test,
and differences in quantitative variables were analyzed using
the Kruskal-Wallis test with Bonferroni correction.

RESULTS

Study subjects

The study included 45 patients with PPA variants and
30 control subjects. Of the 45 patients, 25, 11, and 9 had
AV-PPA, SV-PPA, and LV-PPA, respectively. The key
characteristics of the study groups are summarized in Table 1.
The median ages were 64, 67, and 65 years for the AV-PPA,
SV-PPA, and LV-PPA groups, respectively. Female patients
prevailed in the AV-PPA and SV-PPA groups, whereas male
patients prevailed in the LV-PPA group. The disease duration
ranged from 6 to 108 months, with the longest duration in the
AV-PPA group. The disease severity ranged from very mild
to severe, and mild to moderate symptoms were the most

Index AV-PPA SV-PPA LV-PPA Control group
(n=25) (n=11) (n=9) (n=30)
Sex, M/F (%) 9/16 (36%; 64%) 5/6 (45%; 55%) 6/3 (67%; 33%) 10/20 (33%; 67%)
Age, years 64 [57; 671 67 [63,5; 68,51t 65 [56; 67] 56 [51; 591"t
Disease duration, months 48 [36; 60] 36 [16; 48] 36 [23; 48] -
ACE-R, total score/100 68 [36; 80] 38 [26; 50] 53 [37; 75] -
Neuropsychiatric questionnaire, 811 141* 18 [11.5: 20,51* 15 4: 33.5] B

score/144

Notes: The data are described as Me [Q1; Q3]; ACE-R, Addenbrooke’s Cognitive Examination Revised; M, male; F, female; *,1: the difference between

groups is statistically significant (P < 0.05).
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common. Despite the shorter disease duration, the most
severe cognitive, emotional, and behavioral disorders were
observed in SV-PPA.

Despite the described differences, no statistically
significant differences in sex, age, disease duration, and
severity of cognitive disorders were observed among the
PPA variants.

No difference in the distribution by sex was observed
against the control group; however, the control group was
statistically significantly younger than the AV-PPA and SV-
PPA groups.

Key findings

VBM identified areas of atrophy in each PPA variant
compared with the control group (Fig. 1). Atrophy in all cases
was asymmetric, prevailing in the left hemisphere.

AV-PPA group: The atrophic “core” was localized in the
left IFG and precentral gyrus (Table 2). Significant changes
were also observed in the SMA, premotor cortex, orbitofrontal
cortex (OFC), and insular cortex of both hemispheres.
The temporal lobe was mainly involved in the MTG and
inferior temporal gyrus (ITG), continuing into the area of
the temporoparietal junction and inferior parietal lobule.
In addition, atrophic involvement of subcortical structures
was observed, namely, the left caudate nucleus, thalamus,
putamen, and cerebellum.

SV-PPA group: Atrophy was predominantly localized in
the left temporal lobe, including its pole, inferior—lateral and
medial regions, and left hippocampus and insula (Table 3).

Vol. 4 (4) 2023
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Individual lesions were observed in the left frontal lobe,
including the OFC, medial prefrontal cortex (mPFC), premotor
cortex, precentral gyrus, and IFG. Overall, the changes were
more localized than in AV-PPA and were limited to the
frontal, temporal, and insular cortices, except for an atrophic
lesion in the left caudate nucleus. Similar but less extensive
atrophic areas were identified in the right hemisphere.

LV-PPA group: The most pronounced loss of the GM
volume was also localized in the left temporal lobe but was
mostly involved in the posterior parts of MTG and ITG and, to
a lesser extent, the temporal pole. In addition, it continued
into the parahippocampal gyrus, hippocampus, and amygdala
(Table 4). Atrophy was the most pronounced in the precentral
gyrus, anterior cingulate cortex, OFC, and mPFC. Apart from
the frontal and temporal lobes, atrophy in this PPA variant
involved the insular lobes, left parietal and occipital lobes,
cerebellum, and left caudate nucleus.

