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Abstract.

Background: Handwriting is a complex process involving fine motor skills, kinesthetic components, and several cognitive
domains, often impaired by Alzheimer’s disease (AD).

Objective: Provide a systematic review of handwriting changes in AD, highlighting the effects on motor, visuospatial and
linguistic features, and to identify new research topics.

Methods: A search was conducted on PubMed, Scopus, and Web of Science to identify studies on AD and handwriting. The
review followed PRISMA norms and analyzed 91 articles after screening and final selection.

Results: Handwriting is impaired at all levels of the motor-cognitive hierarchy in AD, particularly in text, with higher
preservation of signatures. Visuospatial and linguistic features were more affected. Established findings for motor features
included higher variability in AD signatures, higher in-air/on-surface time ratio and longer duration in text, longer start
time/reaction time, and lower fluency. There were conflicting findings for pressure and velocity in motor features, as well as
size, legibility, and pen lifts in general features. For linguistic features, findings were contradictory for error patterns, as well
as the association between agraphia and severity of cognitive deficits.
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Conclusions: Further re-evaluation studies are needed to clarify the divergent results on motor, general, and linguistic features.
There is also a lack of research on the influence of AD on signatures and the effect of AD variants on handwriting. Such

research would have an impact on clinical management (e.g., for early detection and patient follow-up using handwriting

tasks), or forensic examination aimed at signatory identification.

Keywords: Agraphia, Alzheimer’s disease, dementia, forensic examination, kinematics, signature

INTRODUCTION

Alzheimer’s disease (AD) is the most common
cause of dementia, affecting approximately 32 mil-
lion people worldwide [1, 2]. It is an irreversible
neurodegenerative disease with an insidious onset
that impairs cognitive functions, such as memory,
learning, attention, language, visuospatial skills, and
decision making [1, 3]. This disease progresses
according to three stages (mild, moderate, and
severe) [4] and has a multifactorial etiology, with
both environmental and genetic causes, although
the pathogenesis and underlying mechanisms remain
uncertain [5]. The pathological hallmarks are amy-
loid plaques, which are extracellular deposits of
amyloid-B (AB) [1, 5] and neurofibrillary tangles,
which are intraneuronal structures consisting of
hyperphosphorylated tau proteins [1, 5]. Based on
the age of onset, AD may be classified as early or late
onset. Early onset affects individuals below the age
of 65 and is a rarer form that accounts for approxi-
mately 5% of all cases, whereas late onset is the most
common and affects older individuals [1]. Clinically,
AD is characterized by a slowly progressive loss of
episodic memory, deficits in working memory, dis-
orientation in space and time, as well as deficits in
language and visuospatial skills in more advanced
stages. However, particularly in early onset, some
patients may show atypical clinical presentations
(atypical AD), with deficits centered in executive,
visuospatial, language, behavior, or motor features
and relatively preserved memory in initial stages [5,
6].

Since handwriting is a complex process that
involves fine motor skills, kinesthetic components,
and several cognitive domains, such as language,
visuospatial skills, memory, and attention, most of
which are impaired in AD, it is a possible biomarker
for early diagnosis and disease progression [7, 8].
In this context, the aim of the article is to provide
a systematic review of handwriting changes in sig-
natures and text, in order to better understand how
handwritten language and movement are affected by
AD, as well as to identify new lines of research on

this topic. In addition, the evidence reported in this
review may help professionals (e.g., psychologists,
psychiatrists, physical therapists, and forensic hand-
writing examiners) in their evaluation of handwriting
samples executed by AD patients, for both clinical
and forensic purposes.

MATERIALS AND METHODS

The current systematic review was performed
according to PRISMA guidelines [9, 10]. The search
was conducted for all works published before March
31, 2023 on PubMed, Scopus, and Web of Sci-
ence, using the following Medical Subject Headings
(MeSH) Terms: “Handwriting AND Alzheimer dis-
ease”, “Dementia AND Handwriting”, and “Agraphia
AND Alzheimer disease”. This review was car-
ried out using a peer-review system, in which two
researchers independently analyzed and selected the
articles based on the following inclusion criteria: only
English publications and studies must include par-
ticipants with a formal diagnosis of AD (typical or
atypical AD). In addition, the authors only included
studies that featured handwriting or handwriting-type
motor tasks, such as writing signatures, sentences or
texts, sets of letters (e.g., four cursive I’s) or execut-
ing circles, since they are key elements involved in the
construction of several letters (e.g., letter “a”, “0”, or
“d”). Exclusion criteria were as follows: non-English
publications, off-topic articles (e.g., validation of
neuropsychological screening instruments), demen-
tia type not specified, literature reviews without
inclusion or exclusion criteria for article selection,
and articles that did not include handwriting or
handwriting-type motor tasks.

