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ПАТТЕРНЫ АТРОФИИ ГОЛОВНОГО МОЗГА ПРИ ЛОБНО-ВИСОЧНОЙ ДЕМЕНЦИИ: 
ДАННЫЕ ВОКСЕЛЬ-ОРИЕНТИРОВАННОЙ МОРФОМЕТРИИ 

Лобно-височная деменция (ЛВД) — нейродегенеративное заболевание, вторая по частоте деменция с ранним началом, проявляющаяся речевыми и 

поведенческими нарушениями. Выявление паттернов атрофии важно для диагностики данной патологии. Однако визуальная оценка данных магнитно-

резонансной томографии может быть недостаточно чувствительной, что требует использования объективного метода определения объема серого 

вещества (СВ). Целью исследования было оценить паттерн атрофии СВ у пациентов с ЛВД в сравнении с контрольной группой при помощи воксель-

ориентированной морфометрии (ВОМ). В исследование включены 16 пациентов с ЛВД (12 — с аграмматическим вариантом первичной прогрессирующей 

афазии (авППА), три — с поведенческим вариантом ЛВД, один — с логопеническим вариантом ППА) и 10 здоровых добровольцев. При проведении 

ВОМ в группе ЛВД и контрольной группе выявлено три статистически значимые (pFWE-corr < 0,05) зоны атрофии — в левой нижней лобной извилине, 

левой фузиформной и левой надкраевой извилинах. В связи с преобладанием в группе ЛВД пациентов с авППА дополнительно проводили ВОМ в 

этой группе и группе контроля, при которой был выявлен иной паттерн атрофии: уменьшение объема СВ обнаружено в левой нижней лобной и левой 

средней лобной извилинах (pFWE-corr < 0,05). Полученные результаты показывают, что для ЛВД независимо от клинического варианта характерен свой 

определенный паттетрн атрофии, захватывающий как лобно-височные отделы, так и теменную долю. На примере авППА было показано, что у каждого 

из вариантов заболевания локализация атрофического процесса имеет отличный от других характер.  
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BRAIN ATROPHY PATTERNS IN PATIENTS WITH FRONTOTEMPORAL DEMENTIA: 
VOXEL-BASED MORPHOMETRY 

Frontotemporal dementia (FTD) is a neurodegenerative disorder characterized by language and behaviour deficits, which is considered the second most common 

cause of early-onset dementia. Detection of brain atrophy patterns is important for FTD diagnosis. However, the visual assessment of magnetic resonance imaging 

data may not be sensitive enough requiring the use of objective gray matter (GM) volume determination method. The study was aimed to assess the GM atrophy 

pattern in patients with FTD compared to control group patients using voxel-based morphometry (VBM). The study included 16 patients with FTD (12 patients 

with nonfluent agrammatic variant primary progressive aphasia (nfvPPA), three patients with behavioral variant of FTD, and one patient with logopenic variant PPA) 

and 10 healthy volunteers. VBM of patients with FTD and healthy controls revealed three significant (pFWE-corr < 0.05) atrophy areas in the left inferior frontal, left 

fusiform, and left supramarginal gyri. Taking into account the predominance of patients with nfvPPA in the group of FTD patients, the additional VBM of this group 

and control group was carried out, which revealed a distinct atrophy pattern: the reduced GM volume was detected in the left inferior frontal and left middle frontal 

gyri (pFWE-corr < 0.05). The results obtained indicate that regardless of the clinical variant, there is a certain atrophy pattern characteristic of FTD, which involves 

both frontotemporal areas and parietal lobe. The example of nfvPPA shows that each variant of the disease is associated with distinct localization of atrophy.  
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Frontotemporal dementia (FTD) is a neurodegenerative disorder 

characterized by behaviour and/or language deficit progression. 

FTD usually affects people aged 45–65. It is considered to 

be the second most common cause of early-onset dementia 

(before age 65), second only to Alzheimer disease (AD) [1].

The following three clinical subtypes of the disorder are 

distinguished based on the most prevalent deficit: behavioral 

variant of FTD (bvFTD), semantic variant primary progressive 

aphasia (svPPA), and nonfluent variant primary progressive 

aphasia (nfvPPA). The logopenic variant PPA (lvPPA) is typically 

classified as atypical AD, however, up to 24% lvPPA cases 

may be attributed to as FTD based on the pathomorphological 

investigation results [2]. BvFTD is characterized by progressive 

deficits in executive function, apathy, behavioural disinhibition, 

eating disorder, altered motor activity and euphoria. The 

patients demonstrate risky impulsive behaviour and indifference 

to people around them. In some of the patients, irritability and 

sleep disturbances are observed [3]. In patients with primary 

progressive aphasia (PPA), language impairment is one of the 

most prominent and disabling manifestations. In patients with 

svPPA, the single word comprehension deficits and anomia 

are observed. The early manifestation is poor comprehension 

of low frequency words. As symptoms progress, the patients 

also lose knowledge about more familiar words and objects. 