DISCUSSION

Key findings summary

The study revealed GM areas with the involvement
typical of each PPA variant. The identified atrophy patterns
were largely consistent with literature data, although certain
specifics were discovered.

Key findings discussion

In AV-PPA, the GM was expectedly seen in the IFG,
precentral gyrus, premotor cortex, SMA, and anterior

Table 2. Areas of the loss of the gray matter volume in the group with agrammatic variant of primary progressive aphasia vs. control group

Brain area

Volume, voxels MNI peak coordinates

XYz
Precentral gyrus, inferior frontal gyrus, supplementary motor area, insula, superior -40, 4, 34
and middle frontal gyri, orbitofrontal cortex, cingulate cortex, lower parietal lobule,
: . 37,644 -42, -2, 42
angular and supramarginal gyri, lateral areas of the temporal lobe, putamen,
caudate nucleus, S -57, -4, 4
39,18, 26
Opercular and triangular parts of the IFG, D 2,264 38, 6, 27
36, 4, 40
-16, -16, 22
Caudate nucleus; thalamus, D 1,065 -14,-12, 10
-10, 10, 16
OFC, D 180 24, 38, -9
Cerebellar crus I, D 101 18, -72, -36
Precuneus, S 105 -10, -57, 27
33, -34, 38
Postcentral gyrus, D 314
36, -26, 39
Insula, D 191 34, 20,10
52, -6, 45
Precentral gyrus, D 257
57, -6, 33

Note: D, on the right; S, on the left.

DOl https://doiorg/10.17816/DD567783
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Fig. 1. Localization of the areas of the loss of the gray matter volume in variants of primary progressive aphasia vs. control group. The
color coding is for the T-value.
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Table 3. Areas of the loss of the gray matter volume in the group with semantic variant of primary progressive aphasia versus control group

MNI peak coordinates

Brain area Volume, voxels
XY, 2
-24, -30, -4
Hippo_cam_pus; lateral and medial areas of the temporal lobe; temporal pole; insula; 36.682 52 -46. -15
anterior cingulate cortex; OFC; caudate nucleus, S; OFC, D ' T
-56, -39, -16
24, -6, -21
Hippocampus, temporal lobe pole, ITG, OFC, D 6,563 39,10, -33
24,9, -21
Middle regions of STG, S 344 -57, -6, 4
-28, 10, 54
Premotor cortex, middle parts of the precentral gyrus, opercular part of IFG, S 1,809 -40, 3, 32
-24, 6, 38
, . -51, -68, 16
Posterior regions of MTG, S 253 44, 57,15
mPFC, S 125 -9, 22, 48
, . 56, -62, 9
Posterior regions of the MTG and ITG, D 104 58, -54. -3

Note: D, on the right; S, on the left.

Table 4. Areas of the loss of the gray matter volume in the group with logopenic variant of primary progressive aphasia versus control group

Brain area Volume, voxels MNI peak coordinates
XY, Z
-40, 6, 34
Precentral gyrus, S 1,304 -42, 0, 45
-36, 3,52
-26,-30, -3
Hippocampus, amygdala, ITG, MTG, OFC, S 8,136 -36, -16, -15
-27, -24, -9
Anterior cingulate cortex, S 501 -12, 26, 27
-10, 44, -14
Anterior cingulate cortex, S; mPFC, S and D 1,130 14, 45, -2
-9, 38, -6
-32, -70, -39
Cerebellar crus II, S 325 38, -60, 42
Middle occipital gyrus, S 328 -40, 82, 14
Caudate nucleus, S 325 -14, -10, 20
-14,16, 8
Insula and IFG, S 537 38 4 15
Temporal lobe pole, S 218 -45, -15, -36
Posterior regions of MTG, D 166 46, -48, 15
-30, 51, 21
Rostrolateral prefrontal cortex, S 389 -21, 56, 10
-33, 42, 24
OFC, D 110 20, 52, -14
Cerebellar crus I, D 145 32, -66, -39
Caudate nucleus, S 201 -14, 6, 18
Precuneus, S 170 -8, -54, 18
33,18, 12
Insula, D 211 34,9, 14

