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Abstract: Visual rating scales of brain atrophy allow to
quantify brain regional atrophy and could be used as a
diagnostic marker for differentiating neurodegenerative
diseases. This paper aims to review the visual rating scales
for dementia, focusing on their reliability, the correlation
with volumetric imaging measures, and their predictive
accuracy. Following the PRISMA guidelines, we systemati-
cally searched in Pubmed, Web of Science, Scopus, and
MEDLINE databases until November 4, 2024. Of the 441
articles extracted, we included in the review 28 papers. All
the scales reached a fair to excellent level of inter and intra
rater agreement. Furthermore, negative correlations were
found between the rating in each scale and brain volumetric
measures. Lastly, the discriminative abilities exhibited
variability according to the scale and the population com-
parisons. Visual rating scales of atrophy provide a reliable
method for distinguishing physiological aging from patho-
logical conditions, and among neurodegenerative forms. For
an accurate differential diagnosis, it is essential to employ
scales with the highest diagnostic precision.

Keywords: dementia; visual rating scales; differential diag-
nosis; neurodegenerative diseases; brain atrophy

1 Introduction

The incidence of age-related diseases, such as neurodegen-
erative diseases, is rising due to the life expectancy increase
(Jongsiriyanyong and Limpawattana 2018). It has been
widely proved that early diagnosis can improve the prog-
nosis, enhancing the quality of life in patients and in their
caregivers (de Vugt and Verhey 2013). To provide a faster
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diagnosis, it is necessary to implement tools that can easily,
efficiently and accurately discriminate non-invasively
between physiological aging and neurological disorders.
Early electrophysiological biomarkers have been found in
order to detect mild cognitive impairment (MCI) in older
adults (for a meta-analysis: Buzi et al. 2023), along with
magnetic resonance imaging (MRI) markers of brain atrophy
(for a meta-analysis: Lombardo et al. 2020). Most studies
have focused on the early diagnosis of Alzheimer’s disease
(AD) dementia, primarily in comparison with healthy con-
trols (HC), neglecting other neurodegenerative forms
(Koikkalainen et al. 2016). However, in clinical practice the
differential diagnosis between neurodegenerative forms is
essential (Koikkalainen et al. 2016).

Brain MRI is a routine exam that is required for the
clinical evaluation in order to exclude treatable conditions,
to evaluate the vascular burden, and to assess the atrophy. It
remains one of the most accessible diagnostic exams for the
assessment of neurodegeneration. In clinical practice, the
interpretation of brain atrophy relies on qualitative visual
assessment of MRI (Loreto et al. 2023). However, various
methods have been developed to enhance the objectivity and
sensitivity of MRI assessment. Among them, the visual rating
scales provide a more accessible approach by allowing cli-
nicians to visually assess MRI and assign a semi-quantitative
measure of regional brain atrophy using a Likert scale
(Loreto et al. 2023), without the requirements of specialist
expertise or software (Harper et al. 2015). Unfortunately, the
implementation of the visual rating scales in the clinical and
in the clinical research practices remains limited. The
assessment of the medial temporal lobe atrophy by using the
medial temporal atrophy scale (MTA) (Scheltens et al. 1992) is
widely and predominantly used, however it may not be the
best choice for the diagnostic differentiation among neuro-
degenerative dementia forms. Furthermore, in order to
promote wider use in clinical practice, it is essential that
alternative visual rating scales, which have also been
demonstrated to be reliable and have been validated
through automated methods, are employed as useful and
discriminative tools for diagnostic purposes.

In this review we examine the agreement between
raters, the correlation between the visual rating scale scores
and volumetric measures, and the predictive ability of the
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visual rating scales of brain atrophy in distinguishing
different forms of dementia, highlighting their applicability
in the clinical and research settings as biomarkers of
neurodegeneration.

2 Methods
2.1 Literature search

The literature extraction was conducted on November 4,
2024, following the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) statements for
systematic reviews and meta-analyses (Page et al. 2021).
PubMed, Web of Science, Scopus, and MEDLINE databases
were extracted by the first author using the following key-
words string: (MCI OR mild cognitive impairment OR pre-
clinical dementia OR early onset dementia OR prodromal OR
early diagnosis OR Alzheimer OR FTD OR frontotemporal
dementia OR PCA OR posterior cortical atrophy OR LBD OR
Lewy body dementia) AND (visual rating OR visual assess-
ment OR atrophy rating) AND (reproducibility OR rater) AND
(MRI OR magnetic resonance imaging OR T1-weighted) NOT
stroke (Table S1).

No filters and limitations to the year of publication were
applied. Once the papers were screened for abstract, both
the authors cross-checked for the eligibility criteria to
proceed with the selection process.

2.2 Quality Assessment (QA)

To assess the risk of bias of each study to be included in the
analysis, the Quality Assessment of Diagnostic Accuracy
Studies (QUADAS-2, Whiting et al. 2011) was used.

2.3 Study eligibility

Eligible papers were selected according to the following
inclusion criteria: (1) the presence of groups comparison
between healthy controls and patients with dementia or
between patients with different neurodegenerative
disorders; (2) studies had to rate slice obtained by MRI; (3)
studies had to show the inter-rater agreement (reliability)
and either correlations with voxel-based morphometry
measures and/or diagnostic accuracy of the visual rating
scales.

Papers were discarded according to the following
exclusion criteria: (1) studies including psychiatric diseases
(i.e., depression); (2) studies that were methodologically
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inappropriate (e.g., study design, within group, studies with
incomplete data, studies that did not consider the analyses of
our interest, studies that evaluated the slices obtained by
computed tomography, and/or that were no open access); (3)
not in English; (4) reviews and meta-analyses.

3 Results
3.1 Study selection

The keywords filled in each one of the databases queried
returned a total of 430 articles, of which 241 from PubMed, 49
from Web of Science, 55 from Scopus, and 85 from MEDLINE,
while 11 were retrieved by other resources. After removing
duplicates, title and abstract of 262 articles were indepen-
dently screened and then cross-checked by the authors. This
first skimming step allowed us to proceed with the full-text
screening of 91 articles, 63 of which were excluded for the
following reasons: they did not allow open access (n = 1), the
study design did not match with our research question
(n=40), they investigated other diseases (n = 5), they were out
of topic (n = 2), data were incomplete (n = 3), and the analyses
did not include correlations or diagnostic accuracy (n = 12).
Where articles showed missing information, authors were
contacted. At last, 28 studies were included in the review.
The characteristics of the studies meeting our inclusion
criteria are shown in Table 1, and the literature search is
depicted in the PRISMA flowchart (Figure 1).

Results of the QA are reported in the Supplementary
material (Table S2).

3.2 Temporal areas
3.2.1 Medial temporal atrophy (MTA)

The Scheltens scale focuses on the bilateral medial temporal
lobe (MTL) atrophy, looking at the width of the choroid
fissure, the width of the temporal horn and the height of the
hippocampus in the T1-weighted coronal plane (Scheltens
et al. 1992). The degree of atrophy in each of these regions is
combined to produce a score reflecting overall MTL atrophy.
The scale is composed of five increments (Figure S4) ranging
from 0 to 4 in which scores <1 indicating the absence of AD,
and scores 22 indicating the presence of AD (Harper et al.
2015). The Scheltens et al. (1992) scale has been included in
the research criteria for the diagnosis of AD (Dubois et al.
2007).

The inter-rater agreement measured with Cohen’s
weighted kappa (wk) in the original paper ranged from 0.72
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Table 1: Characteristics of the studies included in the review.