The main symptoms of nfvPPA are agrammatisms involoving 

verbal and subsequently written language, and speech apraxia. 

As time progresses, difficulties arise with comprehension of 

syntactically complex sentences, the speech becomes limited, 

often consisting of single short sentences and subsequently 

of short phrases. Most patients with lvPPA experience word-

finding difficulties and are unable to repeat long sentences, 

since the deficit affects the phonological working memory. 

The above FTD variants manifestations may overlap with 

motor impairment, such as motor neuron disease (MND) or 

parkinsonian syndromes (corticobasal syndrome or progressive 

supranuclear palsy syndrome) [4].

In addition to the clinical manifestations diversity, FTD is 

characterized by genetic and morphological heterogeneity. The 

proportion of familial cases is as large as 40%. To date, over 

20 genes have been identified, the mutant variants of which are 

involved in FTD. Yet, the vast majority of genetic cases of the 

disease are associated with mutations of three genes: C9orf72, 

GRN, MAPT [5]. Histological analysis of FTD specimen has 

revealed pathological accumulation of tau protein, TDP-43 or 

FET family proteins making it possible to classify FTD into three 

molecular subtypes [6].

Given the prominent FTD heterogeneity, the study and 

diagnosis of the disease are a major challenge. The existing 

diagnostic criteria are based on clinical manifestations and 

neuroimaging data, especially the visual assessment of brain 

atrophy on magnetic resonance imaging (MRI) and/or computed 

tomography (CT), or hypoperfusion/hypermetabolism on 

positron emission tomography (PET) and/or single-photon 

emission computed tomography (SPECT). The affected areas 

characteristic of each variant have been distinguished: bilateral 

frontal and anterior temporal lobe atrophy for bvFTD, frontal 

and insular lobe atrophy with predominant left hemisphere 

involvement for nfvPPA, anterior temporal lobe atrophy for 

svPPA, and left parietal lobe atrophy with predominant left 

posterior perisylvian atrophy for lvPPA [7, 8].

However, in recent years it has been shown that visual 

assessment of MRI data may be insuffucient to identify a 

characteristic atrophy pattern. According to a number of 

reports, the accuracy of MRI in diagnosis of bvFTD varies 

between 59– 70% [9, 10]. One of the methods for the MRI 

objectivity improvement is voxel-based morphometry (VBM), 

the voxel-wise comparison of brain volume between two 

studied groups in order to detect the significant gray matter 

(GM) atrophy.

The use of VBM to study FTD has shown that the 

pathogenetic process is not limited to frontal and temporal 

lobes. In patients with distinct variants of the disorder, the parietal 

and occipital areas, cerebellum, insular lobes and subcortical 

structures may be also affected [11–15]. However, with the new 

knowlege it becomes clear, that the findings of studies vary 

significantly. Thus, meta-analysis of publications on the use of 

VBM in patients with bvFTD revealed the significant frontal and 

insular lobes atrophy, as well as the bilateral striatum atrophy, 

but showed no significant temporal lobes lesions (one of the 

bvFTD diagnosis criteria) reported by a number of authors [16].

Moreover, some reports show that clinical manifestations 

of PPA may vary depending on the patient’s native language, 

therefore, the FTD-associated atrophy patterns may vary 

depending on the studied population [17, 18]. However, no 

studies of characteristic FTD-associated atrophy features in 

Russian population have been performed.

The study was aimed to reveal the characteristic patterns of 

brain atrophy common to distinct FTD variants in the Russian 

population. 

METHODS

The study was carried out at the Research Center of Neurology. 

Inclusion criteria: patients who fulfilled the diagnostic criteria of 

FTD; age over 18 years. Exclusion criteria: contraindications 

for MRI; serious health condition requiring the advanced 

life support; structural focal brain lesions (tumors, effects 

of cerebrovascular accident or traumatic brain injury, etc.). 