RESULTS

Database search revealed a total of 846 articles.
Six additional studies were identified using cita-
tion searching. After removing duplicate records, the
remaining 388 articles were screened on the basis
of title and abstract. After the screening process,
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846 publications identified through database
search:

¢ Pubmed (n=217)

* Scopus (n=256)

¢ Web of Science (n=373)

6 publications identified through
citation searching

iV

388 publications after removing duplicate records
— = 247 publications excluded
388 publications screened on the basis of tittleand || (not written in English or
abstract irrelevant)
141 publications assessed for eligibility 50 publications met the
(full-text analysis) exclusion criteria

91 publications included in the systematic review

Fig. 1. Article selection flow chart.

247 records were excluded as they were written in
a language other than English or were off-topic.
The full-version of the remaining 141 articles were
assessed for eligibility, of which 50 met the exclu-
sion criteria: 17 did not include AD subjects or failed
to specify dementia type, 20 did not include hand-
writing tasks, 10 were off-topic (e.g., validation of
new screening instruments), and finally 3 consisted
of literature reviews without article selection specifi-
cations. The remaining 91 studies met the inclusion
criteria and were included in the systematic review
(Fig. 1).

The studies included in the present review applied
different modalities to acquire handwriting samples.
Hence, handwriting was collected through different
sets of tasks, such as signing, spontaneously writing
a text (using picture description or a narrative writing
task), executing copy and reverse copy tasks or writ-
ing a letter sequence (e.g., writing four cursive I’s).
These tasks were performed on paper or on. digital
tablets (digitally captured signatures or handwritten
entries). Pen and paper samples provided a more
natural setting for handwriting execution, particu-
larly for older subjects, and were examined through
direct analysis of the inking trace. Samples executed
on digital tablets with specific software allowed the
recording and analysis of quantitative data, espe-
cially temporal kinematics and pen pressure and were
analyzed quantitatively, using machine learning or
non-machine learning methods.

A summary of the individual studies included in
this review is presented in Supplementary Table 1,
detailing AD population characteristics, handwrit-
ing tasks, and main results. Findings will be divided
into: 1) motor features (velocity, fluency, pressure,

and temporal features), visuospatial and other gen-
eral features (spacing, shape of the baseline, size,
legibility, pen lifts, and slant) and linguistic features
(spelling errors, spelling patterns, syntax, and infor-
mation content), based on the bottom-up hierarchical
organization of these characteristics within the ner-
vous system. Signatures will be discussed separately
from the rest of the handwriting, given their higher
degree of automatism, personalization and lower cog-
nitive demands [11].

Motor features

Motor features include velocity, fluency, which
refers to the smoothness and skill level of writing
[12], pressure and temporal features. For the purpose
of this review, a stroke is defined as the basic unit that
forms the handwriting movement [13].

Research suggests that motor features in signatures
are relatively preserved, as first stated by Behrendt
in 1984, who highlighted that writing skill may not
reflect cognitive decline in AD [14]. These findings
were supported by studies that analyzed digitally cap-
tured signatures [15, 16] and pen and paper signatures
[17], although there was a higher variability in the
AD group when compared to the controls [15]. As
for fluency, although it appears to be relatively pre-
served in signature execution in more initial stages of
the disease [15], two studies that analyzed pen and
paper signatures described lower line quality in more
severe cases [17, 18], due to tremor and hesitations.
Other handwriting features within the neuromotor
realm revealed conflicting results, such as velocity
and pen pressure. Some studies that focused on digi-
tally captured and pen and paper signatures [15-17]
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found velocity and pressure similar between AD and
the control groups. On the contrary, studies by Pirlo
et al. [19] and Wang et al. [20] that used machine
learning methodology to analyze digitally captured
signatures revealed intergroup differences in veloc-
ity [19] and pressure [20]. Regarding pen pressure,
the authors reported lower pressure in the AD group
and suggested that these individuals hold the pen in
a different way, due to lower muscle tonus [20].