First author Sample size (F/M) Independent and Training MRI Scales included
blind raters weight
(field)
Martensson et al. ~ MCI; SCD 3(2 neurorad, 1 No T1(37) MTA
(2020) software)
Fischbach- 100 MCI (66/34); 50 AD (34/16) 4 (2 neurorad, 2 - T1,72(3T) MTA
Boulanger et al. radiologists)
(2018)
Koedam et al. 60 AD (30/30); 38 SCD (20/18); others 3 (1 neurorad, 1 MD, 1 - T 3T MTA, PA, GCA
(2011) [10 LBD, 10 FTLD] PhD)
Moller et al. (2014) 229 AD; 128 SCD 2 (1 little experience, 1 - T1(3T) MTA, PA, GCA
long experience)
Harperetal.(2016) 101 AD (39/62); 28 LBD (7/21); 55 FTLD 2 (1PhD, 1 neurologist) Yes TmQaT, MTA, PA, AT, OF, AC, FI
(24/31); 73 HC (35/38) 1.5T,37)
Silhan et al. (2021) 26 earlyAD (12/14); 21 yHC (10/11); 32 2 (neurologist, PhD - T1(1.5) Hip-hop, PAS
lateAD (13/19); 36 oHC (22/14) student MD)
Li et al. (2019) 37 AD (23/14); 29 MCI (20/9); 21 HC 2 Standardization of T2 (1.5T) FA, PA, occipital precuneus,
(15/6) the criteria hippocampal, lateral tempo-
ral, lateral ventricle
enlargement
Chow et al. (2011) 21 FTD (14/7); 14 AD (8/6); 21 HC (15/6) 4 neurologists References images T1, T2 AC, AT
were provided (1.57)
Sheng et al. (2020) Cohort A: 73 aMCI(40/33); 48 HC(29/19) CohortA:3(2 neurorad, Yes TT3T MTA, PA
1 physician)
Cohort B:33aMCI(16/17); 45HC(27/18) Cohort B: 3 neurorad
Fumagalli et al. 148 HC (58/90); Presymptomatic 66 GRN 2 (2 neurologists) Yes T1 (3T, MTA, PA, OF, AC, FI, AT
(2018) (25/41); 42 90rf72 (17/25); 24 MAPT 1.57)
(10/14)
Symptomatic: 17 GRN (6/11); 31 c9orf72
(22/9); 15 MAPT (11/4)
Molinder et al. 105 HC (67/38); 184 SCD (114/70); 249 2 (2 neurorad) Rater 1 T1(0.5T, MTA
(2021) MCI (140/109); 98 AD (61/37); 25 SVD (6/ 1.57)
19); 51 mixed (35/16); 40 other (16/24)
Enkirch et al. 60 SCD; 60 AD 2 (1 radiologist; 1 - TT3T MTA
(2018) neurorad)
Tolboom et al. 21 AD; 20 HC 2 neurorad Yes T MTA
(2010)
Min et al. (2017) 30 AD (23/7); 25 HC (16/9) 2 (1 experienced Yes T1(3T) MTA
neurorad, 1 radiologist)
Vanhoenacker 25 HC (16/9); 27 MCI (14/13); 27 AD (15/ 2 References images T2 (3T, MTA, PA, GCA-F
et al. (2017) 12) were provided 1.57)
Jang et al. (2015) 94 AD (57/37); 101 MCI (54/47); 65 HC 3 - T1(1.5T, CVRS
(47/18) 37)
Davies et al. (2009) 8 HC; 8 AD; 9 svPPA; 11 bvFTD 3 (2 neurologists, 1 One rater T 15 regions
neuropsychologist)
Westman et al. 81 HC (45/36); 101 MCI (52/49); 75 AD 1 - T MTA
(2011) (50/25)
Chen et al. (2010) 49 AD; 68 MCI; 149 HC 2 radiologists Yes T1 (3T, BALI
4T), T2
(3T
Boutet et al. (2012) 30 HC (19/11); 19 sSMCI (12/7); 11 ctMCI 6 radiologists References images T1 MTA
(6/5); 30 AD (16/14) (2 experts, 4 were provided
non-experts)
Ferreira et al. 329 HC (164/165); 421 MCI (164/257); 2 (1 with experience, 1  Rater 2 T1 GCA-F
(2016) 286 AD (157/129); 12 bvFTD (9/3); 9 trained)
nfvPPA

(6/3); 13 svPPA (8/5)
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Table 1: (continued)
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First author Sample size (F/M) Independent and Training MRI Scales included
blind raters weight
(field)
Wittens et al. 16 HC (10/6); 33 SCD (19/14); 35 MCI 3 radiologists - T (37 MTA
(2024) (13/22); 27 DEM (17/10)
Falgas et al. (2024) 44 IvPPA (25/19); 19 nfvPPA (10/9); 2 neurologists - T (3T MTA, PA, OF, AC, AT, FI
svPPA (11/20); 11 uPPA (8/3); 45 HC (23/
22)
Fumagalli et al. 15 HC (7/8); 30 AD (22/8); 15 PCA (8/7) 2 neurologists Yes T3 MTA, PA, OF, AT
(2020)
Ferreira et al. 345 HC; 385 sMCI; 95 cMCL; 322 AD 1 - T MTA, PA, GCA
(2015)
Falgas et al. (2020) 42 HC (33/9); 48 aAD (30/18); 22 naAD 2 experts - T (37 MTA, PA, OF, AC, AT, FI
(10/12); 25 sSMCI (12/13); 11 bvFTD (3/8);
9 svPPA (3/6); 5 nfvPPA (2/5); 7 genetic
FTD (6/1); 17 yHC (11/6); 14 genetic AD
(6/8)
Benussi et al. 117 prodromal FTD genetic carriers 2 neurologists Yes T AC
(2024) (70/47); 281 HC (158/123)
Yuan et al. (2019) 100 AD (69/31) [43 mild AD (32/11); 57 2 radiologists Yes T (3T MTA, PA, OF, AC, AT, FI

severe AD (37/20)]; 100 HC (65/35)

Female (F); male (M); mild cognitive impairment (MCI); stable mild cognitive impairment (sMCI); converted mild cognitive impairment (cMCI); amnestic mild
cognitive impairment (aMCI); subjective cognitive decline (SCD); Alzheimer’s disease (AD); frontotemporal lobar degeneration (FTLD); Lewy body dementia
(LBD); subcortical vascular dementia (SVD); demented patients (DEM); young healthy controls (yHC); older healthy controls (oHC); healthy controls (HC);
behavioral variant of frontotemporal dementia (bvFTD); progranulin (GRN); microtubule-associated protein tau (MAPT); chromosome 9 open reading

frame 72 (c90rf72); semantic variant of primary progressive aphasia (svPPA); non-fluent variant of primary progressive aphasia (nfvPPA); logopenic variant
of primary progressive aphasia (IvPPA); undetermined of primary progressive aphasia (uPPA); posterior cortical atrophy (PCA); amnestic AD (aAD); non-
amnestic AD (naAD); doctor of medicine (MD); neuroradiologist (neurorad); medial temporal atrophy (MTA); posterior atrophy (PA); global cortical atrophy
(GCA); anterior temporal (AT); orbitofrontal (OF); anterior cingulate (AC); fronto insula (FI); frontal atrophy (FA); hippocampo-horn percentage (hip-hop);
parietal atrophy score (PAS); global cortical atrophy-frontal areas (GCA-F); comprehensive visual rating scale (CVRS); brain atrophy and lesion index (BALI);

information not included (-).

to 0.84 (Scheltens et al. 1992). The level of expertise in the
visual inspection of the MR images can affect ability to find
the landmarks and then on the assessment of the level of
atrophy; most of the studies in the review included neu-
roradiologists and radiologists. In general, the inter-rater
agreement was fair to excellent (ranging from 0.3 to 0.91),
generally higher for the rating of total MTA score than for
the right and left sides. Furthermore, even in non-expert
readers the agreement was moderate (Boutet et al. 2012),
suggesting that the MTA scale can be easily and reliably
used by non-experts. Moreover, the implementation of
reference images or a training set protocol can affect the
performance of the scale (Harper et al. 2015). Most of the
studies included reference images or training protocols for
the readers and, indeed, the final agreement was high.
Lastly, to assess the consistency between measures, the
studies have also included the intra-rater agreement for all
the images processed or for a pull of them. In our sample,
the intra-rater agreement ranged between 0.45 and 0.96,
suggesting a moderate to near perfect agreement within
the same rater.

The MRI parameters, as the weight, may also have an
impact on the readability of the MR images: Fischbach-
Boulanger et al. (2018) made a comparison between
Tl-weighted and T2-weighted images. In the study the
inter-rater agreement was fair for both the two weights,
suggesting similar abilities of the raters in the detection of
the hippocampus atrophy through the MTA scale (Fischbach-
Boulanger et al. 2018). Interestingly, Fischbach-Boulanger
et al. (2018) also found that in the T2-weighted images, raters
overestimated the atrophy compared to the Tl-weighted
images. Lastly, Molinder et al. (2021) pointed out the differ-
ences in the agreement considering the strength of the
magnetic field. Considering both the 0.5 T and the 1.5T, the
inter-rater agreement was fair and the intra-rater agree-
ment was substantial, showing that the magnetic field
strength does not affect the rater’s score.