A cohort of 16 FTD patients (6 men and 10 women; average 

age 61.2 ± 9.4 years), and 10 healthy volunteers (4 men and 6 

women; average age 55.6 ± 11.3 years) were included in the 

study. The groups were matched for age and gender.

Twelve (68.75%) patients of index group were diagnosed 

with nfvPPA, three patients (18.75%) were diagnosed with 

bvFTD, and one patient (6.25%) had lvPPA. The patient 

with lvPPA underwent lumbar puncture with amyloid-  level 

assessment. The normal amyloid-  level value made it possible 

to exclude AD. One of the patients with nfvPPA had signs 

of MND (FTD-MND phenotype). The average age of nfvPPA 

patients was 60.6 ± 7.5 years, the four of them were males.

At the time of the study, the disease duration ranged from 

12 to 84 months, and the average duration of the disease was 

47.6 ± 21.3 months. The disease severity was assessed using 

the Frontotemporal Dementia Rating Scale (FTD-FRS) [19]: 

3 patients were rated as having very mild FTD, 4 patients had 

mild FTD, and 7 patients were diagnosed with moderate FTD; 

the group also included one patient with severe and one patient 

with extremely severe FTD. The total Frontal Assessment 

Battery (FAB) score ranged from 3 to 15, the average value 

was 9.3 ± 3.9. It was difficult to use the Montreal Cognitive 

Assessment (MoCA) test in 8 patients due to severe language 

and/or behaviour deficits (apathy, restlessness, refusal to 

perform tests). The average score of patients tested was 

22.25 ± 6.04. In addition, all patients were tested for literal and 

semantic verbal fluency. The significant literal and semantic 

verbal fluency decline was revealed (an average of 3 and 7 

words per minute, respectively).

MRI of the brain in the 3D-T1 MPR (multiplanar 

reconstruction) mode was performed in all patients using the 

Magnetom Verio 3T system (Siemens; Germany). The MRI data 
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Table 1. Areas of significant (pFWE-corr < 0.05) gray matter volume reduction based on VBM data

Note: S — left.

Localization of atrophy

Cluster level Peak level
MNI peak coordinates 

 (x, y, z), mmDegree of atrophy 
(voxels) 

pFWE-corr T Z pFWE-corr (peak level)

FTD group < control group 

Inferior frontal gyrus, S 8198 < 0.001
11.14 6.47 < 0.001 –36, 3, 24

9.66 6.05 < 0.001 –44, 14, 17

Supramarginal gyrus, S 350 < 0.001

7.66 5.35 0.003 –47, –41, 35

6.57 4.88 0.021 –35, –44, 44

6.54 4.87 0.022 –33, –39, 33

Fusiform gyrus, S 136 0.001
7.04 5.09 0.009 –54, –8, –27

6.91 5.03 0.011 –57, –17, –23

nfvPPA group < control group

Middle frontal gyrus, S 122 < 0.001
9.24 5.63 0.002 –30, 38, 33

7.56 5.08 0.023 –30, 47, 23

Inferior frontal gyrus, S 155 < 0.001

8.46 5.39 0.006 –50, 14, 17

7.95 5.21 0.013 –53, 6, 15

7.89 5.19 0.014 –56, –3, 17

post-processing and statistical analysis were carried out using 

the SPM12 software (Statistical Parametric Mapping; Institute of 

Neurology, UK) written using Matlab R2019b (Mathworks; USA).

Post-processing included spatial normalization of images 

to MNI (Montreal Neurological Institute) reference space, MR 

images segmenting into GM, white matter and cerebrospinal 

fluid using the DARTEL (Diffeomorphic Anatomical Registration 

Through Exponentiated Lie Algebra) algorithm, as well as 

spatial smoothing using the isotropic Gaussian filter kernel with 

full width at half maximum (FWHM) size 8 mm in order to align 

the individual structural characteristics.

The Easy Volumes utility (Institute of Neurology; UK) was 

used to calculate total GM volume, as well as bilateral GM 

volume in frontal, temporal, parietal, occipital, insular lobes and 

basal ganglia.

VBM data vizualiation, statistical analysis, data withdrawal 

and coordinates localization were performed using the xjView 

software [20].

The assessment of VBM results included cluster analysis 

using the two-sample t-test with the whole brain voxel-wise 

comparison of GM volume between the studied groups. The 

threshold for the individual voxels of the cluster was set to 

p < 0.0001. The analysis included the GM clusters of cerebral 

hemispheres with minimum area volume of ≥ 100 voxels and 

significance level of p < 0.05 adjusted for multiple comparisons 

to control the family-wise error (FWE) rate. The analysis of the 

results was performed at the cluster and peak levels.