Research on text handwriting suggests that it is
more impaired than signatures [21-24]. Results con-
cerning fluency were homogeneous and showed that
handwriting movements in AD subjects were more
irregular [24-29] and less coordinated [28] when
compared to controls. In addition, in AD subjects
execution time (duration) was longer and variation
was higher [25, 26]. It is also worth noting that some
of these findings were irrespective of medication or
disease severity [25]. On the other hand, similarly
to signatures, results for velocity and pressure were
not consensual. For velocity, while some studies did
not find significant differences between AD and the
control groups [8, 25, 26], other authors found lower
velocity in the handwriting movements of AD sub-
jects [27, 28, 30, 31]. With regard to pen pressure,
although Delazer et al. [31] did not find significant
differences between AD and controls using differ-
ent tasks (e.g., dictation and 4 cursive 1’s), additional
studies involving copy tasks, picture-naming tasks
and spontaneous writing reported lower pressure in
the AD group [8, 32-34] or an increase in pressure
[35]. Additional studies that applied machine learn-
ing methodology have differentiated controls and AD
patients with high accuracy using these features [36—
42] or lognormal features [43], suggesting that they
may be affected by the disease and can be used as a
biomarker to track disease progress in AD [44].

The use of digitizers also provided new insights
into how time related characteristics and in-air trajec-
tories are affected by AD. In-air trajectories (IATSs)
are the invisible movements executed when the pen
is lifted above the writing surface, and have been
considered biomarkers for diagnosis and progress
follow-up of other diseases, such as Parkinson’s dis-
ease [45]. In studies involving copy tasks (numbers,
letters, words, or paragraphs), AD patients showed
higher temporal measures, with differences in in-air
[8, 33, 46] and on-surface time [33, 47]. In the study
by Werner et al. [8] and Yu & Chang [46], the ratio of
in-air/on-surface time was higher in AD, suggesting
less contact time between the stylus and the tablet.
Ghita et al. [33] found not only higher in-air time,

but also higher on-surface time. Start time or reaction
time, which corresponds to the time interval between
the stimulus and the beginning of the movement, was
also longer for AD subjects [32]. In addition, litera-
ture describes a higher duration in AD [48], with an
increase in pause time [46, 48—50] and in time inter-
vals between letters [32]. It is worth noting that no
studies have addressed in-air trajectories and related
temporal features (e.g., time in air and time in contact)
in signatures of individuals with AD.

Visuospatial and other general features

Visuospatial features and other general features
include spacing, shape of the baseline, size, legibility,
pen lifts, and slant [12]. Visuospatial features were
impaired in both signatures and text handwriting of
AD subjects, although to a higher extent in the latter.
Signatures written by AD patients had more irregular
spacing between letters or words [17, 18], as well as
more irregular shape and direction of the baseline [17,
18]. In text handwriting, Croisile [35] and De Stefano
et al. [22] highlighted changes in spatial organization
in their literature reviews. These changes consisted of
difficulties in maintaining a horizontal baseline, mis-
alignments of letters [29, 34, 51-53], spacing errors
between letters and words [22, 35, 53] and, in more
severe stages, writing only on one half of the page or
dispersed handwriting throughout the page [35, 36,
52]. In addition, Renier et al. found spatial changes
in 29.7% of the samples, using a picture descrip-
tion task [54]. The association between AD and the
deterioration of visuospatial characteristics was rein-
forced in writing systems that are more demanding
on visuospatial skills, such as Korean writing. Yoon
et al. [55], who examined Hangul characters, found
visuospatial errors even at early stages of the disease.

Despite the consistent findings for visuospatial fea-
tures (spacing, alignment and shape and direction of
the baseline), results for other general features, such
as pen lifts and size, were less consistent. In sig-
natures, Birincioglu et al. [18] reported an increase
in pen lifts and size. However, Fernandes & Lopes
Lima [17] found no significant differences between
AD participants and healthy controls regarding these
characteristics, despite reporting cases of micro-
graphia and macrographia in more demented patients.
Additional findings in AD signatures included an
increase in illegibility [17], incorrect connections
between words [14] and deformed letters [18]. Never-
theless, Renier et al. [54], who compared two sets of
signatures (a signature executed at the moment of the
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evaluation and an older signature) produced by mild
stage AD subjects, found no significant differences
between them.

In text handwriting, results included an increase in
letter size [53, 54] or greater size variation in a con-
tinuous circle drawing task [56], increased illegibility
[29, 35], more pen lifts [35], and alterations in slant
[53]. Despite these findings, it is worth noting that
Yu & Chang [46], in their study involving copy tasks,
found no significant intergroup differences regarding
size.

