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Introduction
In visuo-constructional copying tasks demented patients may 

perform poorly on drawing, producing simpli�ed �gures, alterations 
in spatial relationships among the parts, lack of perspective, or failure 
in correctly integrating single elements in a coherent whole. Such 
behaviours can all be described with the term of “Constructional 
apraxia” (CA), which was �rst proposed by Kleist [1] to designate a 
speci�c disturbance “which appears in formative activities (such as 
assembling, building, or drawing) in which the spatial form of the task 
is missed, although there is no apraxia of the single movements”. 

In the subsequent years, copying drawing performances have 
received revamped attention in literature being used increasingly for 
the identi�cation of cognitive impairments especially in elderly [2,3]. 
Indeed, the occurrence of constructional impairments in copying 
drawing tasks has been o�en considered as a neuropsychological 
marker for di�use cognitive deterioration, a�er lesions in either le� or 
right hemisphere [4,5]. 

Drawing disorders have been observed in focal brain-damaged 
patients [6-8], and more o�en described and investigated in patients with 
progressive mental deterioration [9-15]. Among demented patients, 
visuo-constructional impairments have been usually considered 
one of the most common behavioural alterations in individuals with 
Alzheimer’s disease (AD) [7]. However, no converging data would seem 
clarify the cognitive mechanisms underlying constructional impairment 
in AD patients. Indeed, some neuropsychological and neuroimaging 
�ndings ascribe a crucial role to the spatial-constructional processing 
and bilateral parietal atrophy on a hand, or planning abilities and 
fronto-temporal-parietal atrophy, on the other hand [13,16]. 

A few studies explored constructional impairments in individuals 
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with Fronto-temporal dementia (FTD). �ese studies compared 
performances on copying �gures in FTD and AD patients, but reported 
contrasting �ndings. Some authors [11] observed that FTD and AD 
patients showed similar scores in copying geometrical �gures, but more 
recently other authors [12,17] reported that FTD patients were more 
accurate in copying �gures compared to AD patients. 

Similar con�icting results concern patients with Vascular dementia 
(VAD), where performances have been reported similar [18] or poorer 
than AD patients [19].

In individuals with Parkinson’s disease and associated dementia 
(PDD) only a few studies explored the constructional apraxia. It has 
been reported that that early impairment of pentagon drawing is a 
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forms of dementia. �us, the present study could contribute to clarify 
the cognitive mechanisms underlying visuo-constructional copying 
performances in demented patients. 

Methods
Participants

To qualify for the present study we included individuals who met 
the following inclusion criteria: i) clinical diagnosis of ‘probable’ AD, 
according to the NINCDS-ADRDA diagnostic criteria [21], VAD, 
according to the Romàn et al.’s criteria [22], FTD, according to the Neary 
et al.’s diagnostic criteria [23], or PDD, according to the UK Parkinson’s 
Disease Society Brain Bank’s diagnostic criteria [24] and to the Emre et 
al.’s diagnostic criteria [25] for dementia associated with PD; ii) mild-
to-moderate general cognitive impairment (raw score ranging 10-23 
on the Italian version of the Mini Mental State Examination; MMSE) 
[26]; iii) formal education of at least two years. Exclusion criteria were: 
i) history of previous traumatic brain injury, stroke or psychiatric 
disorders; ii) concomitant severe organ insu�ciency or neoplastic 
disease. 

A total of 198 patients satis�ed the inclusion and exclusion criteria. 
AD sample included 72 patients (mean age: 76.7 ± 6.5 years; mean 
education: 5.4 ± 2.9 years; mean MMSE score: 16.09 ± 4.2), VAD 
sample consisted of 61 patients (mean age: 76.2 ± 6.4; mean education: 
5.8 ± 3.1; mean MMSE score: 17.09 ± 4.0), FTD sample included 33 
patients (mean age: 74.4 ± 8.1; mean education: 5.3 ± 2.3; mean MMSE 
score: 16.66 ± 6.4); PDD sample consisted of 34 patients (mean age: 
73.5 ± 5.8; mean education: 4.3 ± 1.6; mean MMSE score: 18.34 ± 1.3; 
mean Hoehn and Yahr’s scale [27]: 1.76 ± 0.8; UPDRS-III scale [28]: 
19.1 ± 7.8. 