Moderate negative correlations have been detected
between MTA scores volumetric measurements of the
hippocampus, such as gray matter density or volume
(Boutet et al. 2012; Fischbach-Boulanger et al. 2018; Fuma-
galli et al. 2018; Harper et al. 2016; Martensson et al. 2020;
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Records identified from:
* Databases (n = 430)
Pubmed (n = 241)
Web of Science (n = 49)
Scopus (n = 55)
MEDLINE (n = 85)

* Other resources (n = 11)

Records removed before screening:
* Duplicate records removed (n=179)

Screening l ’ Records screened for Abstract (n = 262)

—DI Records excluded (n = 169) |

Reports sought for retrieval (n = 93)

—>| Reports not retrieved (n = 2)

Records assessed for eligibility (n = 91)

Records excluded (n = 63):

* Not open access (n = 1)

* Study design (n = 40)

* Other diseases (n = 5)

* Another topic (n = 2)

* Missing data (n = 3)

» Missing correlations or accuracy (n = 12)

[ Included ] | Studies included in the review (n = 28)

Figure 1: The flowchart illustrates the study selection process following the PRISMA guidelines for meta-analyses and systematic reviews.

Molinder et al. 2021; Sheng et al. 2020; Wittens et al. 2024; authors also assessed the entorhinal cortex atrophy by
Yuan et al. 2019). Furthermore, Enkirch et al. (2018) also using the ERICA scale, which seemed to have higher diag-
found correlations between the MTA score and the cere- nostic accuracy than the MTA scale in AD (Enkirch et al.
brospinal fluid (CSF) amyloid markers. Interestingly, the 2018).
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In the original paper of Scheltens et al. (1992) a
sensitivity of 81% and specificity of 67% for AD versus
age-matched controls was reported. The implementation of
higher MRI field strength had further increased the reli-
abhility of the scale (Harper et al. 2015). For example, Koedam
et al. (2011) using a magnetic field of 3T found that the
specificity for AD versus age-matched controls reached 92 %,
and in the study of Wittens et al. (2024) the specificity was
even higher up to 94 %. Surprisingly, the visual evaluation of
T2-weighted images had higher discriminating power than
the T1-weighted (Fischbach-Boulanger et al. 2018).

Furthermore, automated tools are now available to
assess hippocampal atrophy and differentiate between
physiological and pathological aging. Considering AD versus
HC, comparable predictive and discriminatory abilities have
been found between automated tools (e.g., Westman et al.
2011; Min et al. 2017), volumetric measures (e.g., Boutet et al.
2012; Molinder et al. 2021), and the MTA scale.

The implementation of the MTA scale was also extended
with the purpose of differentiating between the prodromal
stage of the neurodegenerative disease (i.e., MCI) or the risk
factor for the onset of the AD, such as in people with
subjective cognitive decline (SCD). Sheng et al. (2020) found a
fair discriminative power between amnestic MCI (aMCI) and
HC at the MTA scale which was comparable to the discrim-
inative power obtained by the hippocampal GM density
measured by volumetric measures. Good discriminative
power between MCI and HC has also been detected by
Wittens et al. (2024), and by Westman et al. (2011). Further-
more, MTA was also implemented for the differentiation of
typical AD from atypical AD (i.e., posterior cortical atrophy
(PCA) in Fumagalli et al. (2020)).

Moreover, the MTA scale has been also used for the
longitudinal analyses, assessing the conversion to AD (Boutet
et al. 2012; Ferreira et al. 2015). The authors concluded that
the accuracy with an automatic tool was significantly better
than the visual assessment for all non-expert readers
regarding the differentiation between converted MCI (cMCI)
and HC. While, for the stable MCI (sMCI) compared to HC, the
difference between the accuracy of automatic and visual
assessments was not significant (Boutet et al. 2012). However,
the MTA scale is useful for determining MCI prognosis
(Ferreira et al. 2015). Lastly, MTA scale has also been
implemented for the differentiation of non-AD neurode-
generative diseases (e.g., Harper et al. 2016; Falgas et al. 2020;
Molinder et al. 2021; Falgas et al. 2024), genetic forms (Falgas
et al. 2020; Fumagalli et al. 2018), and disease severity (Yuan
et al. 2019), obtaining a fair to good discriminatory ability.

Software-based analyses have also been conducted to
distinguish the early stages of neurodegenerative diseases
from physiological brain changes in the brain. For example,
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Martensson et al. (2020) found that the software analysis had
similar reliability MTA for differentiating MCI and SCD
(Martensson et al. 2020).

To summarize, MTA scale was originally developed to
assess AD-related atrophy but has recently been extended
even to the prodromal stages and to other neurodegenera-
tive diseases. The visual assessment of brain atrophy is
reliable, consistent with volumetric hippocampal measures,
and discriminates between neurodegenerative diseases and
physiological aging. The results are reported in Tables 1
and 2.

3.2.2 Anterior temporal (AT)

The scale implemented by Davies et al. (2006) and Kipps et al.
(2007) focuses on the bilateral anterior temporal lobe
atrophy in the T1-weighted coronal plane by using five
increments (Harper et al. 2015; Figure S4). The scale was
implemented for the frontotemporal dementia (FTD) popu-
lation to assess the prognosis (Davies et al. 2006). Moreover,
the implementation of the AT scale has been extended to
genetic variants (Falgas et al. 2020; Fumagalli et al. 2018), to
the assessment of other neurodegenerative forms related to
the frontotemporal lobar degeneration (FTLD) (Harper et al.
2016), such as primary progressive aphasia (PPA) (Falgas
et al. 2020, 2024), and to other neurodegenerative diseases,
such as AD (Fumagalli et al. 2020; Yuan et al. 2019).

The inter-rater and intra-rater agreement measured
with Cohen’s kappa (x) was 0.71 and 0.83, respectively
(Davies et al. 2006). In our sample, the inter-rater agreement
ranged from 0.57 to 0.93, meaning a moderate to near perfect
agreement. The intra-rater agreement ranged from 0.63 to
0.95, meaning substantial to near perfect agreement. Inter-
estingly, the highest agreement scores were related to the
assessment of PPA variants (Falgas et al. 2024). Furthermore,
most of the studies found negative correlations between the
AT score and GM atrophy, suggesting that it is a reliable
measure of anterior temporal lobe atrophy (Falgas et al.
2024; Fumagalli et al. 2018, 2020; Yuan et al. 2019).

The AT scale accurately discriminates between FTLD
and both AD and Lewy body dementia (LBD) (Harper et al.
2016); between PPA variants from HC (Falgas et al. 2020),
except for the non-fluent PPA (nfvPPA) (Falgas et al. 2024);
among the PPA variants, mainly in differentiating the se-
mantic PPA (svPPA) from the other variants (Falgas et al.
2024); and between AD from HC (Fumagalli et al. 2020; Yuan
et al. 2019). In our sample, no study has assessed the longi-
tudinal changes in the AT brain atrophy to understand the
predictive diagnostic accuracy of the prognosis.

To summarize, AT as a measure of the brain atrophy in
the anterior temporal areas is reliable, consistent with
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Table 2: The table summarizes the results regarding the agreement and the accuracy of the scale measuring temporal areas atrophy.

First author

Agreement

Correlation visual vs
volumetric

Accuracy

Conclusion

MTA

Martensson et al.
(2020)

Fischbach-
Boulanger et al.
(2018)

Koedam et al.
(2011)
Harper et al.
(2016)

Sheng et al.
(2020)

Fumagalli et al.
(2018)
Molinder et al.
(2021)

Enkirch et al.
(2018)

Tolboom et al.
(2010)
Min et al. (2017)

Vanhoenacker
et al. (2017)

INTER: wk between the

raters (0.3, 0.4), and raters

vs software (0.3, 0.61)

INTER: left hip (T1:
Kk =0.35; T2: k = 0.31).

Right hip (T1: k= 0.35; T2:

k=0.30)

INTRA: T2 higher atrophy

ratings than in the T1
INTER: wk (0.82 0.9)

INTRA:

: wk (0.91 0.95)

INTER: 1CC>0.83

INTER: cohort B ICC (0.8

0.9)
INTRA:
0.9)

: cohort B ICC (0.7

INTER: ICC = 0.88

INTRA:

:1CC (0.9 0.96)

INTER: right (0.5 T:

wk=0.59; 1.5 T:wk=0.53).
Left (0.5 T:wk=0.65;1.5T:

wk =0
INTRA

wk=0.78; 1.5 T:wk=0.71).
Left (0.5 T:wk=0.78;1.5T:

wk =0
MTA

.67)
:right (0.5T:

.8)

INTER: ck = 0.91 (0.87

0.94)
ERICA

INTER: ¢k = 0.88 (0.8 0.97)

INTER: ¢k = 0.90

INTER: wk (0.69 0.78)

INTRA:

INTER: r = 0.86 (0.79 0.91)

: wk (0.86 0.9)

Negative correlations: hipvol- -
ume and rating (-0.50 to -0.58);
hip volume and software (-0.58

to -0.61)

Negative correlations for visual T2 visual rating had higher
rating in left (T1: r = —0.68; T2:  discrimination power than T1.
MTA score provides slightly bet-
(T1: r=-0.716; T2: r= —0.701)  ter discrimination power than
volumetric measurements

=-0.69) and right atrophy

Negative partial correlation

(r=-0.56)
Negative correlations between -
MTA score and GM atrophy

Negative correlations between ~ MTA and volumetric measure
volumetric estimates and MTA  had good discriminatory ability
score on the right (r=—-0.64) and for AD vs HC, for mixed vs HC.
SVD vs HC was fair.