Statistical data processing was performed using the IBM 

SPSS Statistics 23.0 software (IBM; USA). The differences 

in the brain GM volume between two groups were assessed 

using the Mann–Whitney U test (Bonferroni adjusted). The 

relationship between clinical data and brain GM atrophy was 

defined by correlation analysis using the Spearman's rank 

correlation coefficient.

RESULTS

VBM revealed a significant decline in GM volume in the left 

inferior frontal, supramarginal and fusiform gyri in patients with 

FTD compared to controls (Table 1, Fig.). The greatest degree 

of atrophy was observed in the left inferior frontal gyrus.

Due to the significant prevalence of nfvPPA among patients 

with FTD, the additional analysis of this group was carried out. 

VBM revealed significant degree of atrophy in the small areas 

of left middle and inferior frontal gyri in patients with nfvPPA 

compared to controls (see Table 1).

At the next stage the calculation of total GM volume and 

GM volume in frontal, temporal, parietal, occipital and insular 

lobes, as well in basal ganglia of the right and left hemispheres, 

was carried out in both groups. The differences between two 

groups were significant (p < 0.05) in all listed areas (Table 2).

Correlation analysis revealed a significant negative correlation 

between the left temporal lobe GM volume and the duration of 

the disease (Spearman's rank correlation coefficient –0.53; 

p = 0.035). No correlations with other clinical manifestations 

and neuropsychological findings (total MoCA and FAB score, 

semantic and literal verbal fluency, disease severity) were detected. 

DISCUSSION

The study showed that in the group of patients with FTD the 

significant GM volume decline was observed in the following 

areas: left inferior frontal, supramarginal and fusiform gyri.

The greatest cluster of atrophy was detected in the left 

inferior frontal gyrus, which is the location of Broca’s area 

involved in the motor–phonological network regulation, as well 

as in the complex grammatical and syntactic constructions 

comprehension and production. Atrophy of the described area 

is one of the major signs of nfvPPA, which correlates with overall 

severity of aphasia and severity of agrammatisms [21, 22]. The 

greater degree of atrophy in the left inferior frontal gyrus may be 

explained by the predominance of patients with this phenotype 

in the FTD group.

The fusiform gyrus involvement has been reported for all 

PPA variants and bvFTD [22, 23]. Together with orbitofrontal 

cortex, amygdala and other temporal association areas, the 

fusiform gyrus forms a perceptual system responsible for 

recognition and analysis of others’ social signals (for example, 

understanding of facial expressions) [24], i. e. plays a part in the 

social behaviour production. Furthermore, it has been shown, 

that the fusiform gyri atrophy in patients bvFTD correlates with 

the severity of disinhibition [25].
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Fig. Localization of significant (pFWE-corr < 0.05) GM volume decline in patients with FTD compared to control group. А. Lleft inferior frontal gyrus. B. Left supramarginal 

gyrus. C. Left fusiform gyrus. From left to right: sagittal, axial and coronal slices

А

B

C

Table 2. Gray matter volume in patients with FTD and control group

Note: LQ — lower quartile, UQ — upper quartile, S — left, D — right.

Gray matter volume
FTD Control Significance level, Mann–Whitney 

U test (p)Median [LQ; UQ] Median [LQ; UQ]