Note: D, on the right; S, on the left.
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insula, i.e., the areas in which atrophy has been repeatedly
described in AV-PPA and correlates closely with speech
disorders specific for this PPA variant [10]. For instance, the
loss of the GM volume in the IFG correlated with the general
severity of aphasia and agrammatisms; in the left insula,
with the severity of speech fluency disorders; and atrophy
of SMA and premotor cortex was associated with speech
apraxia, articulation rate, and nonverbal oral apraxia [11-14].
Moreover, the degeneration of the precentral gyrus may be
associated with concomitant AV-PPA through motor neuronal
disease, which was found in 16% of patients with AV-PPA in
our sample.

Apart from the frontal lobes, atrophy also spreads to
the lateral regions of the left temporal lobe. Although its
involvement is considered less “classic” in AV-PPA, it is
present in most studies of structural changes in this variant.
This might be indicative of progressive neurodegeneration
over time and account for difficulties in understanding
individual words and naming [2, 15, 16].

Bilateral OFC atrophy is of particular interest because it
is extremely rare in AV-PPA and is more often associated
with emotional and behavioral disorders. Mild-to-moderate
behavioral disorders were observed in most patients in our
sample, which could account for this finding. In addition,
OFC atrophy was previously described in patients with PPA
associated with GRN mutation, albeit only in nonclassifiable
PPA cases, the clinical presentation of which does not match
any of the variants [17]. GRN mutations were verified in
two patients with AV-PPV from our sample; however, their
clinical presentation was standard for this variant; therefore,
the identified atrophy was not attributable to the genetic
features of the group. This finding requires further studies in
a larger sample in our region.

Atrophy in AV-PPV was observed in subcortical structures,
such as the left thalamus, putamen, and caudate nucleus.
Recently, more studies have reported thalamic atrophy in FTD
variants, particularly in genetic disease forms; however, such
changes are more typical of the behavioral variant of FTD
than of AV-PPA, in which thalamic atrophy is more localized
and is not observed in all cases [2, 16—19]. Atrophy of the
putamen and caudate nucleus was previously described in
single papers but not in larger studies [4, 10, 13]. Overall,
despite the evidence of the role of the thalamus and basal
ganglia in speech articulation and phonology because of their
connections with frontal and parietal regions, there is no
conclusive opinion on how their degeneration affects speech
disorders in PPA [20].

Another outstanding finding in AV-PPA is that the
cerebellum is reduced in size. Cerebellar atrophy in FTD
was first described in the disease secondary to a C90RF72
mutation; however, a more typical finding of this case
was bilateral, relatively symmetric atrophy, which, apart
from the cerebellum, also usually spreads to parietal and
occipital areas, and we did not observe this in our study.
Another possible explanation is the role of the cerebellum
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in speech functions. Previously, lobule VII of the cerebellar
hemispheres (atrophy of which we identified in our study)
is involved in feedback control in oral speech, and its
significance is greater in the gradual disorganization of the
speech regions of the brain [20].