MTA: AD (AUC = 0.87), SVD
(AUC = 0.79), Mixed (AUC = 0.86)
Volumetric: AD (AUC=0.91), SVD
(AUC = 0.75), Mixed (AUC = 0.94)
ERICA (AUC = 0.93) was higher
significant correlations with CSF  than the MTA (AUC = 0.82)
Similar discrimination ability for
MCI vs SCD with the ERICA
(AUC = 0.66) and the MTA

(AUC = 0.65)

- AUC=0.8;Sens=0.71; Spec=0.9

the left (r = —0.68) side

Both ERICA and MTA had

parameters

Sens = 0.45, Spec = 0.92

AD vs HC: AUC =0.82
between rating scores and GM  AD vs LBD: AUC = 0.67
density FTLD vs HC: AUC = 0.92

FTLD vs LBD: AUC = 0.81
Negative correlations between  Cohort A: MTA: AUC = 0.78; GM
GM and MTA scores (r=-0.58) in  volume: AUC = 0.84 GM density:
both left (r = —-0.53) and right ~ AUC=0.78
Cohort B: MTA: AUC = 0.82

MTA AUC (0.813 0.831). No sig-
nificant differences in AUC be-
tween the automated tool and
the MTA

AD vs HC and AD vs MCL:

AUC = 0.92 (cut-off of 1.25),
AUC = 0.70 (cut off of 0.75),
AUC = 0.89 (cut off of 2.25),
AUC = 0.8 (cut off of 1.75).

AUC = 0.77 with cut-off of 1 and
age<70;

AUC = 0.74 with a cut-off of 1.75
and age>70

MTA is a reliable alternative to
automatic image segmentation

T2 more adequate rating for AD and
with a better distinction for MCI vs
AD

MTA is useful for distinguishing AD
and other dementias

MTA for distinguishing each patho-
logical group from HC

MTA and volumetric measures have
similar discriminatory power

Differences in MTA in genetic
mutations

MTA is a reliable and valid marker of
medial temporal lobe atrophy

ERICA has high diagnostic
accuracy but similar discriminatory
power to MTA

Accuracy of visual assessment of
MTA is lower than PET but still good
Automated assessment and visual
inspection accurately differentiate
AD from HC

MTA high diagnostic performance
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First author

Agreement

Correlation visual vs
volumetric

Accuracy

Conclusion

Westman et al.
(2011)

Boutet et al.
(2012)

Wittens et al.
(2024)

Falgas et al.
(2024)

Fumagalli et al.
(2020)

Ferreira et al.
(2015)

Falgas et al.
(2020)

Yuan et al. (2019)

INTRA: right wk = 0.81 and
left wk=0.78. wk=0.93 on

both sides.

INTRA: kappa for expert
(0.58 0.63). Kappa for
non-expert readers (0.45
0.74)

INTER: total ICC =0.84; left
ICC=0.82; right ICC=0.79

INTER: right wk = 0.7; left
wk = 0.86

INTRA: rater 1, left and
right wk = 0.91; rater2
right wk = 0.91 and left
wk =0.95

INTER: wk = 0.85

INTRA: rater 1 wk = 0.92;
rater 2 wk = 0.84

INTRA: left wk = 0.93 and
right wk = 0.94

INTER: left ICC = 0.87,
right ICC = 0.83
INTRA: rater 1 left

ICC = 0.82 and right
ICC = 0.76. Rater 2 left
ICC =0.73 and right
ICC=0.72

INTER: right ICC = 0.82;
left ICC =0.83

Negative correlations for MTA
score and volumetric analysis
(experts).

Negative correlations in left side
for the non-experts; significant
also on the right but only for

3 non-experts

Negative correlation for total hip
volumes and MTA rating

Negative correlations between
the scale and GM atrophy

Negative correlations between
the scale and GM atrophy

Negative correlations between
the scale and GM volume
(r=-0.5)

MTA: AUC = 0.81, Sens = 0.787,
Spec = 0.827

Multivariate method:

AUC = 0.827, Sens = 0.773,
Spec = 0.877

AD vs HC: accuracy differences
for one non-expert (left side
only) between the automatic
and MTA

c¢MCI vs HC: accuracy with auto-

matic was better than the MTA
for all non-experts.
sMCI vs HC: no significant dif-

ference between automatic and

MTA measures

MTA

DEM vs HC: AUC = 0.953
(sens = 0.778, spec = 0.938)
MCI vs HC: AUC = 0.812
(sens = 0.8, spec = 0.75)
Volumetric

DEM vs SCD: AUC = 0.887
(sens = 0.741, spec = 0.879)
MTA was not the best

PCA vs HC: AUC = 0.85
AD vs HC: AUC = 0.86

AD vs HC: AUC = 0.838
cMCI vs sSMCI: AUC = 0.624

aAD vs HC: AUC = 0.77
Genetic AD vs young HC:
AUC =0.78

FTD vs HC: AUC = 0.84
svPPA vs HC: AUC = 0.96
Genetic FTD vs HC: AUC = 0.94
FTD vs aAD: AUC = 0.75
FTD vs naAD: AUC = 0.82
Mild AD vs HC: AUC = 0.79
Severe/moderate AD vs HC:
AUC=0.9

Visual assessment gives similar
prediction accuracy to multivariate
classification

Visual and volumetric measures are
equally good for the classification of
AD, sMCI and HC and less good for
cMCI vs HC.

MTA is good at differentiating DEM
vs HC. Volumetric measures are
good at differentiating DEM vs SCD

MTA is a reliable and valid marker of
MTL atrophy but not the best pre-
dictor for PPA

MTA is a reliable and valid marker of
MTL atrophy

MTA is useful for assessing regional
brain atrophy and aiding AD diag-
nosis, and for determining MCI
prognosis

Little utility in differential diagnosis
of early onset dementia. None of the
scale met the requirements for be-
ing a valid diagnostic biomarker.

MTA is a reliable and valid marker of
hip atrophy, and discriminates be-
tween AD and HC.

AT
Harper et al. INTER: ICC>0.57 Asmall region in the left superior FTLD vs AD + LBD: AUC=0.63 AT is associated with FTLD
(2016) parietal lobule/supramarginal pathologies

gyrus was positively correlated

with GM density
Fumagallietal. ~ INTER:ICC=0.77 Negative correlations between - Differences in AT in genetic
(2018) INTRA: ICC (0.95 0.96) the scale and GM atrophy mutations
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First author Agreement Correlation visual vs Accuracy Conclusion
volumetric

Falgas et al. INTER: right wk = 0.81; left Negative correlations between  Left AT Unstructured expert review is
(2024) wk = 0.93 the scale and GM atrophy IvPPA vs HC: AUC = 0.921 sufficient to confirm or exclude

INTRA: rater 1, right svPPA vs HC: AUC = 0.999 svPPA from other PPAs

wk = 0.95 and left uPPA vs HC: AUC = 0.953

wk = 0.94; rater 2 right svPPA vs IvPPA: AUC = 0.94

wk = 0.94 and left svPPA vs nfvPPA: AUC = 0.925

wk =0.95 SVPPA vs uPPA: AUC = 0.868
Fumagallietal.  INTER: wk = 0.64 Negative correlations between ~ PCA vs HC: AUC = 0.82 AT is a reliable and valid marker of
(2020) INTRA: rater 1 wk = 0.79;  the scale and GM atrophy AD vs HC: AUC = 0.86 anterior temporal atrophy

rater 2 wk = 0.77
Falgas et al. INTER: left ICC = 0.86, - naAD vs HC: AUC = 0.83 Little utility in differential diagnosis
(2020) right ICC = 0.89 FTD vs HC: AUC = 0.90 of early onset dementia. None of the

INTRA: rater 1 left

ICC = 0.67 and right
ICC = 0.68. Rater 2 left
ICC = 0.63 and right

ICC=0.75
Yuan et al. (2019) INTER: right ICC=0.75;  Negative correlations between
left ICC=0.74 the scale and GM volume

(r=-0.22)

svPPA vs HC: AUC = 0.98
Genetic FTD vs HC: AUC = 0.94
FTD vs aAD: AUC = 0.82

FTD vs naAD: AUC = 0.84

scale met the requirements for
being a valid diagnostic biomarker.