�e patients were similar for age and education (p>0.05), and all 
(or their caregivers) gave their written informed consent to participate 
to the study, which was conducted in accordance with the Ethical 
standards of Helsinki Declaration. 

Neuropsychological assessment

In addition to MMSE (above mentioned), all the participants 
underwent a neuropsychological assessment to examine frontal/
executive, visuo-spatial and anterograde memory skills; all the tests 
were administered according to the Italian normative data. Frontal/
executive functions were assessed by means of the Frontal Assessment 
Battery (FAB) [29], and the Phonological Verbal Fluency (PVF) test 
[30]. FAB includes six subtests assessing conceptualization, mental 
�exibility, motor planning, sensitivity to interference, inhibitory 
control, and environmental independency, and provides a global 
measure of cognitive and motor frontal control (score range: 0-18). 
PVF requires to produce as many words beginning with the letter 
“F”, “A”, and “S” as they can in one minute, and provides a measure of 
the self-organized strategy and shi�ing (score is the sum of the words 
correctly produced). Visuo-spatial functions were assessed by means of 
the Corsi span forward [31] and by Clock drawing task [32]. Corsi span 
requires reproducing block-tapping sequences of increasing length, and 
provides a measure of visuo-spatial memory (score range: 0-9). �e 
Clock drawing task requires completing a shape of a clock by putting in 
all the numbers and setting the hands for 2 and 45 and requires a wide 
range of visuo-spatial skills (score range: 0-10). Anterograde memory 
was assessed by means of the immediate and delayed recall of 15-Word 
learning test [30] for the verbal domain (score range: 0-75, and 0-15, 
respectively), and by means of the delayed reproduction of the Rey 
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Results from logistic regressions exploring the association 
between CA and neuropsychological scores revealed that in AD 
patients the model was statically signi�cant [χ2 (4)=20.55; p<0.001; 
Cox and Snell R2=0.248]; the MMSE Z-score (odds ratio, OR: 0.375; 
con�dence intervals, 95% CI: 0.171-0.820; p=0.01), and the visuo-
spatial composite Z-score (OR: 0.303; 95% CI: 0.120-0.766; p=0.01) 
were signi�cant predictors of the accuracy in copying drawing task. 
In VAD patients, regression showed that the model was statically 
signi�cant [χ2 (4)=20.87; p<0.001; Cox and Snell R2=0.285]; the frontal/
executive composite Z-score was the only signi�cant predictor of the 
visuo-constructional dysfunction (OR: 0.034; 95%CI: 0.008-.0446; 
p<0.001). In FTD patients, the model was statically signi�cant [χ2 
(4)=19.65; p<0.001; Cox and Snell R2=0.313]; the frontal/executive 
composite Z-score was the only signi�cant predictor of the presence 
of constructional disorders (OR: 0.009; 95% CI: 0.000-0.482; p=0.02). 
In PDD patients, the model was statistically signi�cant [χ2 (4)=10.89; 
p=0.02; Cox and Snell R2=0.289]; drawing accuracy was signi�cantly 
associated to visuo-spatial composite Z-score (OR: 0.055; 95% CI: 
0.004-0.723; p=0.02). 

Discussion 
In the present study we explored visuo-constructional copying 

skills across di�erent forms of dementia, including individuals 

with AD, VAD, FTD, and PDD. To this aim we employed a visuo-
constructional copying task that would have high sensibility for 
detecting visuo-constructional defects [2,16]. Our results revealed 
signi�cant di�erences between patients’ groups, such that FTD 
patients produced more accurate copies than all other groups, and 
that similar performances occurred between AD, VAD and PDD 
patients. �ese �ndings would con�rm that in FTD patients the 
visuo-constructional copying performances would be better than AD 
patients as reported in some previous studies [12,17], and clari�ed 
that drawing abilities do not signi�cantly di�er between AD and VAD 
patients [18]. However, our results additional revealed that visuo-
constructional copying abilities would be relatively preserved in FTD 
patients compared with the other forms of dementia. In our study, we 
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