The atrophy pattern identified in the SV-PPA group is
largely consistent with literature data. The most significant
reduction in the GM volume was observed in the temporal
poles of both hemispheres, predominantly on the left side.
The left temporal pole is a semantic hub from which verbal
semantic information is stored, processed, and extracted. Its
atrophy is the key sign of SV-PPA, and anomia and difficulty
understanding individual words in this variant are associated
with it [21]. Asymmetric atrophy of the hippocampus and
medial and inferior regions of the temporal lobes identified
in our study is another major sign of SV-PPA, which has been
reported repeatedly. Notably, unlike Alzheimer's disease, SV-
PPA is characterized by atrophy of the anterior regions of
the hippocampi, which also correlates with semantic deficit
severity in patients [22]. The involvement of the inferior
regions of the temporal lobes in SV-PPA, particularly the
fusiform gyrus, correlates with emotional and behavioral
disorders and prosopagnosia, whereas the involvement of
the lateral regions of STG and MTG is associated with the
severity of anomia, difficulty understanding individual words,
and dyslexia severity [21, 23]. The loss in the volume of the
anterior cingulate cortex, mPFC, OFC, insula, and caudate
nucleus is typical of more advanced stages of SV-PPA and
is associated with a gradual spread of the process from
the left temporal pole to closely related areas [24, 25]. The
involvement of these regions is associated with social activity
disorders; however, only a few papers have focused on this
subject [26]. Atrophy of the left IFGs, premotor cortex, and
precentral gyrus, which we identified, is less common in
SV-PPA. Such changes may cause gradual development
of the clinical presentation consistent with the disease and
occurrence of motor speech disorders [16].

The GM volume loss observed in LV-PPA was more
diffuse, with multiple small degenerative lesions. The most
prominent areas of atrophy in our sample were located in
the left temporal and frontal lobes. The loss of MTG and ITG
volume is often reported in LV-PPA and is associated with
specific speech disorders in this variant (e.g., anomia and
difficulties in repeating long phrases and sentences), which
results from the dysfunction of short-term phonological
memory [27]. Asymmetric atrophy of the hippocampus and
amygdala is also characteristic of LV-PPA and most likely
develops because of underlying Alzheimer's degeneration.
The spread of atrophy to more posterior regions with the
involvement of the parietal and occipital lobes and the
cerebellum may be explained by the same process.

The loss of the volume of the left temporal pole, the same
as that of the IFG, insular lobes, and lateral prefrontal cortex,
was also reported in LV-PPA, generally, at more advanced
stages. It appears to reflect the involvement of other speech
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areas and correlate with the onset of symptoms more typical
of other PPA variants, such as difficulty understanding
individual words [16].

Atrophy of the precentral gyrus, OFC, and medial regions
of the frontal lobe is less common even in the advanced
stages of LV-PPA. As mentioned above, OFC involvement
may be associated with emotional and behavioral disorders.
The loss of the cingulate cortex volume, in turn, has been
repeatedly described in Alzheimer’s disease and may
correlate with the development of nonlinguistic cognitive
deficits. Severe degeneration of the precentral gyrus is of the
greatest interest; despite earlier reports of such changes, they
are usually not one of the most significant areas of atrophy
and are observed only in the long-term follow-up [3]. None
of the patients from the LV-PPA group had any clinical signs
of motor cortex involvement at the time of the examination;
therefore, atrophy of this area is most probably secondary,
not contributing significantly to disease pathogenesis.

Contrary to our expectations, no degenerations of the
inferior parietal lobule, supramarginal and angular gyri, and
posterior regions of STG were observed in the LV-PPA group,
although it is considered the most pathognomonic for this
variant and is included in the diagnostic criteria. This fact
and the more diffuse focal nature of atrophy identified in
our study in LV-PPA may be accounted for by the relatively
small sample size and its pathomorphological heterogeneity.
Although Alzheimer-type degeneration prevails in LV-PPA
and is observed in 85%—100% of cases [28, 29], it was only
present in one-third of our sample. Previously, atrophy
patterns in PPA may vary depending on the underlying
pathomorphological process, which may have affected the
results of this study [30]. Our results demonstrate that the
atrophy of the posterior perisylvian regions is not key for
the development of the clinical presentations of LV-PPA
and indirectly emphasizes a greater contribution of MTG to
disease pathogenesis.

Study limitations

This study has several limitations. As mentioned earlier,
the sample sizes of the LV-PPA and SV-PPA groups were
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