Mild AD vs HC: AUC = 0.77
Severe/moderate AD vs HC:
AUC = 0.89

MTAis a reliable and valid marker of
anterior temporal atrophy, and dis-
criminates between AD and HC.

Healhty controls (HC); mild cognitive impairment (MCI); stable mild cognitive impairment (sMCI); converted mild cognitive impairment (cMCI); amnestic
mild cognitive impairment (aMCI); subjective cognitive decline (SCD); Alzheimer’s disease (AD); frontotemporal lobar degeneration (FTLD); Lewy body
dementia (LBD); subcortical vascular dementia (SVD); demented patients (DEM); posterior cortical atrophy (PCA); primary progressive aphasia (PPA); non-
fluent variant of primary progressive aphasia (nfvPPA); logopenic variant of primary progressive aphasia (IvPPA); semantic variant of primary progressive
aphasia (svPPA); undetermined variant of primary progressive aphasia (uPPA); amnestic AD (aAD); non amnestic AD (naAD); doctor of medicine (MD);
Cohen’s weighted kappa (wk); Fleiss’s kappa («); Cohen’s kappa (c) Interclass correlation coefficient (ICC); Spearman’s rho (r); gray matter (GM); area under
the curve (AUC); hippocampus (hip); versus (vs); inter-rater agreement (INTER); intra-rater agreement (INTRA); cerebrospinal fluid (CSF); medial temporal
lobe (MTL); medial temporal atrophy (MTA); information not included (-); sensitivity (sens); specificity (spec).

volumetric measures and discriminates between neurode-
generative diseases, between different forms of PPA, and
physiological aging (for the studies details see Tables 1 and 2).

3.3 Frontal areas
3.3.1 Fronto-insula (FI)

The fronto-insula (FI) scale (Davies et al. 2009; Fumagalli et al.
2014) assesses the atrophy of the circular sulcus of the insula in
the coronal plane on the slice where the anterior commissure
becomes visible and the two following posterior (Falgas et al.
2024) by using four points rating (from 0: no atrophy to 3:
severe; Figure S4). The inter-rater and the intra-rater agree-
ment ranged between substantial and near to perfect. Nega-
tive correlations were found between the FI scale and the GM
density (Harper et al. 2016) and atrophy (Falgas et al. 2024;
Fumagalli et al. 2018; Yuan et al. 2019), suggesting that the scale
is a reliable measure of insula atrophy. The scale had good

discriminatory ability in distinguishing between the early
onset of AD and HC (Falgas et al. 2020; Harper et al. 2016), and
AD severity (Yuan et al. 2019). While the discriminatory abili-
ties between genetic mutations [poor: Fumagalli et al. (2018);
excellent: Falgas et al. (2020)], and PPA variants [poor: Falgas
et al. (2024); good: Falgas et al. (2020)] are still entangled. The
results are reported in Tables 1 and 3.

3.3.2 Orbitofrontal (OF)

The orbitofrontal (OF) scale (Davies et al. 2009; Fumagalli
et al. 2014) evaluates the olfactory sulcus in the coronal
plane by using four grade system (Figure S4) ranging from
0 (no atrophy) to 3 (severe atrophy) on the most anterior
slice where the corpus callosum becomes visible (Falgas
et al. 2024). The inter-rater and the intra-rater agreement
ranged between substantial and near to perfect. The
negative correlations found between the OF scale and the
GM density (Harper et al. 2016) and atrophy (Falgas et al.
2024; Fumagalli et al. 2018, 2020; Yuan et al. 2019) suggest
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Table 3: The table summarizes the results regarding the agreement and the accuracy of the scale measuring frontal areas atrophy.

First author Agreement

Correlation visual vs
volumetric

Accuracy

Conclusion

FI

Harper et al. INTER: ICC>0.72
(2016)

Fumagalli INTER: ICC=0.75
etal. (2018) INTRA:ICC (0.82 0.91)

Falgas et al.  INTER: right wk = 0.66; left

(2024) wk = 0.78 INTRA: rater 1, right wk = 0.82
and left wk = 0.90; rater2 right wk = 0.87

and left wk = 0.92

Falgas et al. INTER: left ICC = 0.90, right ICC = 0.89
(2020) INTRA: rater 1 left ICC = 0.75 and right
ICC = 0.63. Rater 2 left ICC = 0.81 and

right ICC =0.74

Yuan et al.
(2019)

INTER: right ICC = 0.75; left ICC = 0.77

Negative correlations
between the scale and
GM density

Negative correlations
between the scale and
GM atrophy

Negative correlations
between the scale and
GM atrophy

Negative correlations
between the scale and
GM volume (r = —-0.42)

FI best scale for distin-

guish between early onset

AD and young HC
(AUC = 0.89)

FI was not the best

early onset AD vs HC:
AUC=0.76

aAD vs HC: AUC = 0.77
naAD vs HC: ACU = 0.78
FTD vs HC: AUC = 0.86

svPPA vs HC: AUC = 0.89

Genetic FTD vs HC:
AUC =0.94

Mild AD vs HC: AUC = 0.70

Severe/moderate AD vs
HC: AUC = 0.88

Age effects in the FI suggests the need to
account for age in the visual assessment

FLis a reliable and valid marker of insula
atrophy among groups of genetic
mutations

FLis a reliable and valid marker of insula
atrophy but not the best predictor for PPA

Little utility in differential diagnosis of
early onset dementia. None of the scale
met the requirements for being a valid
diagnostic biomarker.

FLis a reliable and valid marker of insula
atrophy, and discriminates between AD
and HC.

OF

Harper et al. INTER: ICC>0.72
(2016)

Fumagalli INTER: ICC = 0.82
etal. (2018) INTRA: ICC (0.89 0.97)

Falgas etal. INTER: right wk = 0.76; left

(2024) wk = 0.8 INTRA: rater 1, right wk = 0.8 and
left wk = 0.83; rater2 right wk = 0.84 and

left wk = 0.84

Fumagalli INTER: wk = 0.75

et al. (2020) INTRA: rater 1 wk = 0.89; rater 2wk = 0.8

Falgas et al. INTER: left ICC = 0.90, right ICC = 0.91
(2020) INTRA: rater 1 left ICC = 0.65 and right
ICC = 0.75. Rater 2 left ICC = 0.75 and

right ICC = 0.72

Yuanetal.  INTER: right ICC = 0.7; left ICC = 0.7

(2019)

Negative correlations
between the scale and
GM density

Negative correlations
between the scale and
GM atrophy

Negative correlations
between the scale and
GM atrophy

Negative correlations
between the scale and
GM atrophy

Negative correlations
between the scale and
GM volume (r = -0.3)

LBD vs HC: AUC=0.7
LBD vs AD: AUC = 0.52
FTLD vs AD: AUC = 0.68

OF was not the best

AD vs HC: AUC=0.73

early onset AD vs HC:
AUC=0.75

naAD vs HC: ACU = 0.81
FTD vs HC: AUC=0.8

svPPA vs HC: AUC = 0.79

Genetic FTD vs HC:
AUC =0.92

Mild AD vs HC: AUC = 0.79

Severe/moderate AD vs
HC: AUC=0.9

OF is valid, reliable, but had poor
discriminative value

OF is a reliable and valid marker of insula
trophy among groups of genetic
mutations

OF is a reliable and valid marker of orbital
atrophy but not the best predictor for PPA

OF is a reliable and valid marker of orbital
atrophy and fairly distinguish between
AD and HC

Little utility in differential diagnosis of
early onset dementia. None of the scale
met the requirements for being a valid
diagnostic biomarker.

OF is a reliable and valid marker, and
discriminates between AD and HC.

AC

Harper et al. INTER: ICC>0.61
(2016)

Negative correlations
between the scale and
GM density

LBD vs AD + FTLD:
AUC = 0.52

AC is a reliable and valid marker of
cingulate atrophy but with poor discrim-
inatory abilities
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First author Agreement

Correlation visual vs

Accuracy

Conclusion

AC was not the best

AC is a reliable and valid marker of
cingulate atrophy among groups of ge-
netic mutations

AC is a reliable and valid marker of
cingulate atrophy but not the best pre-

volumetric
Fumagalli INTER: ICC = 0.74 Negative correlations
etal. (2018) INTRA:ICC (0.82 0.9) between the scale and
GM atrophy
Falgas et al.  INTER: right wk = 0.71; left Negative correlations
(2024) wk = 0.93 INTRA: rater 1, right wk = 0.88 between the scale and
and left wk = 0.94; rater2 right wk = 0.86 GM atrophy
and left wk = 0.95
Falgas et al. INTER: left ICC = 0.88, right ICC=0.91 -
(2020) INTRA: rater 1 left ICC = 0.88 and right

ICC = 0.65. Rater 2 left ICC = 0.86 and
right ICC = 0.82

dictor for PPA

early onset AD vs HC:
AUC =0.77

aAD vs HC: ACU =0.8
FTD vs HC: ACU = 0.83
nfvPPA vs HC: ACU = 0.78
Genetic FTD vs HC:

Little utility in differential diagnosis of
early onset dementia. None of the scale
met the requirements for being a valid
diagnostic biomarker.