Linguistic features and cognition

Research suggests that agraphia is common [35,
57] in signatures, and specially in text handwriting
of AD patients [58]. Studies described repetitions
[14, 17, 18, 52, 59-68], often as perseverations, as
well as omissions of strokes and letters [14, 17, 18,
29, 34, 35, 53, 61-63, 65-69] and substitutions in
signatures and text handwriting [17, 34, 35, 53, 61,
68, 70]. For example, Alois Alzheimer had already
described omissions and repetitions in the handwrit-
ing of his patient August D. [71]. Repetitions and
omissions were frequent in letter sequences or letters
that involved repetitive movement (e.g., letters “M”,
“m” or “n””) [17, 53] or additional strokes, as studies
described missing “i” dots [17, 29, 53], “t” bars [17,
29, 53], and diacritics [69, 72]. In substitutions, letters
were replaced by the corresponding uppercase, low-
ercase, or printed allograph (allographic agraphia) or
by a different letter [17, 29, 35, 62, 70, 73]. More-
over, Caligiuri [60] found apraxic agraphia, which is
characterized by the occurrence of omissions; addi-
tions or substitutions, for signatures (in.26.9%) and
for sentences (in 24.2%) of his AD participants. Text
handwriting also contained graphomotor errors [35,
52, 53,59, 63-65, 74], particularly in more advanced
stages of the illness. These errors consisted of poorly
constructed letters, sometimes rendered illegible or
simplified [35, 51, 52, 59, 63, 72, 74], as well as
difficulties with stroke placement [53, 64, 66, 70]
and inverted loops [35]. Moreover, repetitions, omis-
sions, substitutions and graphomotor errors were not
restricted to Latin script and were also found in Chi-
nese [64], Japanese [65, 75], Korean [55, 66], and
Arab writings [72].

Although the presence of spelling errors is consen-
sual, results referring to the pattern of spelling errors
as disease progresses vary across studies. Such stud-
ies considered the following categories of spelling
errors: phonologically plausible, non-phonologically

plausible and graphomotor errors. Phonologically
plausible errors occurred when the phonological
structure of the word was preserved (e.g., writing
“flud” instead of “flood”) [74, 76], whereas in non-
phonologically plausible errors the word structure
was altered (e.g., writing “toint” instead of “point™)
[74, 76]. Unlike the previous error types, grapho-
motor errors reflected impairments in peripheral
processes of handwriting, such as allograph selection
(e.g., writing “MeMOry” instead of “Memory”) or in
the graphomotor programs themselves (e.g., poorly
constructed or illegible letters) [74, 76, 77]. On this
topic, some authors described a hierarchical progres-
sion of spelling errors according to three stages [35,
73, 74,76, 78, 79]: initially, handwriting would con-
tain predominantly phonologically plausible errors,
followed by non-phonologically plausible errors and,
finally, graphomotor errors in later stages. However,
other authors did not find a shift in spelling errors
as'AD advances [7, 71, 80-86]. Moreover, authors
such as Croisile et al. [87] and Carthery et al. [7],
found written spelling to be more preserved than oral
spelling.

In addition to phonologically plausible, non-
plausible and graphomotor spelling errors [88], other
linguistic features in AD text included poorly struc-
tured narratives [89-91], with shorter sentences [61,
69, 89-95] that were often incomplete or indefinite
[29, 34] and contained punctuation errors [29, 69].
These sentences were also less informative [35, 94],
as they contained more irrelevant information [35, 52,
90-92] and exhibited lower idea density scores [96],
as well as lower complexity due to simplified syn-
tax [35, 69, 92, 95], fewer verbs [69], and reduced
vocabulary [35, 51].