Total 508.4 [474.8; 534.2] 656.2 [597.6; 721.0] < 0.001

Frontal lobe, S 33.4 [30.0; 35.4] 53.4 [47.1; 56.5] < 0.001

Frontal lobe, D 40.2 [35.7; 44.6] 56.6 [48.7; 59.0] < 0.001

Temporal lobe, S 33.4 [31.1; 39.4] 50.0 [43.4; 54.8] < 0.001

Temporal lobe, D 41.4 [35.5; 47.2] 51.9 [46.2; 57.8] 0.002

Parietal lobe, S 30.3 [28.1; 35.7] 46.5 [38.5; 49.3] < 0.001

Parietal lobe, D 38.0 [33.6; 41.8] 49.2 [41.8; 52.9] 0.003

Occipital lobe, S 14.8 [13.4; 16.7] 20.3 [17.4; 23.4] < 0.001

Occipital lobe, D 12.4 [11.0; 13.0] 15.6 [13.2; 16.4] 0.003

Insular lobe, S 5.5 [5.2; 6.0] 7.9 [7.1; 8.4] < 0.001

Insular lobe, D 6.3 [5.5; 7.0] 7.9 [7.2; 8.5] 0.001

Basal ganglia, S 8.0 [7.0; 9.4] 12.1 [10.8; 12.5] < 0.001

Basal ganglia, D 10.0 [7.8; 10.4] 12.0 [10.9; 12.6] 0.001

The supramarginal gyrus is involved in phonological short-

term memory and phonological speech processing. It also 

appears to be connected to brain areas responsible for speech 

motor control [26]. Although the affected supramarginal gyrus 

is typically considered a neuroimaging sign of lvPPA, some 

papers report the supramarginal gyrus atrophy in patients with 

nonfluent agrammatic and semantic variant PPA [7, 27, 28].

Since the nfvPPA phenotype was observed in vast majority 

of patients of the FTD group, it might be assumed that the GM 

volume decline in all three areas was associated with nfvPPA, 

while the other variants’ contribution was not of comparable 

importance. However, VBM in patients with nfvPPA and control 

group patients revealed the different pattern of atrophy: the 

affected left inferior frontal and middle frontal gyri. The involvement 

of left inferior frontal gyrus was less extensive and pronounced 

compared to the FTD group, while the affected middle frontal 

gyrus was restricted to that particular group. The similar pattern 

of atrophy has been previously reported, for example, in the 

meta-analysis performed in 2007, which revealed reduced 

volume of opercular part of inferior frontal gyrus, middle frontal 

gyrus, lentiform nucleus and superior temporal gyri [15], and 

the other study, which revealed the affected left precentral gyrus 

in addition to the listed above areas [29]. The decline in inferior 

frontal gyrus atrophy degree and severity might be associated 
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with more severe disorder in patients with bvFTD and lvPPA (the 

average FTD-FRS score was 2.36 among patients with nfvPPA 

and –0.04 among other patients) given the similar average 

duration of the disease at the time of assessment (47.5 months 

in patients with nfvPPA, 48 months in other patients).

Thus, the atrophy of left fusiform and supramarginal gyri 

detected during the whole group analysis can not be explained 

by the sampling bias toward the patients with nfvPPA, and is 

likely to result from the listed areas’ lesion in all studied variants 

of the disease.

The study of correlations of clinical and neuropsychological 

data with the volume of distinct lobes and subcortical structures 

revealed only one significant negative correlation between the 

volume of left temporal lobe and the duration of the disease. 

The involvement of the left temporal lobe may be explained 

by the left fusiform gyrus lesion. However, taking into account 

the prevalence of nfvPPA and greater degree of atrophy in the 

left inferior frontal gyrus, the correlation of the left frontal gyrus 

volume with the severity of the disease and speech fluency 

impairment might be expected, reported in a number of papers. 

The lack of such correlation may be due to several factors. First, 

not the volume of distinct gyri, but the volume of entire lobes was 

taken into account during the analysis. Second, the severity of 

the disease was assessed using the Frontotemporal Dementia 

Rating Scale (the questionnaire, which includes the whole range 

of symptoms), whereas given the predominance of PPA it would 

be judicious to perform additional assessment of the patients’ 

condition using the aphasia severity scales. Lack of correlations 

in accordance with the FAB and MoCA scores may be also due 

to the listed scales specialization: these scales are more focused 

on the characteristic of bvFTD executive functions impairment 

detection than on the speech impairment detection.

It should be noted that our study had a number of limitations: 

small sample size, unequal distribution of patients with distinct 

FTD variants within the group, and lack of patients with svPPA. 

We did not compare the distinct variants of the disease (nfvPPA, 

bvFTD, lvPPA) due to small number of patients with bvFTD and 

lvPPA. That did not allow us to draw the conclusion about the 

differences between atrophy patterns characteristic of nfvPPA 

and other FTD variants. These limitations should be taken into 

account when planning the further study of the issue. 

CONCLUSION

The VBM study revealed the affected left inferior frontal, 

supramarginal and fusiform gyri in patients with FTD compared 

to healthy controls. The limited atrophy pattern which involves 

left middle frontal and inferior frontal gyri is characteristic of 

nfvPPA. The results obtained are consistent with the khowlege 

about the functional anatomy of speech function and social 

behaviour. Our results are partially consistent with the previous 

studies reported by foreign authors. However, these studies 

have revealed the greater involvement of gray matter and 

the larger number of affected brain areas. Further study of 

the neuroimaging FTD signs is required in the larger patients’ 

sample to confirm the obtained results.
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