AUC=0.97
Benussietal. INTER:ICC=0.78 - Prodromal FTD vs HC: The inclusion of AC and plasma neuro-
(2024) AUC = 0.69 filament light increase the accuracy to
AUC=0.9
Yuanetal.  INTER: right ICC = 0.7; left ICC = 0.71 Negative correlations ~ Mild AD vs HC: AUC=0.76 AC s a reliable and valid marker, and
(2019) between the scale and  Severe/moderate AD vs discriminates between AD and HC.

GM volume (r = -0.31)

HC:AUC=0.9

Fronto-insula (FI); orbitofrontal (OF); anterior cingulate (AC); healthy controls (HC); Alzheimer’s disease (AD); frontotemporal lobar degeneration (FTLD);
Lewy body dementia (LBD); posterior cortical atrophy (PCA); primary progressive aphasia (PPA); frontotemporal dementia (FTD); amnestic AD (aAD); non
amnestic AD (naAD); semantic variant of primary progressive aphasia (svPPA); Cohen’s weighted kappa (wk); interclass correlation coefficient (ICC);

correlation value (r); gray matter (GM); area under the curve (AUC); versus (vs); inter-rater agreement (INTER); intra-rater agreement (INTRA); information

not included (-).

that the scale is a reliable proxy of olfactory sulcus
enlargement. The scale had poor discriminatory values in
distinguishing LBD and AD (Harper et al. 2016), LBD and HC
(Harper et al. 2016), and FTD and AD (Harper et al. 2016).
Furthermore, OF scale is not the best for discriminating
PPA variants (Falgas et al. 2024), but the discriminatory
ability is fair between svPPA and HC (Falgas et al. 2020).
However, it fairly distinguishes AD and HC (Fumagalli et al.
2020; Yuan et al. 2019), even in early-onset AD (Falgas et al.
2020), FTD and HC (Falgas et al. 2020), and is excellent in the
genetic forms of FTD (Falgas et al. 2020). The results are
reported in Tables 1 and 3.

3.3.3 Anterior cingulate (AC)

The anterior cingulate (AC) scale (Davies et al. 2009; Fuma-
galli et al. 2014) assesses the cingulate sulcus in the coronal
plane with four grade system (Figure S4) ranging from 0 (no
atrophy) to 3 (severe atrophy) on the most anterior slice
where the corpus callosum becomes visible (Falgas et al.
2024). Both the inter-rater and the intra-rater agreement
ranged between substantial and near to perfect. The
negative correlations found between the AC scale and the

GM density (Harper et al. 2016) and atrophy (Falgas et al.
2024; Fumagalli et al. 2018; Yuan et al. 2019) suggest that the
scale is a reliable measure of anterior cingulate sulcus
enlargement. The scale had poor discriminatory abilities in
distinguishing LBD and AD + FTD (Harper et al. 2016),
prodromal FTD and HC (Benussi et al. 2024), and was not the
best for distinguishing PPA variants (Falgas et al. 2024).
However, it showed fair ability in the distinction between AD
and HC (Falgas et al. 2020; Yuan et al. 2019), between nfvPPA
and HC (Falgas et al. 2024), good between FTD and HC (Falgas
et al. 2020), and excellent abilities in distinguishing FTD
genetic variants from HC (Falgas et al. 2020). Interestingly,
the combination of plasma neurofilament light and AC scale
showed an excellent accuracy in distinguishing prodromal
FTD and HC (Benussi et al. 2024). The results are reported in
Tables 1 and 3.

3.3.4 Global cortical atrophy-frontal areas (GCA-F)

Two studies evaluated the global atrophy score (GCA) only
the in frontal lobe (GCA-F) (Pasquier et al. 1996; Figure S4),
finding an inter-rater agreement of wk = 0.59 (Ferreira et al.
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2016) and Spearman’s rho of 0.257 (Vanhoenacker et al. 2017),
and a substantial (wk = 0.7) intra-rater agreement (Ferreira
et al. 2016). Negative correlations were found between CGA-F
scores and both GM volume (Ferreira et al. 2016) and GM
thickness (Ferreira et al. 2016), suggesting that GCA-F is a
reliable measure of frontal lobe atrophy. Among the articles
included, no study has assessed the diagnostic accuracy of
the scale for neurodegenerative diseases. General informa-
tion about the studies is included in Table 1.

To summarize, the visual rating scale assessing the
frontal areas showed high reliability and correlations with
GM volumetric measures. The discriminative abilities are
excellent in distinguishing FTD genetic forms from controls,
and the FI scale seems the most trustable in differentiating
other neurodegenerative forms from controls.

3.4 Parietal areas
3.4.1 Posterior atrophy (PA)

The Koedam scale focuses on the parietal lobe atrophy,
looking at the posterior cingulate sulcus, precuneus, and the
parieto—temporal sulcus in the Tl-weighted sagittal and
coronal plane (Harper et al. 2015; Koedam et al. 2011). The
degree of atrophy in each of these regions is combined to
produce a score reflecting overall PA atrophy. The scale is
composed of four increments (Figure S4) ranging from 0 to 3
in which scores <1 indicating the absence of PA (Harper et al.
2015).

Both the inter-rater agreement and the intra-rater
agreement of the scale are substantial to near perfect
(ranging between 0.69-0.85 and 0.71-0.95), respectively. In
the original study by Koedam et al. (2011), raters did not
undergo a training session; while in other studies (Fumagalli
et al. 2018; Harper et al. 2016; Sheng et al. 2020) raters
received a training protocol. The presence of training for the
raters in this case seems not to have an impact on the raters’
consistency and reliability.

The degree of atrophy measured by the PA scale
negatively correlated with GM volume in the same posterior
areas in all of the studies (Falgas et al. 2024; Fumagalli et al.
2018, 2020; Harper et al. 2016; Moller et al. 2014; Sheng et al.
2020; Yuan et al. 2019).

The PA scale accurately discriminates between patho-
logical and physiological aging (Falgas et al. 2020; Ferreira
et al. 2015; Moller et al. 2014; Yuan et al. 2019), between
different forms of neurodegeneration (Koedam et al. 2011),
between those MCI that will convert to AD from the stable
MCI (Ferreira et al. 2015), and even in the genetic variants
(Falgas et al. 2020; Fumagalli et al. 2018). Furthermore, the
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PA scale can fairly distinguish between HC and MCI pa-
tients (Sheng et al. 2020). Furthermore, the discriminative
power of the scale was similar to the automated classifi-
cation method (Harper et al. 2016). Interestingly, the com-
bination of MTA and PA scales increased the discriminative
ability than the single scale scores both in the AD (Falgas
et al. 2020; Koedam et al. 2011) and in the MCI (Sheng et al.
2020) population.

To summarize, PA as a measure of the brain atrophy in
the parietal areas is reliable, consistent with volumetric
measures, and discriminates between neurodegenerative
diseases and physiological aging. The combination of PA
with other visual rating scales, such as the MTA, increases
the discriminative power of each scale. Results are reported
in Tables 1 and 4.

3.5 Global atrophy
3.5.1 Global cortical atrophy (GCA)

The global cortical atrophy (GCA) evaluates brain atrophy in
13 regions in each hemisphere and the final score is given by
the sum of each 13 regions scores (Pasquier et al. 1996). This
scale was designed to assess atrophy following stroke and was
not specifically developed to evaluate neurodegenerative
dementias. However, it has also been applied in the assess-
ment of neurodegenerative diseases. The inter-rater and
intra-rater agreement of the GCA scale was evaluated by
Koedam et al. (2011), reporting values of wk > 0.7 and wk = 0.85,
respectively, while Ferreira et al. (2015) reported a lower
value of intra-rater agreement (wk = 0.7) but still substantial.
However, poor diagnostic (AD vs HC, AUC = 0.653) and pre-
dictive performances (SMCI vs cMCI, AUC = 0.581) were found
(Ferreira et al. 2015). General information about the studies is
included in Table 1.