Research on the association between agraphia and
dementia severity or linguistic, attentional and visuo-
constructional deficits in AD, also yielded conflicting
results. Some authors found a correlation between
writing impairment and disease severity, attention,
memory, and other executive functions [49, 51, 52,
54,58, 71, 72,74, 79, 82, 83, 93, 97-100], not only
in Latin script, but also in Chinese [64], Korean
[55], and Arab script [72]. Additionally, Caligiuri
[60] found that subjects with apraxic agraphia were
more cognitively impaired and had more dysfluent
movements. Neils et al. [101] reported an association
between attention impairments and the higher num-
ber of spelling errors in individuals with mild AD,
while Sand Aronsson et al. [90] reported a signif-
icant association between syntactic complexity and
cognitive impairment. A study by Kavrie and Neils-
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Strunjas [57] also found that linguistic and attention
deficits were good predictors of agraphia. Moreover,
Onofri et al. [98] and Fontana et al. [102] suggested
that a document written by an AD patient may be used
to evaluate decisional capacity, given the association
between text handwriting, cognitive deficits and neu-
ropsychological evaluation scales. On the other hand,
in other studies agraphia was not associated with age
at onset [83, 100], family history [83, 100], illness
duration [100] or additional measures of language
and motor performance [29]. Moreover, some studies
found little or no correlation between agraphia type
or its presence and dementia severity [76, 78, 80, 86,
103, 104]. As for the association between signatures
and cognition, the only study on this subject was by
Renier et al. [54], who found no association between
the deterioration index and the time interval between
the two signature samples, therefore concluding that
signature execution may not reflect cognitive status
in early stages of AD.

DISCUSSION

Based on the extensive review of the literature,
text handwriting in AD is impaired at all levels of
the motor-cognitive hierarchy, whereas signature exe-
cution is more likely to be preserved. This may be
due to the fact that one’s natural signature is more
automatic and less cognitively demanding than text
handwriting [11, 35], allowing it to remain relatively
unaffected for longer periods of time, when compared
to other forms of handwriting. Despite inconsistent
methodological and sampling strategies across the
studies included in this review, there are some crucial
findings that can be highlighted. Thus, established
findings within the neuromotor realm included: i)
higher variability of motor features in signatures
made by AD subjects, ii) higher ratio of in-air/on-
surface time, longer start time/reaction time, longer
duration and increased pause time, as well as changes
in IATs in text handwriting, and iii) impairment in flu-
ency in text handwriting, as well as in signatures in
more advanced stages. Moreover, it should be high-
lighted that differences in temporal features between
AD and healthy subjects have been attributed to visu-
ospatial or perceptual deterioration [48].

Motor features such as velocity and pressure are in
need of further research, due to conflicting results in
signatures and text. Moreover, there is a very limited
amount of research on this topic regarding signatures.
Divergent findings between the various studies may

be attributed to different factors. Regarding signa-
ture velocity and pressure, the differences observed
between the studies may reflect the heterogeneity
of AD, as well as sample characteristics of the AD
population (e.g., age, education, medication, disease
severity and sample size). For example, in the study of
Pirlo et al. [19] there is no information on population
demographics or sample size, whereas in the study
by Wang et al. [20] information regarding education
and medication is missing. Therefore, the influence
of sample characteristics in the results cannot be truly
assessed. Another relevant factor that may influence
the findings is signature style. For example, in the
study of Caligiuri & Mohammed [15], there was a
significant association between higher variation in
dynamic features and an increase in dementia sever-
ity only for stylized and mixed signatures. Since the
studies of Caligiuri & Mohammed [15], Fernandes et
al. [16], and Fernandes & Lopes Lima [17] include
or, in the latter, consist only of text based signatures,
whereas the studies of Pirlo et al. [19] and Wang et al.
[20] have very few or no text based signatures, results
may differ. Experimental design and differences in
methodology may also have contributed to the differ-
ences in the findings, since Pirlo et al. [19] and Wang
et al. [20] apply machine learning methods, whereas
other studies apply a different quantitative [15, 16]
or qualitative approach [17]. However, it should be
highlighted that in the study of Pirlo et al. [19] there
is no information regarding the hardware and soft-
ware solution used to capture the data, which may
influence the results [105]. The study by Wang et al.
[20] also had limitations, since only two samples were
collected from each participant, whereas other studies
collected five [15], eight [16], or ten signatures from
each subject [17]. Thus, the natural variation of sig-
nature writing was not fully assessed, and intergroup
differences may have been valued excessively.

In text handwriting and related motor tasks, con-
flicting results for velocity and pressure may also
reflect the heterogeneity of the illness. In addition,
they could be due to the complexity of the handwrit-
ing task itself and the cognitive load that it requires
(e.g., writing to dictation [31] is more cognitively
demanding than drawing concentric circles [26]), and
therefore may yield more differences between AD
subjects and controls. Moreover, sampling effects
may affect the results, as demographic features such
as age, education, and disease severity, as well as
medication, are not always described in the studies. In
addition, itis worth noting that no study for signatures
or text has taken into account the effect of atypical
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AD variants in handwriting, which may contribute to
a higher variability and discordant findings.