3.6 Other scales of atrophy

Assessing the frontal brain atrophy is crucial for the
differential diagnosis between neurodegenerative diseases
or psychiatric disorders. For this reason, several visual
rating scales have been developed. Among them Davies et al.
(2009) developed a scale that includes 15 frontotemporal
brain regions, rated in the T1-weighted images by using a
scale ranging between 0 (no atrophy) to 4 (most abnormal).
Both the inter-rater and intra-rater agreement were sub-
stantial and the scales correlated with the volumetric esti-
mation method. Discriminative analysis pointed out disease-
specific impairment in several sets of brain regions,
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Table 4: The table summarizes the results regarding the agreement and the accuracy of the PA scale.

First author Agreement Correlation visual vs Accuracy Conclusion
volumetric
Koedam INTER: wk = 0.73 - AD: Sens = 0.58, PA discriminates between AD and other
etal. (2011) INTRA: wk = 0.93 (rater 1) Spec = 0.95 dementias. The combination of PA and MTA
wk = 0.95 (rater 2) Combining MTA and PA: s better.
Sens = 0.73, Spec = 0.87
Méller et al.  INTER: wk = 0.85 Patients with a degree of PAhad PA discriminates well be-  PA scale is quantitatively validated and
(2014) lower total brain volume than  tween reliably reflects GM atrophy in parietal
patients without PA. Increasing  atrophy and no atrophy  regions
PA more
atrophy of the whole brain was
detected
Harper et al. INTER: ICC=0.71 Negative partial correlation of ~ AD vs FTD: AUC = 0.6 Automated classification as good as expert
(2016) GM with visual rating score AD vs DLB + FTD: reads
AUC = 0.54
DLB vs FTD: AUC = 0.54
Sheng et al. INTER: ICC = 0.845 Negative correlations of GM AUC =0.725 The combined MTA and PA rating scales
(2020) INTRA: ICC (0.709 0.832) measures with visual rating The combination of the have similar discriminative power than the
score MTA and PA showed GM assessment. Diagnostic value for dis-
higher classification tinguishing aMCI vs HC
accuracy compared with
single visual rating scale
(cohortA: AUC = 0.818;
cohortB: AUC = 0.824)
Fumagalli ~ INTER:ICC>0.73 Negative correlations of PAscore - Differences in AT in genetic mutations
et al. (2018) INTRA: rater 1 ICC>0.82, rater with GM measures
2 1CC>0.89
Falgas et al. INTER: right wk = 0.73; left Negative correlations between  nfvPPA vs HC: left PA can accurately discriminate nfvPPA from
(2024) wk =0.7 the scale and GM atrophy (AUC = 0.817) HC
INTRA: rater 1, right wk = 0.81
and left wk = 0.82; rater2 right
wk = 0.88 and left wk = 0.82
Fumagalli INTER: wk = 0.69 Negative correlations of PAscore PCA vs HC: AUC = 0.83 Visual rating scales have been validated also
etal. (2020) INTRA: rater 1, wk = 0.92; with GM measures AD vs HC: AUC = 0.73 in PCA

Ferreiraetal.
(2015)

Falgas et al.
(2020)

Yuan et al.
(2019)

rater2, wk = 0.84
INTRA: wk = 0.72

INTER: left ICC = 0.85, right

ICC=0.84

INTRA: rater 1 left ICC = 0.75
and right ICC = 0.84. Rater 2

left ICC = 0.74 and right
ICC=0.81

INTER: right ICC = 0.74; left

ICC=0.74

Negative correlations between

the scale and GM volume
(r=-0.45)

AD vs HC: AUC = 0.567
cMCIvs sMCL: AUC=0.547

naAD vs HC: AUC = 0.84
Genetic AD vs young HC:
AUC = 0.81

Genetic FTD vs HC:

AUC =0.92

Mild AD vs HC: AUC = 0.69
Severe/moderate AD vs
HC: AUC = 0.85

PA is useful for assessing regional brain
atrophy and aiding AD diagnosis, and for
determining MCI prognosis

Little utility in differential diagnosis of early
onset dementia. None of the scale met the
requirements for being a valid diagnostic
biomarker.

PA is a reliable and valid marker, and dis-
criminates between AD and HC.

Parietal atrophy (PA); medial temporal atrophy (MTA); healthy controls (HC); mild cognitive impairment (MCI); converted mild cognitive impairment (cMCI);
stable mild cognitive impairment (sMCI); amnestic mild cognitive impairment (aMCI); subjective cognitive decline (SCD); Alzheimer’s disease (AD);

frontotemporal lobar degeneration (FTLD); frontotemporal dementia (FTD); Lewy body dementia (LBD); posterior cortical atrophy (PCA); non-fluent variant
of primary progressive aphasia (nfvPPA); non amnestic AD (naAD); Cohen’s weighted kappa (wk); interclass correlation coefficient (ICC); gray matter (GM);
area under the curve (AUC); correlation value (r); versus (vs); inter-rater agreement (INTER); intra-rater agreement (INTRA); information not included (-);
sensitivity (sens); specificity (spec).
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suggesting that the scale can differentiate between neuro-
pathological and physiological aging (Davies et al. 2009).

Chow and colleagues (2011) adapted the scale proposed
by Davies et al. (2009) to evaluate the atrophy in the left
anterior cingulate and left anterior temporal regions
(Harper et al. 2015). The aim of the authors was to investigate
the ability of clinicians in detecting localized brain atrophy
in MRI patient’s scans. The authors found that the raters
agreed about the presence of atrophy in those areas.
Furthermore, negative correlations between visual rating
scores and volumetric measures were detected (Chow et al.
2011). The scale differentiates fairly accurately between FTD
patients, and between AD and HC.

Other in-house scales for the rating of brain atrophy and
lesions have been developed. Among them, the brain atrophy
and lesion index (BALI) was developed by adapting existing
visual rating scales (Chen et al. 2010). The BALI categories and
grades the gray matter lesions and small vessels, the peri-
ventricular lesions, the deep white matter lesions, the basal
ganglia and surrounding lesions, the infratentorial region
lesions, and the global atrophy, and other lesions (Chen et al.
2010). High inter-rater reliability was found assessing both the
T1 and the T2-weighted images, with a fair discriminative
ability in differentiating AD patients (Chen et al. 2010).
Moreover, the comprehensive visual rating scale (CVRS) has
been developed to screen patients with cognitive decline (Jang
et al. 2015). The CVRS is made of four parts which scales hip-
pocampal atrophy, cortical atrophy, ventricular enlargement,
and small vessel disease. High inter-rater and intra-rater
agreement were found. Furthermore, the CVRS subscales
correlated with volumetric reduction in the brain regions that
the visual scales intended to rate (Jang et al. 2015). Regarding
the discriminability of the scale, the AUC of the CVRS was
greater than the one of any other single subscale and volu-
metric measurement (Jang et al. 2015), differentiating fairly
between HC and MCI (AUC = 0.7), and satisfactorily between
MCI and AD (AUC = 0.68). In the study of Li et al. (2019) the
evaluation of T2-weighted images on several brain areas was
performed (e.g., frontal, parietal, occipital, precuneus, hip-
pocampus, lateral temporal, and lateral ventricle enlarge-
ment), showing a moderate to high consistency in the rater
agreements, and correlations with volumetric scores (Li et al.
2019). The discriminative abilities were comparable with the
voxel-based specific regional analysis system, but the visual
rating scores were not able to differentiate MCI from HC (Li
et al. 2019).

Lastly, Silhan et al. (2021) developed the hippocam
po-horn percentage (Hip-hop) scale for the assessment of the
hippocampus and the parietal atrophy score (PAS) for the
evaluation of the atrophy degree in the parietal lobe struc-
tures. Both inter-raters and intra-rater agreement were
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almost near to perfect. Moreover, the hip-hop scale perfectly
discriminated between older HC and late AD, and it differ-
entiated fair to good young HC and early AD. On the other
hand, the PAS had poor discrimination ability between older
HC and late AD, but it discriminated fairly between young HC
and early AD (Silhan et al. 2021). Results are reported in
Table 1 and Table S3.

4 Discussion and conclusions

The review aimed to assess the reliability, validity, and accu-
racy of the visual rating scales of atrophy in neurodegenerative
diseases as a tool for the clinical differentiation between
different forms. We extensively evaluated raters’ ability, the
correlation between the scales scores and the gray matter
brain volume, and the diagnostic accuracy of the scales. Our
results showed that: (1) the inter-raters agreement varied from
fair to nearly perfect, (2) the intra-rater agreement was at least
good across all the studies (see Figure 2 for a summary).
Moreover, we showed that (3) visual rating scores were nega-
tively correlated with volumetric measures of atrophy assessed
with automated tools. Lastly, we showed that (4) different
scales can accurately distinguish between various neurode-
generative diseases (see Figure 3 for a summary). Therefore,

Agreement

@® |Inter-rater
® |Intra-rater

Visual Rating Scale

Reliab)'/ity (ICC or Agreement) )

Figure 2: The plot summarizes the inter-rater (purple) and intra-rater
(light blue) agreements of the visual rating scales. Poor (red): from 0 to
0.2; fair (orange): from 0.21 to 0.4; moderate (green): from 0.41 to 0.6;
substantial (blue): from 0.61 to 0.8; near perfect to perfect (dark blue):
from 0.81 to 1. The dot represents the midpoint measured between the
lower and the upper agreement level retrieved in the studies. Abbrevia-
tions: orbito-frontal (OF); anterior temporal (AT); fronto-insula (FI);
anterior cingulate (AC); medial temporal atrophy (MTA); posterior atrophy
(PA); global cortical atrophy (GCA); global cortical atrophy-frontal areas
(GCA-F). The plot was built in Rstudio (R version 4.3.1) using the ggplot2
(Wickham 2016) and dplyr (Wickham et al. 2023) libraries.



C. Fornari and G.G. Fumagalli: Visual rating scales for brain atrophy in dementia —— 15

DE GRUYTER
aMCl vs HC e O
MCl vs SCD P
cMCl vs sMCI D
e @ @ @ O O O
ADvsFTD @ O
ADvs LBD

AD vs LBD + FTD
AD vs HC vs MCI
early AD vs young HC
LBD vs HC

LBD vs AD + FTD
FTD vs HC

FTD vs LBD

FTD vs AD + LBD
PCAvs HC
uPPAvs HC
svPPA vs HC
nfvPPAvs HC
IVPPA vs HC

PPA variants

DEM vs HC

SVD vs HC

Mixed vs HC
Genetic FTD vs HC

Comparison
o® © ©
® & 60 ® O

SPSH)

<<\

&

® O
& ©

1,
7 9000

Scale

Accuracy Level

Unsatisfactory
@ Poor

Fair
© Good
@ Excellent

Figure 3: The plot summarizes the accuracy of the visual rating scales. Unsatisfactory (gray): AUC < 60; poor (red): AUC < 70; fair (orange): AUC < 80; good
(green): AUC < 90; excellent (blue): AUC > 90. Darker blue represents from good to excellent (MTA in AD vs HC; AT in svPPA vs HC), darker red represents from
unsatisfactory to poor (PA in AD vs HC), darker green represents from fair to good (MTA in aMCIvs HC; AT in AD vs HC; FLin AD vs HC; OF in AD vs HC; ACin AD
vs HC), and brown represents from poor to fair (AC in FTD vs HC). Abbreviations: amnestic mild cognitive impairment (aMCI); healthy controls (HC); subjective
cognitive decline (SCD); Alzheimer’s disease (AD); frontotemporal dementia (FTD); Lewy body dementia (LBD); posterior cortical atrophy (PCA); semantic
variant of primary progressive aphasia (svPPA); non-fluent variant of primary progressive aphasia (nfvPPA); logopenic variant of primary progressive aphasia
(IvPPA); undetermined of primary progressive aphasia (uPPA); primary progressive aphasia (PPA); dementia (DEM); subcortical vascular dementia (SVD);
orbito-frontal (OF); anterior temporal (AT); fronto-insula (FI); anterior cingulate (AC); medial temporal atrophy (MTA); posterior atrophy (PA); global cortical
atrophy (GCA). The plot was built in Rstudio (R version 4.3.1) using the ggplot2 (Wickham 2016) and dplyr (Wickham et al. 2023) libraries.

the literature review highlights which scales may be most
appropriate for specific pathologies, enhancing the accuracy of
differential diagnosis.

Harper and colleagues (2015) concluded their review by
stating that it was surprising that visual rating scales had not
been more widely adopted in routine clinical assessment.
After 10 years, this remains an open question. This is
particularly striking given that the assessment of hippo-
campal atrophy using the MTA scale is already justified in
clinical routine for AD (Boutet et al. 2012), as MTA is a reliable
diagnostic marker distinguishing AD from healthy controls

(Park et al. 2021). Interestingly, an incremental diagnostic
value for AD could be reached through the combination of
different scales, such as the MTA and the PA (e.g., Falgas et al.
2020; Sheng et al. 2020). However, visual rating scales are still
underutilized for the differential diagnosis of other neuro-
degenerative conditions, despite their potential to comple-
ment automated tools and increase diagnostic accuracy.
Further research is needed to determine whether inte-
grating the evaluation of other brain areas could improve
the differentiation of atypical AD (i.e., PCA) and non-AD de-
mentias (i.e, LBD), ultimately contributing to the
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development of standardized criteria and consensus guide-
lines (Loreto et al. 2023).

In this regard, the implementation of the visual rating
scales, such as MTA and/or PA, may not be the best option
for the differentiation in the early stages of the neurode-
generative diseases, as their accuracy is generally low, and
only fair when differentiating MCI from controls. This
result aligns with a recent paper assessing the preclinical
state by using the visual atrophy scales (Socher et al. 2025).
This could be due to the reduced sensitivity of these scales
in distinguishing physiological brain aging from early
pathological changes, where age-related atrophy can mask
neurodegenerative processes. In contrast, automated
measures of gray matter volume appear to be more precise
than MTA alone in this population (Sheng et al. 2020), and
further research is needed to explore the potential benefits
of implementing specialized and automated software for
atrophy detection. However, visual rating scales remain
crucial tools for clinical assessment, as they allow for a
rapid, cost-effective, and accessible evaluation of atrophy
patterns. Importantly, different scales might be more suit-
able for different neurodegenerative diseases. For instance,
while MTA is particularly useful for detecting AD-related
atrophy, PA may be more relevant for identifying atypical
AD. Similarly, frontal atrophy scales such as the FI scale
could play a critical role in differentiating FTD from HC,
and the AT scale may be implemented for the PPAs spec-
trum. On the contrary, the GCA scale appeared less optimal
for isolating disease-specific atrophy patterns. While our
review places greater emphasis on AD, reflecting the pre-
dominance of AD-focused studies in literature, we incor-
porated findings from other neurodegenerative syndromes
whenever available. Nevertheless, the number of studies
examining visual rating scales in conditions such as FTD,
PPA, and other non-AD dementias remains limited. This
underrepresentation highlights a critical gap in literature
and underscores the need for future research to validate
and adapt these scales for a wider range of neurodegen-
erative diseases.

In addition, although negative correlations between MTA
scores and CSF biomarkers have been reported in AD (Enkirch
et al. 2018), evidence on the relationship between visual rating
scales and PET or CSF biomarkers in other neurodegenerative
conditions, such as FTD, remains scarce and needs further
investigation. Future studies should further explore the po-
tential of integrating multiple scales to improve diagnostic
accuracy in different forms of dementia.

One limitation of our study is the absence of measures
of cognitive status and disease severity, such as neuro-
psychological test scores about the global cognition (e.g.,
the Mini-Mental State Examination) or domain specific
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assessments (e.g., Trail making test, and Rey-Osterrieth
complex figure). Other limitations include the small
number of studies investigating certain visual rating scales
(e.g., FI and AC), and the lack of stratification based on age
specific cut-off values, as this information was not consis-
tently reported across studies. Additionally, we did not
apply exclusion criteria related to the minimum sample
size, MRI acquisition protocols, or scanner field strength,
which may introduce variability in imaging quality and
interpretation. However, these methodological character-
istics (e.g., sample size and sex distribution, MRI field
strength) were extracted from the included studies,
thereby providing context for interpreting potential
sources of heterogeneity. Furthermore, demographic het-
erogeneity, such as differences in age, and ethnicity, was
not systematically accounted for, potentially affecting both
the generalizability and diagnostic accuracy of the find-
ings. Finally, we acknowledge the potential for publication
bias, as studies reporting significant or positive findings
may be more likely to be published and included in our
review. This may have influenced the overall representa-
tion of diagnostic performance and study characteristics in
the included literature.

In conclusion, this review provides an overview of the
most widely used visual rating scales in both clinical and
research settings, emphasizing their reliability and clinical
utility. Our findings suggest that visual rating scales remain
valuable tools for the assessment of brain atrophy. While
some scales, such as MTA, are already well-established for AD
diagnosis, the differential diagnostic potential of other scales
should be further explored. By highlighting the most useful
and robust visual rating scales for differentiating between
physiological and pathological aging, as well as among
different neurodegenerative diseases, our review un-
derscores the importance of a more systematic and wide-
spread implementation of these tools in clinical practice.
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