Regarding visuospatial features, they were espe-
cially affected by AD in both signatures and text with
emphasis on: i) the shape and direction of the base-
line, ii) spacing, and iii) alignment, which tended to
be more irregular compared to controls. There are,
however, general characteristics that require addi-
tional study, such as size, legibility, and pen lifts in
signatures, as well as size in text. Divergent find-
ings regarding size could be connected to medication
effect [11] and higher disease severity. The latter
could also have influenced different results for pen
lifts. For example, the case study described by Birin-
cioglu et al. [18] involved a more severely demented
patient than Fernandes & Lopes Lima [17], which
could explain the higher number of differences in
general features. Experimental design may also have
contributed to the lack of differences regarding some
studies. For example, Yu & Chang [46], in their study
involving copy tasks, used a template that AD patients
traced. Therefore, it is natural that no size differences
occur between groups.

As for linguistic features, they were also compro-
mised by AD. Established findings of handwriting
impairment within the linguistic realm included: i)
agraphia in signatures and particularly in text, ii) rep-
etitions, omissions, substitutions and graphomotor
errors, especially in text but also in signatures, and iii)
poorly structured narratives with shorter sentences,
more irrelevant information, simplified syntax, lower
word diversity and lower idea density scores. As a
result of divergent findings, linguistic features that
warrant additional research refer to the pattern of
spelling errors in association with disease progres-
sion. Furthermore, the connection between agraphia,
cognitive deficits and neuropsychological scales for
signatures and text also revealed conflicting results.

Differences in error patterns could reflect the indi-
viduality of AD [59], as well as the source language
used in the study. This is particularly the case of dic-
tation tasks, where the correspondence between the
orthographic sequence of the word and the sound may
be more complex depending on language.

Regarding the connection between agraphia, cog-
nitive deficits, and neuropsychological scales, it is
natural that changes in text handwriting and related
motor tasks exhibit a higher association with disease
severity and neuropsychological scales than signa-
tures. This may be due to the fact signatures are
more automatic and less cognitively demanding than
text handwriting [11, 35], hence remaining more

preserved. However, it should be highlighted that
very few studies address this subject, specifically
regarding signatures, and the existing research has
limitations. For instance, in the study by Renier et
al. [54], only two sets of signatures were compared
for each subject: one written at the moment of the
evaluation and an older signature. Therefore, even
though no differences were found, the study had con-
siderable limitations, due to the restricted number of
samples and the fact that disease progression was not
considered.

To sum up, the present systematic review has
shown that visuospatial, temporal features, and
linguistic features in handwriting are particularly
affected by AD, especially in text and related motor
tasks. The findings reported in this review are rel-
evant, since these features may prove to be more
sensitive and more informative in general studies that
aim to detect AD in early stages, or to monitor disease
progression using handwriting tasks.

The present review has also allowed the authors
to identify new lines of research on this topic, based
on the established and conflicting findings. In this
context, re-evaluation studies are needed to clarify
how some motor (e.g., velocity and pressure), gen-
eral (e.g., size, legibility, and pen lifts), and linguistic
features (e.g., spelling error patterns) are affected by
AD progression, with emphasis on different hand-
writing tasks. Such studies would help to design new
protocols that incorporate a wider range of features
and handwriting tasks, more sensitive to AD, for the
purpose of early detection and patient follow-up. In
addition, given the effect of AD on temporal features
and especially on in-air trajectories, in text hand-
writing and related graphomotor tasks, this feature
should be further explored for signatures, as it could
provide valuable information for AD detection and
monitorization. Finally, new research should address
the impact of AD variants on handwriting, since no
studies are available for signatures or text. This could
be useful for the development of protocols that help
to identify these variants, using handwriting tasks.

Within the forensic field, further research focusing
on signatures would be extremely useful. Additional
re-evaluation studies that clarify how the motor and
general features previously mentioned are affected by
AD progression would help forensic document exam-
iners in cases involving signatory authentication.
Research of this nature is pertinent, since it would
help to distinguish between changes that naturally
occur due to disease progression, from differences
due to forgery. For forensic purposes, the connec-
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tion between agraphia and cognition in handwritten
texts and signatures also warrants further investiga-
tion, given its relevance, the contradictory findings
and the limited body of research.
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